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NATIONAL CIRCUMSTANCES

The Republic of the Union of Myanmar is situated
between latitudes 9º 55" and 28º 15"north and
between longitudes 92º 10" and 101º 10" east, with
a total land area of 676,577 Km2. Myanmar
constitutes 15 States and Regions. According to
2008 estimation, there are about 57.5 million people
in which a total of 135 ethnic groups are living in the
country. Most of the population are Buddhist and
there is also a rich mix of religions such as Christian,
Hindu,MuslimandAnimist.

Myanmar has tropical monsoon weather with three
distinct seasons;hot, rainyand cool seasons. Rainfall
is influenced by monsoons and also by the locality.
Annual rainfall of the coastal regions has about 5000
mm while the central dry zone areas have less than
750 mm. Myanmar has a temperature from 10ºC to
32ºCwithanaveragemeanvalue21ºCin thenorthern
low lands, sometimes dropping to -1ºC or 0ºC in the
high lands and 32ºC in the coastal area. During the
hot seasons, temperature sometimes reach 40ºC and
over in central dry zone areas.

Myanmar land surface slopes gradually with
undulating mountain ranges, hills and valleys from
north to south. Khakabo-razi, the highest mountain
in SouthEastAsia, with itspeak of 5881m is found in
Northern Part of Myanmar. Running parallel from
north to south, are 4 mountain ranges; the Chin hills,
the Rakhine Yoma, the Bago Yoma and the Shan
Plateau. There are 5 main rivers called Chindwin,
Ayeyarwady, Thanlwin, Sittaung, and Mekong
rivers.sWetlands, water springs, tube wells, deep tube
wells, ponds and irrigated water systems contributed
to water supply in many areas.

The composition anddistribution of Myanmar’s land
resources in 2000 were described as reserved forests
(18.7%) and other forests (31.5%), fallow land
(1.8%),cultivatedareas(13.5%),cultivablewasteland
(11.7%) and others (22.6%).

Myanmar also possesses ample mineral resources,
such as rubies, sapphire, jades and diamonds.

The environmental conditionof Myanmar sea waters
are still in pristine condition together with abundant
aquatic resources.
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Education system in Myanmar is built upon broad
streams: such as general, professional, technical and
vocational .

Medical care and health of the people are top of the
national priority list. Transport and communication
facilities have been extended and upgraded
considerably compared to previous days.

NATIONAL GREENHOUSE GAS INVENTORY

Myanmar ratified UNFCCC on 25 November, 1994
as a non-Annex I Party. Article 12.5 of the
UNFCCC requiresnon-Annex IParties tomake their
initial national communications. Thus, Myanmar
soughtGlobalEnvironmentFacility(GEF)fundingin
2006 to fulfil its commitments and obligations for
preparing and reporting its INC. Accordingly, the
NCEA(hereafter referred to as Ministry of
Environmental Conservation and Forestry -
MOECAF ) of Myanmar launched an INC-project
in 2008 with the financial assistance from GEF/
UNEP.

Energysector ThenationalGHGinventoryinenergy
sector covers three major GHGs: CO2, CH4, N2O.
The main sources of GHG emissions examined are
fossil fuel combustion, traditional biomass fuel
combustion, fugitive emissions from coal mining
activities, andoil&naturalgas system.The totalGHG
emissions from energy sector of Myanmar were
estimated to be 7,863.47 Gg CO2e most of which
come fromfossil fuel combustion.

Industrial processes and product use sector GHG
emissions from various types of industrial processes
arenon-energyuserelatedemissions. Theseemissions
are related to physical and chemical transformation
of materials, in which GHGs such as CO2, CH4, N2O
and other gases are released.

A total of 463.29 Gg of CO2 equivalent and 4.57
Gg of NMVOC is estimated to have been emitted
during the year 2000 from the industrial processes
and product use.

Agriculture sector Seventy percent of the
population reside in rural areas and are mainly
engaged in agriculture, livestock and fisheryfor their
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livelihood. The net sown area was 10.12 million ha.
Most farmers traditionally grow rice as a single
cropping system under the rain-fed condition.
However with the construction of dams and
reservoirs bythe Government,the total ricesown area
reached 6,302,306 ha out of which 1,852,691 ha
(29.4 % of the total rice land in Myanmar) were
irrigated.

CH4 emissions yr-1 by irrigated rice, regular rain-fed
rice, drought prone rain-fed rice and deep water rice
were estimated to be 220.46, 134.62, 34.75 and
117.40 Gg yr-1 respectively. The total emission of
N2O in the year 2000 was estimated to be 8.2 Gg
yr-1. Use of crop residues for animal feed and fuel
wood are common for the smallholder farmers in
Myanmar. Onlyafewportionsburnt for landclearing.
Total GHG emission of crop residues from field
burning were 1.61 Gg CO2 e.

Total GHG emissions from agriculture and
livestock in 2000 Total GHG emissions from the
agricultural sectorofMyanmar for theyear 2000were
estimated to be 13,195.41 Gg CO2e. The trend of
CH4 and N2O emissions during 2000-2005 shows
a rising trend because of increased agricultural land
andmoreinputsoffertilizers. Amongthedomesticated
livestock, ruminant animals, such as cattle, buffalos
are the major emitters of CH4 due to their unique
digestive system. The total CH4emission from the
livestock sector was 456.50 Gg. A considerable
amount of N2O was produced from the manure
management systems. Because of the increased
number of livestock, both CH4 & N2O were rising
during 2000-2005.

Land use change and forestry sector Forests, if
properly managed, are the main carbon sinks. On
the other hand, deforestation and forest degradation
processes became the source of carbon emissions.
The forest resource assessment (FRA - 2000)
conducted bythe Food andAgriculture Organization
(FAO) in cooperation with the Forest Department
(FD) of Myanmar has indicated that Myanmar is still
endowed with a forest cover area of about 52 % of
the country’s total land area of 676,577 km2.

Annual Increase in Biomass Carbon Stocks The
annual increases in biomass carbon stocks in the land

use change and forestry sector were calculated for
the natural forests, forest plantations, home garden
trees and roadside trees. The CO2 removal in 2000
from the natural forests, forest plantations, home
garden trees and roadside trees were: 129,839 Gg,
11,750 Gg, 470 Gg, and162 Gg of CO2 respectively.

Annual decrease in biomass carbon stocks Losses
of carbon stocks due to wood removal and fuelwood
removal were estimated for 2000 to be 2,176,888
tCyr-1 and 26,936,418 tCyr-1 respectively, while
those due to site preparation for forest plantations,
shiftingcultivation anddeforestation were estimated
to be 1,863,207 tons of CO2e, 1,200,674 tons of
CO2e and 37,340,974 tons of CO2e respectively.

Therefore, the greenhouse gas emissions in the
forestry sector for the year 2000 has been estimated
to be at 40,404.855 Gg CO2e.

Net CO2 emissions/removals for the year 2000
Total annual increase in biomass carbon stocks in
the forestry sector was estimated to be 38,787.61
Gg of carbon, or 142,221.19 Gg of CO2. On the
other hand, total carbon loss by wood removal,
fuelwood removal and Harvested Wood Products
(HWP) accounted for 29,113.31 Gg of Carbon. The
total GHG emission by biomass burning following
land clearing was estimated to be 40,404.855 Gg of
CO2e. Therefore, the net annual CO2 removals of
the land use change and forestrysector of Myanmar
for the year 2000 was estimated to be 101,816.38
Gg of CO2e.

Waste sector CH4 emissions from waste sector
have been worked out from two different sources
(1) disposal of solid waste and (2) treatment of
domestic and commercial wastewater. For the base
year 2000, the disposal of solid waste contributed
133.31 Gg (99 %); domestic and commercial
wastewater contributed 1.198 Gg (1 %) of CH4
emissions.

Solid waste Waste includes Agricultural waste,
Livestock waste, Industrial waste and Domestic
waste. In 2000, solid waste was 0.278 kg per
capita according to the YCDC data issued. It is
assumed that solid waste disposal to site (SWDS)
which generated 1,514.12 Gg and municipal solid

ii
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waste (MSW) to site was about 1,211.9 Gg in the
year 2000. The dumping of this amount of solid
wastes released about 133.31GgofCH4, equivalent
to emitting around 2,799.51Gg of CO2 into the
atmosphere.

Waste water In year 2000, urban population is
taken as approximately 30% of the total country’s
population,whichis15.3million. Byexpertestimate,
netmethaneemissionfromdomesticandcommercial
wastewater is 1.257Gg.

Emission of Methane from waste sector in 2000
The totalmethane emission fromtheWasteSector in
the year 2000 inMyanmar is altogether 134.57Gg.
The trend in this study clearly shows that CH4and
CO2 emissions in this sector are increasing due to
the increase of total population especially in urban
areas.

GHG emissions in Myanmar for the year 2000
The total GHG emission inMyanmar for the year
2000was estimated tobe -67,820.1GgCO2e. Total
CO2 emission in Myanmar for the year 2000 was
estimated to be 41,563.75Gg, whileCH4 emission
accounted for 1,248.62 Gg. CO, N2O and NOx
emissionswere estimated at 2,216.18Gg, 12.94Gg
and 34.1Gg respectively.

Emissions fromenergysector amounted to7,863.47
GgCO2e. Emissionsfromtraditionalbiomassburned
for energy accounted for 28, 297.82 Gg CO2e.

EXECUTIVE SUMMARY
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However, these emissions are not included in the
calculation of national totals since they are far less
than the total net emissions andwithin the range of
sustainability.

Most CH4 emissions were observed in agriculture
sectorwith963.73Ggwhencombinedwith livestock.
Forestrysectorshowed themostGHGemissionswith
the value of 40,404.73 GgCO2e.

GHG removals in Myanmar for the year 2000
Due to the biomass growth in natural forests, forest
plantations, road side trees and home garden trees,
land use changeand forestrysector is the onlysector
that can absorb 142,221.20 Gg of CO2. Therefore,
thecountry’snetemission figures turnout tobeminus
67,820.10GgCO2e,whichmeans 67.8million tons
of CO2 are being absorbed by forestry sector in
Myanmar in 2000.

The Trend of GHG emissions in Myanmar The
trends for CH4 and N2O emissions in agriculture
sector clearly highlighted a sharp increase during
2000-2005. Waste sector showed an increase in
CH4 emissions due to the population growth. Land
use change and forestrysector is also a major source
ofGHGemissionsmainlyduetodeforestation,shifting
cultivation and landclearing. Moreover, total annual
CO2 removals by natural forests are gradually
decliningdue to the decrease of natural forest areas.

GHG emissions and removals inMyanmar for the year 2000

Source / Sink CO2
Removal

CO2
Emission

CO CH4 N2O Nox CO2 Equ.
Total
Emission

CO2 Equ.Net
Emission

Energy Sector 7,658.65 - 5.62 0.28 - 7,863.47 7,863.47

Industry Sector 248.59 - - - - 463.29* 463.29

Agriculture
Sector

0.81 963.75 8.4 0.022 22,843.67 22,843.67

(a)Agriculture 0.81 507.25 8.2 0.022 13,195.17 13,195.17

(b)Livestock 456.5 0.2 9648.5 9648.5

Forestry
Sector

142,221.20 33,656.51 2,215.37 144.85 4.26 34.08 40,404.73 -101,816.50

Waste Sector 134.57 2,825.97 2,825.97
TOTAL 142,221.20 41,563.75 2,216.18 1,248.79 12.94 34.102 74,401.13 -67,820.10

Source / Sink CO2
Removal

CO2CO2CO
Emission

CO CH4CH4CH N2N2N O Nox CO2CO2CO Equ.
Total
Emission

CO2CO2CO Equ.Net
Emission

Energy Sector 7,658.65 - 5.62 0.28 - 7,863.47 7,863.47

Industry Sector 248.59 - - - - 463.29* 463.29

Agriculture
Sector

0.81 963.75 8.4 0.022 22,843.67 22,843.67

(a)Agriculture 0.81 507.25 8.2 0.022 13,195.17 13,195.17

(b)Livestock 456.5 0.2 9648.5 9648.5

Forestry
Sector

142,221.20 33,656.51 2,215.37 144.85 4.26 34.08 40,404.73 -101,816.50

Waste Sector 134.57 2,825.97 2,825.97
TOTAL 142,221.20 41,563.75 2,216.18 1,248.79 12.94 34.102 74,401.13 -67,820.10

* Other gases NMVOC, ODS and SF6 amounted to 214.7 Gg CO2e.
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VULNERABILITY AND ADAPTATION
ASSESSMENT

Agriculture, water resources, public health, forestry,
coastal zones and biodiversity sectors are the most
vulnerable areas to climate change in Myanmar.

Climate change scenarios
The MAGICC/SCENGEN model results on climate
scenario were: (1) The temperature for 2001-2020
shows 0.5-0.7ºC increase during the whole year in
lower parts of Myanmar and record high maximum
temperature may be expected. There is an increase
in precipitation of about 4% during March-
November in the whole country. (2)The temperature
for 2021-2050 shows 1.4-1.7ºC increase in the
months June-November in the whole country. From
March to November there is an indication of about
10% increase of precipitation in the whole country.
(3) The temperature for 2051-2100 shows the
warming trend throughout the year especially in the
cool season. The wholecountrywill generallyreceive
about 10% increase of precipitation during March to
November and deficient rain of up to 80% is likely
during the cool months from December to February.

The PRECISmodel results on climate scenario were:
(1) The standard deviation of mean temperature for
2001-2020 is generally less than 0.5ºC in the whole
country except Mandalay and Myitkyina. Annual
rainfall will deviate more than 18% at Mandalay,
Sittwe, Pathein and Dawei, more than 14% at
Myitkyina, Kengtung and Yangon. (2) For 2021-
2050, there is an increasing trend in temperature from
1oC to 1.4oC atYangon, Pathein, Myitkyina, Sittway,
Dawei, Kengtung, and Mandalay.Alarge standard
deviation at Sittway indicated 1,130 mm, compared
to 891 mm in 1971-2000. (3) For 2051-2100, the
scenario indicates increasesof2.8°C to3.5°C inmany
places from 1971-2000 baseline data due to
decreasing cloudiness coverage. Periods of drought
are likely at Myitkyina, Mandalay, Sittway, Pathein
and Yangon where the standard deviation of mean
temperature is generally about 0.9ºC.

Vulnerability and Adaptation (V & A) assessment
Myanmar is situated under the high potential hazard
levels. Cyclone and strong winds, flood and storm
surge, intense rain, extremedaytemperature,drought,

iv

EXECUTIVE SUMMARY

and sea level rise are the six natural hazards identified
inMyanmar.

Vulnerability Indices (VI) and maps “ Using the
specified equation of the Vulnerability Index (VI),
Sector scores (S) and their Mean score (SM) were
worked out for all Regions and States . For In
Myanmar, the highest sector score for Vulnerability
is in public health sector, followed by biodiversity,
water resources, forestry, coastal zone and agriculture
sectors.

The Public Health sector score is maximum in
Ayeyarwady Region followed by Rakhine State,
Tanintharyi Region, BagoRegion and in Mon State.
It is minimum in Chin State.

In Biodiversitysector, score is maximum in Sagaing
Region followed by Rakhine State, Bago,
Ayeyarwady and Tanintharyi Regions, and in Mon
State and minimum inYangon Region.

In Water Resources sector, maximum score was
observed in Mandalay and Bago Regions while the
minimum was found in Kachin and Rakhine States.

In Forestry sector, score is maximum in Magway
Region followed by Mandalay, Bago and
AyeyarwadyRegionsandKayah State. It is minimum
inTanintharyiRegion.

In Coastal zone sector, score is maximum in
Ayeyarwady Region followed by Rakhine State,
Yangon and Bago Region and Mon State. It is
minimum inTanintharyiRegion. There isno score in
the eight inland States and Regions.

In Agriculture sector, Ayeyarwady Region has the
maximum score followed by Bago, Sagaing,
Mandalay and Magway Regions while Chin State
has the minimum.

Vulnerabilityindexismaximum inAyeyarwadyRegion
and minimum in Chin State. The index is relatively
high inAyeyarwady and Yangon Regions followed
by Mandalay Region, Mon State and Bago Region.
It is relatively low in Sagaing Region and Rakhine
State and it is lowest in the remaining States and
RegionwithminimuminChinState.



2012

Targeted researches Research programs in the
areas of (i) Climate variability, (ii) Climate change,
(iii) Tropical storms, (iv) Drought and precipitation
trends and(v)Extremeclimates in relation toElNino,
among others, are to be targeted.

The policy options for adequate adaptation and
response strategies are to improve socioeconomic
conditions across the country in accordance with the
national economic objectives.

MITIGATION OPTIONS ASSESSMENT AND
STRATEGIES

Myanmar isunder noobligation toquantifyreduction
of greenhousegas (GHG) emission. However, GHG
emissionmitigationoptionsassessmentwasmadeand
strategies were developedfor thekeysocio-economic
sectors.

Energy sector - CO2 emission reduction from the
energy sector can be focused on (i) energy
conservation and efficiency, (ii) replacing carbon-
intensive energysources with less intensive sources,
and (iii) promoting new and renewable sources of
energy. In Myanmar, it can be done by increased
utilization of hydropower, increased use of solar
power,useofelectricvehicle, recyclingofusedengine
oil through refining, and byrecovering and recycling
of HFCs. For transportation, primary mitigation
options will include road maintenance, and fuel
switching from petroleum to CNG.

Agriculture and livestock sector - GHG emission
mitigation in agriculture can be effected through (i)
mitigationofCO2 emissionsfromcroplands,biomass,
crop residues and by-products, (ii) mitigation of CH4

emissions through fertilizer management, water
management, and selection of high yielding rice
cultivars, (iii) mitigation of NO2 emissions from
agricultural soils through the use of slow release
fertilizer, sulphur addition and surface application of
liquid manures, and also by developing organic
farming,and(iv) mitigation byreducingfield burning
of crop residues via compost making and organic
agriculture. Mitigation of methane emissions from
livestock could be done bydecreasing the number of
ruminantanimals,byimprovingmanurehandling,and

byimprovingentericfermentationprocess in ruminant
animals.

Land use change and forestry - Forestrymitigation
measures include forest protection, afforestation,
reforestation, improvementof treespecies and stands,
natural regeneration, conservation of natural forests,
community forestry, agroforestry, dissemination of
improved cooking stoves and use of forest products
on sustained basis.

Waste sector - In Myanmar, approaches such as
waste disposal, waste recycling, and waste reduction
are being employed in managing waste. Under the
current domestic sewage system, waste water is
discharged intosewerusinghugeamountof treatment
water.

National strategies for GHG emission reduction
Energy sector - Emissions from the energy sector
are not significant at present. Energy efficiency,
reduced use of non-renewable energy resources,
promotion of renewable energy and increased
production level of energyare among the imperatives
of energypolicylaid down bythe Ministryof Energy.
In Myanmar, energyproduced from hydropower and
biomass shares about 67 percent of total energy
consumption.

Agriculture and livestock sector - Ammonia
emissionis theprimarylossofnitrogenfromricefields,
whicharefertilizedwithanimalwasteslurry. Keeping
the flooded water table about 10cm high at the time
ofADSapplication,ammoniavolatilizationfromADS
treated paddy soil will be significantly reduced. It
could also be suppressed by adding organic waste
and wood vinegar for neutralization.
Use of genetically improved breeds, reduction of
livestock numbers, increase in animal productivity,
improved higher forage quality, and better nutrient
composition are the mitigation options, currently
feasible at the farm level in Myanmar. Use of urea
molasses mineral blocks (UMMB) was introduced
by some projects in cooperation with international
organizations.

EXECUTIVE SUMMARY
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Land use change and forestry - In forestry sector,
the mitigation strategies are usuallynotaimed at only
to reduce carbon emission but also increasing carbon
sequestration. Forest mitigation options will include
mainstreaming climate change concerns into forest
policyand legislations, improvedforestmanagement,
habitatmanagementforwildlifeandwildplants, forest
protection, afforestation and reforestation, and
reduced firewood cutting. Promoting carbon trading
is also a promisingmitigation strategy.

Waste sector
Development of industries in Myanmar - In
Myanmar, both municipal waste and industrial waste
have been increasing rapidly. By 2002, 83 main
industries and 61 sub-industries under the 6 branches
of the Ministry of Industry No.1 are producing 542
kinds of various goods including textiles, garments,
foodstuffs, etc. There are 9 major factories under
the Ministryof IndustryNo.2 in 2002. The factories
are also producing various kinds of goods, including
tires and tubes, trucks, light vehicles, bicycles, etc.
There are also several co-operatives and private-
owned industries of various scales. Moreover, the
governmenthasestablished27 industrialzonesinyear
2000. The total number of factories established was
60,513 in 2006. Minsitry of industry No. 1 and No.
2 are combined to Ministry of Industry in 2011.

Greenhouse Gas emission reduction - In waste
management, waste production, waste distribution
and waste consumption are involved. Recycling of
plastic wastes, and reuse and recycling of wood and
agricultural residues are being promoted in recent
years.

Appropriate mitigation strategies for municipal
solid waste - Development with zero emission has
been a growing concept of global acceptance. Use
of “waste to energy” plants is also growing. With
regards to the management of MSW, there are 4
options and they are — (i) anaerobic digestion of
bio-waste (ii) ‘Round-trip Paddling Fermenter
(RTF)’, (iii) Refuse-DerivedFuel (RDF) system, and
(iv) use of waste-to-energy power plant.

Proposed projects - A total of fifteen project
proposals are presented in this report. Four are
directly related to rice cultivation, six on GHG
mitigation potential and energy security, four on
forestry-related proposals and one is to investigate
the effect of nutrient management on N2O emission
from commercial cabbage cropping.

DEVELOPMENT AND TRANSFER OF
ENVIRONMENTALLY SOUND TECHNOLOGIES

Technology NeedsAssessment In order to identify
ESTsneedfor mitigationof, andadaptation to climate
change, Technology NeedsAssessment (TNA) was
carried out by the NCEA (MOECAF) under the INC
project.

It was observed that large segment of the industrial
communityinMyanmar are not aware of the industry
related environmental problems and manyfactories
arestillusingoldmachines,obsolete technologiesand
old trucks that mostlyemit smoke and exhaust gases.
Many factories have to keep and use power
generators which emit hazardous gases due to lack
of constant electric power supply. Waste water
treatment and systematic waste disposal systems are
lacking inmost industrial zones.

The survey revealed that there are many industries
that have much interest in securing ESTs. Most of
them mentioned that they required 3Rs, incineration
and final disposal technologies. Most private and
government owned industries do not have separate
or special funds for environmental programs.

From the TNA carried out under the present INC
and the pilot TNA conducted in cooperation with the
NewEnergyandIndustrialTechnologyDevelopment
Organization (NEDO)of Japan in 2005, it was found
that most preferred technologies of the Government
ministriesanddepartments include renewable energy
technologies, energy saving technologies, energy
efficient technologies and 4cleaner technologies.

Based on the concern of the ministries and industries,
EST needs have also been identified. From the TNA
survey, it is obvious that there is a great needfor ESTs
in Myanmar for both mitigation and adaptation
purposes. Supports from the government as well as
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from the multilateral and bilateral sources are much
needed for the transfer of ESTs to Myanmar.

Establishments of ESTs database, technology
information network, and information clearing
house - EST database is being developed at the
NCEA (MOECAF) using the information and data
obtained through TNA.A technology information
network and information clearing house on EST are
also being initiated by the NCEA (MOECAF).
Network members from the ministries, departments
concerned and all related organizations have been
identified.

RESEARCH AND SYSTEMATIC OBSERVATION

Department of Meteorologyand Hydrology(DMH),
Myanmar has been taking meteorological,
hydrological andseismologicalobservationssince the
late 19th century.

Climate/Hydrological reviews Currently, DMH
has 161 observatory stations across the country.
According to the data collected since late 19th
century, the long-term average annual rainfalls were
5011 mm in Sittwe, (to be checked in spelling) 912
mm in Mandalay, 2629 mm inYangon and 4137 mm
in Myeik.

For the period 1991-2000, annual mean
temperatures in Sagaing, Magwe, Bago andYangon
Regions had decreased by a range of 0.2°C-0.8°C
while those of the rest of the States/Regions had
increased by a range of 0.1°C-0.6°C. The areas
with higher latitudes in northern and central parts
experienceatrendofchangefromwarmingtocooling
starting from 1977. Annual mean rainfalls of Shan
State, Sagaing and Bago Regions had decreased by
58 mm, 6 mm and 65 mm respectively, and those of
the rest of the States/Regions had decreased within
the range of 2 to 339 mm.

Research on Climate Change
Region-wise annual mean temperature The lowest
annual mean temperature of Myanmar is 15.8oC in
Chin State followed by19.1oC in Eastern Shan State,
27.4oC inYangon Region and the highest 27.5oC in
MagwayRegion for the WMO normal period 1961-
1990. There is the general warming trend of mean
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annual temperatures in the whole country since the
year 1979.

For the longer term of 1951-2007, the highest
warming rate per decade was 0.32oC in Kayin State,
and cooling trends of -0.23oC and -0.16oC per
decade wereobserved at Magwayand Bago Regions
respectively.
Region-wise extreme mean temperature During
1951-2000, annual mean frequency of heat wave
occurrence in Myanmar was 15. The most extensive
heatwave coveringup to60%ofthe countryoccurred
in 1998, the ENSO year.

Region-wise annual mean rainfalls The lowest
mean annual rainfall of 768 mm isobserved in Lower
Sagaing. It increases eastward to about 1500 mm
over Shan State, northward to about 2000 mm over
Kachin State, westward to 4700 mm over Rakhine
State and southward to 5400 mm over Tanintharyi
Region. Up till 2007, increasing rainfall trends were
observed in many regions of the country, but
decreasing rainfall trends observed in some.

Extreme rainfalls Over the period 1991-2004,
highextremerainfallswithmaximumfrequenciesof5
years occurredatNyaung-U station and low extremes
occurred atMonywa with maximum frequenciesof 5
years.Thestations withmaximum frequenciesof low
to lower extremes were observed in the Dry Zone.
During 1961-1990, about 94% of 24-hour heaviest
rainfallsoccurred in the “earlytopeakmonsoon (mid-
MaytoAugust)”.

Cyclones During 1887-2005, there were 1248
tropical cyclones in the Bay of Bengal. Of these, 80
cyclones crossed Myanmar coast, i.e. about one
every other year. But, Myanmar coast was hit by
cyclones everyyear after 2002 except for 2005. Low
lyingareasalongtheriversaresubject tonormal floods
during monsoon and multiple floods occur when
monsoon is intensified at its peak. Dry Zone also
experiences catastrophic floods when heavy rains
occur for days.

Southwest monsoon The onset of southwest
monsoon into the country is becoming late and its
withdrawal is advancing earlier. For 1988-2000, the
monsoon duration was shortened by three weeks in
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Northern Myanmar and one week in other parts
compared to 1951-2000average. But post-monsoon
rains can occur due to the influence of cyclonic
disturbances in the South China Sea.

Drought can occur inanumber of areas in thecountry.
In the Dry Zone, 1954, 1957, 1961, 1972, 1979
and 1991 are the year most affected by drought.

ENSO, El Nino and La Nina Over the past 40
years,allENSOyears resulted inlargedeficientrainfall
in Myanmar. Recently, the ENSO years in Myanmar
were 1982- 83 and 1997- 98. Maximum highest
temperature records were set in 1998 ENSO year in
almost the whole countryexcept SagaingRegion and
Kachin and Chin States.

In general, monsoon onsets are late and the
withdrawals are earlier in El Nino years, compared
to the normal. There have been records of highest
maximum temperaturesandlowest annual rainfalls in
El Nino years.

The 1950, 1956, 1964, 1970, 1975, 1989 and 1999
were the La Nina years. Despite the widespread
occurrence of temperature rise in the last twodecades,
record low minimum temperatures occurred at many
stations in the cool season of 1999, a La Nina year.

Warning systems on natural disasters Cyclones
in the Bayof Bengal usuallyaccompanied bystrong
winds, heavy rainfall, floods and storm surges, can
cause loss of lives and destruction of property and
infrastructure. DMH has established five
Meteorological and EarlyWarning Centers for the
issuance of various hazard warnings as required.
Myanmar is able to issue warnings on storms, flood
and tsunami in advance of 5-7 days, 2-3 days and a
few hours respectively.

Networking Myanmar has been working with a
number of organizations such as WMO, IPCC,
UNFCCC, UNEP, UNESCAP, UNESCO, JICA,
etc. to jointlyundertake a wide range of projects and
programs. Myanmar has also been studying and
investigating important issues on air pollution,
oceanography, marine meteorology and climate
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change in cooperation with ASEAN, BIMSTEC,
India, China, Korea Republic, Thailand and US.

National strategies for promoting RSO National
strategies for promoting RSO are identified and they
are: (i) to strengthen climate change research, (ii) to
upgrade facilities and technologies with the increased
use of automation system and digitization, and (iii) to
enhance capacitybuilding.
Research on climate change Climate research
willparticularlyfocusontheareasofclimatevariability,
climate change, tropical storms,droughts andEl Nino
inMyanmar. Technological andfinancial support and
human resources development are in need of
strengthening. The need for information networking
at all levels is imminent.

REPORT OF EDUCATION, TRAINING AND
PUBLIC AWARENESS ON CLIMATE CHANGE

MyanmarAgenda 21 (1997) has identified activities
which are to be implemented to strengthen
environmental education and awareness programs.
Duringtheperiodof2008-2010,anumberofactivities
for Education, Training and Public Awareness on
Climate Change (ETPA) were implemented
accordingly.

For strengthening education and training, three
activities were undertaken:

(i) Development of information, education and
communication (IEC) materials:
Under this activity, a manual of WHO on climate
change was translated into Myanmar version to be
used as a reference by students and families in
Myanmar; a pre-tested tool kit of climate change
communication was developed for field extension
agents; a climate change educational video was
translated into Myanmar version for trainings
purposes; and acalculation sheet for self-examination
of ecological footprint was produced.

(ii) Training of government officials on climate
change:
A six-day course, participated by 29 officials
representing relevant but different government

EXECUTIVE SUMMARY
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agencies fromvarious regions across the countrywas
organized.

(iii) Training on environmental journalism and
climate change communication:
The training was organized for local media groups,
and follow-oninformation-sharingmeetingsbetween
the ETPAteam and trained journalists had occurred,
resulting in increased number of climate-related
articles in weeklyjournals locallypublished.

For public awareness raising, four activities were
undertaken:

(i) Public awareness survey:
One page self-administered questionnaire was
prepared and circulated to the public and NGOs via
local media throughout the country. The survey
indicated the need for establishing more of social
networks to enhance the effectiveness in public
awareness raising.

(ii)Stakeholder awareness raising workshops:
Two stakeholder workshops were organized to raise
the awareness of private business sector, civil society
and NGOs through consultative process. As a result,
UNDP formed a tri-partite steering committee for
setting up a small grant scheme, under which NGOs
and CBOs could initiate grassroots-level climate
change adaptation programs.

(iii) Nation-wide public awareness raising
campaigns:
Public awareness raising campaigns were organized
at township, district and state/Region levels across
the nation, and the target audiences were local
authority, government officials, non-state actors and
community leaders at each level. During each
campaign,participatorygroupdiscussionsweremade
to analyze greenhouse gas emissions and extreme
weather events.

(iv) Climate Information Center:
Nearly500 information materials on various aspects
of environmental conservation and climate change
were collected by the ETPA team and a Climate
Information Center (CIC) that was established at the
office of Forest Academy and Advisory Group in
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Yangon. Thecollected materials weremade available
to all stakeholders.

INTEGRATION OF CLIMATE CHANGE
CONCERNS INTO DEVELOPMENT PLANS AND

PROGRAMMES

Integration of climate change concerns (CCCs) into
developmentplansandprogramsisofvital importance
to Myanmar in view of further enhancing its low-
carbon economy and reducing its vulnerability to
climatechangechallenge. Myanmarhasprovedmore
than being a net carbon sink nation, with a CO2 net
removal of (-) 67,863 Gg CO2e in 2000.

In order to mitigate the GHG emissions and adapt to
the increased warming, policy measures have been
identified for integration into the national and sectoral
development plans and programs as follows:

Energy sector
The fourth Short-Term Five-Year Plan (2006/2007
to 2010/2011) of the National 30-year Energy
Development Plan placed its emphasis on
environmental conservation while producing more
crude oil and natural gas.

Policies: (i) To enhance energy conservation,
efficiencyand productionand ensure energysecurity,
and(ii) topromoteefficiencyofnational transportation
system, regulation of imports of second-hand motor
vehicles

Strategies: (i) Perform energy audit, (ii) tap all
potential power sources including renewable energy,
(iii) improve traffic demand management, and (iv)
establish national ambient air qualitystandards

Actions:
Mitigationmeasures: Setenergyefficiencystandards
and label efficiency grades on products; Provide
advices, inspection, incentivesforenergyconservation
and efficiency; Capture fugitive gaseous emissions;
Develop voluntary agreements for increased use of
energyefficientproducts; Investmoreonandpromote
the use of cleaner and zero-emission energies;
Construct more hydropower facilities where EIA
permits; Upgrade existing power-generation and
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transmission systems; Extract coal-bed methane;
Promote bio-energy production from available
sources without compromising food security and
viability of forests and soils; Further promote and
expand CNG-used vehicles and CNG pipelines and
stations; Improve all transport modes and traffic
demand management, including cycling and
containerized freight transport; Install more light-
emittingdiodesfor traffic lighting.

Adaptation measures: Adopt environmental
standards for energyefficiency; construct buildings
with designs to increase cross ventilation, prevent
direct sunlight in the afternoon and reduce heat gains
with shade covers; increase the use of fuel-efficient
motor vehicles; make all public transports more
attractive and affordable; raise public awareness on
GHG emission reduction and energy conservation;
build institutional capacity to monitor ambient air
quality.

Industrial processes and product use sector
In the industrial sector, Ministry of Industry 1 and
Ministryof Industry2 are producingvarious kinds of
goods.Thesectorhassomejointventureswithforeign
companies. Between 1995-96 and 2005-2006, 18
industrial zones were established and about 9,849
factories and mills are operating in them.

Policies: (i)To adopt energyefficiencystandards and
labelling system, (ii) to prohibit manufacture and
import of GHG inefficient products, and (iii) to
promote energy efficiency and emission control
technologies.
Strategies: (i) Practice Green Certification System,
(ii) introduce clean and green technologies, and (iii)
promote cleaner production.

Actions:
Mitigation measures: Set high energy efficiency
andenvironmental standards;conductateachindustry,
EfficiencyAudit and provide green labels and tax
benefits to the industry and product that meet the set
standards; further promote the use of CNG, LPG and
renewable energies byproviding incentives.

Adaptation measures: Encourage the use of more
energy-efficient boilers, motors, furnaces and

electrical equipment; introduce energy-saving,
process-specific technologies; initiatethedevelopment
of carbon capture and storage for energy-intensive
plants; implement energy-saving regulations and
improved energy management systems; provide
energy efficiency-related information services;
conduct advocacy extensively on conservation of
energyand utilization of cleaner energy.

Agriculture and livestock sector During 1988 to
2000, 116 irrigation projects were completed.
Irrigation coverage increased from 12.5% in 1987-
88 to 29.4% of the total rice land in the year 2000.
Summer rice cultivation has been introduced since
1992 and rice production increased from 21 million
tons in 2000-2001 to over 31 million tons in 2007-
2008. In general, cattle and buffaloes constitute a
part of Myanmar farming system. However, feed
resources are scarce and of poor quality especially
during the dry season, resulting in low productivity.
Emissions of CH4 and N2O are likely to increase due
to the expansion of agriculture with more fertilizer
inputs and increasing livestock population.

Policies: (i) To follow Code of Good Agricultural
Practice (CGAP), (ii) to ensure increased food
production in climate friendly and resilient manner,
and (iii) to improve livestock management and
livestock feed.

Strategies: (i)To improve rice cropping systems and
water management, (ii) to promote organic farming,
(iii) to do research and developmenton crop varieties
adaptable to climate change, (iv) to breed genetically
improved strains of animals and regulate their
population, and (v) to improve manure management
and animal feed with quality forage and mineral
supplements.

Actions:
Mitigation measures Reduce tillage and practice
intermittent irrigation,properselectionof ricevarieties
andcroprotation inricefields;promote“Conservation
Agriculture”,“SlopingLandAgriculturalTechnology”
and other climate friendly technologies; improve
water, crop and crop residue management; promote
organic farming and bio-fertilizer use, and reduce
the use of chemical fertilizers; apply slow release
fertilizer; improve and expand pastures, grasslands
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and forage and its quality; improve the use and
management of animal waste to harvestproducer gas
and to use gasification effluent as bio-fertilizer;
supplementpoorqualityroughagewithminerals,urea
molasses, legume or other agricultural bi-products.

Adaptation measures Adjust cropping systems,
improve farm management including post-harvest
technology ; use stress-resistant plant varieties and
ensureclimate-resilientagriculture;promotewateruse
conservation and efficiency; expand water
impoundment systems through clusters of smaller
dams, ponds, etc.; promote organic farming and use
of bio-fertilizers; popularize dry-land agricultural
technologies, improve and expand pasture and
grassland; add fermentation-control medicine,
fermentation stabilizers and micro-organism
repressors to animal diets; access to advanced
livestock technologies.

Land use change and forestry sector Annual
deforestation ratewas estimated at 466,420ha during
1989-1998. To check or reverse this trend of forest
depletion and degradation, protection of remaining
natural forests and reforestation have been sped up.
Localcommunities,privatecompaniesandindividuals
havebeenactivelyestablishingforestplantations.Both
GHG inventories conducted in 1990 and 2000 had
testified that Myanmar was a net CO2 sequester.

Policies: (i)Topromotecarbon sequestration through
sustainableforestecosystemdevelopment, (ii)Change
of land use to be preceded by EIA in accord with
broad National Land Use Plan.

Strategies: (i) To introduce private forestry, (ii) To
manage state and non-state forest ecosystems in a
sustainablemanner, (iii)To intensifyreforestation and
afforestation programs, (iv)To promote community
forestry and urban tree planting, (v) To encourage
manufacture of long lasting value added forest
products, (vi)To develop national land use plan; (vi)
To let EIAprecede any major land use change.

Actions:
Mitigation measures: Protect existing forests
effectively; expand forest extent, increase forest
density and growth; maintain structural diversity of
forest and species mixture; restore forests; expand

EXECUTIVE SUMMARY

xi

ProtectedAreas System; avoid clear felling of forest
in timberharvest, practice reduced impact loggingand
restore harvested areas; increase advocacy and
educate public on community forestry (CF); apply
systems such as agro-forestry or aqua-forestry to
establish CFs;continue the annual freedistribution of
tree seedlings for roadside and urban greening and
set up incentives to ensure the survival of the planted
trees; develop technologies for manufacturing end-
use forest products for extended use; strive for
developmentand implementationofnational landuse
plan to sustain permanent forest estate; conduct EIA
and thorough cost-benefit analysis prior to deciding
anymajor land use change.

Adaptation measures: Conserve, enrich and sustain
biodiversity; encourage climate-resilient species in
reforestation and afforestation program; practice
multi-culture and structurally complex forest
ecosystems management; intensify mangrove
reforestation and afforestation in coastal zones;
establish an effective mechanism for fire protection
and fire fighting; enhance public awareness and
participation in managing the forests; educate public
on climate change concerns.

Waste sector
Since the inception of the market-oriented economic
systemin1988,urbanizationandindustrializationhave
accelerated in the country. Dailywaste generation in
Yangon increased three folds within 1990 to 2007.
Emissionfromthewastesectorwillassumeanupward
trend with the improving economy coupled with
increasingindustrialization.

Policy: (i) To strengthen “Green and Clean Cities ”
campaign to make the city green and clean; (ii) to
reduce GHG emissions and environmental pollution.

Strategies: (i) To minimize per capita waste
generation, (ii) to recycle waste, (iii) to generate heat
and electricity from waste, (iv) to advocate self-
cleanliness and public hygiene, and (v) to enforce
“Polluter PaySystem”

Actions:
Mitigation measures: Reduce the volume of waste
per capita; categorize waste and dispose it properly
at designated landfills; collect fees forwaste disposal;
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fine heavily those who throw wastes recklessly;
eliminate theuse of polyethylene bags; expand waste
treatment facilities; produce biogas for electricity
generation at sewage treatment facilities; encourage
waste recycle and waste reuse; promote market
opportunities for recycled waste products; enforce
regulations and standards for waste management;
raise public awareness on waste generation and
disposal.

INFORMATION AND NETWORKING

Assessment and enhancement of Information
Communication Technologies The existing ICT
tools and communication facilities are not adequate
in most of the government departments and other
relevant organizations. Only a few experts in ICT
are available, and more ICT trainings are needed.
The promotion of ICT has been undertaken jointly
by the private computer associations and the
government in recent years. However, manygaps and
constraints suchas financial and technicaldifficulties,
and poor infrastructure and frequent power failures
stillremain. Institutionalstrengtheningincludinghuman
resource developmentand skills andexpertiseonICT
aretobefurtherenhancedinalmostall thegovernment
organizations.

Establishment of information networks The
climate change information network has now been
officially established at MOECAF with initial 25
members from various government departments and
local NGOs. The project has alsoestablished its own
website www.myanmar-unfccc-nc.net. Training
relating to the use of website has been provided for
MOECAF bya local company. In effect, Myanmar
has laiddown firm foundation for promotingclimate
changeinformationsharingandnetworkingwithinand
outside the country.

CAPACITY BUILDING

Myanmar needs capacity building to be able to
address climate changeand its impactsand to fulfil its
commitments to the Convention.

Capacity building needs assessment - Myanmar
undertook capacity-building needs assessment
covering the areas of human resources, and

technology capacity building. The assessment
highlighted the needs of the institutions and
organizations for man-power training, technology
transfer and dissemination.

Regarding human resources: Manyorganizations
are interested to have trainings on climate change
issues, GHG inventory, vulnerabilityand adaptation
assessment, technology needs assessment,
environmental management and clean development
mechanisim (CDM) and carbon trading.
Regarding technologies: A large number of
organizations are interested in ESTs and renewable
energy technologies. Cleaner production of cement,
efficientandcleanerCH4 gasreductionfromlivestock,
air quality monitoring, reduction of emission from
deforestation and forest degradation (REDD) are of
interest to some specific organizations.

Capacity building strategy The strategy involves
three steps namely; capacity-building needs
assessment, identification andformulation of priority
capacity building projects, and mobilization of
resources for implementing the projects. Capacity
buildingstrategycouldbeappliedonthenationalscale
or on sector-wise basis. But implementation should
be made on a continuous basis.

Enhancement of international negotiation skills
Capacitybuilding to enhance the negotiation skills is
largelyneeded in developingcountries due to limited
experience, limited expertise and knowledge and
language barrier. In this respect, more seminars and
workshops on climate change with the participation
of relevant specialists and expertsare to be organized.

OTHER INFORMATION CONSIDERED
RELEVANT TO THE ACHIEVEMENT OF THE

OBJECTIVE OF THE CONVENTION

Apart from the programs and activities that are
required by the UNFCCC to be undertaken by a
party to the Convention, there are several other
environmental protection and conservation activities
carried out in Myanmar which could directly or
indirectly contribute towards addressing climate
changeandachievingtheobjectiveof theConvention.
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United Nations Convention to Combat
Desertification (UNCCD) related programs and
activities - Myanmar acceded to the United Nations
Convention to Combat Desertification (UNCCD) in
January1997. Even before accedingto the UNCCD,
the Forest Department had implemented a special
greening project for the nine districts in 1994. The
project area was extended to 13 districts with the
formation of a new DryZone Greening Department
in 1997. Currently, there are 140 dams constructed
in the DryZone with water shed areas of 4.5 million
hectares. Rehabilitation and reforestation of
mangroves isalsobeingcarriedout in theAyeyarwady
delta region where large areas of mangrove forests
had disappeared due to over-exploitation. Myanmar
has also formulated a NationalAction Programme
(NAP) to combat desertification with 5 proposed
projects particularly in the DryZone. The Dry Zone
has nowstarted to benefit fromthe greeningactivities
thereby, achieving the objective of the UNFCCC.

Vienna Convention and Montreal Protocol
related programs and activities - Myanmar also
acceded to the Vienna Convention for the Protection
of the Ozone Layer and the Montreal Protocol in
November 1993. The preparation of a Country
Program which was supported by the UNEP and
coordinated by the NCEA (MOECAF) was
completed during 1998 and 1999. Refrigeration
Management Plan (RMP) was formulated in 2002
and was approved by the Multilateral Fund in 2005.
A Memorandum of Understanding (MOU) on the
Preparation of ozone regulations for the control of
ODS,andmonitoringimplementationoftheRMPwas
signed in 2008. The MOU on Provision of services
and data collection for the formulation of the
Hydrochlorofluorocarbons (HCFCs) Phase out
Management Plan (HPMP) has also been signed.

Today, Myanmar has successfully phased out CFC
consumption in all sectors. Awareness promotion
activities on protection of the ozone layer, training
programsforrefrigerationandairconditioningservice
technicians, and training programs for enforcement
officers have also been conducted.

Convention on Biological Diversity (CBD)
related programs and activities There is a loss of
biological diversity due to social and economic

pressures all over the world. Today, climate change
is also posing threats to the biological resources.
Conservation of biological diversity (CBD) is
therefore being carried out by nations around the
globe. Myanmarismakingeffortsfor theconservation
of biological diversityby, promulgating a Protection
of Wildlife and Wild plants and Conservation of
NaturalAreas Law in 1994, formulating Myanmar
Forest Policy in 1995, ratifying CBD in 1994,
acceding to the Convention on International Trade
on Endangered Species of wild flora and fauna
(CITES) in1997 and ratifyingtheCartagena Protocol
on bio-safety in 2008. MOECAF is now initiating
thedevelopmentofNationalBiodiversityStrategyand
Action Plan (NBSAP) with technical support from
UNEP Regional Office for Asia and the Pacific
(UNEP-ROAP). Conservation of biodiversity calls
for protection of the habitats mainly forests, so that
byimplementingtheCBD, forestsarebeingprotected
and conserved. In 2009, about 4.35% of the country
area has been notified as protected area. Moreover,
34 protected areas, 3 zoological gardens, 1 botanical
garden and a national herbal park have been
established.

Organizational improvement In addition to the
NCEA which was formed in 1990 to manage and
coordinate environmental matters in the country, and
to act as the national focal point for environmental
relations with other countries and international
organizations, the Environmental Conservation
Committee (ECC) was formed in 2004 to effectively
carryoutenvironmentalconservationactivitieswithin
thecountry.TheNationalEnvironmentalConservation
Committee (NECC) has been reformed in 2011 as a
full flashfocalorganizationfor theenvironmentsector
throughout thecountryand the NCEAwasabolished.
Moreover, to speed up its environmental protection
measures the Ministry of Forestry was renamed to
MinistryofEnvironmentalConservationandForestry
(MOECAF) in 2011. In recent years, there has been
asubstantialdevelopment in the formationof thenon-
governmental environmental organizations such as
Forest Resources Environment Development and
ConservationAssociation(FREDA),Biodiversityand
NatureConservationAssociation (BANCA),Wildlife
Conservation Society (WCS- Country program),
Ecosystem Conservation and Community
Development Initiative (ECCDI), Economically
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Progressive Ecosystem Development (ECODEV),
Re-newable EnergyAssociation Myanmar (REAM)
etc; that are doing environmental promotion matters
including climate change mitigation and adaptation
related Programs.

International cooperation for addressing
climate change After signing the UNFCCC in
1992, Myanmar ratified the convention in1994. The
country regularly participated in the COPs of the
UNFCCC and its subsidiarybodies meetings. It was
one of the 12 participating countries in theALGAS
project, and ratified the Kyoto Protocol in 2003.

Regarding CDM projects, there has been some
cooperation between Myanmar and Japan. The
Designated NationalAuthority(DNA) of Myanmar
was established in 2006 for approvingand providing
information on proposed CDM projects. In order to
make Myanmar safer and more resilient to natural
hazards after the country suffered from a disastrous
cyclone Nargis in 2008, the National Disaster
Preparedness Central Committee (NDPCC) was
formed in the same year. The Committee is chaired
by the Prime Minister and has 38 members.
MyanmarAction Plan on Disaster Risk Reduction
(MAPDRR) 2009-2015 has been prepared. The
Plan has identified projects and activities which are
necessary to meet the Hyogo Framework forAction
(HFA) and ASEAN Agreement on Disaster
Management and Emergency Response
Commitments.

CONSTRAINTS AND GAPS, AND RELATED
FINANCIAL, TECHNICAL AND CAPACITY NEEDS

Development of national greenhouse gases
inventory
Present efforts in national greenhouse gases
inventory - Very limited activities on climate change
have been carried out in Myanmar apart from the
preliminary greenhouse gases (GHG) inventoryand
mitigation options assessment undertaken in the
ALGAS-study in 1996. Cooperative efforts of the
United Nations, e.g. IPCC, UNEP, international
organizations and Non-Government Organizations,
are important to address the climate change issues
and research activities.

Data availability constraints Limited user-friendly
databaseonESTs, includingendogenous technologies
is an example of such constraints. There are no
forecasts of El Nino Southern Oscillation (ENSO)
events in Myanmar. The methods used for the
development ofVulnerabilityindices &mapsneed to
be elaborated.

Needs for GHG-inventory on a continuous basis
CO2, CH4 and N2O data need to be updated and
extended based on the COP-8 Guidelines. Capacity
building of Individual researchers in various sectors
should be promoted, and GHG-inventory needs to
be conducted on a continuous basis.

Constraints and needs
Energy and industrial processes sectors
Greenhouse gas inventory for energy sector include
CO2 andN2Oemissions fromfossil fuel combustions,
CH4 emissions from fugitive coal mining activities,
fugitiveoilandnaturalgassystem,andNMVOCfrom
fuelcombustion. Awidevarietyof industrialactivities
produces greenhouse gases as a by-product. The
total CO2 emissions from the energyand industrial
processes in Myanmar were estimated at 8,326.76
Gg in 2000.

Agriculture sector Theinjudicious use of chemical
fertilizers and pesticides, the production of CH4 from
paddyfields and ruminant animals, and of CO2 from
the burning of , crop residues for land clearing have
often adverselyaffected the environment and created
manyproblems.Promotionof abalancedandefficient
plant and animal management systems to intensify
agriculture in a sustainable manner is needed.

Waste sector GHG inventory for the waste sector
mainly includes CH4 emissions from MSW and
domestic & industrial wastewater. In rural areas
and small towns, there is no systematic collection
of waste. Due to filling of waste over the years
in sub-urban areas, anaerobic conditions develop
and hence these dumping sites generate large
amount of CH4.

Land Use, Land Use Change and Forestry sector
Countrywide, the annual deforestation was 0.3%,
which is only slightly above the global average.
Population growth and its effects on natural habitats

EXECUTIVE SUMMARY
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are exacerbated by the lack of comprehensive land
use policies and planning. Species-specific and
ecological zone-specific data are still lacking. The
dry matter (biomass)-based inventories for planted
species should be carried out. Inventory activities
with new approaches to address deforestation, its
causes and land use changes should be conducted.
Reliabledataontypesoffire,actualareaburntannually
and greenhouse gases emission are still lacking.

Financial needs
Financial resources for climate change outreach
programs and activities are needed in Myanmar at
present. Myanmar’s contribution to themitigation of
and adaptation to global climate change depends to
a great extent on transfer of technologies and capacity
building, as well as on funding support. Due to the
limited financial resources, onlya fewactivitieshave
been done in Myanmar to raise the public awareness
on climate change issues. The UN system has an
important role to play in supporting and enabling
developing countries to participate in the carbon
market and prepare for future funding opportunities
to catalyze climate action.

Technical needs
Technology needs for mitigation of climate change
Updated and improved cost-effective mitigation
options assessment for CO2, N2O, CH4, and new
assessment of mitigation options for CO, NOx, Non-
MethaneVolatile Compound (NMVC), SO2, HFCs,
PFCs and SF6 for the year 2000, including
appropriate mitigation technologies, are needed.
Lackoflegalandeconomic instruments formitigation
measures, lack of a national strategy for GHG
mitigation,andlackoftechnicalcapacityinquantitative
mitigationoptions analysis, areundoubtedlyobvious.
Technical capacity to effectively integrate V&A
assessment and mitigation options analysis into
sustainable development programs, and to develop
national adaptation andmitigationprogramsofaction
isare still lacking.

Technology needs for adaptation to climate
change No previous studies on the vulnerability of
Myanmar to climate change have been undertaken,
and hence no adaptation strategy or action plan has
been developed. Thus, all selectedpriorityareas will
require participatory rapid appraisals (PRAs) with

the aimof collecting information onvulnerabilities to
climate change. Cost-effective technological and
policy adaptation measures that are appropriate to
Myanmar should be identified. Policies on climate
change adaptation are still needed to be addressed.
Progress in the field of climate change related
assessments is insufficient to obtain up-to-date
situation in manyaspects.

Systematic observation and research on climate
system Inadequate computers and internet access,
limitedclimatechangerelated information to function
as a clearing house, and limited practice of sharing
information among departmental personnel are most
commonlyobvious. Lackof training, informationand
experience on EnvironmentallySoundTechnologies
Information System (ESTIS) are also constraints in
this regard. The hydro-meteorological data sets
providealong-termbaselineagainstwhichthe impact
of change in land use and land management on water
quality and quantity can be measured. Such
informationisuseful forotherresearchers, inparticular,
for understanding issues regarding global climate
change. Traditionalwater management system needs
to be strengthened to meet the future requirements.
Adaptation measures for water scarcity and drought
include water supply and demand management,
improvedwatershedmanagement,waterconservation
and increased storage of water.

To enhance the systematic observation and research
activities, technical/ financial/ expertise support will
certainly be necessary from various international/
regional organizations. Research works of climate
change will be particularly focused on El Nino,
ENSO, tropical storms and associated hazards and
droughts in Myanmar.
Myanmar has signed some 30 international and
regional environmental treaties and conventions.

Needs for capacity building
Limited capacities at all levels relating to climate
change issues, namely(i) climate change negotiation,
(ii) preparationofclimatechangeprojects forbilateral
and multilateral funding, (iii) assessingthe impactsof
both technological andpolicymeasures for mitigation
and adaptation, and (v) effective implementation of
various multilateral environmental agreements,
including the UNFCCC, are prominent barriers.

EXECUTIVE SUMMARY
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Climate change information network should be
strengthenednationally/regionallyand internationally.
Capacity development in DMH, universities and
related institutions is also another area of gap in the
country.

Training needs Capacity building for GHG-
inventoryand V&A assessment are urgentlyneeded.
Limited humanand institutional capacityin assessing,
evaluatingandverifyingESTs, and inadequatehuman
and institutional capacity in climate data monitoring
are gaps to be bridged.

Initiating programs of school education and public
awareness on climate change There are few
outreach materials, especially in Myanmar language
on climate change issues for different target groups.
In school level education, it is preferable to integrate
environmental issues into existing subjects in the
curricula, rather than attempting to introduce
environmentasaseparatesubject. Findingsofclimate
change research in universities and other institutions
need to be continually made available in appropriate
form for use by schoolteachers. It is desirable for
practicalactivitiesonclimatechangeandenvironmental
studies to be based on traditional conservation
practices, and to involve interaction of schoolchildren
with local villagers so that they can understand the
issues. Public education, awareness, and training
programs need to be conducted on a large scale
throughout the country with particular emphasis on
pollution, natural resources depletion and global
climate change.

Formulation of the communication network
among researchers, institutions and policy-makers
Climate changepolicy, strategyand programs,as well
as the integration of this policy and strategy into
sustainable development are needed. There is also a
need to introduce and strengthen community
education on climate change and disaster
preparedness.

Policy measures are needed to integrate climate
change concerns into national long-term socio-
economic andenvironmental planning. Buildingup a
considerable mass of human resources with required
skills, isabasicneedforanyprogressin theinstitutional
framework. Theformulated National Environmental

Policy calls for harmony and balance between
environmentanddevelopment throughthe integration
of environmental considerations into development
process and it forms the basis for developing
environmental strategies, programs and plans.
Moreover, Myanmarhaspromulgated environmental
conservation in 2012.

Myanmar has undertaken a few activities relating to
otherMultilateralEnvironmentalAgreements(MEAs).
Although Myanmar hasprepared its nationalAgenda
21, the issue on the integration of climate change
concerns into sustainable development plans and
programs has not yet been addressed.

Activities for overcoming gaps -
Efforts will be made to overcomethe data constraints
and gap in GHGInventory.Countryspecificemission
factors shouldbedeveloped e.g.emission factors from
forest fire, and CH4 emission from rice fields.

As far as capacitybuilding is concerned, it would be
appropriate to maximize the synergies for
implementing the UNFCCC and other global
environmental agreements, such as CBD and
UNCCD. The National Capacity Needs Self-
Assessment (NCSA) project for Global
Environmental management would provide a good
basis for such synergies. In addition, a Capacity-
Building Strategy that highlights the priorities and
options, including the development of South-South
capacitybuilding programs, will be developed.



2012



2012

Chapter 1
Introduction

Page 1

Myanmar lies mainly in the tropic and the climate in
the country is greatly influenced by the tropical
monsoon through the north-east and south-west
monsoon winds. The country enjoys three distinct
seasons namely, hot, rainy and cool seasons.
However, it is also frequently subjected to cyclones
and river flooding. During the last four decades,
Myanmar had six major cyclones: Sittway Cyclone
in 1968, Pathein Cyclone in 1975, Gwa Cyclone in
1982, Maungdaw Cyclone in 1994, Cyclone Mala
in 2006 and Cyclone Nargis in 2008. Flooding is
sometimes caused by cyclones, but more often by
excessive precipitation in mountainous watersheds.
Much ofUpper Myanmar lies on a tectonicallyactive
zone. Earthquakes are common and occasionally
devastating.

The incidence of deforestation, desertification, water
shortage, pollution, saltwater intrusion and other
adverse environmental conditions have increased in
Myanmar due to development activities. Poverty is
alsoprevalent inruralareasandamonglargesegments
of the urban population. However, it has great
potential for economic development because of its
wealth in natural resources.

On the other hand, the socio-economic development
and industrializationprocesses that have been rapidly
taking momentum, coupled with the increasing
population,havebeendwindlingthecountry’s natural
resources. It is critically urgent, therefore, that the
climate change concerns are integrated into all future
nationalandsectoraldevelopmentplansandprograms
in order to bring about economic development in
social harmony and ecological integrity. Myanmar
Agenda 21 has outlined very comprehensively the
process of integration of environment and
development in decision-making. This should be
taken as the guideline for integrating climate change
concerns into national development plans and
programs to ensureeconomicdevelopment in parallel
with environmental protection.

In order to form a central body to coordinate
environmental affairs with national economic

development, the National Commission for
EnvironmentalAffairs (NCEA) was established in
1990. It was set upat the Ministryof ForeignAffairs,
chaired by Minister for Foreign Affairs. NCEA
operates directly under the guidance of the Cabinet
and comprises a chairman, a secretary, and a joint-
secretary. It has the following four committees:

1. Committee on Pollution Control
2. Committee on Natural Resources

Conservation
3. Committee onTraining, Research &

Education, and
4. Committee onInternational Relations

NCEAhaddevelopedNationalEnvironmentalPolicy
which was adopted in December 1994, formulated
MyanmarAgenda 21 (MA21) in 1997 and drafted
the National Environmental Protection Law (NEPL)
in 2000. NCEA was transferred to the Ministry of
Forestry to be chaired by the minister for Forestry in
2005 and abolished in 2011. National Environmental
Conservation Committee (NECC) was formed in
2004 and reformed in 2011. Moreover, Ministry of
Forestrywas renamed to Ministryof Environmental
Conservation and Forestry (MOECAF). (Here after
NCEA was refered to as MOECAF)

A specific aim of MA21 is to facilitate the
incorporation of environmental and sustainable
development policy considerations into the decision-
making and policy formulation processes of the
government in the economic and social sectors.

The National Environment Policy underlines the
Government’scommitment toestablishsoundpolicies
intheutilizationofwater, land,forests,minerals,marine
and other natural resources in order to conserve the
environment and prevent its degradation.

The current process of national development and
planning in Myanmar does not provide a systematic
meansfor theintegrationofenvironmentaldimensions
(MA 21). Climate change is one of the hottest
environmental issues today and MOECAF is well
placed to undertake the task of coordinating line

Chapter 1 Introduction
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ministries and ensuring the integration of climate
change concerns into the national and sectoral
development plans and programs.

Myanmar activelyparticipated at the UNCED in Rio
deJaneiroandsigned theUNFrameworkConvention
on Climate Change in June 1992. It has embarked
as one of the 12 participating countries on theAsian
Least Cost Greenhouse Gas Abatement Strategy
(ALGAS) Regional Project which was implemented
by UNDP/GEF and executed byADB from 1995 to
2000.

Myanmar ratified UNFCCC on 25 November, 1994
as a non-Annex I Party. Article 12.5 of the
UNFCCC requiresnon-Annex IParties tomake their
initial national communications. Apart from the
preliminary greenhouse gas (GHG) inventory and
mitigation options assessment undertaken in the
ALGAS-study in 1997, no other project activities
relating to UNFCCC have been undertaken in
Myanmar.

In 1996, guidelines for the preparation of INC for
non-Annex I Parties were adopted by the Second
Conference of the Parties (COP). The Global
Environment Facility (GEF) provides financial
assistance to non-Annex I Parties to prepare their
national communications under the guidance of the
COP 8. Manycountries have alreadysubmitted their
Initial National Communications reports. Somehave
submitted their reports as early as in 1997, e.g.
Argentina, Jordon,Mexico,Macronesia,Senegal, and
Uruguay. Afew more countries have submitted their
Second National Communication reports whereas
Mexico has even submitted their fourth National
Communication reports.

MyanmarsoughtGlobalEnvironmentFacility(GEF)
funding in 2006 to fulfill its commitments and
obligations for preparing and reporting its Initial
National Communication (INC) according to the
recommendedguidelinesandoperationalprocedures.
In this context, MOECAF of Myanmar launched an
INC-project in2008with thefinancialassistancefrom
GEF/UNEP. Although this report is the first INC
report for Myanmar, it is prepared with components
that cover mostof thecontentsof the SecondNational

Communication.Theprojectproposalwasformulated
in accordance with the guidelines adopted at COP 8
(Decision 17/CP.8) in 2002 and the GEF
Operational Procedures for the Expedited
Financing of National Communications from non-
Annex I Parties (November 2003).

In order to facilitate the preparation of this project
proposal, an informal stakeholder’s consultation
meeting was organized by MOECAF on 13 January
2006. AProject Management Team (PMT) and a
National StudyTeam (NST) were established under
the auspices of the MOECAF in consultation with
otherrelevantgovernmentdepartments,privatesector
and NGOs. ANational Climate Change Committee
(NCCC) to be chaired by the Director-General of
MOECAF will also be established to provide
guidance to the PMT. The NST is coordinated by a
Project Coordinator. The Project Coordinator,
together with the leader of each Working Group,
formed the PMT.

The NST, which is the backbone of the project
comprised working groups that deal with (i) GHG
Inventory and Mitigation Option Analysis; (ii)
Vulnerability and Adaptation Assessment; (iii)
DevelopmentandTransferofEnvironmentallySound
Technologies; (iv) Research and Systematic
Observation; (v) Education, Training and Public
Awareness, and (vi) Compilation of the National
Communication. Each working group is composed
of a number of experts drawn from both the public
and the private sectors, including NGOs. Each
working group prepared the respective related
chapters that constitute this report.

To integrateenvironmentanddevelopment,particular
emphasis has been placed on key economic sectors
for which GHG inventory was undertaken for the
preparation of Myanmar’s first Initial National
Communication. These economic sectors are:

1. Energy,
2. Industrial processes,
3. Agriculture includinglivestock,
4. Land use change and forestry, and
5. Waste.

Chapter 1 Introduction
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Although Myanmar is submitting its INC report only
now, the countryhas longbeen makingefforts for the
positive contributions to the mitigation of GHG
emission and protecting global climate by making
mitigationoptionsassessmentandstrategies inthekey
economic sectors of the country. The following
mitigation options are being implemented and
encouraged:

(i) Hydro power project -Myanmar with manyrivers
is endowed naturallywith abundant hydropower
resources. Myanmar has already identified 267
sites with the total capacity of 39,624 MW.

(ii) Solar electric panel to replace diesel generator
- Today’s electricity supply in Myanmar is
generated by fuel generators and hydroelectric
power plants. Solar energy is now available all
over the country. Photovoltaics (PVs) are the
most attractive amongrenewable energyoptions
that are now being used. It is reliable, clean, and
environmentallyfriendly.

(iii) LED street lighting - LED street lightings are
being used in most of the big cities in Myanmar.
This is also one of the options to save electric
power generation.

(iv)Electric vehicle - An electric car is an automobile
that usesan electric motor forpropulsion, in place
of morecommon propulsion methodssuchas the
internal combustion engine. In Myanmar, some
electric vehicles are now beingproduced and are
being used in the areas, such as hotel zones,
zoological gardens, parks, golf clubs, etc.

(v) Waste engine oil recycling -The engine lubricant
industry is a big business in Myanmar, with an
annual consumption of about 4.5 million gallons
(20.24m liters) and turnover ranging from US$
25 to 40 million. Small amount of lubricant oil is
lost during use and the rest are released into the
environment. It can also be used as refinery
feedstock to become part of crude oil. Used oils
are being refined again and again after blending
with suitable additives and with no compromise
onquality.

(vi) HFCs recycling - Recovery and recycling of
HFCs help decrease HFC emissions during
equipment service and disposal. The approach
involves the use of a refrigerant recoverydevice
that transfers refrigerant into an external storage
containerpriortoservicingof theequipment.Once
the recovery process and source operations are
complete, the refrigerantscontained in thestorage
container arerecharged back into the equipment,
cleaned through the use of recyclingdevices, sent
to a reclamation facility to be purified.

(vii) Transport - As transport sector is the largest
consumeroffossil fuels,mitigationoptions in this
sector are given due consideration. Recent trends
in fuel switching from gasoline to Compressed
Natural Gas (CNG) in motor vehicles have
already helped to reduce GHG emissions in this
sector. The primarymitigation options identified
for GHG emission mitigation in the transport
sector are:-
a) Road maintenance
b) Modal shift from road to rail (passenger &

freight)
c) CNG vehicles and electric vehicles (In terms

of CO2 mitigation potential, the most
attractive option in the transport sector is fuel
switching to CNG for Myanmar.)

(viii) Recycling of waste - Recycling of waste paper,
rubber goods, broken glass wares, steel and
various metals, broken plastic and steel pipes,
etc. is being done in Myanmar long before 3Rs
concept has been introduced globally.

(ix)Forestry -Myanmar has beenmanagingitsnatural
forests under the Myanmar Selection System
since 1856. It is a Sustainable Forest
Management System. Moreover, Community
Forestry and Agroforestry are also being
encouraged. Theseactivitieswill increase thesink
and will compensate the emissions from other
sectors as well as from other forestry activities.

In addition, reafforestation programs have been
intensified andforest andwildlife protection lawsand
regulations are being increasinglyenforced.

The 2000 GHG inventoryhas verywell testified that
Myanmar is still a big net carbon sink country.

Chapter 1 Introduction
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Chapter 2
National Circumstances

Figure 2.1: States and Regions of Myanmar
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2.1. Natural Conditions and
Resources

Location, territory and administrative regions
Myanmar is situated between north latitudes 9º 53"
and 28º 25" and east longitudes 92°10' and 101°10'.
Myanmar shares a border line territory of 2,192 km
with China, 224 km with Laos and 2,096 km with
Thailand in the east. It shares also 1,331 km border
line with India and 256 km with Bangladesh in the
west. It has a long sea coast facing the Bayof Bengal
in thewest,continuessouth-ward facingtheAndaman
Sea in the south and southwest. The whole coast line
measures 2,832 km in length.

Myanmar has a total land area of 676,577 km2. The
width from east to west is 936 km and the length
from north to south is 2,051 km (including 1,200 km
long peninsular in the south east). (See location map,
Figure 2.1).

Figure 2.2: Hkakaborazi Mountain

Seven Statesand seven Regions constitute the Union
of Myanmar. The seven States are Kachin, Kayah,
Kayin, Chin, Mon, Shan and Rakhine, the seven
Regions being Magway, Mandalay, Sagaing, Bago,
Tanintharyi,AyeyarwadyandYangon. (Figure 2.1)

NayPyi Taw, the recentlycreated new capital cityof
Myanmar located in thesouthernpartof theMandalay
Region represents a new administrative Region.

Climate change and disaster

Climate of Myanmar
The climate of Myanmar is influenced by tropical
monsoon winds, which are the south-west monsoon
and the north-east monsoon. Myanmar has three
distinct seasons namely, the rainyseason, the winter,
and the summer. The rainy season starts with the
onslaught of the south west monsoon winds in early
MayandendinOctober followedbythewinter which
normallystarts from November and ends in February.
The summer begins in March and continues to the
end ofApril. During the rainy season the weather is
humid, wet and warm, typical of the tropics. During
thewinterandthesummerseasonsrain-showersoccur
occasionally.

During the winter and summer seasons the north-east
monsoon winds blow from the north-east. During
these seasons northern parts of Myanmar and hilly
regions have pronounced cold weather with
occasional rainfalls, while other parts are moderately
cold.

Rainfall is influenced by the monsoons and also by
the locality. The coastal regions have about 5,000
mm of annual rainfall but the central dry zone areas
have less than 750 mm.

The highest average rainfall between 1997 and 2006
was recorded in Dawei in Tanintharyi Region as
5,825mm and the lowest for the same period was
recorded at Nyaung Oo in Mandalay Region as
641mm.And the highest actual rainfall for 2006 was
recorded at Thantwe in Rakhine State as 6,821mm
and the lowest for that year was recorded at Nyaung
Oo in MandalayRegion as 697mm.

Regarding temperatures, the mean maximum
temperature during the period from 1997 to 2006
was recorded at Hpa-an in Kayin State and Monywa
in Sagaing Region as 34.3°C and the lowest mean
minimum was recorded at Hakha in Chin State as
10.7°C.

The actualmean maximumtemperature for2006 was
recorded at Monywa in Sagaing Region as 34.6°C
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and the lowest was recorded at Hakha in Chin State
as 21.8°C, and mean minimum temperature was
recorded at the same place as 10.6°C.

The average mean relative humidity for the period
from 1997 to 2006 was the highest at Bago in Bago
Region being 81% and the lowest at Nyaung Oo in
MandalayRegion with 62%.

In Myanmar the temperatures generallyvarybetween
10ºC and 32ºC with the average mean temperature
of 21ºC in the northern lowlands, sinkingsometimes
to -1ºC or 0ºC in the high lands and 32ºC in the
coastal area. During the hot seasons, temperatures
sometimes reach 40ºC and over in central dry zone.
(The records of the past few years showed the
temperatures ranging between 10.7ºC and 34.3ºC)

Climate change
Climate disasters
During the last four decades, Myanmar had six major
cyclones: SittwayCyclone in 1968, Pathein Cyclone
in 1975, Gwa Cyclone in 1982, Maungdaw Cyclone
in 1994, Cyclone Mala in 2006 and Cyclone Nargis
in 2008. “The Nargis” which severely struck
Ayeyarwady delta and eastern part of Yangon in
Yangon Region with the wind speed of over 160 mph
(approx. 258 km/h) and the resultant associated
floods had caused massive physical destructions of
mangroves, agricultural fields, houses and utility
infrastructures in addition to the deaths of over
100,000 people including trauma for children of the
younger age. Furthermore, floodingespeciallyof salt
water into the agricultural lands and freshwaters,
caused further economic, social and environmental
damages extensively.

Other types of disasters also used to occur in the
central Myanmar. There are streams which are dry
andfilledwithsandinsummer,but, intherainyseason,
and occasionally in summer, which happen to be
flooded suddenly by heavy showers in the upper
watershed regions resulting in the devastatingeffects
such as drowning people and animals and destroying
infrastructures.
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Figure 2.3: One of the numerous disaster
scenes due to the tremendous devastating

impact of the Cyclone Nargis

Myanmar environment policy
The wealth of the country is its people, its cultural
heritage, its environment and its natural resources.
TheobjectivesofMyanmar’sEnvironmentpolicyaim
at achieving harmony and balance between these
characteristics through integration of environmental
considerations into the development process to
enhance the quality of life of its citizens (ALGAS,
1998).

Myanmar is still rich in natural resources. Myanmar
natural ecosystems are still in good shape, although
they have been disrupted by man to some extent.

Physical feature and topography
Myanmar’s land surface slopes gradually with
undulating mountain ranges, hills and valleys from
north to south. The Khakaborazi with its peak
elevated to 5,881m is located in Kachin State on the
border withTibetan China. It is the highest mountain
not only in Myanmar but also in the whole of South
EastAsia.The mountain ranges in thenorthern tip of
Myanmar are high, some of them reaching the
elevation of over 3,700 m and theyare continuations
of Himalayan mountain range. From north to south
there are theChin Hills some of whichhave peaks of
3,400m in height continuing southwards to join the
Rakhine Yoma (Rakhine mountain range) in the
western part of Myanmar.

The BagoYoma with some peaks reaching600 m in
height stretches from north to south in the middle of
Myanmar to literallyend inYangon.
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The Shan Yoma or the Shan Plateau in the east, has
peaks as high as 2,800m.

The rivers flowthroughmostlybetweenthe mountain
ranges from north to south. Chindwin River which
has water source in northern Kachin Hills and Chin
Hills is 960km long. Its so calledChindwin basin lies
between Kachin State and the Chin Hills, and on its
course to the southChindwinRiver joinsAyeyarwady
River in the middle of thecountry.AyeyarwadyRiver
sourced in thenorthernmosthillyregion in the Kachin
State has two tributaries namely the Mekha and the
Melikha, theconfluenceofwhich isaboveMyitkyina,
the capital cityof Kachin State.

AyeyarwadyRiverwhich is 2,170kmlongruns along
the western aspects of Bago Yoma southwards to
theAyeyarwadyDelta, and into theGulfofMoattama.
It is the most navigable and socio-economicallymost
important river in the countrysince it passes through
manybigcities such as Myitkyina, Bhamo, Sagaing,
Mandalay, Myingyan, Pyay, Hinthada, Yangon and
Pathein in the delta.

Than Lwin River with its source in the Himalayan
mountains is 2,800 km long and snow fed. It flows
through China, and passing Shan, Kayah and Kayin
States in Myanmar entres the Gulf of Moattama. It is
navigable onlyin some places in its lower regions.

Sittaung River, which is 100 km long, is a short river
fed bystreams mostof which havingoriginated in the
BagoYoma in Yamethin and Pyinmana Districts of
Mandalay Region and in Toungoo District of Bago
Region.SittaungvalleyisawidevalleybetweenBago
Yoma and lower hills of Kayin State.

Mekong River flows along the border with Lao
People’s Democratic Republic.

In fact, all the big rivers except Sittaung have their
sources inHimalayan mountains.

Therearealsonumeroussmaller riversandbigstreams
flowing crisscross throughout Myanmar, which are
important to their respective States and Regions for
navigation,communication,fishingandwaterresource.
The Tanintharyi peninsular on its western coast has
201 islands of which 112 islands are inhabited.
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The geological formation of the BagoYoma region
consists mainlyof folded tertiarysedimentary rocks.
The main folds run from north to south. It is hillyand
characterized bybroken ridges. The outcrops have a
steep scarp slope on one side and gentle dip slope
on the other. The direction of the dip controls the
drainage and, along with soils, influences the type of
forest.

TheRakhineYomarangeismadeupofabeltofancient
rocks including gneiss that occurs in a narrow strip
forming the core of the northern part. In the southern
part of theeastern foothills ofRakhineYoma the folds
run roughly from north to south, with long narrow
outcrops of alternating sandstones, forming hills and
clays, forming valleys. From Pakokku District
northwards beds of coarse sands are common. The
folds run also in the north to south direction. Bands
of mottledclays are common with interbedded shales
and sandstones. In the north Mu-Chindwin Divide
volcanic rocks occur. In the Mu-AyeyarwadyDivide
in the further north, the rocks and soils combine to
some extent. In the upperAyeyarwady valley, large
stretches of loose sands occur, resulting in swampy
areas that are slightly clayey. Considerable areas of
crystalline rocks also occur.

In the Rakhine coastal regions the rocks do not vary
greatly from those of Bago Yoma, but are more
thoroughlylithified.

The whole Shan Plateau, Karen State, Kayah Sate,
Mon State and Tanintharyi Region which constitute
the eastern part of Myanmar, are formed by the old
hard rocks. This area is bound on the west by a
relativelynarrow beltofoldgneiss. In the north, much
of the Shan Plateau is formed of alternating bands of
gneiss and limestone. In the south, old sedimentary
rocks cover most of the country and of these plateau
limestone is the most wide spread. In the massifs of
the Shan State there are also old filled basins which
providerichalluvial tracts grading intomarches in the
centre.

There are mud volcanoes and one extinct volcano
called Mount Popa which is situated in the central
part ofMyanmar.From north to south there are faults:
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the Chindwin fault, and the Sagaing fault down to
Ayeyarwadydelta.

Water resources
Myanmar has amplewater resources althoughwater
availability is not even over thewhole country. In the
dry zone of central Myanmar, for example, where
thelandissemi-arid in therainshadowareaofRakhine
Yomaand theChinHillswater is veryscarce: access
to fresh water is a big problem facing the local
communities.Throughout thelengthofMyanmar, the
valleysandbasinsof the threebigrivers theChindwin,
theAyeyarwadyand theThan-Lwin, there is virtually
an ample supplyofwater. SittaungRiverhas its own
moist and fertilevalleyaswell.

Now, in someplaces in the dryzone, the farmers are
being provided with water for agriculture and
household use bypumping theRiverAyeyarwady.

Thesouthwestmonsoonwindsannuallybringrain for
agricultural lands inmanyparts of

Myanmar, especially in the Ayeyarwady Delta,
YangonRegion, SagaingRegion, andBagoRegion.
Myanmar now possesses more than 200 dams and
reservoirs constructed throughout the country to
support the irrigation and thewater resources.

The wetlands with big lakes and marshlands also
constitute amechanism to regulate storage and flow
ofwater in the country.
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Figure 2.4:Taungtaman lake inMandalay
region

Groundwaterpumpedupmanuallyandmechanically
providesmorewater to the villages that have ponds
withwater gathered during rainy season. In the high
mountain ranges and forest there used to be many
water springs. Mountain springs provide water to
villagerswaydown thehills.

The Inle Lakewith its scenic beauty and traditional
cultural attraction is shrinking due to soil erosion in
the surroundingarea because of forest depletion and
degradation andenvironmentallyhostile agricultural
practices. Similar situations have also been taking
place inmanyother places inMyanmar. Indawgyi
Lake inKachin State is also shrinking. Some of the
tributaries of some big rivers are contaminatedwith
chemicals due toall sorts ofminingactivities in their
watersheds.

The percentage of people covered bysafewater and
sanitation is still very lowin thecountrybytheglobal
standard; it is even lower compared to a few
neighboringcountries.

It is obvious that the traditional water management
system can no longer meet the requirements of the
market economy. In this context it is urgentlyneeded
to reform the present system ofwatermanagement
byestablishinga high level national agencyforwater
resourcemanagement.

Land resources

TheareaofMyanmar classifiedbytypeof land in the
year 2005-2006 is as shown in the following table
(Table2.1).

Table 2.1: Area by type of land in 2005-2006

Source: Statistical Yearbook, 2006, CSO

Sr.no. Type of land Area
(000’ ha)

% of total

1 Reserved forest 15,707.05 23.22

2 Other wood land 17,828.41 26.35

3 Current fallows 368.26 0.54

4 Net area sown 10,922.05 16.14

5 Cultivable waste
other than
fallows

6,279.10 9.28

6 Others 16,552.84 24.47

Total 67,657.70 100

Sr.no. Type of land Area
(000’ ha)

% of total

1 Reserved forest 15,707.05 23.22

2 Other wood land 17,828.41 26.35

3 Current fallows 368.26 0.54

4 Net area sown 10,922.05 16.14

5 Cultivable waste
other than
fallows

6,279.10 9.28

6 Others 16,552.84 24.47

Total 67,657.70 100
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The total area of 676,577 km2 of Myanmar is di-
vided by land types as reserved forest, other wood-
land, current fallows, net area sown, cultivablewaste
other than fallows and others.

As seen in theabove table forest coveredarea is about
50%, the net sown area presents about 11million ha
(including fallow land) and the cultivablewaste land
about 7.9 million ha in the financial year 2005-
2006.The land area canbedivided intomountainous
and plateau, plains and river valleys.Theareas occu-

pied bymountain ranges and the plateau are bigger
than theplains, river basins, andvalleys.The trendof
increasing agricultural area against the forest land is
obvious (Table 2.2).

Cultivable fallow land andwaste land are granted to
private individuals,StateEconomicEnterprises, Joint
Ventures and Cooperative societies in order to en-
courage the development of agriculture, livestock
breeding and related activities.

Table 2.2: Changes of land classes inMyanmar (Thousand hectares, percentage)
%
Change % %
(1990- Change Change

Share Share Share (2000-2005) (1990-2005)

Closed Fores ts 28,114.70 41.6 25,841 38.2 -8.1 24,704.20 36.5 -4.4 -12.1
Open Fores t 9,755.80 14.4 9,426.90 13.9 -3.4 9,262.40 13.7 -1.7 -5.1

Total Fores t 37,870.50 56 35,267.90 52.1 -6.9 33,966.60 50.2 -3.7 -10.3

Other wooded
Land

10,405.80 15.4 11,435.30 16.9 9.9 11,950 17.7 4.5 14.8

Other Land

(Including water

bodies )

Total Land Area 67,657.70 100 67,657.70 100 0 67,657.70 100 0 0

32.1 3.7 12.219,381.40 28.6 20,954.50 31 8.1 21,741.10

Classes 1990 2000 2005

Extent Extent Extent

%
Change % %
(1990- Change Change

Share Share Share (2000-2005) (1990-2005)Share (2000-2005) (1990-2005)

Closed Fores ts 28,114.70 41.6 25,841 38.2 -8.1 24,704.20 36.5 -4.4 -12.128,114.70 41.6 25,841 38.2 -8.1 24,704.20 36.5 -4.4 -12.128,114.70 41.6 25,841 38.2 -8.1 24,704.20 36.5 -4.4 -12.128,114.70 41.6 25,841 38.2 -8.1 24,704.20 36.5 -4.4 -12.128,114.70 41.6 25,841 38.2 -8.1 24,704.20 36.5 -4.4 -12.128,114.70 41.6 25,841 38.2 -8.1 24,704.20 36.5 -4.4 -12.1
Open Fores t 9,755.80 14.4 9,426.90 13.9 -3.4 9,262.40 13.7 -1.7 -5.1

Total Fores t 37,870.50 56 35,267.90 52.1 -6.9 33,966.60 50.2 -3.7 -10.337,870.50 56 35,267.90 52.1 -6.9 33,966.60 50.2 -3.7 -10.337,870.50 56 35,267.90 52.1 -6.9 33,966.60 50.2 -3.7 -10.337,870.50 56 35,267.90 52.1 -6.9 33,966.60 50.2 -3.7 -10.337,870.50 56 35,267.90 52.1 -6.9 33,966.60 50.2 -3.7 -10.337,870.50 56 35,267.90 52.1 -6.9 33,966.60 50.2 -3.7 -10.3

Other wooded
Land

10,405.80 15.4 11,435.30 16.9 9.9 11,950 17.7 4.5 14.8

Other Land

(Including water

bodies )

Total Land Area 67,657.70 100 67,657.70 100 0 67,657.70 100 0Total Land Area 67,657.70 100 67,657.70 100 0 67,657.70 100 0Total Land Area 67,657.70 100 67,657.70 100 0 67,657.70 100 0Total Land Area 67,657.70 100 67,657.70 100 0 67,657.70 100 0Total Land Area 67,657.70 100 67,657.70 100 0 67,657.70 100 0 0

32.1 3.732.1 3.7 12.219,381.40 28.6 20,954.50 31 8.1 21,741.1019,381.40 28.6 20,954.50 31 8.1 21,741.1019,381.40 28.6 20,954.50 31 8.1 21,741.1019,381.40 28.6 20,954.50 31 8.1 21,741.10

Classes 1990 2000 2005

Extent Extent Extent

Source: FAO (2006)

Forest resources

Myanmar is rich invast varietiesofnatural resources,
both renewable and non-renewable.Among them,
forest resource is one of themost critical suppliers
not only for the livelihood of the people but for the
national economyaswell.

It has very diverse ecosystems and accordingly
different forest types fromhigh alpine forests to sea
level tidal forests havebeen identified.

Theareaunder different forest types are presented in
(Table 2.3).

Table 2.3: Major forest types
% of total

forest area

1. Tidal Forest

2. Beach and Dune Forest

3. Swamp Forest

4. Tropical Evergreen Forest 5,528,640 16

5. Mixed Deciduous Forest 13,476,060 39

6. Dry Forest 3,455,400 10

7. Deciduous Indaing (Dipterocarps) 1,727,700 5

8. Hill and Temperate Evergreen Forest 8,984,040 26

Total Forest Area 34,554,000 100

No. Forest Types Area (ha)

1,382,160 4

% of total

forest area

1. Tidal Forest

2. Beach and Dune Forest

3. Swamp Forest

4. Tropical Evergreen Forest 5,528,640 16

5. Mixed Deciduous Forest 13,476,060 39

6. Dry Forest 3,455,400 10

7. Deciduous Indaing (Dipterocarps) 1,727,700 5

8. Hill and Temperate Evergreen Forest 8,984,040 26

Total Forest Area 34,554,000 100

No. Forest Types Area (ha)

1,382,160 4

Planning and Statistic Division, Forest Department, Myanmar, 2000

The flora recorded so far inMyanmar includes 273
plant families, 2,371genera, 11,800 speciesofwhich

2,300 species are trees, 97 bamboo species, 26
species of rattan (cane), and 841 species of orchids.
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Figure 2.5: Mangrove forest in the delta

Forestry
Forest cover
According to the analysis of 1989Landsat imageries,
closed forests occupied 293,269 km2or 43.34%,
degraded forests 50,963 km2 or 7.53% and forests
affectedbyshiftingcultivation154,389km2or22.8%
of the total land area as shown in (Table 2.4 )below.
Table 2.4: Forest cover in Myanmar

Source: Forestry inMyanmar, June 2000

Percent of
country area

1 Closed forest 293,269 43.3

2
Degraded
forest 50,963 7.5

3
Forest affected
by shifting
cultivation

154,389 22.8

Total 498,621 73.6

Sr. No. Forest cover Area (km2)
Percent of
country area

1 Closed forest 293,269 43.31 Closed forest 293,269 43.31 Closed forest 293,269 43.3

2
Degraded
forest 50,963 7.5

3
Forest affected
by shifting
cultivation

154,389 22.8154,389 22.8

Total 498,621 73.6

Sr. No. Forest cover Area (km2Area (km2Area (km )

Change of forest cover
The forest cover of Myanmar had reduced from
65.8% of the total area of the country in 1925 to
52.3% in 1999 (Table 2.5)

1925 65.8 -

1958 57.2 0.253 (-)

1975 52.7 0.237 (-)

1989 50.8 0.127 (-)

1999 52.3 0.136 (+)

0.180 (-)

Year

Average annual change
from 1925 to 1999

% of total land
area

Average annual
change %

1925 65.81925 65.8 -

1958 57.2 0.253 (-)

1975 52.7 0.237 (-)1975 52.7 0.237 (-)1975 52.7 0.237 (-)

1989 50.8 0.127 (-)

1999 52.3 0.136 (+)1999 52.3 0.136 (+)1999 52.3 0.136 (+)

0.180 (-)

Year

Average annual change
from 1925 to 1999

% of total land
area

Average annual
change %

Table 2.5: Change of forest covers between
1925 and 1999

The forest cover of the country had decreased
continuously from 1925 (65.8%) to 1989 (50.8%),
a decrease of 15% in 65 years. From1989 it started
to increase to reach 52.3% in 1999, indicating an
increase of 1.5% during the period. However, the
area under closed forests had decreased from43.3%
to 37.4%. The average annual loss of forest cover
over the period of 75 years had been approximately
0.18%of the total landareaor 0.274%of the forested
land.

Permanent forest estate
Reserved forests (RF), protectedpublic forests (PPF)
and protected areas system (PAS) constitute
permanent forest estate (PFE). The status of PFE as
of 31March 2001 is shown in (Table 2.6).

Table 2.6: Status of permanent forest estate
inMyanmar ( 31March 2001)

Source: PSD (Planning& Statistics Division), FD

Category

RF and PPF 129,445 19.13

PAS 15,276 2.26

Total PFE 144,721 21.39

Area (km
2
)
Percent of total land
area

Category

RF and PPF 129,445RF and PPF 129,445 19.13

PAS 15,276 2.26

Total PFE 144,721 21.39

Area (km
2

Area (km
2

Area (km )
Percent of total land
area

Total PFE 144,721 21.39Total PFE 144,721 21.39

Thetotal areaof the reserved forestsand theprotected
public forests has reached 129,445 km2 constituting
19.13% of the total area of the country, and that of
ProtectedAreas System 15,276 km2or 2.26%of the
total land area. Thus, by the end of the financial year
2000-01 the total areaof thePermanent ForestEstate
has become 144,721 km2 covering approximately
21.39%of thecountry.

During1988-2001 theMyanmarForestDepartment
hadbeenabletoextendtheareaofreservedforestsand
theprotectedpublic forests by29,425km2andhad to
disforest 579km2.Thus, on 31March2001, the total
RF and PPF area stood at about 129,445 km2
constituting19.13%of the total areaofMyanmar.The
annualgrowthofpermanentforestarea,excludingPAS,
had been 2,220 km2. Myanmar Forest Policy has
envisaged increasingtotalPFEto30%ofthe total land
area.
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Myanmarhasbeenlosingitsclosedforestsat therateof
0.64%annually.The problemof forest depletionhad
beenevengreaterwiththemangrovesintheAyeyarwady
delta; theyhad depleted at the rate twice the national
average. Of a number of causal factors of forest
degradationanddepletion,agricultural expansionhas
alwaysbeenthemaincause.

Timber resource
Myanmar flora, so far recorded, consists of 1,347
species of big trees, 741 species of small trees, 1,696
species of shrubs, 96 species of bamboos, 36 species
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of rattansand841speciesoforchids.Outof2,088 tree
species, 85 have been recognized and accepted as
producingmultiple-usetimberofpremiumquality.

It has been estimated that closed broad-leaved,
mangrove andconiferous forests of thecountrytaken
together contain about 2.25 billion cubic meters of
standingtimber(Table2.7),whilethetotalannualgrowth
ofclosedbroad-leavedforests isestimatedat31million
cubicmetersbasedonanestimatedannual growthof
1.5m3/haofall treesof dbh (diameteratbreast height)
20 cmandup.

Table 2.7: Estimated volume of standing timber inMyanmar
Grand total

Total (mil.m3) v/ha (m3) Total (mil.m3) v/ha (m3) (mil.m3)

Closed broad-leaved 1,859 90 357 30 2,216

Mangrove 12 30.6 4 16 16

Conifers 16 141.6 - - 16
Total 1,887 361 2,248

Type of vegetation
Productive forest Unproductive forest Grand total

Total (mil.m3Total (mil.m3Total (mil.m ) v/ha (m) v/ha (m3) v/ha (m3) v/ha (m ) Total (mil.m) Total (mil.m3) Total (mil.m3) Total (mil.m ) v/ha (m) v/ha (m3) v/ha (m3) v/ha (m ) (mil.m) (mil.m3)) (mil.m3)) (mil.m

Closed broad-leaved 1,859 90 357 30 2,216

Mangrove 12 30.612 30.6 4 16 1616 16

Conifers 16 141.6 - - 16
Total 1,887 361 2,248

Type of vegetationType of vegetation
Productive forest Unproductive forest

Source: Status Paper of the Forestry Sector in Myanmar, September 1996.

DensityofMyanmarnatural forests isverylowhaving
only90m3 per ha in the closed broad-leaved forests
and 30.6 m3 in themangroves. Coniferous forests
with a growing stock of about 142 m3/ha are best
stocked in the country.

Forest management
MyanmarSelectionSystem(MSS)hasbeenthemain
silvicultural systempracticed in themanagement of
practicallyall thenatural forests in the country.Clear
felling, simple coppice and coppice with standards
systemsareappliedinlocalsupplyforestsandfuelwood
plantations.

Forest plantations
EstablishmentofforestplantationsstartedinMyanmar
as early as in the late 1850’s. Forest resources being
abundant in thosedays, theplantationpolicyhadbeen
only to enrich the existing natural forests. In
consequence, the annual planting target had never
exceeded700hauntil 1960.However, thelast three to
fourdecadeshadseenarapid rateofdeforestationand
degradation of natural forests as a result of shifting
cultivation,excessivefuelwoodcutting,andexpansion
ofagricultural landsanddevelopmentofinfrastructure.

In thiscontext,extensiveblock-wiseplantingschemes
have been called upon since early1970’s in order to

rehabilitate thedegraded forests, restore the lost forest
area, supplement theyield fromthenatural forestsand
improve environment. FD and Dry Zone Greening
Department (DZGD)havenowbeenplantingaround
45,000haannually.

Inaddition,aspecial teakplantationprojectwasstarted
in1998withthemainobjectiveofincreasingteakyield
and reducingpressureon thenatural forests. Planting
20,000 ha each year, a 40- year rotation has been
envisaged inorder tobeable toharvest a finalyieldof
about1.8millioncubicmeterseveryyear.

At theendof theyear2000, total areaofvarious forest
plantations exceeded675,000ha (Table2.8and2.9).
Commercial plantations constituted55%of the total
planted area, and teak constituted 42% of all the
planted species.

Table 2.8: Status of forest plantations at the
end ofYear 2000 by type of plantation

Source: PSD, FD

Sr. No. Type of plantation Area (ha) %
1 Commercial plantation 371,074 55
2 Village supply plantation 188,703 28
3 Industrial plantation 50,356 7
4 Watershed plantation 65,610 10

Total 675,743 100

Sr. No. Type of plantation Area (ha) %
1 Commercial plantation 371,074 55
2 Village supply plantation 188,703 28
3 Industrial plantation 50,356 7
4 Watershed plantation 65,610 10

1 Commercial plantation 371,074 551 Commercial plantation 371,074 551 Commercial plantation 371,074 55
2 Village supply plantation 188,703 282 Village supply plantation 188,703 282 Village supply plantation 188,703 28
3 Industrial plantation 50,356 73 Industrial plantation 50,356 73 Industrial plantation 50,356 7
4 Watershed plantation 65,610 104 Watershed plantation 65,610 104 Watershed plantation 65,610 10

Total 675,743 100675,743 100

Chapter 2 National Circumstances
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Table 2.9: Status of forest plantations
at the end of Year 2000 by species

Source: PSD, FD

Sr.No Tree species Area (ha) %
1 Teak 281,190 42

2 Pyinkado 52,219 8

3 Padauk 15,539 2

4 Pine 15,899 2

5 Eucalypt 74,682 11

6 Others 236,214 35

Total 675,743 100

Sr.No Tree species Area (ha) %
1 Teak 281,190 421 Teak 281,190 421 Teak 281,190 42

2 Pyinkado 52,219 8

3 Padauk 15,539 23 Padauk 15,539 23 Padauk 15,539 2

4 Pine 15,899 2

5 Eucalypt 74,682 115 Eucalypt 74,682 115 Eucalypt 74,682 11

6 Others 236,214 35

Total 675,743 100Total 675,743 100

Private plantations
In 2008, theGovernment started granting long term
leases toprivateindividualsandcompaniestoestablish
forestplantations.Privateestablishmentofplantations
in 2008 was 8,892 ha out of which 2,454 ha were
teak and 10,571 ha were other hardwoods.

Mineral resource
Myanmar has extensive mineral resources. The
Ministry of Mines is responsible to explore and
develop them. One State Enterprise is responsible
for theproduction ofmetallicminerals and the other
for dealingwith industrial minerals aswell as steel
and ironproducts. Theproductionofprecious stones
such as rubies, sapphire, jades and diamonds are
handledbyanotherStateEnterprise.Themainmineral
products are refined lead, refined silver, zinc
concentrates, copper concentrates, refined tin and tin
concentrate, tin-wolfram-sheelite concentrate, and
gold. Industrialmineralproducts includecoal,gypsum,
byrate, limestone, dolomite, bentonite chromite,
fireclay, fluoride, granite andother items.

Marine resources
Myanmar has about 2,832 km long coast line and
more than 800 islands in MyeikArchipelago. It is
very rich in both pelagic fish and demersal fish.

Myanmarcoastal regionwith the total areaof swamp
of about 0.5million ha serves as spawning, nursery
and breedingground for aquatic and near shore and
brackishwater fishes. The continental shelf covers
228,751 square kilometers.

Myanmarmarine fisherywaters include territorial sea
and exclusive economic zone (EEZ). The territorial
sea ofMyanmar extends 12 nauticalmiles from the
baseline towards the sea and EEZ is the areawhich
covers all areas of the territorial sea and extends 200
nautical miles from the baseline. The total area of
Myanmar fisherywaters, includingEEZ is 486,000
squarekilometers.

According tomarine FisheryResource Survey and
Exploratory Fishing Project conducted by fishery
expertsonemillionmetric tonsofpelagicfishand0.85
millionmetric tonsofdemersal fishexist inMyanmar
marine waters. The Maximum Sustainable Yield
(MSY)fromMyanmarWaterswasestimatedat about
1.05millionmetric tons. Since theearly1960s, trawl
fishinghas been introduced inMyanmarwaters and
latermore advanced technologies of fishing such as
bottom trawl net, purse seine net, etc are used.
Landing data from marine fisheries showed that
exploitation rate ofmarine fish has increased year by
year and now it nearly equals theMSY.

Myanmar scientists collaboratewith scientists from
ASEAN member countries and had conducted
researches in the high sea areaswhich indicated that
environmental conditionsofMyanmar seawaters are
still in good shape and the aquatic resources such as
Tuna,DeepSeaSquids,DeepSeaLobster and other
pelagic fishes aremore abundant than in thewaters
of theneighbouringcountries.

Biodiversity

Myanmar canclaimas possessinga richbiodiversity
distributed in different types of forests. Besides,
complex arrays of plains alongwith themajor rivers
andplateaurunningparallel to eachotherwithunique
ecosystems support numerous live forms interacting
between varying climate and geo-physical
components in the entire country. Biodiversity is a
vital resource for the sustainable developmentof the
nation.BiodiversityinMyanmarcanbedifferentiated
as shownbelow:

(i) MountainBiodiversity
(ii) ForestBiodiversity
(iii) DryandSub-humid landBiodiversity
(iv) InlandWaterBiodiversity

Chapter 2 National Circumstances
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(v) Agricultural Biodiversity
(vi) Marine and Coastal Water Biodiversity

and
(vii) Small Islands Biodiversity

Status of biodiversity
Various forest types of Myanmar are inhabited by a
vast arrayof plantsand wildlife species whereas river
systems and tidal forests serve as breeding places
for a wide range of aquatic species. Conservation of
these biological resources has been incorporated in
the broaderscope of nature andwildlife conservation
which is regarded as one of the national priorities in
Myanmar.

Protection of soil, water, wildlife, biodiversity and
the entire environment is identified as an important
imperative in the 1995 Myanmar Forest Policy.

There are 11,800 plant species under angiosperms
and gymnosperms including 841 medicinal plant
species, 96 bamboo species and 37 rattan species.
Under fauna, there are 251 species of mammal,
1,056 species of birds, 272 species of reptiles,
including: 153 snake, 87 lizard and 32 turtle and
tortoise species. Under amphibians there are 82
species, including 79 frog species, 2 caecilians, and
1 salamander.There are 310 fresh water fish species,
and 465 marine water fish species recorded so far in
Myanmar.

Protected Areas System

The protectedareas system (PAS) is well established
with the set-up of parks and sanctuaries. Myanmar
is committed to sustainable development of forests
and biological resources through accession to a
numberof internationalconventions andagreements.
In effect, forestryin Myanmar has beenwell in place,
maintaining a balance between environment,
development and social needs.

Diverse forestecosystems inMyanmarhaveadiverse
fauna and flora. So far, 23 sanctuaries and five parks
constituting about 2.26% (15,270 km2) of the total
land area of the country have been established. It is
stipulated in the Myanmar Forest Policy that the
coverage of the PAS will be increased to 5% in the

short term. In the long term it is intended to increase
up to 10%.

Threats to biodiversity

Myanmarwith its topographyfeaturinghighmountain
ranges, rivers and lakes and valleys anda longcoastal
regions making up of different ecosystems, diversed
life forms of flora and fauna are found all over
Myanmar.Biodiversityofdifferent typesaredescribed
above. Theyhave also common anddifferent threats.
Commonthreats to thebiodiversitycomefromhuman
interferences whether high on the mountain slopes,
or in the forests, along the rivers and in the valleys.
Taungya cuttings, illegal felling of trees and plants,
poachingandhunting for sale ofwildlife products are
the major threats in the mountain ecosystem. Forest
fires, erosion and landslides are also threats in these
areas. In the forest lands, encroachment of land for
taungyar, agricultural expansion, road building and
urbanization, dam construction and geological
extractions of minerals are common all over the
country. Illegal felling of trees and over exploitation,
cutting of trees for making household products,
charcoal burning for sale and household fuel wood
utilization are the major threats to forest degradation,
deforestation and loss of biodiversity. Forest
fragmentationscausehabitat loss species lossand loss
of genetic resources.

In the dry and sem-humid areas in Myanmar, the
developmentof tradesandcottage industryisgrowing
with theincrease in population, anddemand for forest
products and firewood is great threatening
surrounding dryforests. The increasing temperature,
verylowrainfall, soildeteriorationand reducingwater
holding capacity are additional threats. Wetland
regions inMyanmarconsistingofbigrivers,andsmall
rivers streams and small lakes have diversityof fresh
water fishes. The threats are deforestation in
catchmentareas,erosionandsiltation, legaland illegal
settlements leading to pollution, eutrophication due
to residues of fertilizers in catchment areas, panning
for gold leading to water poisoning and destructive
illegal andover fishing.
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2.2. Population and Society

Population

The population of the Union of Myanmar in 2008
was estimated at 57.5 million, an increase of 0.98
million over the year 2005-2006 population of 56.52
million, registeringa growth rate of2.02 percent. The
total population was 56,515,000 which included
28,097,000 males and 28,418,000 females.
Myanmaris inhabitedbyover100ethnicnationalities.
Bamar was the largest group constituting about 69
percent of the total.

About 70 percent of Myanmar’s population live in
rural and remote areas and about 30% in towns and
cities.ThemostpopulouscitiesareYangon, the former
capital, and Mandalay, the ancient capital of
Myanmar.Accordingto thestatisticaldataendingyear
2000, the most populated Regions are Mandalay,
AyeyarwadyandYangon.

Myanmar supports a diversity of ethnic groups,
officially listed as 135 national races classified into
eight groups namely Bamar, Chin, Kachin, Kayah,
Kayin, Mon, Rakhine and Shan. The ethnic groups
like Kachin,Kayin, Kayah, Chin, Rakhine,Shan, and
Mon live in Kachin State, Kayin State, Kayah State,
Chin State, Rakhine State, Shan State and Mon State
respectively. The people living in the Regions are
mostlyBamars.

The people of Myanmar are mostlyBuddhists, but a
richmixof religionscanbefound, includingChristian,
Hindu, Muslim andAnimist.The ethnic groups have
their own traditions and societal structures.

Employment
In the year 2005, there were 77 labour offices
throughout the country.All persons wishing to join
government service have to register for work in
government labour offices.

The results of the labour force survey conducted in
1990 by the Department of Labour are shown in
(Table 2.11) together with the 1973 and 1983
population censuses. The table presents labour force,
unemployment rates and visible underemployment

Page 14

rates. “Unemployed” refers to persons who are not
employed but are available for or seeking paid work.
Visible underemployment is primarily a statistical
concept directlymeasurable by labor force and other
surveys reflecting an insufficiency in the volume of
employment. Itoccurswhenapersonis inemployment
of less than normal duration and is seeking or would
accept additional work. The table presented below
has used the time utilization approach as well as the
usual status approach to estimate the rate of visible
underemployment inMyanmar (StatisticalYearbook,
2006).

Education
Education system in Myanmar is built upon broad
streams: General, Professional, Technical and
Vocational. Under the general and professional
streams are included Basic education, Monastic
education, Higher education, two-year College and
University of distance education. Under Technical
andvocational streamsis includedTeacher’sTraining
Program(BasicEducationandTechnical,Agricultural
and Vocation Education).

Basic education
TheBasicEducationcomprisesprimarygrade,middle
grade and higher grade. It is also classified as
preschool (kindergarten), primaryschool (from grade
one to four),middle school (from gradefive to seven)
and high school (from grade eight to ten) They are
also known as Basic Education Primary School
(BEPS), Basic Education Middle School (BEMS)
and Basic Education High School (BEHS)
respectively, after which higher education is offered
in Institutesand Universities.

Higher education
After passing the BEHS examination and university
entrance examinations, students enter various
universities, institutes, degree colleges and technical/
vocational training institutes, according to their merit
and choice. There are altogether 102 institutions
including universities, technological institutes, and
degree and diploma colleges in Myanmar.

The number of schools constructed in States and
Regions in 2007 alone amounted to 2,360.
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Monastic education schools
With the aim of providing the needy children and
people living in various parts of the countrywith the
basiceducationinconjuctionwithBuddhisticteachings
1,313 Monastic Education Schools have been
opened in 249 townships. Altogether more than
200,000 boys and girls excluding nuns and novices
of the respectivemonasteries are learning in these
schools at present.

Medical care and health
In 1979, theMinistryofHealth introduced theVital
Statistics CollectionSystem (VSS) in rural areas of

Page 15

Table 2.10:Distribution of population by State andRegion

Source: Statistical Yearbook, 2006

Sr. States/ Regions Landarea km
2 Population
number

Density per km
2

1 Kachin State 85,783.08 1,511,165 18

2 Kayah State 11,318.63 335,961 30

3 Kayin State 29,313.47 1,739,690 59

4 Chin state 34,750.11 533,047 15

5 Mon State 11,863.87 2,997,543 253

6 Rakhine State 35,483.47 3,183,330 90

7 Shan State 150,317.45 5,464,070 36

8 Sagaing Region 91,294.96 6,274,055 69

9 Tanintharyi Region 41,820.51 1,631,874 39

10 Bago Region 61,953.63 5,792,576 93

11 Magway Region 43,244.85 5,392,446 125

12 Mandalay Region 35,718.36 8,061,708 226

13 Yangon Region 9,812.93 6,724,274 685

14 Ayeyarwady Region 33,901.70 7,862,628 232

Total 676,577.00 57,504,367 85

Sr. States/ Regions Landarea km
2

Landarea km
2

Landarea km Population
number

Density per km
2

Density per km
2

Density per km

1 Kachin State 85,783.08 1,511,165 18

2 Kayah State 11,318.63 335,961 30

3 Kayin State 29,313.47 1,739,690 59

4 Chin state 34,750.11 533,047 15

5 Mon State 11,863.87 2,997,543 253

6 Rakhine State 35,483.47 3,183,330 90

7 Shan State 150,317.45 5,464,070 36

8 Sagaing Region 91,294.96 6,274,055 69

9 Tanintharyi Region 41,820.51 1,631,874 39

10 Bago Region 61,953.63 5,792,576 93

11 Magway Region 43,244.85 5,392,446 125

12 Mandalay Region 35,718.36 8,061,708 226

13 Yangon Region 9,812.93 6,724,274 685

14 Ayeyarwady Region 33,901.70 7,862,628 232

Total 676,577.00 57,504,367 85

Toprovidehealth assistance inallplacesofMyanmar,
hospitals havebeen increasinglyconstructed. In1988
therewere only361 hospitals inMyanmar but now
thenumberhas increased to846.Toenhancecapacity

Table 2.11: Labor force, unemployment rates

Note: LFS = Labour Force Survey Source: Department of Labour

LFS1/ LFS2/
I. Total Labour Force (in million) 9.37 12.2 11.35 16.52

1. Employed 9.2 12 10.66 15.83

2. Unemployed 0.17 0.2 0.69 0.69
II. Unemployment Rate (%)

(a) Both sexes 1.81 1.64 6.08 4.18

(b) Male 2.08 1.92 4.63 3.69

(c) Female 0.97 1.14 8.84 4.79

S.N Category
1990

1983
Popuation

Census

1973
Popuation

Census LFS1/ LFS2/
I. Total Labour Force (in million) 9.37 12.2 11.35 16.529.37 12.2 11.35 16.529.37 12.2 11.35 16.52

1. Employed 9.2 12 10.66 15.83

2. Unemployed 0.17 0.2 0.69 0.690.2 0.69 0.690.2 0.69 0.69
II. Unemployment Rate (%)

(a) Both sexes 1.81 1.64 6.08 4.181.81 1.64 6.08 4.181.81 1.64 6.08 4.18

(b) Male 2.08 1.92 4.63 3.69

(c) Female 0.97 1.14 8.84 4.790.97 1.14 8.84 4.790.97 1.14 8.84 4.79

S.N Category
1990

1983
Popuation

CensusCensus

1973
Popuation

Census
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Myanmar. By theyear 2006 it covered all rural areas
of 291 townships and rural population of 42.49
million representing 100% of the total rural
populationof the township thatwere surveyed.

According to2005 statistics infantmortalityratewas
44.9 per 1,000, and the age specificmortality rate is
given in (Figure2.6).
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To promoteand upgrade the standard of medical care
in townships and districts, specialists and physicians
areassigned to townsanddistricts all over thecountry.

With a view to encouraging thepractice of traditional
medicine, thegovernmenthasestablishedaUniversity
of Traditional Medicine and traditional medicine
hospitals and clinics throughout the country.

Figure 2.6:Age specific mortality rate (Urban),
2006

(per 1000 population in each age group)

2.3. Economic Development

Level of economic development
From 1988 onwards Myanmar has moved to a more
liberalized economic policybased onmarket oriented
system, promoted the role of private sector and open
up to foreign investments.To stabilize the economic
development and also provide safety nets for the

The positive GDP growth has been recorded high in
certain sectors of the economy. However, neither the
rateofsocialdeclineand inequitynor thedeterioration
of natural resources and environmental degradation
associated with economic growth has been
satisfactorily studied or surveyed and reported. For
the continuedeconomicgrowth, thecountrywillhave
to facethe impendingchallenges includingthemacro-
economic instability, volatility of foreign exchange
earning and unstable exchange rates, low level of
savings, large deficits, distortion in the price and
insertions system, indiscriminate land uses and
ecosystem instability. (MyanmarAgenda 21)

The PlanningDepartment of the Ministryof National
Planning and Economic Development is responsible
for collection and issuing of statistical data on gross
domestic products, consumption, investment and
national income, which are calculated both at current
prices and constant prices. Since 2006-2007 the total
value ofnet output and services (GDP) are calculated
at 2005-2006 constant producer prices.

TheAnnual Rate of Real Gross Domestic Product
increased from 3% in 1988 to about 13% in 2007.
Growth rates of Gross Domestic Product,
consumption and investments for 2006-2007 show
8.3 percent for forestry, 8.6 percent in agricultural
sector and12.2percent in livestockandfisherysector.
Overall per capita GDP has increased by 10.5
percent (Table 2.12).
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and education in medical sector manymore Institutes
of Medicine have been opened. In 1988, there were
only3Institutes of Medicine and one Dental College,
but at present there are 4 Institutes of Medicine, 2
DentalColleges,2NursingColleges,2Pharmaceutical
Colleges, 2Medical Institutes ofTechnology,and one
Institute of Public Health. Previously there were only
7 nurse trainingschools which havenow increased to
23.

vulnerable groups duringthe transition, the following
laws have been enacted: Foreign Investment Law,
New Central Bank of Myanmar Laws, Financial
Institution of Myanmar Law and Myanmar Tourism
Laws. And the Chambers of Commerce has been
transformedandreactivatedas theUnionofMyanmar
Chambers of Commerce and Industry.
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Table 2.12:Annual GrowthRates ofGross Domestic Product, consumption and investment

Source: StatisticalYear Book, CSO,Myanmar (2008)

I 2.2 2.6 6.7 14 10.6 10.6 13.5 13.1 13.8 12.1
1 Agriculture 2.2 2 5.5 11.1 8.1 4.7 9.3 10.2 10.7 8.6
2 Livestock andFishery 2 -0.6 3 18.9 12.6 14 25.3 15.5 18.8 12.2
3 Forestry -0.1 8.3 -4.5 3.3 7.7 6.2 6.4 -5.9 4 8.3
4 Energy -7.6 8.9 30.1 6.9 25 10.3 8.3 19.4 15
5 Mining 2.9 18.5 27.3 4 32.4 7.9 15.4 37 9.9
6
.
ProcessingandManufacturing 2.9 0.1 7.6 23 21.8 28.7 22 24.7 21.9 22.1

7 ElectricPower 5.4 5 6.6 15.3 -7.8 22.1 15 7.3 19.2 9.5
8 Construction -0.8 35.8 27.2 4 29.4 60.5 19.7 13.5 11 15.2

II 4.1 4.2 9.3 12.6 18.8 25.3 17.4 17.7 15.2 15.7
1. Transport 1.5 3.5 6.4 22.5 19.5 25.8 20.9 16.5 16.2 16
2. Communications 12 3.9 24.6 29 30.3 89.8 3.5 51.6 18.5 20.7
3. Financial Institutions 6.1 16.7 34.8 16.3 24.9 45.5 10.4 27.4 51.7 11.2

4. Social andAdministrativeServices 6.4 4.2 6.2 4.3 13.5 13.5 10.7 14.9 8.4 9

5. Rental andOther Services 2.1 3.5 6.3 5.9 18.6 20 14.1 14.4 12 14.3

III 3.7 2.4 5.7 14.1 10.6 10.5 13.3 12.8 12.1 12.7
IV 2.9 2.8 6.9 13.7 11.3 12 13.8 13.6 13.6 12.7
V 0.9 0.9 5 11.5 9.1 9.8 11.6 11.3 11.3 10.5
VI 0.2 -1 4.4 5.5 10.3 9.8 10.3 9.5 8.8 9.3

VII -0.4 34.8 25.7 8.8 7 4 26.2 19.3 27.1 21.9PERCAPITAINVESTMENT
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AsMyanmar is an agrarian country, the agriculture
sector comprisingagriculture, livestock, fishery, and
forestrycontributes tomore than 50%of thenational
GDPandabout30%of theexport earnings.Although
forestry sector’s contribution to the nationalGDPis
less than 1 percent, timber export alone contributes
about 10 percent of the total export. Like other
developing countries,Myanmar’s external trade has
also to relyon exports of primaryproducts from the
natural resources.

There isaprospect fornetearningsfromforest through
carbon initiativeproposedbyacoalitionofdeveloping
countries at theUNClimateTalks inKenya in 2006.
Under the proposed carbon finance initiative,
Myanmar could earn from$128million to over $1.8
billion from industrial countries through forest
conservation funds if the countrymitigated 32-93
megatons of CO2 which are being emitted due to
deforestation of 466,000 hectares per year in
Myanmar (Mongaban 2006). The estimation stated

that carbon finance could boost per capita GDP in
Myanmar from 5 to 20 percent.

Economic structure
Myanmar is in its initial stageof development.Thus,
it has to rely on primary sectors such as resource
extractionandexport.Thecountryisat the transitional
period of market-oriented economic system and
industrialization. Up to recent days the structure of
Myanmareconomyhasnotsignificantlychangedwith
high domination of primary sectors comprising
agriculture, livestockandfishery, and forestry, energy
andmining.Secondarysector includesprocessingand
manufacturing, electric power and construction.
Tertiary sector consists of transportation,
communication, finance, social and administration,
rentals and other services plus trade.The proportion
of industrialsectorinMyanmarslightlyincreasedfrom
15% in 1985-86 to 16 percent in 2005-2006. The
shareofagricultureandotherprimarysectorsdeclined
from61%to49%,and thatof service sector increased
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from 23 to 35% for the same period. Higher
contribution of service sector was due to rapid
expansion of international trade with the initiation of
the market economy (Figure 2.7).

Page 18

Figure 2.7: Structure of Myanmar economy
Figure 2.8: Value of foreign trade

Foreign trade
Export commodities include

1. Agricultural products : rice and rice
products, pulses, maize, oilcakes, raw
rubber, raw cotton, raw jute and other
agricultural products;

2. Animal products;
3. Marine products such as fish, prawns, and

other marine products;
4. Timber such as teak and hardwoods;
5. Base metals and ores;
6. Precious and semi-precious materials such

as silver, precious stones and pearls;
7. Gas; and
8. Garments.

Export commodities for 2006-07 valued 30,026
million kyats in total. Rice is exported to South-east
Asian and a few otherAsian countries, Middle East,
America, Europe,Africa and Oceania.

Timber isexportedmostlytoASEANandotherAsian
countries, Middle East,Americas, Europe,Africa and
Oceania.

Foreign investments

Foreigninvestorscansetuptheirbusiness inMyanmar
either in the form of one hundred percent foreign in-
vestment or as a joint venture with any partner (an
individual, a private company, a cooperative, a soci-
etyor a state-owned enterprise). In all joint ventures,
the minimum share of the foreign party is 35 percent
of the total equitycapital.

(Figure 2.8 and 2.9) show foreign investment of Per-
mitted Enterprises from 1990 to 2007, number of
Enterprises and Foreign Investments in million US$.

Figure 2.9: Foreign investment of permitted
enterprises
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2.4. Some of the Major Sectors
which Support the National
Development

The major sectors are Energy, Electric Power,
Transport and Communications, Agriculture and
Livestock and Fisheries and Forestry.Abrief account
of each of these sectors is presented below.

Energy
Myanmar is richlyendowed with renewableand non-
renewable energyresources that are being exploited
by the state sector with the participation of local and
foreign investors. The exploitation, development,
production and transportation of crude oil and natural
gas are the responsibility of Myanmar Oil and Gas
Enterprise (MOGE)which operates oil andgas fields
both on land and offshore.

Oil producing fields are mostly located in the central
part of Myanmar and in PyayDistrict. Myanaung oil
field producescrudeoil and natural gas,while inPyay
oil field some new discoveries have been made from

the sub thrust zone. MOGE has discovered more gas
pools near Aphyauk, a small village in Taikkyi
Township inYangonRegion.The Aphyaukoil field is
now providing natural gas for power generation and
industrial uses in Yangon and Pyay. Since 1989
MOGE has signedagreements on production sharing
contracts with multinationaloil companies to explore
and produce petroleum in several onshore and
offshore areas. Potentials for further exploration and
developmentexist inHukaungBasin,ChindwinBasin,
Shwebo-Monywa Plains, Salin Basin, Central
Myanmar Basin, Rakhine Coastal Plain and the
SittaungBasin.

In respect of offshore exploration of oil and gas,
several foreign companies have been drilling for oil
and gas like Yadana Offshore Oil Company in the
Gulf ofMoattama offshore area, ShweOil Enterprise
in Rakhine offshore area, theYetagun Oil Company
inTanintharyi Offshore area

The development of the energy sector during the
period from 1988 to 2009 has been as shown in
(Table 2.13 and 2.14).

Sr S tate/Region Unit 1988 2009 Progres s
1. Oil Field Exploration

(A) Oil Field (Onshore) Field 19 31 12
(B) Oil Field (Offshore) Field - 5 5
Total Field 19 36 17

2. Oil and Natural Gas Pipeline Length
(A) Onshore km 403.97 3,169.53 2,765.56
(B) Offshore
(Under Water) km - 550.62 550.62
(C) Offshore
(Onland) km - 135.24 135.24
Total km 403.97 3,855.39 3,451.42

3. Crude Oil Production
(A) Offshore Bbl - 3,044,414 3,044,414
Total Bbl 6,165,641 6,279,880 1,14,239

4. Natural Gas Production
(A) Offshore mmscf - 348,131 348,131

Table 2.13: Development of energy sector of the whole nation from 1988 to 2009

Industries and factories

In 2008, the total number of factories (industries)
was 14 including 3 crude oil refineries, 5 chemical
fertilizer factories, 1 methanol factory. 1 tar factory
and 1 carbon dioxide factory.

Electric power
In 1988 electric power supply for the whole country
was 273 millionKwhbut it increasedto7,508 million
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Table 2.14: Energy exploration of states and regions inMyanmar
(Comparison between 1988 and 2009)

Sr State/R egion U nit 19 88 2 00 9
Tan in thay i Region
-Crude Oil Production bb l - 3,044,414
(o ffs ho re)
-Natural Gas Production mmscf - 141,807

(Offshore mm
3

Magway Reg ion
-Oil Field(Onshore) field 10 20

Yangon Reg ion
-Crude Oil Production bb l - 2,823
(Onshore)
-Natural Gas Production mmscf - 865.96

mm3

Ayeyarwady Region
-Crude Oil Production bb l 178,435 220,271
(Onshore)

-Natural Gas Production mmscf 15,972.23 22,523.20
(Onshore) mm

3

-Natural Gas Production mmscf - 206,342
(Offs ho re) mm3

1

2

3

4

Sr State/R egion U nit 19 88 2 00 9
Tan in thay i Region
-Crude Oil Production bb l - 3,044,414
(o ffs ho re)
-Natural Gas Production mmscf - 141,807

(Offshore mm
3

Magway Reg ion
-Oil Field(Onshore) field 10 20

Yangon Reg ion
-Crude Oil Production bb l - 2,823
(Onshore)
-Natural Gas Production mmscf - 865.96

mm3

Ayeyarwady Region
-Crude Oil Production bb l 178,435 220,271
(Onshore)

-Natural Gas Production mmscf 15,972.23 22,523.20
(Onshore) mm

3

-Natural Gas Production mmscf - 206,342
(Offs ho re)

1

2

3

4

mm3

The following (Table 2.15) shows the progress in
electric power production from 1985/86 to 2006/
2007.

Table 2.15: Production of electric power (1985-86 to 2006-07)

Note: mmscf=millionstandard cubit feet bbl = barrelNote: mmscf=millionstandard cubit feet bbl = barrelNote: mmscf=millionstandard cubit feet bbl = barrelNote: mmscf=millionstandard cubit feet bbl = barrelNote: mmscf=millionstandard cubit feet bbl = barrelNote: mmscf=millionstandard cubit feet bbl = barrelNote: mmscf=millionstandard cubit feet bbl = barrelNote: mmscf=millionstandard cubit feet bbl = barrelNote: mmscf=millionstandard cubit feet bbl = barrelNote: mmscf=millionstandard cubit feet bbl = barrelNote: mmscf=millionstandard cubit feet bbl = barrelNote: mmscf=millionstandard cubit feet bbl = barrel

Kwh in 2008. Itwas due to the construction of 4,115Kwh in 2008. Itwas due to the construction of 4,115
hydroelectric power stations of various sizes
throughout the country.At present, 23 projects are
on-going while another 23 stations have been
programmed for future construction.
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Transport and communication
Transport andcommunication includeairways, inland
waterways, railways, road transport, sea and coastal
shipping, Yangon city transport and post and
telecommunication.

Public transport
Public transport is carriedout bymeansof air planes,
buses of different categories, railways, ships, boats
andmotor-cycles.All the vehicles are run either by
government, government/private joint ventures,
private and private companies. Railway transport is
solely run by the State.

Air-ways
The airlines in Myanmar are operated both by the
government and theprivate.TheMyanmarAirways
International isrunbythegovernment.Privateairlines
include Air Bagan Ltd., Air Mandalay Ltd., and
YangonAirways.

There are altogether 69 Airports in Myanmar. Jet
airplanes can land at 37 airports. The international
airplanes landatNayPyiTaw,YangonandMandalay
InternationalAirports.

Railways

Railwaytransport is themostusedafter road transport
inMyanmar.MyanmarRailways started evenbefore
the SecondWorldWar under the British Colonial
Rule. The system was and is still a very efficient
transport system.Out of 14States andRegions, only
Chin States doesn’t have railway transport. In the
year 2008, the total length of railways in the country
has reached5,155km.Themain trunk line isbetween
Yangon andMandalay. Just in themiddle ofYangon
Mandalay railway is located the new capital city of
Myanmar, theNay Pyi Taw. Now the railway lines
have fanned out fromNayPyiTaw in all directions.
The second trunk line is between Mandalay and
Myitkyinawhich is the capital ofKachinState in the
north. The following tables (Tables 2.16, 2.17, and
2.18)showoverviewof railwaysector, railwaysunder
construction andupcomingprojects.

Table 2.16: Rail transportation sector

Table 2.17: New railroads under construction

Table 2.18: New railroads project to be
implemented

Sr. Road section Kilometer

1. Bago-Kayan-Thonegwa-
Thanlyin (Okkphosu)

108

2. Lashio-Muse 233

3. Kalay-Tamu 136

Total (km) 477

Sr. Road section KilometerSr. Road section Kilometer

1. Bago-Kayan-Thonegwa-
Thanlyin (Okkphosu)

108

2.

3.

233Lashio-Muse

136Kalay-Tamu

477Total (km)

Sr. Railroad section Kilometer

1. Thayet-Kyunchaung 295

2. Katha-Bhamo 158

3. Mongnai-Kengyun 364

4. Pyawbwe-Natmauk-
Kanpya-Magway

153

5. Dawei-Myeik 213

6. Yechanpyin-An-Minbu 395

7. Pathein (Begayet)-
Nyaungdon-Yangon
(Hlinethaya)

140

8. Pyay (Shwedaga)-
Toungoo (Kyetaw) –
Nay Pyi Taw

193

9. Hinthada –Nyaungdon 77

Total (km) 1,988

Sr. Railroad section Kilometer

1. Thayet-Kyunchaung 295

2. Katha-Bhamo 158

3. Mongnai-Kengyun 364

4. Pyawbwe-Natmauk-
Kanpya-Magway

153

5. Dawei-Myeik 213

6. Yechanpyin-An-Minbu 395Yechanpyin-An-Minbu 395

7. Pathein (Begayet)-
Nyaungdon-Yangon
(Hlinethaya)

140

8. Pyay (Shwedaga)-
Toungoo (Kyetaw) –
Nay Pyi Taw

193

9. Hinthada –Nyaungdon 77

Total (km) 1,988Total (km) 1,988

Sr. Particular 1988 2008 Progress
1. Passenger trains (run) 243 412 169

2. Cargo train (run) 18 21 3

3. Engine (unit) 239 319 80

4. Railroads (km) 3,181 5,321 2,140

5. Rail track (km) 4,497 7,087 2,590

6. Railway station (unit) 487 840 353

7. Rail bridge (unit) 5,650 10,627 4,977
Number of passengers

(million per year)

9. Tonnage of
transported goods
(million per year)

1.5 3 1.5

8.
48.8 67 18.2

Sr. Particular 1988 2008 ProgressSr. Particular 1988 2008 ProgressSr. Particular 1988 2008 Progress
1. Passenger trains (run) 243 412 169

2. Cargo train (run) 18 21 318 21 3

3. Engine (unit) 239 319 80

4. Railroads (km) 3,181 5,321 2,1403,181 5,321 2,140

5. Rail track (km) 4,497 7,087 2,590

6. Railway station (unit) 487 840 353487 840 353

7. Rail bridge (unit) 5,650 10,627 4,977
Number of passengers

(million per year)

9. Tonnage of
transported goods
(million per year)

1.5 3 1.5

8.
48.8 67 18.248.8 67 18.248.8 67 18.2
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Roads
Road constructionworks were apparentlyspeed up
during theperiodbetween1988and2008.According
to 2008 statistics, the total length of the roads in
Myanmar reached up to 31,076 km.

Bridges

Bridges have been built and roads constructed,
crisscrossedallover thecountryenablingaccess even
to very remote places in the country. Improved
accessibility ismost evident in theAyeyarwadyDelta
whichwas formerlyaccessible onlyby inlandwater
transport. It is now accessible by means of road
transport throughmanybridges across rivers and big
streams constructed from1988 to2008. Asof 2008,
total bridges over 55min length number 233while
bridges under 55mnumber 2,913.
Table 2.19: The list of bridges built from

1988-2008

Sr. State/ Region Under (55m)
(number)

Over (55m)
(number)

1. Kachin State 413 18
2. Kayah State 24 1
3. Kayin State 187 7
4. Chin State 17 3
5. Sagaing Region 408 16

6. Tanintharyi Region 116 7
7. Bago Region 171 18
8. Magway Region 164 19
9. Mandalay Region 212 11

10. Mon State 131 4

11. Rakhine State 259 36
12. Yangon Region 66 30
13. Shan State (East) 168 4
14. Shan State (South) 185 5
15. Shan State (North) 80 7

16. Ayeyarwady Region 312 47
Total 2,913 233

Sr. State/ RegionSr. State/ Region Under (55m)
(number)

Over (55m)
(number)

1. Kachin State 413 18
2. Kayah State 24 1
3. Kayin State 187 7
4. Chin State 17 3
5. Sagaing Region 408 16

6. Tanintharyi Region 116Tanintharyi Region 116 7
7. Bago Region 171 18
8. Magway Region 164Magway Region 164 19
9. Mandalay Region 212 11

10. Mon State 131 4

11. Rakhine State 259 36
12. Yangon Region 66 30
13. Shan State (East) 168 4
14. Shan State (South) 185Shan State (South) 185 5
15. Shan State (North) 80 7

16. Ayeyarwady Region 312Ayeyarwady Region 312 47
Total 2,913 233

Inland water transport
The Inland Water Transport (IWT) existed even
before the Second World War. The system still
functionswell. The transport system functions in all
the navigable rivers and streams. TheAyeyarwady
river systemis still an importantwaterway. Passenger
boats, cargoboats, etc. runupanddownAyeyarwady
River betweenYangon andMandalay.Ayeyarwady

delta river transport system still is very important
regardless of bridges and improved road transport.
Agriculturalproducesuchasrice, fruits,andvegetables
and also fish and fish products are daily transported
bywater toYangon and other towns in the country.

In theRakhine,Delta andTanintharyi coastal regions
the transport is provided by small ships and Ocean
liners runningup anddown along the coasts

Post and telecommunication
Post andTelecommunicationDepartment under the
Post and Communication Enterprise render the
telecommunication services for the whole country.
Currently, the automatic telephone exchange system,
thecellularmobile telephonesystem, theCodeRegion
MultipleAccess (CDMA)mobile telephone system
and the Global System forMobile Communication
(GSM) system are being applied in the country.
MyanmarPost andTelecommunicationEnterprisehas
also beenproviding internet and email services to the
public sinceMarch 1998.

Agriculture, livestock and fishery sector
Agriculture
“Developmentofagricultureas thebaseandall- round
development of other sectors of the economyaswell
“is oneof themain economicobjectivesof thenation.
Thus, theagriculturesectoris themainstayofMyanmar
economy.

About 60 different crops can be grown ranging from
typical tropical species tomoderate temperatevarieties
including cereals such as rice, wheat,maize,millets,
beans, pulses and oilseeds, and industrial crops such
as cotton, jute, rubber, sugarcane, toddy palms,
coconut palms, tobacco and spices andmany other
edibles and non-edibles.

In 1988agricultural land areawas9.63millionha and
the fallow land area left was 10.56mha.At that time
the area under rice cultivationwas 4.78mha and the
descending trend of rice productionwas estimated at
13.15millionmetric tons approximately.

Increase in population growth required increase in
cultivation of agricultural crops. In 1992-93 a
revolutionaryapproachwas laid down inAgricultural

Chapter 2 National Circumstances



2012

Sectorarl plans and imperative tasks to develop the
sectorwere launched.

Agricultural research has developed new improved
varieties of rice. Starting fromyear 2008-2009, high
grade varieties and hybrid varieties are under
cultivation.

Among theextended production of various peas and
bean export, varieties such as green gram,mugpea,
pigeon pea, cowpea, kidneybean, etc., are included.
The area planted with various peas and beans
increased to 4,119,444 ha. The area under good
yieldingvarietieshas increased to2,482,558ha.New
varieties of beans such as green gram, pigeon pea
andmugpea aregrowninplaceof oldpoorvarieties.

Up to 1988 therewere only138 dams, and irrigated
cultivationwas only0.53million ha.Multiple crop
acreagewas 1.54mhaonly.During theperiod of 20
years (from 1988-2008) the number of dams and
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reservoirs increased by217.Artisanwells, surface
wells and small dams were constructed in places
where irrigation channels could not reach.

There are 322 river water pumping stations
constructed in order to irrigate the landwhich canbe
cultivated.Multiplecropsystemhas increasedto8.05
m ha.Monsoon paddycultivation has increased to
nearly6.88millionhaandsummerpaddyto364,217
ha totaling more than 7.24 million ha making
Myanmar a ricebowl ofAsia.Theproductionof rice
has increased from 1,000million baskets to 1,230
million baskets in 2008-09. The rice production in
Myanmarhas increased to theextent that somestates
and regions have now ample supply of rice.
Furthermore, theproductionandexport of industrial
crops, oil seeds, peas and beans have increased
since 2008-09.

The increase in cultivated area and production of
paddy is shown in (Table 2.20 and Figure 2.10).

Table 2.20: Agricultural development inMyanmar

Type Unit 1988 31-12-2008 Increase/Decrease (-)
Land Resources
1. Sown Area Hectare 9,639,943 21,534,006 11,894,063
2. Uncultivated area Hectare 11,415,638 5,914,914 (-)5,500,724

Type Unit 1988 31-12-2008 Increase/Decrease (-)
Land Resources
1. Sown Area Hectare 9,639,943 21,534,006 11,894,063
2. Uncultivated area Hectare 11,415,638 5,914,914 (-)5,500,724

Figure 2.10: Sown acreage and production of
paddy

Livestock and Fishery
Myanmar possesses a huge amount of marine and
fresh water resources such as fish, crabs, prawns,
etc.Waterandlandpollutionisminimalcreatingample
breedinggrounds and high population growthof the
fauna.Ayeyarwady,Chindwin,ThanLwinRivers and
their tributaries make up 8.2 million ha of water
surface.Annual water covered area is 6million ha'
andreservoirsand lakes irrigationsystemcoversabout
1.8millionha.

Livestock industryis administeredbytheMinistryof
Livestock and Fisheries, establishing commercial
standard of livestock farms in Myanmar. Major
livestock inMyanmar includewater buffaloes, cattle,
sheep, goats, pigs, chicken, ducks, turkeys,Muscovy
ducks and quails. There is amarked increase in the
number of livestock from 1988 to 2008.

The production of fish and prawns also increased
during 1998 to 2008.

Source: StatisticalYear Book, CSO2006
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The livestock and fishery sector is one of the most
productive sectors and it holds vast potential for
further expansion and exports of the products.

Livestock breeding of pedigree stock of cattle,
buffalo, pig, sheep, goat, poultry, etcformsan integral
part of the rural economy.Ownershipof the livestock
is characterizedbysmall individual herds and flocks.
Cattle and buffaloes are reared primarily for use in
cultivationofagricultural cropswhilepigsandpoultry
are raised for household consumption.

Fisherysector is divided into freshwater fisheries and
marine fisheries. Freshwater fisheries make use of
naturalwater,while flood fisheries aremadepossible
through vast river systems and heavyrainfall. There
arealso leasable fisherieswhichcovervast areas.Fish
culture operations are presently being undertaken
extensively in ponds, lakes and reservoirs.

Myanmar’s continental shelf covers 228,781 km2
while the exclusive economic zone is 486,000 km2
wide. Itsmaximumsustainableyield(MSY)inmarine
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fisheries is estimated at 1.05million tons per year,
and is still underexploited.

Forest industry
Timber harvesting, milling and marketing
Thehardwoodindustrywasnationalizedon1October
1963.Atpresent,MTE(MyanmaTimberEnterprise)
is solely responsible for the extraction of both teak
and other hardwoods. MTE extensively uses
elephants (about 3,000) and buffaloes (about 1,200)
forstumpingandskiddingoflogs.Mechanizedlogging
isminimalbecauseofdifficult terrainandlowperunit
area yield under the selection system.

Wood and wood products
Myanmar produces awide range ofwood andwood
products, ranging from firewood to high class
furniture.Export of teakandhardwood is increasing,
but that of value-added products still needs to be
promoted.Supplyanddemand situationofwoodand
wood products is shown in (Table 2.21).

Table 2.21: Supply and demand ofwood andwood products

Production 37,560 4,196 1,056 15 43 118
Consumpti

on 37,560 2,720 781 16 82 68
Export 0 1,476 275 0 0 54
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6837,560 2,720 781 16 8237,560 2,720 781 16 8237,560 2,720 781 16 82

540 1,476 275 0 00 1,476 275 0 0

0 0 0 -1 -39 -40 0 0 -1 -39 -40 0 0 -1 -39 -40 0 0 -1 -39 -4

Myanmar initiated a market-oriented economic
system following 1988 and private wood-based
industries consequently started to grow after 1990.
However, timber harvesting and export of logs by
the private sector was banned in 1993, but it was
allowed to work in partnership with MTE and to
export value-added wood products only.With the
aim to develop wood-based industries, Myanmar
Forest Products andTimberMerchants’Association

(MFPTMA) was formed on 11 May 1993. The
Associationencourages timbermerchants to produce
value-addedwoodproducts byproviding themwith
technical know-howandmarket information.Under
themotivation ofMFPTMA, 1,207 entrepreneurs
from production, manufacturing and marketing
enterprises have been registered as of 2007. More
than 100wood-based industries have already been
established inYangonandMandalayindustrial zones.
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Wood-based industries produce and export mostly
furniture and parts, parquet, doors and door frames,
and four sides plains (S4S).As ordered by foreign
customers, curvingchair,garden furnitureand indoor
furniture are also made. Among the value-added
wood-based products, finger joint panel is a product
which saves wastes. Although Myanmar
entrepreneurs’ efforts are to be highly regarded,
improvement seemsunsatisfactoryas yet.According
toMFPTMA,Myanmar produces 1.4million tons
of teak and hardwood annually, exports about 0.8
million tonsandearnsUS$400million.Abreakdown
of types of industry inMyanmar is shown in (Table
2.22).
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Table 2.22: Types of wood-based industries in
Myanmar

Private MTE Total

1. Plywood 1 5 6

2. Finger
Joint

1 - 1

3.
Particle
Board

- 1 1

4. Molding - 3 3

5. Furniture 1,588 * 5 1,593

6. Pencil 1 - 1

7. Match - - -

8. SawMill 228 91 319

Grand
Total

1,819 105 1,924

No. Type of
Factory

Number of Factory

Private MTE Total

1. Plywood 1 5 6

2. Finger
Joint

1 - 1

3.
Particle
Board

- 1 1

4. Molding - 3 3

5. Furniture 1,588 * 5 1,593

6. Pencil 1 - 1

7. Match - - -

8. SawMill 228 91 319

Grand
Total

1,819 105 1,924

No. Type of
Factory

Number of Factory

More than95percent ofMyanmar timber is exported
toAsian countries which include about 80 percent
exported to fivemajor tradingpartnersnamelyIndia,
Thailand, China, Singapore andMalaysia. Except
Singapore, which mostly re-exports to other
countries, other countries use Myanmar timber
domestically.

Source: MFPTMA
Notes: * small-scale home industries

Up to now, round logs, especially teak logs, are the
main export item amongwood andwood products
althoughMyanmar IndustrialDevelopmentPlanhas
envisaged tograduallyreduce round logexports and
increase supply to domesticwood-based industries.

Figure 2.11:Transit of round logs to foreign
countries.
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Chapter 3 National Greenhouse Gas Inventory

Chapter 3

National Greenhouse Gas Inventory

3.1. Introduction

The National Commission for EnvironmentalAffairs
(NCEA) of Myanmar launched an INC-project in
2008 with the financial assistance from GEF/UNEP.
Greenhouse Gas (GHG) inventory and mitigation
option analysis team (GHG study team), established
in January 2008 is one of the six expert groups who
are working for INC preparation under this project.
GHG studyteamsuccessfullyaccomplished national
GHG inventories for 2000 in energy, industrial
processes and product use, agriculture, forestry and
other land use, and waste sectors. The team made a
particular initiative in the context of improving and
updating the reliable data on GHG emission/
absorption in Myanmar.

Theinventorychapterhighlightsonlythemainfeatures
of Myanmar’s GHG inventory, which identifies the
potential GHG sources and sinks and provides
estimates of major GHGs in Myanmar for year 2000.
The GHG inventories on emissions by sources and
removals by sinks covers carbon dioxide (CO2),
methane (CH4) and Nitrous Oxide (N2O), and Non-
Methane Volatile Organic Carbon (NMVOC).

GHG study team conducted the national inventory
on GHGs by setting the year 2000 as the base year,
and prepared the database for each sector and
predicted the GHGemission/reduction in inventoried
sectors. In estimating GHG emissions for the year
2000, the experts used the published information on
GHG sources and sinks to a great extent. However,
research and studies concerning the climate change
issues are limited and the country specific emission
factors/default values are not available in Myanmar.
Therefore, the GHG inventory in this study mostly
used the emission factors and default values as
described in IPCC 2006 Guidelines.

3.2. Energy Sector

The national GHG inventory in energysector covers
three major GHGs: carbon dioxide (CO2), methane

(CH4) and nitrous oxide (N2O). The main sources of
GHGemissionsexaminedare fossil fuel combustion,
traditionalbiomassfuelcombustion,fugitiveemissions
from coal mining activities, and oil and natural gas
system.

Methodology for GHG inventory
The methodologies provided by the IPCC 2006
GuidelinesfornationalGHGInventorieswereapplied
in this inventory. Based on the actual conditions in
Myanmar, analysis was made for the applicabilityof
the IPCC methods to Myanmar and the appropriate
approaches were selected. In the calculating CO2
equivalent, GlobalWarming Potentials(GWPs) used
were CO=1,CH4=21,N20=310 and NOx=5.

Since there are no country specific emission factors
in Myanmar for emission assessment, default values
suggested by IPCC 2006 guidelines were used
whether in net calorific value estimation or in CO2
emissionstudiesor in fractions ofcarbon oxidization.
Emissionsfromtheuseoffossilfuelsfrominternational
bunkers are excluded in the current national GHG
estimations. Therefore, CO2 emissions from
international aviation fuel burning are not accounted
for in the national inventory.

For estimating GHG emissions, the IPCC 2006
Guidelines, Tier 1 and Tier 2 were used depending
on the quality and availability of activity data and
emission coefficients as required by each approach.
The inventorysimultaneouslyadopted the reference
approach and sectoral approach based on detailed
information on technologies as recommended bythe
IPCC Guidelines. The sectoral approach was used
as thebasis for thecurrent inventory.Theclassification
of sectors and fuel types are basically the same as the
classification in the IPCC Guidelines in which the
transport sector is defined as the transport of the
whole society.

In the case of natural gas consumption in energy
industries sector, Tier 1 approach was applied. In
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Anothermajor sectorcontributing toGHGemissions
was transportation. The transport sector was
segregated into road, rail, aviation and navigation.
CO2 emission for all these sectorswas estimated by
usingTier1methodandas forCH4andN2Oemission
for road and air sub sector, Tier 2 method was
employed.

In the light ofMyanmar’s specific circumstances and
data availability, the IPCC Tier 1 was adopted to
estimatemethaneemissions fromcoalminingsuchas
surface and undergroundmining activities and also
the fugitive methane emissions from oil and gas
systems inMyanmar.

GHG Emissions from fuel combustion
Thecurrent inventoryofGHGemissionsfromenergy
consumptiontookintoaccountallemissionsfromfossil
fuel combustion.

Fossil fuel combustion

Fuel combustion, one of the largest contributors to
GHG emissions in Myanmar, can be broadly

categorized into fourgroups for emissionassessment,
i.e. energy industries,manufacturing industries and
construction, transport and other sectors having
emissions fromenergyconsumption.

Myanmar’s commercial energy resources depended
almost fully on hydropower and fossil fuels. The
emission sources in the sector of electric power and
heat supplywere defined to be the power generation
andheat supplyofMyanmar’s thermalpowerutilities
while theemissions fromauxiliarypowerplants and
other sources of heat supply were reported in the
relevantsectors.Machineriesandequipments forfossil
fuel combustion composed of gas turbines and
combined cycle power plants, power generating
boilers, industrial boilers, industrial kilns, household
cookingovens, farm implements, power-generation
internal-combustionengines,differentkindsofaviation
vehicles, road transport vehicles, railway transport
vehicles, shipping transport vehicles, etc.GHG
emission byfossil fuel combustion inMyanmar for
theyear 2000was estimated to be7,755.11GgCO2e
(Table 3.1) in which energy industry and transport
sectors shared the largest contributions.

Table 3.1: GHGemissions from fossil fuel combustion inMyanmar in 2000 (Gg)

Categories CO2 CH4 N2O Total CO2 e

Energy Industry 2,323.02 - - 2,323.02

Industry& Construction 784.83 - 0.08 809.63

Transport 2,129.98 0.46 0.1 2,170.64

Commercial & Institutional 888.55 - - 888.55

Residential 42.87 - - 42.87

Agriculture/Forestry/Fishery 596.9 - 0.1 627.9

Others 892.5 - - 892.5

Total emissions from fossil fuel combustion 7,658.65 0.46 0.28 7,755.11

Categories CO2 CH4CH4CH N2O Total CO2 e

Energy Industry 2,323.02 - - 2,323.02

Industry& Construction 784.83 - 0.08 809.63

Transport 2,129.98 0.46 0.1 2,170.64

Commercial & Institutional 888.55 - - 888.55

Residential 42.87 - - 42.87

Agriculture/Forestry/Fishery 596.9 - 0.1 627.9

Others 892.5 - - 892.5

Total emissions from fossil fuel combustion 7,658.65 0.46 0.28 7,755.11

Traditional biomass fuel combustion
Itmainlyconsistsoffuel-woodconsumedfordomestic
home cooking. About 95 percent of the rural
households uses fuel-wood for their home cooking.
Someurbanhouseholdsuse sawmill residues (wood
waste) and charcoal.

The total volume of fuel-wood, wood waste and
charcoal used in the year 2000 amounted to
26,010,600 m3, 418,517 m3 and 254,800 m3

respectively. Total volume of each of the fuels was
converted to totalbiomassbymultiplyingitbyitsbasic
density. The average basic densities of woods and
timbers and charcoal were taken as 0.595 ton m-3
and 0.425 tonm-3 respectively.

Chapter 3 National Greenhouse Gas Inventory
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GHGemissionsfromtheabovementionedfuelswere
calculated by the Net Calorific Values (NCV) and
default emission factors for stationarycombustion in
theenergy industriesgivenin IPCC 2006Guidelines.
TotalCO2emission, totalCH4emissionand totalN2O
emission for fuel-wood and wood-waste were
estimated tobe 27,475.3Gg, 7.3595Gg and 0.9813
Gg, respectively.

Similarly, total emissions of CO2, CH4andN2O for
charcoal amounted to 357.79 Gg, 0.0958 Gg and
0.0128Gg respectively.

Finally, totalCO2equivalentemissionsfromtraditional
biomass burned for energywas calculatedand itwas
found to be28,297.82 Gg CO2e.

According to IPCC2006Guidelines, the total GHG
emissions fromtraditionalbiomassburnedfor energy
were included neither in the energy sector nor in
the national totals.

Fugitive emissions from oil and natural gas
systems
Onlymethaneemissionswerecalculated fromoil and
natural gas systems.Methane emissions fromoil and
natural gas systems were estimated to be 4.63 Gg
(97.23 Gg CO2e).

Fugitive emissions from coal mining activities
Onlymethane emissionswere calculated from coal
mining activities ofMyanmar.Methane emissions
fromundergroundmining and surfaceminingwere
estimated at 0.53Gg (11.13GgCO2e) (Table 3.2).

Table 3.2: Estimated CH4 emissions from coal mining in 2000

Exploited
coal Emission Conversion

Methane
emission

( ton) coefficient coefficient (Gg)
Undergroundmining 36,650 18 0.67 0.44

Surface mining 109,900 1.2 0.67 0.09

0.53

Type of mining

Total

Exploited
coal Emission Conversion

Methane
emission

( ton) coefficient coefficient (Gg)
Undergroundmining 36,650 18 0.67 0.44

Surface mining

Type of mining

Total

0.09109,900 1.2 0.67109,900 1.2 0.67109,900 1.2 0.67

0.53

Total GHG emissions from energy sector for the
year 2000
TotalGHGemissionsfromenergysectorof Myanmar
were estimated to be 7,863.47 Gg CO2e most of
which came from fossil fuel combustion. CO2

emissionsaccountedfor97%oftotal emissionswhile
CH4and N2O emissions shared only 2% and 1%
respectively(Table3.3).GHGemissionsbydifferent
sub-sectors are presented in Figure 3.1.

Table 3.3 : Total GHGemissions from energy sector in 2000 (Gg)

No. Emission sources CO2 CH4 N2O Total CO2 e

Fuel Combustion

- Fossil fuel combustion 7,658.65 0.46 0.28 7755.11
- Traditional biomass fuel combustion* 27,475.3* 7.36* 0.98* 28297.82*

2 Fugitive emissions from coal mining - 0.53 - 11.13

3 Fugitive emissions from oil and gas systems - 4.63 - 97.23

Total 7,658.65 5.62 0.28 7,863.47

1

No. Emission sources CO2CO2CO CH4CH4CH N2O Total CO2 e

Fuel Combustion

- Fossil fuel combustion 7,658.65 0.46 0.28 7755.11
- Traditional biomass fuel combustion* 27,475.3* 7.36* 0.98* 28297.82*

2 Fugitive emissions from coal mining - 0.53 - 11.13

3 Fugitive emissions from oil and gas systems - 4.63 - 97.23

Total 7,658.65 5.62 0.28 7,863.47

1
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*Not included in national GHG inventory calculations.
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Figure 3.1: Proportions of GHGemission
(CO2- equivalent) fromvarious sources in

energy sector

Database for energy sector
Database for fuel production, import, export and fuel
consumption by the whole energy sector and fuel
consumption by sub-sectors, and database for
traditional biomass fuel burned are presented in
Appendix I .

Database forGHGemissions in energysector during
2001-2005 indicated thatGHGemission ineach sub-
sectordependedon theannual targetof theconcerned
sub-sector. CO2 emissions in energy and
transformation industries and industry sectors have
shown an increasing trend while those of small
combustions were seen as a decreasing trend
(Table 3.4).

Trend of GHG emissions in energy sector
CO2 emissions depend on the type and amount of
energyconsumed, andenergyconsumption is closely
linked to the socio-economic development of a
country. Hence, projection of CO2emissions from
the energy sector is basedmainly on projections of
thepopulationandeconomicgrowthofacountryover
a specific period in the future. Besides, otherGHGs
are also emitted from a number of activities that use
energysuch as residential and commercial cooking,
spaceheating, industrialprocesses, transportationand
so on. Energyuse inMyanmar is increasing faster in
the transportation sector than in any other sector.
Increase in transportation energy use is a clear

Table 3.4: Emissions fromEnergy Sector (Gg )

2000 2001 2002 2003 2004 2005

CO2 2,323.02 2,118.25 2,430.94 2,756.17 3,734.13 3,050.16

CO2 784.83 865.39 889.92 866.07 961.44 695.03
N2O 0.08 0.06 0.07 0.07 0.06 0.06

CO2 2,129.98 1,980.12 2,486.63 2,608.35 2,504.92 2,432.82
CH4 0.46 0.42 0.48 0.54 0.55 0.67
N2O 0.1 0.09 0.12 0.12 0.12 0.11

CO2 1,528.30 1,428.30 1,417.08 1,406.97 1,177.10 1,333.94
N2O 0.1 0.08 0.08 0.07 0.07 0.07

CO2 27,833.09 28,545.25 29,177.07 30,125.50 30,204.63 30,801.48
CH4 7.46 7.65 7.82 8.07 8.09 8.25
N2O 0.99 1.02 1.04 1.08 1.08 1.1

CH4 0.53 0.35 0.42 0.61 0.83 0.73

CH4 4.63 4.8 5.12 5.41 6.59 6.76

CO2 892.52 363.82 331.1 425.92 248.53 454.3
Total CO2 e 7,863.47 6,944.15 7,765.79 8,281.84 8,870.99 8,212.01

Oil andnatural gas

Others

Energy and transformation industries

Industry

Transport

Small combustion

Traditional biomass burned for energy* (not included in calculations)

Fugitive emissions from fuels

2000 2001 2002 2003 2004 2005

CO2 2,323.02 2,118.25 2,430.94 2,756.17 3,734.13 3,050.16

CO2 784.83 865.39 889.92 866.07 961.44 695.03
N2O 0.08 0.06 0.07 0.07 0.06 0.06

CO2 2,129.98 1,980.12 2,486.63 2,608.35 2,504.92 2,432.82
CH4 0.46 0.42 0.48 0.54 0.55 0.67
N2O 0.1 0.09 0.12 0.12 0.12 0.11

CO2 1,528.30 1,428.30 1,417.08 1,406.97 1,177.10 1,333.94
N2O 0.1 0.08 0.08 0.07 0.07 0.07

CO2
CH4
N2O

CH4

CH4

CO2 892.52 363.82 331.1 425.92 248.53 454.3
Total CO2 e

Oil andnatural gas

Others

Energy and transformation industries

Industry

Transport

Small combustion

Traditional biomass burned for energy* (not included in calculations)

Fugitive emissions from fuels

27,833.09 28,545.25 29,177.07 30,125.50 30,204.63 30,801.4827,833.09 28,545.25 29,177.07 30,125.50 30,204.63 30,801.4827,833.09 28,545.25 29,177.07 30,125.50 30,204.63 30,801.4827,833.09 28,545.25 29,177.07 30,125.50 30,204.63 30,801.4827,833.09 28,545.25 29,177.07 30,125.50 30,204.63 30,801.4827,833.09 28,545.25 29,177.07 30,125.50 30,204.63 30,801.48
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indication of a large amount of carbon emissions
becausevirtuallyall energyrequirementsof this sector
are in the form of petroleum products. The growing
population,increasedurbanizationandindustrialization
are accelarating the growth in theownership of motor
vehicles, refrigerationandairconditioningandvarious
energy intensive products. These are some of the
main factors underlying the rapidly increasing
greenhouse gases.

The relatively low per capita CO2 emissions from the
energy sector is due to the fact that Myanmar relies
predominantly on hydropower generators for
industrial, residential andcommercialuses.Electricity
generation by hydroelectric power plants was
1,248.45 million KWh. This was approximately 47
percent of the total generation in 1990. In year 2005
electricity generation byhydroelectric power plants
increased to 2,407.75 GWh. With this rate of
hydropower development, the emissions from the
energyand transformation industries subsectors will
not increasesignificantly. Fluctuations in the trendare
largelydrivenbyemission from energyindustry. This
categorycan show year to year fluctulations because
of the use of thermal stations to supplement the
hydroelectric generation. CO2emissions are found
to increasesignificantlywith the diversificationof the
country’s energybase, thermal power plants that have
become absolutelynecessary with the decline in the
output of hydropower generation as a result of
decreasing precipitations in the catchment areas.

3.3. Industrial Processes and Product
Use Sector

GHG emissions from various types of industrial
processes arenotenergy-use related emissions. These
emissions are related to physical and chemical
transformations of materials, in which GHGssuch as
CO2, CH4, N2O and other gases are released. The
preparationof theindustrialprocesses inventorieswas
basically based on the IPCC methodology.

Industrialproduction processesproducevarious types
of GHGsapart from energycombustion in industries.
These processes involve the chemical or physical
transformation of raw materials into intermediate or
final products. GHG emissions were worked out for
industries namely, cement, lime, iron and steel, glass,
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urea, calcium carbide used in acetylene, food and
beverages.

Cement production
CO2 emission during the productionof cement is one
of the most important GHG emission sources from
the industrial sector in Myanmar. All the cement
factories in Myanmar use its own clinker to produce
cement. There are no imports or exports of clinker.
Two types of cement are produced in Myanmar. The
majorityof the cement produced is Portland cement
of which the production is over 99 percent. The raw
mixture is initiallyfinelyground and fed into a kiln in
order to obtain thermal stations to supplement the
hydroelectric generation.

The clinker is thereaftergroundwithgypsuminorder
to obtain finished cement. High temperatures in
cementkilnchemicallychange raw material lime into
cement clinkerand therebyemit carbondioxide. CO2

emissionfromcementproduction isobtainedbyusing
an emission factor expressed in tons of CO2 released
per ton of cement produced.

Lime production
For lime production, the inventory was conducted
using the activity data of mineral production.
Limestones are exploited bymining activities rather
than production industry in Myanmar. Therefore,
fugitiveemissionscould haveoccurred,butno proper
data are available.

The amount of lime produced is generally governed
by the demand. Therefore, the total amount of lime
consumed per year could be approximated to the
totalannualproduction. Theamountof limeproduced
could be estimated to be 0.57 t lime/t of dolomite
used and an emission factor of 0.77 tCO2 of lime
produced. The usage of dolomite for the production
of limestoodat39.93 kt in2000.For limeproduction,
the inventoryused the activitydata of industrial raw
mineral production.

Glass production
Industries which manufacture glass emit CO2. The
total production of glass in Myanmar in 2000 was
15,031 tons.Theemission factor for theglass industry
was 0.21 t CO2/t of glass produced.
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Metal production
Metal production includes the production ofmetals
such as iron and steel. The quantityof iron and steel
produced in 2000 was 2.7 and 7.6 kt respectively.
Emission factors were the default values
recommended by the IPCC 2006. For iron
production, defaultCO2emission factor frompig iron
productionwasused andas for steel production,CO2
emissionwas calculated byelectric arc furnace steel
makingmethod.

Food and drink
NMVOCare emitted in preparing some foods in the
sector. GHG emissions were worked out for food
industries,namely, alcoholicbeverages, sugar, shrimp
and biscuit. Emission of NMVOC in 2000 was
estimated to be 4.57 Gg.

Consumption of Halocarbons and Sulphur
hexafluoride
Introduction of HFCs to replace ozone-depleting
substances (ODS) toMyanmar commenced in1997,
but there areno records of import of these chemicals
for the year 2000. ODS such as CFCs and HCFCs
have beenused byrefrigeration and air conditioning
service during the phase down period of ODS.
Mobile air conditioners, both locallymanufactured
and imported, use HFCs as refrigerants. ODS
substitutes are also used in refrigerators, air

conditioning and cold storages. Emissions ofODS
substituteswere estimated using the defaultmethod
recommended by the IPCC.

Electrical equipments usingSF6 havebeen imported
toMyanmar since 1984. Emissions of SF6 per year
have been estimated using the default method
recommended by the IPCC.

Lubricant use
Lubricants are mostly used in industries and
transportation. The use of lubricants in internal
combustion engines is primary for their lubricating
properties and associated emissions are, therefore,
considered as non-combustion emissions. Asmall
proportion of lubricants are oxidized during use.
Therefore, in calculating CO2 emissions, the total
amountof lubricant lostduring theirusewasassumed
to be fully oxidized as CO2 emission. Specific
quantitiesof lubricantusedasmotoroil / industrialoil
and ODU factor for lubricants were based on local
knowledge.

Total GHG emissions from Industrial processes
and product use sector in 2000
A total of 463.3Ggof CO2 –equivalent and 4.57Gg
ofNMVOCis estimated tohavebeenemittedduring
the year 2000 from the industrial processes and
product use ( Table 3.5).
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Table 3.5: GHGemissions from Industrial Processes and Product Use in the year 2000

Sources of Category CO2 NMVOC ODS SF6
Total
CO2e
%

Industrial processes

Cement 203.23 203.23 44

Lime 30.74 30.74 7

Glass 1.74 1.74 0

Urea 0.8 0.8 0

Iron & Steel 4.34 4.34 1

Food& Drink 4.57

Product Use

Carbide for Acetylene Production 0.35 0.35 0

Refrigeration & Air Conditioning - 0.11 143 31

Electrical Equipment - 0.003 71.7 15

Lubricant Use 7.39 7.39 2

TOTAL 248.6 4.57 0.11 0.003 463.3 100

Sources of Category CO2 NMVOC ODS SF6NMVOC ODS SF6NMVOC ODS SF
Total
CO2e
%

Industrial processes

Cement 203.23 203.23 44

Lime 30.74 30.74 7

Glass 1.74 1.74 0

Urea 0.8 0.8 0

Iron & Steel 4.34 4.34 1

Food& Drink 4.57

Product Use

Carbide for Acetylene Production 0.35 0.35 0

Refrigeration & Air Conditioning - 0.11 143 31

Electrical Equipment - 0.003 71.7 15

Lubricant Use 7.39 7.39 2

TOTAL 248.6 4.57 0.11 0.003 463.3 100
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Database and trend of GHG emissions for
industrial processes and product use sector
Database for production in different industrial
processes ofMyanmar is presented inAppendix II.

The emissions fromindustrial processes andproduct
use sector for the years 2000-2005 showed a rising
trend in general (Table 3.6).

Table 3.6: Emissions from Industrial Processes and ProductUse sector (Gg)

2000 2001 2002 2003 2004 2005

CO2 241.2 225.9 227.17 336.02 302.77 292.01

NMVOC* 4.57 4.84 4.29 3.52 3.66 3.17

HCFCs/CFCs 0.11 0.08 0.09 0.12 0.18 0.11

SF6 0.003 0.003 0.003 0.003 0.003 0.003

CO2 7.39 6.26 6.98 7.13 6.52 6.33

Total CO2 equivalent 463.3 407.9 422.9 570.9 615 513

Industrial Processes

Solvent Used

2000 2001 2002 2003 2004 2005

CO2 241.2 225.9 227.17 336.02 302.77 292.01

NMVOC* 4.57 4.84 4.29 3.52 3.66 3.17

HCFCs/CFCs 0.11 0.08 0.09 0.12 0.18 0.11

SF6SF6SF 0.003 0.003 0.003 0.003 0.003 0.003

CO2 7.39 6.26 6.98 7.13 6.52 6.33

Total CO2Total CO2Total CO equivalent 463.3 407.9 422.9 570.9 615 513

Industrial Processes

Solvent Used

equivalent 463.3 407.9 422.9 570.9 615 513equivalent 463.3 407.9 422.9 570.9 615 513equivalent 463.3 407.9 422.9 570.9 615 513equivalent 463.3 407.9 422.9 570.9 615 513equivalent 463.3 407.9 422.9 570.9 615 513equivalent 463.3 407.9 422.9 570.9 615 513

3.4. Agriculture Sector

Agriculture
SinceMyanmarisanagro-basedcountry, itseconomy
mainly depends on agricultural production.
Agriculture sector contributed 34% ofGDP, 23%
of total export earnings, and employed63%of labor
force in 2000. Seventy percent of the population
reside in rural areas and are mainly engaged in
agriculture, livestock and fishery sectors for their
livelihoods. Thenet sownarea was10.12millionha
which is only one-fourth of the total land area of
Myanmar. Most farmers traditionally grow rice in
monsoon season as a single cropping system under
the rain-fed condition. Since 1988, theGovernment
has been constructing dams and reservoirs across
thecountry to irrigate thepaddyfields. The irrigation
projects completedduring1988 to 2000 totaled 116.
Irrigated area increased from 12.5 % of the sown
area in 1987-88 to 18% in1998-99. Summer paddy
programwas introduced in 1992. In the year 2000,
togetherwith the use of highyielding, short duration
varieties in summer (pre-monsoon) season, the total
rice sown area reached 6,302,306 ha of which the
irrigated rice landwas 1,852,691 ha (29.4%of the
total rice land inMyanmar) (DAP, 2001).

Rice is a staple food and it grows well in all agro-
ecological regions ofMyanmar. Flooded rice fields

act as a major emitter of CH4, which is one of the
potent greenhouse gases for global warming. The
production ofmethane from paddy fields, ruminant
animals, fertilizerapplication,landclearingandorganic
matter decomposition have been linked to global
warming as GHG.

Estimation of CH4 emission from rice fields
According to the specific conditions in water
availability and soil condition for cultivation, rice
ecosystemsaregenerallyclassified intofivecategories:
1) Irrigated rice land, 2) Regular/favorable rain-fed
lowland,3)Drought-prone rain-fed lowland, 4)Deep
water rice and 5) Upland rice which respectively
covered about 30%, 38 %, 12%, 17% and 3% of
total ricearea in theyear2000 (MyanmarAgriculture
ServiceAnnualReport, 2004).Tier1method in2006-
IPCCguidelinewas adoptedwith the use of default
emission andscaling factors. Applying the equations
and worksheets described in the 2006-IPCC
Guidelines,CH4emissionfromricecultivation in2000
was estimated to be 507.23 Gg CH4 yr

-1, which
irrigated rice contributed to the largest share with
220.46 Gg (43.46%) (Table 3.7).
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Table 3.7: CH4emissions from flooded rice fields of different rice ecosystems in 2000

CH4 (Gg yr-1)

1 Irrigated Rice 1,852,691 220.46 43.46

2 Regular Rain-fed Rice 2,432,690 134.62 26.54

3 Drought-prone Rain-fed Rice 756,276 34.75 6.85

4 Deep water Rice 1,071,392 117.4 23.15

Total 6,302,306 507.23 100

No. Rice ecosystems Harvestedarea (ha) % of total
emission

CH4 (Gg yr-1)

1 Irrigated Rice 1,852,691 220.46 43.46

2 Regular Rain-fed Rice 2,432,690 134.62 26.54

3 Drought-prone Rain-fed Rice 756,276 34.75 6.85

No. Rice ecosystems Harvestedarea (ha)No. Rice ecosystems Harvestedarea (ha) % of total
emission

23.15117.41,071,392Deep water Rice4
507.23 100507.23 100507.23 1006,302,306Total

Estimation of N2O from agricultural soils
N2O is an important GHGproduced in agricultural
soil by microbial processes of nitrification and
denitrification. IncreasedNinputs toagricultural soils
have greatly increased N2O emission. It was
recognized that upland fields that favor both
nitrificationanddenitrificationprocessespromoteN2O
formation. Therefore, the significant contribution to
globalN2Oproduction fromupland agriculturewas
well recognized in the past fewdecades.

The totalN2Oemission fromagricultural soils in the
year 2000 was estimated to be 8.2 Gg N2O yr

-1 of
which direct N2O emissions and indirect N2O
emissions were 7.45 GgN2Oyr

-1 and 0.75 GgN2O
yr-1, respectively (Table 3.8 ).

Crop residue burning
Use of crop residues for animal feed and fuel wood
are common for the smallholder farmers across
Myanmar. Farmers usuallyburn down the residues
of previous crops and weeds at the land clearing
time (e.g paddy, wheat, corn and sugarcane)
However, the practice of burning and the amount of
burningmaterialsvaryfromregion toregion,andeven
plot toplot. In thedryzoneofcentralMyanmarwhere
the animal feed and fuel are scarce, the residues of
paddy, pulses, peanut and corn are used for cattle
feeding and those of sesame, pigeon pea, cotton are
for household fuel and jaggery industry.

For theestimationofGHGemissionsfromburningof
field residues, sugarcane, rice, wheat and cornwere
included, andotherswereassumed tobe insignificant
for field burning. With the adoption ofTier 1, IPCC
2006 Guidelines, the emissions of CH4, CO, N2O
and NOx in 2000were estimated to be 0.024, 0.81,

0.0006 and 0.022 Gg yr-1 respectively.GHG
emissionsfromtheagricultural sector fortheyear2000
are summarized in Table 3.8.

Database and trend of GHG emission for the
agricultural sector in Myanmar
The basic information on the harvested area and
production of four major crops, the total harvested
area, variety of rice in terms of growing period and
irrigation types for the years 1990, 1995, 2000, and
2001-2005 is presented inAppendix III. Database
for theuseof fertilizersand theannualburningofcrop
residues in agriculture sector is also presented.
The trendof GHGemissions fromagriculture sector
for the years 1990, 1995, 2000, and 2001-2005 is
presented in Table 3.9. CH4andN2O emissions in
agriculture sector during 1990-2005 tended to rise
because of increased agricultural land and area
increased fertilizer input.

Livestock sector
Livestock is used for draft power, means of
transportation, capital, credit,meat,milk, socialvalue,
hides and sources of organic fertilizer for seasonal
cropping. Livestock-crop holding have been in the
hands of resource-poor farmers for many decades
andwill remainso formanyyears tocome. Ingeneral,
farmingsystems inMyanmar include traditional rice
cultivation, fieldcropproduction,andlivestockrearing
(especially buffalo or cattle or both ). Livestock in
Myanmar mostly consume the agricultural crop
resisues and farm by- products.

Feed resources are scarce and quality is poor
especially during dry season, which results in low
productivity.
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Myanmar relies heavilyon draft cattlepopulation to
promote agricultural expansion. Landcultivation is
mostly done with the use of draught cattle and
buffaloes. Draft cattle are also veryuseful asmeans
of transport in the rural areas. Dairy cattle are bred
toproducedairyproducts fordomestic consumption.
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Chicken, pigs, ducks, sheep and goats are raised for
domestic consumption. Data for horses, mules and
asses population inMyanmar were obtained from
LBVD. Livestock population as per Statistical
Yearbook 2007 is shown inTable 3.10.

Enteric fermentation
Emission sources of methane by animals were in
conformitywith the emission sources definedbythe
IPCC. Methane emissions mainly came from the
enteric fermentation of ruminants, including dairy
cattle, non-dairy cattle, buffalo, goat, sheep, horse,
donkey andmule/ass. At the same time, methane
emissionfromswinewasalsotakenintoconsideration.
IPCC 2006 Tier 1 method was adopted
to estimate CH4 and N2O emissions from enteric
fermentationandmanuremanagement in thelivestock
sector.

Table 3.8: Total GHGemissions fromagriculture in 2000

CH4 CO N2O NOx
(Gg) (Gg) (Gg) (Gg)

1. Rice cultivation 507.23 - - - 10651.8
2. Emission fromagricultural soils - - 8.2 - 2542
(a) N2O Direct emissions - - 7.45 - 2309.5
(b) N2O Indirect emissions - - 0.75 - 232.5
3. Field burning of crop residues 0.024 0.81 0.0006 0.022 1.61

TOTAL 507.254 - 8.2006 0.022 13195.41

Source Total GHGemissions* CO2eq.
(Gg)

CH4 CO N2O NOx
(Gg) (Gg) (Gg) (Gg)

1. Rice cultivation 507.23 - - - 10651.8
2. Emission fromagricultural soils - - 8.2 - 2542
(a) N2(a) N2(a) N ODirect emissions - - 7.45 - 2309.5
(b) N2(b) N2(b) N O Indirect emissions - - 0.75 - 232.5
3. Field burning of crop residues 0.024 0.81 0.0006 0.022 1.61

TOTAL 507.254 - 8.2006 0.022 13195.41

Source Total GHGemissions* CO2Total GHGemissions* CO2Total GHGemissions* CO eq.
(Gg)

Considering itskeysourcecategorystatus,anattempt
wasmade to estimate the CH4emission coefficient
for cattle and buffalo. For this purpose, the cattle
andbuffalopopulations havebeendivided into dairy
and non-dairy categories,with different age groups
(LBVD2000).

To estimate CH4 emission fromthe livestock sector,
coefficients for cattle andbuffalo fromIndia’s initial
national communication 2004 were used, because
Myanmar’s cattle and buffalo breeding and feeding
system as well as breed characterization are very
similar to India.

Table 3.9: Estmation of GHGemissions from agriculture sector

Years 1990 1995 2000 2001 2002 2003 2004 2005

CH4 349.33 485.18 507.23 514.06 511.32 523.69 540.09 589.81

N2O 5.53 7.07 8.2 8.53 8.67 9.05 9.49 10.19

CH4 0.0174 0.0214 0.024 0.0249 0.0247 0.0255 0.0264 0.0282
N2O 0.0004 0.0006 0.0006 0.0006 0.0006 0.0007 0.0007 0.0007
NOX 0.0161 0.0198 0.022 0.0231 0.0229 0.0236 0.0245 0.0262
CO 0.5913 0.729 0.81 0.8488 0.843 0.8696 0.9003 0.9623
Total
(Gg CO2 e)

15,546.81

Emissions fromRice Cultivation (Gg)

Emissions fromAgricultural Soils (Gg)

Emissions fromField Burning of Agricultural Residues (Gg)

9,051.39 12,381.94 13,195.41 13,441.23 13,427.08 13,804.73 14,285.58

Years 1990 1995 2000 2001 2002 2003 2004 2005

CH4 349.33 485.18 507.23 514.06 511.32 523.69 540.09 589.81

N2O 5.53 7.07 8.2 8.53 8.67 9.05 9.49 10.19

CH4
N2O 0.0004 0.0006 0.0006 0.0006 0.0006 0.0007 0.0007 0.0007
NOX
CO 0.5913 0.729 0.81 0.8488 0.843 0.8696 0.9003 0.9623
Total
(Gg CO2(Gg CO2(Gg CO e)

Emissions fromRice Cultivation (Gg)

Emissions fromAgricultural Soils (Gg)

Emissions fromField Burning of Agricultural Residues (Gg)
0.0174 0.0214 0.024 0.0249 0.0247 0.0255 0.0264 0.02820.0174 0.0214 0.024 0.0249 0.0247 0.0255 0.0264 0.02820.0174 0.0214 0.024 0.0249 0.0247 0.0255 0.0264 0.02820.0174 0.0214 0.024 0.0249 0.0247 0.0255 0.0264 0.02820.0174 0.0214 0.024 0.0249 0.0247 0.0255 0.0264 0.02820.0174 0.0214 0.024 0.0249 0.0247 0.0255 0.0264 0.02820.0174 0.0214 0.024 0.0249 0.0247 0.0255 0.0264 0.02820.0174 0.0214 0.024 0.0249 0.0247 0.0255 0.0264 0.0282

O 0.0004 0.0006 0.0006 0.0006 0.0006 0.0007 0.0007 0.0007O 0.0004 0.0006 0.0006 0.0006 0.0006 0.0007 0.0007 0.0007O 0.0004 0.0006 0.0006 0.0006 0.0006 0.0007 0.0007 0.0007O 0.0004 0.0006 0.0006 0.0006 0.0006 0.0007 0.0007 0.0007O 0.0004 0.0006 0.0006 0.0006 0.0006 0.0007 0.0007 0.0007O 0.0004 0.0006 0.0006 0.0006 0.0006 0.0007 0.0007 0.0007O 0.0004 0.0006 0.0006 0.0006 0.0006 0.0007 0.0007 0.0007O 0.0004 0.0006 0.0006 0.0006 0.0006 0.0007 0.0007 0.0007
0.0161 0.0198 0.022 0.0231 0.0229 0.0236 0.0245 0.02620.0161 0.0198 0.022 0.0231 0.0229 0.0236 0.0245 0.02620.0161 0.0198 0.022 0.0231 0.0229 0.0236 0.0245 0.02620.0161 0.0198 0.022 0.0231 0.0229 0.0236 0.0245 0.02620.0161 0.0198 0.022 0.0231 0.0229 0.0236 0.0245 0.02620.0161 0.0198 0.022 0.0231 0.0229 0.0236 0.0245 0.02620.0161 0.0198 0.022 0.0231 0.0229 0.0236 0.0245 0.02620.0161 0.0198 0.022 0.0231 0.0229 0.0236 0.0245 0.0262

CO 0.5913 0.729 0.81 0.8488 0.843 0.8696 0.9003 0.9623CO 0.5913 0.729 0.81 0.8488 0.843 0.8696 0.9003 0.9623CO 0.5913 0.729 0.81 0.8488 0.843 0.8696 0.9003 0.9623CO 0.5913 0.729 0.81 0.8488 0.843 0.8696 0.9003 0.9623CO 0.5913 0.729 0.81 0.8488 0.843 0.8696 0.9003 0.9623CO 0.5913 0.729 0.81 0.8488 0.843 0.8696 0.9003 0.9623CO 0.5913 0.729 0.81 0.8488 0.843 0.8696 0.9003 0.9623CO 0.5913 0.729 0.81 0.8488 0.843 0.8696 0.9003 0.9623

15,546.819,051.39 12,381.94 13,195.41 13,441.23 13,427.08 13,804.73 14,285.589,051.39 12,381.94 13,195.41 13,441.23 13,427.08 13,804.73 14,285.589,051.39 12,381.94 13,195.41 13,441.23 13,427.08 13,804.73 14,285.589,051.39 12,381.94 13,195.41 13,441.23 13,427.08 13,804.73 14,285.589,051.39 12,381.94 13,195.41 13,441.23 13,427.08 13,804.73 14,285.589,051.39 12,381.94 13,195.41 13,441.23 13,427.08 13,804.73 14,285.589,051.39 12,381.94 13,195.41 13,441.23 13,427.08 13,804.73 14,285.58
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Table 3.12: Total GHGemission from livestock
in 2000

Enteric
fermentation

Manure
management

(Gg) (Gg )
1 Cattle 305.43 17.1

2 Buffalo 83.78 5.39

3 Sheep 1.95 0.08
4 Goats 7.08 0.31

5 Horses 2.11 0.26

6 Mules and asses 0.1 0.01
7 Swine 3.97 27.82

8 Poultry - 1.1
Sub-total 404.43 52.07

No KindofAnimal

CH4 Emissions

Enteric
fermentation

Manure
management

(Gg) (Gg )
1 Cattle 305.43 17.1

2 Buffalo 83.78 5.39

3 Sheep 1.95 0.08
4 Goats 7.08 0.31

5 Horses 2.11 0.26

6 Mules and asses 0.1 0.01
7 Swine 3.97 27.82

8 Poultry - 1.1
Sub-total 404.43 52.07

No KindofAnimalNo KindofAnimal

CH4CH4CH Emissions

Database and trend of GHG emissions for
livestock sector of Myanmar

Database for total livestock population, and milk
production in livestock sector ofMyanmar during
1990-2005 is presented inAppendix IV. Methane
andN2O emissions in livestock sector during 1990-
2015 are presented in (Table 3.13).
CH4andN2O emissions in livestock sector during
2000-2005 tended to rise because of increased
numberof livestock.
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Manure management
The inventories of CH4 and N2O emissions from
animalmanuremanagementsystemsinvolved11main
domesticanimalsandpoultry(swine,non-dairycattle,
dairycattle,buffalo,goat, sheep,camel,donkey,mule/
ass,horseandchicken).Amongthem,emissions from
manuremanagement systems for swine, non-dairy
cattle, goat, sheep and chickenwere the keysources.
Based on the data availability and the importance of
the emission sources,methodswere determined for
calculating CH4 and N2O emissions from animal
manuremanagementsystems. Since therehavebeen
noactualmeasurements for emissions factors,Tier 1
method with default emission factors of the IPCC
2006 guidelines was applied (Table 3.11).
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Table 3.10: Animal population census
(number inmillions)

No. Kindof Animal 2000-01

1 Cattle 10.98

2 Buffalo 2.44

3 Sheep & Goat 1.8

4 Pigs 3.97

5 Poultry 55.21

No. Kindof Animal 2000-01No. Kindof Animal 2000-01

1 Cattle 10.98

2 Buffalo 2.44

3 Sheep & Goat 1.8

4 Pigs 3.97

5 Poultry 55.21

Animal type
Enteric fermentation,
kg/head-year

Manure
management,
kg/head-year

Dairy cattle 43 31

Non-dairy cattle

0-1 yr 9 1
1-3 yr 23 1

Adult 32 1

Dairy buffalo 50 31
Non-dairy buffalo

0-1 yr 8 2

1-3 yr 22 2
Adult 44 2

Sheep 5 0.2

Goat 5 0.22
Horses 18 2.19

Mules andAsses 10 1.2

Swine 1 7
Poultry - 0.02

Animal type
Enteric fermentation,
kg/head-year

Manure
management,
kg/head-year

Dairy cattle 43 31

Non-dairy cattle

0-1 yr 9 1
1-3 yr 23 1

Adult 32 1

Dairy buffalo 50 31
Non-dairy buffalo

0-1 yr 8 2

1-3 yr 22 2
Adult 44 2

Sheep 5 0.2

Goat 5 0.22
Horses 18 2.19

Mules andAsses

Swine
Poultry

1.210

71
0.02-

Table 3.11: Emission coefficients for
CH4 emission in livestock sector

Total GHG emission from livestock in 2000

CH4 emissions from the livestock sector from the
year 1998 to 2002 increased by 1.25%. annually.
The inventorywas conductedmostlyusing 2000 as
the base year. CH4 emissions from enteric
fermentation andmanuremanagementwere 404.43
Gg and 52.07 Gg, respectively, resulting the total
methane emission valueof 456.50Gg .The greatest
amount ofmethane (27.82 Gg), was released from
manuremanagement of swine followedbynon-dairy
cattle (Table 3.12).
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Table 3.13: Estimation of GHGemission from livestock sector

GHG 1990 1995 2000 2001 2002 2003 2004 2005

CH4 (Gg) 378.38 404.83 456.5 469.29 484.11 495.49 506.49 519.23

N2O (Gg) 0.14 0.17 0.2 0.21 0.22 0.23 0.24 0.25

Total (Gg CO2e) 7990.79 8554.35 9648.31 9919.57 10233.98 10476.59 10709.42 10980.15

GHG 1990 1995 2000 2001 2002 2003 2004 2005

CH4CH4CH (Gg) 378.38 404.83 456.5 469.29 484.11 495.49 506.49 519.23

N2N2N O (Gg) 0.14 0.17 0.2 0.21 0.22 0.23 0.24 0.25

Total (Gg CO2Total (Gg CO2Total (Gg CO e) 7990.79 8554.35 9648.31 9919.57 10233.98 10476.59 10709.42 10980.15

Table 3.14: Forest types and areas in
Myanmar in 2000

Forest type
Forest
Type Area

(Myanmar) (IPCC) (ha)
Tropical ever
green forest

Tropical
rain forest 5,528,640 16

Mixed
deciduous
forest

Tropical
moist
deciduous
forest

13,476,060 39

Dry forest
Tropical
dry forest 3,455,400 10

Dipterocarps
forest
Tropical
dry forest

1,727,700 5

Hill and
temperate
evergreen
forest

Subtropica
l mountain
system

8,984,040 26

Beach and
dune forest

Tropical
rain forest

1,382,160 4

TOTAL 34,554,000 100

%of total
forest area

Forest type
Forest
Type AreaType Area

(Myanmar) (IPCC) (ha)(Myanmar) (IPCC) (ha)(Myanmar) (IPCC) (ha)
Tropical ever
green forest

Tropical
rain forest 5,528,640 16

Mixed
deciduous
forest

Tropical
moist
deciduous
forest

13,476,060 39

Dry forest
Tropical
dry forest 3,455,400 10

Dipterocarps
forest
Tropical
dry forest

1,727,700 5

Hill and
temperate
evergreen
forest

Subtropica
l mountain
system

8,984,040 26

Beach and
dune forest

Tropical
rain forest

1,382,160 4

TOTAL 34,554,000 100

%of total
forest area
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Theannual increases in biomass carbonstocks in the
land use change and forestry sectorwere calculated
for the followingcategories:
1. Natural forests
2. Forest plantations
3. Homegarden trees
4. Roadside trees

Annual increase in biomass carbon stocks by
natural forests
Annual increase in biomass carbon stocksbynatural
forests ofMyanmar for the year2000was calculated
byusingEquation 2.9 of IPCC 2006Guidelines.
Increaseofcarbonstocks (includingabovegroundand
belowground biomass) in the forest land remaining
as forest land in Myanmar for the year 2000 was
estimated tobe35,410.53GgofCarbon (129838.59
Gg of CO2) (Table 3.15).

Annual increase in biomass carbon stocks by
forest plantations
Forestplantationsestablishedbydepartmental taungya
system accounted for 658 595 ha during the period
1963 to 2000. The planted species included Teak
(Tectona grandis), Pyinkado (Xyia xylocarpa),
Padauk (Pterocarpus macrocarpus), Tinyu (Pinus
spp), Eucalypt (Eucalyptus spp) and others.
Based on these values, increases in carbon stocks of
forest plantations with different species were
calculated. Since thedocumenteddata for thepresent
status on the total area of the forest plantations are
notavailable, it isassumedthatall theforestplantations
established during the period 1963 to 2000 are still
maintained.

Increase of carbon stocks (including above- and
below-ground biomass) of the forest plantations in
Myanmar for the year 2000 was estimated to be
3,204.56 Gg of Carbon(11,750.04 Gg of CO2
( Table 3.15).

3.5 Land Use Change and Forestry
Sector

The forest resource assessment (FRA 2005)
conductedbytheFoodandAgricultureOrganization
(FAO) in cooperation with the Forest
Department(FD) of Myanmar has indicated that
Myanmar is still endowedwith a forest-covered area
of 52% of the country’s total land area of 676,577
km2. This is one of the highest forest cover in the
Asia-PacificRegion.Closed forests (i.e. good forests)
account for 37.4%, while open forests constitute
14.9%. The forest types and areas, along with the
respective IPCC-classifications, are shown in (Table
3.14).
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(a) Total annual CO2 removal by different
activities for the year 2000
Total annual increase in biomass carbon stocks by
different activities in the landusechangeand forestry
sector for the year 2000 was estimated to be
38,787.96 Gg of carbon (142,221.19 Gg of CO2).
The summary for the annual increase in biomass
carbon stocks bydifferent activities inMyanmar for
the year 2000 is shown in (Table 3.15).

Annual decrease in biomass Carbon Stocks
Annual decreases in biomass carbon stocks due to
biomass losses for the year 2000were calculated for
thefollowingactivities:

1. Loss of carbon bywood removal
2. Loss of carbon by harvested wood
products (HWP)
3. Loss of carbon by fuelwood removal
4. Biomassburningfollowinglandclearing
(i) Site preparation for forest
plantations

(ii) Shiftingcultivation
(iii) Deforestation

Loss of carbon by wood removal
Total amount of industrial roundwood harvested in
the year 2000 was 2,161,980 m3 (CSO, 2007).
Annual carbon loss in biomass bywood removal (ie.
industrial roundwood) for the year 2000 was
estimated to be 2,177Gg of carbon.

Page 37

Chapter 3 National Greenhouse Gas Inventory

Annual increase in biomass carbon stocks by
home garden trees
Home gardens are common inMyanmar and they
play an important role in fulfilling household
requirements. Based on the available data from
differentstudies,averagenumberof treesineachhome
garden, planted species,numberof households (rural
and urban), and average growth ratewere collected
and annual biomass growths in home gardens
calculated.

Annual increase in biomass carbon stocks byhome
garden trees in Myanmar for the year 2000 was
estimated to be 128. 55 Gg of Carbon (470.07 Gg
of CO2). (Table 3.15)

Annual increase in biomass carbon stocks by
roadside trees
Total length of roads in the Union of Myanmar in
2000-2001 was estimated to be about 28,600 km.
Thenumberof roadside treeswere calculated based
on the total length of the roads, the spacingbetween
the planted trees and the rows, and later converted
to plantation areas (Woodlots are not included).The
aboveground biomass growthwas again estimated
by using Equation 2.9 and 2.10 in IPCC 2006.
Species composition, growth rates of the common
species planted and age of the roadside trees were
taken intoaccount in determining thedefault values.
Annual increase inbiomasscarbonstocksbyroadside
trees ofMyanmar in 2000was estimated to be 44.32
Gg of Carbon (162.49 Gg of CO2) (Table 3.15).

Table 3.15:Annual increase in carbon stocks and annualCO2
removals in 2000

Percentage to total CO2
removal

(% )

Natural forests 35, 410.53 129, 838.59 91.3

Forest Plantations 3,204.56 11,750.04 8.26

Home Garden Trees 128.55 470.07 0.33

Roadside Trees 44.32 162.49 0.11

TOTAL 38,787.96 142,221.19 100

Activity
Annual increase in
carbon stocks (Carbon,
Gg)

Annual carbon
dioxide removal
(Carbon dioxide, Gg)

Percentage to total CO2
removal

(% )

Natural forests 35, 410.53 129, 838.59 91.3

Forest Plantations 3,204.56 11,750.04 8.26

Home Garden Trees 128.55 470.07 0.33

Roadside Trees 44.32 162.49 0.11

TOTAL 38,787.96 142,221.19 100

Activity
Annual increase in
carbon stocks (Carbon,
Gg)

Annual carbon
dioxide removal
(Carbon dioxide, Gg)
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Biomass burning following land clearing
GHGemissionsfromburningfollowingforestclearing
were estimated by using Equation 2.27 of IPCC
2006.

Since Taungya system and shifting agriculture are
commonlydistributed invarious ecological zones of
Myanmarandreliabledataonbiomassstock forburnt
areas were not available, the default value for the
amountof fuel actuallyburntwas assumed tobe42.2
tons drymatter ha-1- (Table 2.4 of IPCC-2006).

Site preparation for forest plantations
The total forest plantation area established in 2000
was 30731 ha. Forest plantations in Myanmar are
established for different purposes viz. commercial,
local supply (fuel-wood), industrial, watershed
conservation, etc.During landpreparation, not all the
selected areas areburnt (eg.watershed conservation
plantations).Theactual burnt area for sitepreparation
in the year 2000 was 23,277 ha.

GHG emissions from biomass burning for site
preparationof the forest plantations for theyear 2000
were estimated to be 1,863.207GgCO2equivalent
(Table 3.17).

Shifting cultivation
In this study, typical shifting cultivated areas (forest
areas that were slashed and burnt for growing cash
cropbut left fornatural regenerationafter someyears,

Chapter 3 National Greenhouse Gas Inventory

Loss of carbon by harvested wood products
Harvested Wood Product (HWP) is defined as
wood-basedmaterial harvested from forests, theyare
used for products such as furniture, panel board and
paper and paper-like products or for energy. HWPs
exclude, however, logging residues that are left at
harvested sites.

Since the technical details and complexityofHWP
accounting and its role in climate changemitigation
have made the topic incomprehensible, the HWP
contribution for the year 2000 was assumed to be
zero for this study.

Loss of carbon by fuelwood removal
Annual carbon loss in biomass byfuelwood removal
wascalculatedbyusingEquation2.13of IPCC2006.
The default values for calculationswere taken from
(Table 4.3), (Table 4.4) and (Table 4.5) of IPCC
2006.

Total amount of fuelwood production inMyanmar
for the year 2000was 33,442,200m3 (CSO, 2007).
Fuelwood removal volumes were converted to
aboveground and belowground biomass. Finally,
annual carbon loss in biomass of fuelwood removal
for the year 2000was calculated.
Annual carbon loss in biomass byfuelwood removal
inMyanmar for the year 2000 was estimated to be
26,936.418 Gg of carbon (CO2 emissions from
fuelwood and charcoal combustionwere calculated
and described in the energy sector) (Table 3.16).

Table 3.16: Annual decrease in carbon stocks andGHGemissions by different
activities in 2000

Activity Loss of carbon GHGemission Remark
Woodremoval 2,176.888 GgC Not accounted Not all the wood products are burnt
Harvestedwoodproducts Not estimated Not accounted Not needed to calculate in Tier 1 level

Fuelwoodremoval 26,936.418 GgC Accounted
GHGemissions are further estimated in
Energy sector but not included in the
National Totals

Site preparation for forest plantations - 1,863.207 GgCO2e
Shifting cultivation - 1,200.674 GgCO2e
Deforestation - 37,340.974 GgCO2e

Activity Loss of carbon GHGemission Remark
Woodremoval 2,176.888 GgC Not accounted Not all the wood products are burnt
Harvestedwoodproducts Not estimated Not accounted Not needed to calculate in Tier 1 level

Fuelwoodremoval 26,936.418 GgC Accounted
GHGemissions are further estimated in
Energy sector but not included in the
National Totals

Site preparation for forest plantations - 1,863.207 GgCO21,863.207 GgCO21,863.207 GgCO e
Shifting cultivation - 1,200.674 GgCO21,200.674 GgCO21,200.674 GgCO e
Deforestation - 37,340.974 GgCO237,340.974 GgCO237,340.974 GgCO e



2012

Table 3.17: GHGemissions by different activities in 2000

Total (CO2 equivalent)
CO2 CO CH4 N2O NOx (Gg)
(Gg) (Gg) (Gg) (Gg) (Gg)

Forest plantations 1, 552.017 102.158 6.68 0.196 1.572 1,863.21

Shifting
cultivation

1 ,000.140 65.832 4.304 0.127 1.013 1,200.67

Deforestation 31,104.35 2,047.38 133.867 3.937 31.498 37,340.97

TOTAL 33,656.51 2 ,215.365 144.851 4.26 34.083 40,404.86

Activity
Emissions Total (CO2 equivalent)

CO2 CO CH4CH4CH N2O NOx (Gg)
(Gg) (Gg) (Gg) (Gg) (Gg)

Forest plantations 1, 552.017 102.158 6.68 0.196 1.572 1,863.21

Shifting
cultivation

1 ,000.140 65.832 4.304 0.127 1.013 1,200.67

Deforestation 31,104.35 2,047.38 133.867 3.937 31.498 37,340.97

TOTAL 33,656.51 2 ,215.365 144.851 4.26 34.083 40,404.86

Activity
Emissions

and that donot changepermanently toother landuse)
where thenaturalvegetationcould lead toanewforest
wereaccountedfor theestimation.Theaverageannual
area burnt for shifting cultivation for the year 2000
(forest land remaining as forest land)was 15,000 ha
yr-1- (FD, 2000).

GHG emissions from biomass burning by shifting
cultivation for the year 2000 were estimated to be
1,200. 674GgCO2equivalent (Table 3.17).

Deforestation
GHGemissions fromdeforestation share the largest
portionof theGHGemissions in landusechangeand
forestrysectorofMyanmar.Deforestation in theyear
2000was466,500 ha (FRA2005).All thedeforested
areas were not burnt. However the reliable data on
the land use change pattern (from forest land to
grassland, cropland, settlement,water body, etc)was
not available.Therefore, all thedeforested landswere
assumed to be burnt in this study for conservative
estimation.

GHGemissionsfrombiomassburningbydeforestation
for the year 2000 were estimated to be 37,340.974
GgCO2equivalent (Table 3.17).

(b) Total GHG emissioins by different
activities for the year 2000
The activities responsible for annual decrease in
biomasscarbonstocks in landusechangeand forestry
sector could be divided into two groups. One is the
activitywhich caused the annual decrease in carbon
stocks but could not be accounted for direct GHG
emission (eg.woodremoval); anotherwas theactivity
which could be accounted for directGHG emission
(eg. biomass burning). GHG emissions by selected
activities in this studyare shown inTable 3.16.
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In this study, thegreenhousegas emissions in the land
use changeand forestrysector for theyear 2000were
be estimated to be 40 404.855 Gg CO2e. The
activities and their GHG emissions are shown in
( Table 3.17).

(c) Net CO2 emissions/ removals in 2000

Total annual increase in biomass carbonstocks in the
forestry sector bynatural forest, forest plantations,
home garden trees and roadside trees accounted for
38, 787.61Ggof carbon,whichmeans the land use
changeand forestrysector ofMyanmarhad removed
142,221.19Gg ofCO2 from the atmosphere in year
2000.

On the other hand, total carbon loss by wood
removal, fuelwood removal andHWPaccounted for
29,113.31 Gg of Carbon. The total GHG emission
by biomass burning following land clearing was
estimated to be 40,404.855Gg of CO2e.

Therefore, the net annual CO2 removals of the land
use change and forestry sector ofMyanmar for the
year 2000 were estimated to be 101 816.38 Gg of
CO2e. The summary for the net CO2emissions/
removals for the year 2000 is shown inTable 3.18 .

Database and trend of GHG emission / removals
for the land use change and forestry sector
Following the same approach as incalculatingGHG
emissions and removals for theYear 2000, those for
the years 1990, 1995 and 2001 to 2005 were
calculated. The database for each source/sink
category in land use change and forestry sector is
presented in Appendix V. Net CO2 emissions/
removals during1990-2005 in the forestrysector are
summarized in Table 3.19.
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Table 3.18: GHGemissions / removals from land use change and forestry sector
in 2000

Activity CO2 emissions (Gg) CO2 removals (Gg) Net CO2 emissions/ removals (Gg)

Natural forests - 129,838.59 (-) 129,838.59
Forest plantations 1,863.21 11,750.04 (-) 9,886.833

Home garden trees - 470.07 (-) 470.07
Roadside trees - 162.49 (-) 162.49

Woodremoval - - -

Fuelwoodremoval (Energy sector) - -
Harvestedwood
products (HWP) - - -

Shifting cultivation 1,200.67 - (+) 1,200.674

Deforestation 37,340.97 - (+) 37,340.974

TOTAL 40,404.86 142,221.19 (-) 101,816.38

Activity CO2Activity CO2Activity CO emissions (Gg) CO2emissions (Gg) CO2emissions (Gg) CO removals (Gg) Net CO2removals (Gg) Net CO2removals (Gg) Net CO emissions/ removals (Gg)

Natural forests - 129,838.59 (-) 129,838.59
Forest plantations 1,863.21 11,750.04 (-) 9,886.833

Home garden trees - 470.07 (-) 470.07
Roadside trees - 162.49 (-) 162.49

Woodremoval - - -

Fuelwoodremoval (Energy sector) - -
Harvestedwood
products (HWP) - - -

Shifting cultivation 1,200.67 - (+) 1,200.674

Deforestation 37,340.97 - (+) 37,340.974

TOTAL 40,404.86 142,221.19 (-) 101,816.38
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Year Total annual CO2 emissions
(Gg)

Total annual CO2
removals (Gg)

Total net annual CO2
emissions/removals (Gg)

1990 40 ,855.26 154 ,034.90 (-) 113 ,179.64

1995 40 ,784.58 147 ,906.36 (-) 107 ,121.78

2000 40 ,404.85 142 ,221.23 (-) 101 ,816.38

2001 40 ,445.35 141 ,015.22 (-) 100,569.87

2002 40 ,425.18 139 ,825.50 (-) 99 ,400.32

2003 40 ,384.44 138 ,674.57 (-) 98 ,290.13

2004 40 ,447.27 137 ,473.85 (-) 97 ,026.58

2005 40 ,484.01 136 ,258.74 (-) 95 ,774.73

Year Total annual CO2 emissions
(Gg)

Total annual CO2Total annual CO2Total annual CO
removals (Gg)

Total net annual CO2
emissions/removals (Gg)

1990 40 ,855.26 154 ,034.90 (-) 113 ,179.64

1995 40 ,784.58 147 ,906.36 (-) 107 ,121.78

2000 40 ,404.85 142 ,221.23 (-) 101 ,816.38

2001 40 ,445.35 141 ,015.22 (-) 100,569.87

2002 40 ,425.18 139 ,825.50 (-) 99 ,400.32

2003 40 ,384.44 138 ,674.57 (-) 98 ,290.13

2004 40 ,447.27 137 ,473.85 (-) 97 ,026.58

2005 40 ,484.01 136 ,258.74 (-) 95 ,774.73

Table 3.19: Summary for net CO2 emissions / removals

Net GHG removal in land use change and forestry
sector shows amajor carbon sink. CO2 removal by
land use change and forestry sector can compensate
the total emission bydifferent sectors.However, the
trend of net GHG removal during 1990-2005 has
pointed out the constant decline becauseof decrease
in natural forest area.

3.6. Waste Sector

GHG emissions from solid waste, domestic and
commercialwastewater wereestimated for thewaste
sector in Myanmar following the IPCC 2006
Guidelines. Like inmost developing countries, only
very limited information was availabled onwaste
quantities and waste management practices.

Therefore, themethane emissions from the waste
sectorwere estimatedmainly frompopulation data
in urban areas.

For theactivitydata,MunicipalSolidWasteobtained
fromYangonCityDevelopmentCommittee (YCDC)
and the Statistical Year Book of Myanmar were
applied in the calculations.

Methaneemissions fromwaste sector was estimated
from twodifferent categories, namely(1) disposal of
solid waste and (2) treatment of domestic and
commercialwastewater.
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and sludge, are common both in developed and
developing countries.The advantages of biological
treatments include reduced volume in the waste
material, stabilization of the waste, destruction of
pathogens in the waste material, and production of
biogas for energy use. However, they are not yet
practiced in Myanmar. The dumping of these solid
wastes released 133.31 Gg of CH4, equivalent to
2,799.51Gg of CO2 emitting into the atmosphere.

Wastewater
Emissions fromdomesticandcommercialwastewater
treatments were estimated according to the IPCC
2006 Guidelines, in which the urban population and
default valueswere applied. It was assumed that 30%
of total population (15.3 million) lived in urban areas
in the year 2000.
CH4 emission from domestic and commercial
wastewater was estimated to be 0.083 Gg in 2000.
Degradable Organic Component (DOC) for 1000
persons per year and the fraction of DOC removed
as sludge were 14,600 kg and 0.09 respectively in
thecalculation.Totalmethaneemissionfromdomestic
andcommercialwastewaterandsludgewasestimated
to be 1.257 Gg and 1.198 Gg respectively.

Methane emission from waste sector in 2000
For the year 2000, the total methane emissions from
waste sector were estimated to be 134.57 Gg. of
which the disposal of solid waste contributed 133.31
Gg(99%), and domestic andcommercial wastewater
treatment contributed 1.198 Gg (1%) of CH4
emission.

Database and trend of GHG emission for waste
sector
Data for total CH4 emissions from the disposal of
solid wastecontributedanddomesticand commercial
wastewater were described in Table 3.20.
The trends of estimated methane emissions from
waste sector of Myanmar were increasing due to the
increase of total population especially in urban area.
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Urban infrastructural services and the wastes
generated in the urban areas produce GHGs due to
decomposition oforganic materials. However, in the
cities and large towns, solid waste is decomposed by
landfilling,especiallyinlow-lyingareaslocatedinsub-
urban areas. Due to the piling of waste over years,
anaerobic conditions develop and hence these
dumping sites generate large quantities of biogas
containinga fairlylarge amount of methane.

In rural areas and small towns, there is no systematic
waste management system. It can be assumed that
no CH4 is generated as anaerobic conditions do not
develop in these areas.

As the waste generated in the rural part is typically
scattered in the agricultural fields rather than in solid
waste disposal sites, they tend to decay aerobically
generatingextremelylowCH4 emissions. Hence,only
the urban population was taken into account for the
estimation of solid waste in this chapter.

Total population in Myanmar in 2000 was 50.125
millions of which the population in urban area was
15.03 million. In general, amount of solid waste was
about 0.278kgper capita accordingto the calculation
of YCDC. It was also assumed that total generated
wastes were 1,514.12 Gg and 80 %(1,211.9 Gg)
were taken to the SolidWaste DisposalSite (SWDS)
in the year 2000.

Waste incinerationis thecombustionofsolidandliquid
waste in controlled incineration facilities. It was
assumed that about 8 percent of waste collected was
incinerated and open-burned in sub-urban townships
and quarters. Information on basic data such as
amount of waste, waste sorting, and waste treatment
practicewerenotavailable.Therefore emissions from
incineration and open burning were not included in
this study.

Biological treatments of solid wastes, that are
compostingandanaerobicdigestionsoforganicwaste,
such as food waste, waste from gardens and parks

Solid Waste
Waste includes agricultural waste (mainly crop
residues), livestockwaste(farmingmanure), industrial
waste and domestic/municipal waste.
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3.7. GHG inventory in Myanmar for
the year 2000

GHG emissions in Myanmar for the year 2000
SummaryofGHGemissions inMyanmarfor theyear
2000 is presented in Table 3.21 with a total net
emission amounting to – 67,820.5GgCO2e. Total
CO2 emission in Myanmar for the year 2000 was
estimated to be 41,563.75 Gg.

Emissions fromenergysectorhavebeenestimated at
7,863.47 Gg CO2e. Emissions from traditional
biomassburned forenergyaccounted for 28,297.82
GgCO2e. However, theseemissions arenot included
in the calculation of national totals since theyare far
less than the total net emissions andwithin the range
of sustainability. Itwas reportedonlyfor information
in this study.

CH4 was emitted from agriculture and livestock
sector emitted 963.73 Gg of CH4 ; forestry sector
produced the largest amount of GHGemissions of
40,404.73 Gg CO2e.

GHG removals in Myanmar for the year 2000
Due to the biomass growth in natural forests, forest
plantations, road side trees and home garden trees,
landusechangeandforestrywas theonlysectorwhich
absorbedCO2 in thecountryamouting to142,221.19
Gg. The country’s net emissions turned out to be

Table 3.20 Estimation of CH4emission forwaste sector

Year
From
SWDs

FromDomestic &
Commerical waste-water

From
Sludge

Total
Emissions

2000 133.31 Gg 1.198 Gg 0.059 Gg 134.57 Gg

2001 136.05 Gg 1.222 Gg 0.060 Gg 137.206 Gg

2002 138.01 Gg 1.240 Gg 0.061 Gg 139.311 Gg

2003 141.59 Gg 1.272 Gg 0.063 Gg 142.925 Gg

2004 144.396 Gg 1.297 Gg 0.064 Gg 145.757 Gg

2005 147.32 Gg 1.320 Gg 0.065 Gg 148.70 Gg

2010 157.32 Gg 1.420 Gg 0.070 Gg 159.44 Gg

2015 172.690 Gg 1.550 Gg 0.076 Gg 174.30 Gg

2020 188.650 Gg 1.700 Gg 0.083 Gg 190.40 Gg

Year
From
SWDs

FromDomestic &
Commerical waste-water

From
Sludge

Total
Emissions

2000 133.31 Gg 1.198 Gg 0.059 Gg 134.57 Gg

2001 136.05 Gg 1.222 Gg 0.060 Gg 137.206 Gg

2002 138.01 Gg 1.240 Gg 0.061 Gg 139.311 Gg

2003 141.59 Gg 1.272 Gg 0.063 Gg 142.925 Gg

2004 144.396 Gg 1.297 Gg 0.064 Gg 145.757 Gg

2005 147.32 Gg 1.320 Gg 0.065 Gg 148.70 Gg

2010 157.32 Gg 1.420 Gg 0.070 Gg 159.44 Gg

2015 172.690 Gg 1.550 Gg 0.076 Gg 174.30 Gg

2020 188.650 Gg 1.700 Gg 0.083 Gg 190.40 Gg

-67,820.50 Gg CO2e (67.8 million tons of CO2).
Therefore,Myanmar can be said to be a green city
owing to its vast extent of natural forests.
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Table 3.21.Summary Table: GHG emissions and removals in Myanmar in 2000

CO2 CO2 CH4 N2 O CO NO x NMVOCs SOx SF 6 ODS

Emissions Removals (Gg) (Gg) (Gg) (Gg) (Gg) (Gg) (Gg) (Gg)

(Gg) (Gg)
Total national emissions and removals 41563.75 142221.2 1248.79 12.94 2216.18 34.1 4.57 - 0.003 0.11

1. Energy 7658.65 - 5.62 0.28 - - - - - -

A. Fuel conversion (sectoral approach)

1. Energy Industries 2323.02 - - - - - - - - -

2. Manufacturing industries and construction 784.83 - - 0.08 - - - - - -

3. Transport 2129.98 - 0.46 0.1 - - - - - -

4. Other sectors

(Commercial institution) 888.55 - - - - - - - - -

(Residential) 42.87 - - - - - - - - -

(Agriculture/Forestry/Fishery) 596.9 - - 0.1 - - - - - -

5.Other (please specify) 892.5 - - - - - - - - -

B. Fugitive emissions from fuels

1. Solid fuels (Coal mining) - - 0.53 - - - - - - -

2. Oil and natural gas - - 4.63 - - - - - - -

2. Industrial processes 241.2 - - - - - 4.57 - 0.003 0.11

A. Mineral products 32.48 - - - - - - - - -

B. Chemical industry 0.8 - - - - - 4.57 - - -

C. M etal production 4.34 - - - - - - - - -

D. Cement production 203.23 - - - - - - - - -

E. Production of halocarbons and sulphur hexafluoride

F. Consumption of halocarbons and sulphur
hexafluoride

G. Other (please specify)

(Carbide for acetylene production) 0.35 - - - - - - - - -

(Refrigeration & air conditioning) - - - - - - - - - 0.11

(Electrical Equipment) - - - - - - - - 0.003 -

3. Solvent and other product use 7.39 - - - - - - - - -

4. Agriculture - - 963.75 8.4 0.81 - - - - -

A. Enteric fermentation - - 404.43 0.1743 - - - - - -

B. M anure management - - 52.07 0.0257 - - - - - -

C. Rice cultivation - - 507.23 - - - - - - -

D. Agricultural soils - - - 8.2 - - - - - -

E. Prescribed burning of savannahs

F. Field burning of agricultural residues - - 0.024 0.0006 0.81 - - - - -

G. Other (please specify) - - - - - - - - - -

5. Land-use change and forestry 33656.51 142221.19 144.85 4.26 2215.37 34.08 - - - -

A. Changes in forest and other woody biomass 2552.157 11750.04 10.983 0.323 167.99 2.582 - - - -

GREENHOUSE GAS SOURCE AND SINK
CATEGORIES
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* Traditional biomass fuel combustion: Not included in national GHG inventory calculations.
Notes: Shaded cells do not require entries.
a The following standard indicators should be used, as appropriate, for emissions by sources and removals by sinks of
GHgs: NO (not occurring) for activities or processes that do not occur for a particular gas or source/sink category within
a country, NE (not estimated) for existing emissions and removals which have not been estimated, NA (not applicable) for
activities in a given source/sink category which do not result in emissions or removals of a specific gas, IE (Included
elsewhere) for emissions and removals estimated but included in elsewhere in the inventory (Parties should indicate where
the emissions or removals have been included), C (confidential) for emissions and removals which lead to the disclosure of
confidential information.
b Do not provide an estimate of both CO

2
emissions and CO

2
removals. “Net” emissions (emissions – removals) of CO

2

should be estimated and a single number placed in either the CO
2

emissions or CO
2

removals column, as appropriate. Note
that for the purpose of reporting, the signs for removals are always (-) and for emissions (+).

B. Forest and grassland conversion 31104.35 - 133.867 3.937 2047.38 31.498 - - - -

C. Abandonment of managed lands - 129838.59 - - - - - - - -

D. CO2 emissions and removals from soils NE NE

E. Other (please specify)

(Home gardens) - 470.07 - - - - - - - -

(Road side trees) - 162.49 - - - - - - - -

6. Waste - - 134.57 - - - - - - -

A. Solid waste disposal on land - - 133.31 - - - - - - -

B. Waste water handling - - 1.257 - - - - - - -

C. Waste incineration - - - - - - - - - -

D. Other (please specify) - - - - - - - - -

7. Other (please specify)

Memo items

International bunkers

Aviation

Marine

CO2 emissions from biomass 27475.3 - 7.36 0.98 - - - - - -
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The Trend of GHG emissions in Myanmar
Thetrendanalysis inEnergySector, includingindustrial
processes and product use, for the short term (2000-
2005) indicated manyfluctuations inestimatingGHG
emission.ThemainGHGsources in thesector include
energy industries and transportation which are
responsible for most CO2 emissions. Thus, the
industrial and economic development will largely
influence the GHG emissions from energy sector.
NMVOC, ODS, SF6 emissions also show substantial
amount. However, those GHGs are covered by
Montreal Protocol and have to be deducted from
industrial sector. Thus, the trend for NMVOC, ODS,
SF6 emissions are expected to be decrease.

The trends for GHG emissions in agriculture and
livestock sectors clearlyhighlighted a sharp increase
in short-term (2000-2005) periods. Due to the
increase in the net sown area and more inputs in
agricultural systems and the increased domestic
animals in livestock sector, the CH4 and N2O
emissions are likely to increase.

Waste sector also shows increase in CH4 emissions
due to the population growth and increased urban
population. The CH4 emission is likely to drastically
increase for both short- and long- terms.
Land use change and forestry sector was the major
GHGemitter in thecountry.Themajoremissionscame
fromdeforestation,shiftingcultivationandlandclearing
for forest plantations.

The total annual CO2 removals bynatural forests are
decliningsteadilyduetodeforestationanddegradation.
Since forests constitute both a source and a sink of
CO2,, vitally important that they are protected,
conserved and manged in a sustainable manner.
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Appendix I: Energy Sector Database

Table 3A1.1: Energy SectorDatabase: Fuel production, import and export

Table 3A1.2: Energy SectorDatabase: Fuel consumption (TJ)

2000 2001 2002 2003 2004 2005

Crude oil (gal) 144,693,019 168,687,423 223,357,902 250,602,772 261,735,659 278,850,523
Sub-bituminous coal
(Ton) 146,583 97,239 115,175 169,728 230,384 201,830

Natural gas

(drymmcf)

Crude oil (gal) 106,581,618 218,934,181 101,034,966 8,637,051

Gasoline (gal) 12,236,000

Diesel (gal) 117,333,000

PetroleumCoke (Ton) 32,951 33,457 34,510 25,160 21,686 19,515

Natural Gas (mmcf) 246,425 242,787 295,598 304,600 353,408 368,913

Import

Export

Production

299,388 310,502 331,419 349,965 426,171
437,729

2000 2001 2002 2003 2004 2005

Crude oil (gal) 144,693,019 168,687,423 223,357,902 250,602,772 261,735,659 278,850,523
Sub-bituminous coal
(Ton) 146,583 97,239 115,175 169,728 230,384 201,830

Natural gas

(drymmcf)

Crude oil (gal) 106,581,618 218,934,181 101,034,966 8,637,051

Gasoline (gal) 12,236,000

Diesel (gal) 117,333,000

PetroleumCoke (Ton) 32,951 33,457 34,510 25,160 21,686 19,515

Natural Gas (mmcf) 246,425 242,787 295,598 304,600 353,408 368,913

Import

Export

Production

299,388 310,502 331,419 349,965 426,171
437,729

2000 2001 2002 2003 2004 2005

Gasoline 15,327.48 13,867.23 14,593.62 16,899.61 16,899.60 16,908.56

Jet Kerosene 1,293.09 1,293.09 1,293.09 1,293.09 1,293.09 1,293.09

Residual fuel oil 5,861.48 4,992.53 6,110.50 5,386.09 4,633.81 3,893.72

LPG 712.25 730.51 721.19 596.37 558.35 463.38

Diesel oil 48,741.16 39,259.07 45,049.61 44,349.38 38,603.01 41,113.34

Sub-bituminous Coal 1,296.97 3,423.92 2,623.09 3,106.32 4,854.53 4,894.06

Natural gas (dry) 41,698.39 37,477.68 43,095.36 48,831.25 66,466.94 52,397.01
SolidBiomass 248,509.71 254,868.29 260,509.87 268,977.70 297,684.23 275,013.21

2000 2001 2002 2003 2004 2005

Gasoline 15,327.48 13,867.23 14,593.62 16,899.61 16,899.60 16,908.56

Jet Kerosene 1,293.09 1,293.09 1,293.09 1,293.09 1,293.09 1,293.09

Residual fuel oil 5,861.48 4,992.53 6,110.50 5,386.09 4,633.81 3,893.72

LPG 712.25 730.51 721.19 596.37 558.35 463.38

Diesel oil 48,741.16 39,259.07 45,049.61 44,349.38 38,603.01 41,113.34

Sub-bituminous Coal 1,296.97 3,423.92 2,623.09 3,106.32 4,854.53 4,894.06

Natural gas (dry) 41,698.39 37,477.68 43,095.36 48,831.25 66,466.94 52,397.01
SolidBiomass 248,509.71 254,868.29 260,509.87 268,977.70 297,684.23 275,013.21
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Appendix I: Energy Sector Database

Table 3A1.3: Energy SectorDatabase: Fuel consumption by sub-sectors (TJ)

Table 3A1.4: Energy SectorDatabase:Traditional biomass burned

2000 2001 2002 2003 2004 2005

Natural Gas (dry) 41,616.62 37,997.02 43,019.12 48,749.48 66,301.21 50,805.92

Gasoline 171.75 141.02 134.52 117.73 132.99 128.23

Residual fuel oil 5,861.48 4,992.53 6,110.50 5,386.09 4,633.81 3,893.72

LPG 25.59 25.26 26.15 25.89 25.56 25.01

Diesel oil 2,818.63 2,313.28 2,410.85 2,387.12 2,253.50 2,025.35

Sub-bituminous Coal 1,269.10 3,310.40 2,566.84 2,945.33 4,717.79 2,607.09

Gasoline 12,178.85 11,019.19 12,083.21 14,300.72 14,371.26 14,235.68

Jet Kerosene 1,293.09 1,293.09 1,293.09 1,293.09 1,293.09 1,293.09

Diesel oil 16,277.95 15,219.07 21,208.23 19,295.85 19,148.88 17,379.87

Sub-bituminous Coal 27.86 113.52 56.24 160.99 136.74 0.06

Natural gas (dry) 81.76 80.66 76.24 81.76 165.74 1,591.09

Gasoline 2,976.88 2,707.03 2,375.89 2,481.15 2,395.35 2,544.64

LPG 686.65 705.24 695.04 570.48 532.78 438.37

Diesel oil 29,644.58 21307.15 21026.33 22189.13 16747.49 21,633.24

Solidbiomass 248,509.71 254,868.29 260,509.87 268,977.70 297,684.23 275,013.21

Energy andTransformation Industries

Industry andConstruction

Transport

Small Combustion

Biomass

2000 2001 2002 2003 2004 2005

Natural Gas (dry) 41,616.62 37,997.02 43,019.12 48,749.48 66,301.21 50,805.92

Gasoline 171.75 141.02 134.52 117.73 132.99 128.23

Residual fuel oil 5,861.48 4,992.53 6,110.50 5,386.09 4,633.81 3,893.72

LPG 25.59 25.26 26.15 25.89 25.56 25.01

Diesel oil 2,818.63 2,313.28 2,410.85 2,387.12 2,253.50 2,025.35

Sub-bituminous Coal 1,269.10 3,310.40 2,566.84 2,945.33 4,717.79 2,607.09

Gasoline 12,178.85 11,019.19 12,083.21 14,300.72 14,371.26 14,235.68

Jet Kerosene 1,293.09 1,293.09 1,293.09 1,293.09 1,293.09 1,293.09

Diesel oil 16,277.95 15,219.07 21,208.23 19,295.85 19,148.88 17,379.87

Sub-bituminous Coal 27.86 113.52 56.24 160.99 136.74 0.06

Natural gas (dry) 81.76 80.66 76.24 81.76 165.74 1,591.09

Gasoline 2,976.88 2,707.03 2,375.89 2,481.15 2,395.35 2,544.64

LPG 686.65 705.24 695.04 570.48 532.78 438.37

Diesel oil 29,644.58 21307.15 21026.33 22189.13 16747.49 21,633.24

Solidbiomass

Energy andTransformation Industries

Industry andConstruction

Transport

Small Combustion

Biomass

248,509.71 254,868.29 260,509.87 268,977.70 297,684.23 275,013.21248,509.71 254,868.29 260,509.87 268,977.70 297,684.23 275,013.21248,509.71 254,868.29 260,509.87 268,977.70 297,684.23 275,013.21248,509.71 254,868.29 260,509.87 268,977.70 297,684.23 275,013.21248,509.71 254,868.29 260,509.87 268,977.70 297,684.23 275,013.21248,509.71 254,868.29 260,509.87 268,977.70 297,684.23 275,013.21

2000 2001 2002 2003 2004 2005

Total population 50,125,000 51,138,000 52,171,000 53,224,000 54,299,000 553,936,000

Total annual fuelwood
consumption (kt dm) 15,725.33 16,086.80 16,406.79 16,781.97 17,034.29 17,366.89
Per capita fuelwood
consumption (ton) 0.31 0.32 0.33 0.33 0.34 0.35

Charcoal consumption
(kt dm) 108.29 132.69 154.7 243.36 133 138.64

Population Characteristics

Fuelwood

Charcoal

2000 2001 2002 2003 2004 2005

Total population 50,125,000 51,138,000 52,171,000 53,224,000 54,299,000 553,936,000

Total annual fuelwood
consumption (kt dm)
Per capita fuelwood
consumption (ton)

Charcoal consumption
(kt dm) 108.29 132.69 154.7 243.36 133 138.64

Population Characteristics

Fuelwood

Charcoal

15,725.33 16,086.80 16,406.79 16,781.97 17,034.29 17,366.8915,725.33 16,086.80 16,406.79 16,781.97 17,034.29 17,366.8915,725.33 16,086.80 16,406.79 16,781.97 17,034.29 17,366.8915,725.33 16,086.80 16,406.79 16,781.97 17,034.29 17,366.8915,725.33 16,086.80 16,406.79 16,781.97 17,034.29 17,366.8915,725.33 16,086.80 16,406.79 16,781.97 17,034.29 17,366.89

0.31 0.32 0.33 0.33 0.34 0.350.31 0.32 0.33 0.33 0.34 0.350.31 0.32 0.33 0.33 0.34 0.350.31 0.32 0.33 0.33 0.34 0.350.31 0.32 0.33 0.33 0.34 0.350.31 0.32 0.33 0.33 0.34 0.35
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Appendix II: Industrial Processes and Product Use Sector Database

Table 3A2.1: Industrial Processes and Product Use SectorDatabase: Production in Industrial
Processes of Myanmar

Appendix III: Agricultural SectorDatabase

Table 3A3.1: Agricultural SectorDatabase:Theharvested area and production of fourmajor crops
inMyanmar for the years 1990, 1995, 2000, and 2001-2005

Production 2000 2001 2002 2003 2004 2005

Cement (kt) 407.67 383.12 475.36 587.38 534.56 542.1

Limestone (kt) 39.93 28.41 43.32 46.93 38.33 20.09

Iron (kt) 2.76 2.76 2.76 2.76 2.76 2.76

Steel (kt) 7.59 7.59 7.59 7.59 7.59 7.59

Glass (kt) 15.03 13.91 15.95 14.19 13.7 9.71

Urea (kt) 160 39 61 142 95 100

Alcohol (hl) 242,393 246,757 235,801 197,887 208,343 185,750

Beer (hl) 55,007 87,465 85,964 84,374 113,332 94,830

Sugar (kt) 92.94 113.79 74.33 54.06 52.92 38.12

Shrimp(kt) 1.02 1.18 0.95 1.05 1.03 1.03

Biscuit (kt) 1.54 1.66 2.24 2.1 2.43 2.19

CalciumCarbide
Use (kt)

0.25 0.25 0.25 0.25 0.25 0.25

Production 2000 2001 2002 2003 2004 2005

Cement (kt) 407.67 383.12 475.36 587.38 534.56 542.1

Limestone (kt) 39.93 28.41 43.32 46.93 38.33 20.09

Iron (kt) 2.76 2.76 2.76 2.76 2.76 2.76

Steel (kt) 7.59 7.59 7.59 7.59 7.59 7.59

Glass (kt) 15.03 13.91 15.95 14.19 13.7 9.71

Urea (kt) 160 39 61 142 95 100

Alcohol (hl) 242,393 246,757 235,801 197,887 208,343 185,750

Beer (hl) 55,007 87,465 85,964 84,374 113,332 94,830

Sugar (kt) 92.94 113.79 74.33 54.06 52.92 38.12

Shrimp(kt) 1.02 1.18 0.95 1.05 1.03 1.03

Biscuit (kt) 1.54 1.66 2.24 2.1 2.43 2.19

CalciumCarbide
Use (kt)

0.25 0.25 0.25 0.25 0.25 0.25

CropProduction 1990 1995 2000 2001 2002 2003 2004 2005

Rice :

HarvestedArea (,000 ha) 6,033 6,302 6,412 6,377 6,528 6,808 7,384

CropProduction ( ,000 MT ) 4,760 18,580 21,324 21,916 21,805 23,136 24,752 27,683

13,748

Wheat :

HarvestedArea (,000 ha) 91 80 79 83 95 108 112

CropProduction (,000 MT ) 136 78 94 96 107 124 152 159

121

Maize :

HarvestedArea (,000 ha) 125 162 211 251 268 284 293 320

CropProduction ( ,000 MT ) 184 275 365 532 603 704 784 918

Sugarcane :

HarvestedArea (,000 ha) 44 64 133 161 142 149 140 129

CropProduction (,000 MT ) 1,930 3,251 5,894 7,211 6,429 7,030 7,311 7,187

CropProduction 1990 1995 2000 2001 2002 2003 2004 2005CropProduction 1990 1995 2000 2001 2002 2003 2004 2005CropProduction 1990 1995 2000 2001 2002 2003 2004 2005CropProduction 1990 1995 2000 2001 2002 2003 2004 2005CropProduction 1990 1995 2000 2001 2002 2003 2004 2005

Rice :

HarvestedArea (,000 ha) 6,033 6,302 6,412 6,377 6,528 6,808 7,384

CropProduction ( ,000 MT ) 4,760 18,580 21,324 21,916 21,805 23,136 24,752 27,683

13,748

Wheat :

HarvestedArea (,000 ha) 91 80 79 83 95 108 11291 80 79 83 95 108 11291 80 79 83 95 108 11291 80 79 83 95 108 112

CropProduction (,000 MT ) 136 78 94 96 107 124 152 159136 78 94 96 107 124 152 159136 78 94 96 107 124 152 159136 78 94 96 107 124 152 159136 78 94 96 107 124 152 159

121

Maize :

HarvestedArea (,000 ha) 125 162 211 251 268 284 293 320

CropProduction ( ,000 MT ) 184 275 365 532 603 704 784 918

Sugarcane :

HarvestedArea (,000 ha) 44 64 133 161 142 149 140 12944 64 133 161 142 149 140 12944 64 133 161 142 149 140 12944 64 133 161 142 149 140 12944 64 133 161 142 149 140 129

CropProduction (,000 MT ) 1,930 3,251 5,894 7,211 6,429 7,030 7,311 7,1871,930 3,251 5,894 7,211 6,429 7,030 7,311 7,1871,930 3,251 5,894 7,211 6,429 7,030 7,311 7,1871,930 3,251 5,894 7,211 6,429 7,030 7,311 7,1871,930 3,251 5,894 7,211 6,429 7,030 7,311 7,187
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Table 3A3.2: Agricultural SectorDatabase: Total harvested area, variety of rice in terms of
growing time and irrigation types inMyanmar for the years 1990, 1995, 2000, and 2001-2005.

Table 3A3.3:Agricultural SectorDatabase: Use of fertilizers in agriculture sector

1990 1995 2000 2001 2002 2003 2004 2005
Total harvestedarea (,000 ha) 4,617 5,852 6,302 6,220 6,185 6,332 6,603 7,163
Areacultivatedwith short-term
variety (,000 ha) 869 1,767 1,853 1,853 1,845 1,892 1,879 2,100
Season lengthof short-term
variety (days) 110 110 110 110 110 110 110 110
Areacultivatedwithmedium-term
variety (,000 ha) 2,939 3,059 3,189 3,277 3,256 3,330 3,567 3,808

Season lengthofmedium-term
variety (days) 135 135 135 135 135 135 135 135

Areacultivatedwith long-term
variety (,000 ha) 809 1,026 1,071 1,090 1,084 1,110 1,157 1,255

Season lengthof long-termvariety
(days) 170 170 170 170 170 170 170 170
Irrigatedrice% 18.3 29.3 29.4 28.9 28.9 29 27.6 28.4

Rain-fed: Favorable FloodProne 49.7 38.7 38.6 39.1 39.1 39 40.4 39.6
DroughtProne 12 12 12 12 12 12 12 12

Deepwater rice 17 17 17 17 17 17 17 17

1990 1995 2000 2001 2002 2003 2004 20051990 1995 2000 2001 2002 2003 2004 20051990 1995 2000 2001 2002 2003 2004 20051990 1995 2000 2001 2002 2003 2004 20051990 1995 2000 2001 2002 2003 2004 2005
Total harvestedarea (,000 ha) 4,617 5,852 6,302 6,220 6,185 6,332 6,603 7,163
Areacultivatedwith short-term
variety (,000 ha) 869 1,767 1,853 1,853 1,845 1,892 1,879 2,100869 1,767 1,853 1,853 1,845 1,892 1,879 2,100869 1,767 1,853 1,853 1,845 1,892 1,879 2,100869 1,767 1,853 1,853 1,845 1,892 1,879 2,100869 1,767 1,853 1,853 1,845 1,892 1,879 2,100
Season lengthof short-term
variety (days) 110 110 110 110 110 110 110 110
Areacultivatedwithmedium-term
variety (,000 ha) 2,939 3,059 3,189 3,277 3,256 3,330 3,567 3,8082,939 3,059 3,189 3,277 3,256 3,330 3,567 3,8082,939 3,059 3,189 3,277 3,256 3,330 3,567 3,8082,939 3,059 3,189 3,277 3,256 3,330 3,567 3,8082,939 3,059 3,189 3,277 3,256 3,330 3,567 3,808

Season lengthofmedium-term
variety (days) 135 135 135 135 135 135 135 135

Areacultivatedwith long-term
variety (,000 ha) 809 1,026 1,071 1,090 1,084 1,110 1,157 1,255809 1,026 1,071 1,090 1,084 1,110 1,157 1,255809 1,026 1,071 1,090 1,084 1,110 1,157 1,255809 1,026 1,071 1,090 1,084 1,110 1,157 1,255809 1,026 1,071 1,090 1,084 1,110 1,157 1,255

Season lengthof long-termvariety
(days) 170 170 170 170 170 170 170 170
Irrigatedrice% 18.3 29.3 29.4 28.9 28.9 29 27.6 28.418.3 29.3 29.4 28.9 28.9 29 27.6 28.418.3 29.3 29.4 28.9 28.9 29 27.6 28.418.3 29.3 29.4 28.9 28.9 29 27.6 28.418.3 29.3 29.4 28.9 28.9 29 27.6 28.4

Rain-fed: Favorable FloodProne 49.7 38.7 38.6 39.1 39.1 39 40.4 39.6
DroughtProne 12 12 12 12 12 12 12 12

Deepwater rice 17 17 17 17 17 17 1717 17 17 17 17 17 1717 17 17 17 17 17 1717 17 17 17 17 17 1717 17 17 17 17 17 17 17

Types of inputs

(,000 kg N )

Nitrogen Fertilizer Application
184,179 230,976 259,236 264,968 267,626 277,118 289,396 308,359

Animal manure application 32,691 42,358 49,349 50,793 51,501 53,402 55,819 59,246

Plant residues application 249,630 324,929 362,408 373,300 372,166 391,177 416,710 473,399

2004 20051990 1995 2000 2001 2002 2003

Types of inputs

(,000 kg N )

Nitrogen Fertilizer Application
184,179 230,976 259,236 264,968 267,626 277,118 289,396 308,359

Animal manure application 32,691 42,358 49,349 50,793 51,501 53,402 55,819 59,24632,691 42,358 49,349 50,793 51,501 53,402 55,819 59,24632,691 42,358 49,349 50,793 51,501 53,402 55,819 59,24632,691 42,358 49,349 50,793 51,501 53,402 55,819 59,24632,691 42,358 49,349 50,793 51,501 53,402 55,819 59,24632,691 42,358 49,349 50,793 51,501 53,402 55,819 59,246

Plant residues application 249,630 324,929 362,408 373,300 372,166 391,177 416,710 473,399Plant residues application 249,630 324,929 362,408 373,300 372,166 391,177 416,710 473,399Plant residues application 249,630 324,929 362,408 373,300 372,166 391,177 416,710 473,399Plant residues application 249,630 324,929 362,408 373,300 372,166 391,177 416,710 473,399Plant residues application 249,630 324,929 362,408 373,300 372,166 391,177 416,710 473,399

2004 20052004 20051990 1995 2000 2001 2002 20031990 1995 2000 2001 2002 20031990 1995 2000 2001 2002 20031990 1995 2000 2001 2002 20031990 1995 2000 2001 2002 2003
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Table 3A3.4: Agricultural SectorDatabase:Annual burning of crop residues in agriculture sector

Annual burning of CropResidues 1990 1995 2000 2001 2002 2003 2004 2005
Rice :
Annual burning area (20% of Total harvestedarea) 952 1,207 1,260 1,282 1,275 1,306 1,362 1,477
Mass of fuel available for combustion ( ton / ha ) 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Annual burning of CropResidues (MT) 5,236 6,639 6,930 7,051 7,013 7,183 7,491 8,124
Wheat :
Annual burning area (85 % of Total harvestedarea) 116 77 68 67 71 81 92 95
Mass of fuel available for combustion ( ton / ha ) 4 4 4 4 4 4 4 4
Annual burning of CropResidues (MT) 464 308 272 268 284 324 368 380
Maize :

Annual burning area (35 % of Total harvestedarea) 44 57 74 88 94 100 102 112
Mass of fuel available for combustion ( ton / ha ) 10 10 10 10 10 10 10 10
Annual burning of CropResidues (MT) 440 570 740 880 940 1,000 1,020 1,120
Sugarcane :
Annual burning area (100% of Total harvestedarea) 45 64 133 158 142 146 140 129
Mass of fuel available for combustion ( ton / ha ) 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5
Annual burning of CropResidues (MT) 293 416 865 1,027 923 949 910 839

Annual burning of CropResidues 1990 1995 2000 2001 2002 2003 2004 20051990 1995 2000 2001 2002 2003 2004 20051990 1995 2000 2001 2002 2003 2004 20051990 1995 2000 2001 2002 2003 2004 20051990 1995 2000 2001 2002 2003 2004 2005
Rice :
Annual burning area (20% of Total harvestedarea) 952 1,207 1,260 1,282 1,275 1,306 1,362 1,477
Mass of fuel available for combustion ( ton / ha ) 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
Annual burning of CropResidues (MT) 5,236 6,639 6,930 7,051 7,013 7,183 7,491 8,124
Wheat :
Annual burning area (85 % of Total harvestedarea) 116 77 68 67 71 81 92 95116 77 68 67 71 81 92 95116 77 68 67 71 81 92 95116 77 68 67 71 81 92 95116 77 68 67 71 81 92 95
Mass of fuel available for combustion ( ton / ha ) 4 4 4 4 4 4 4 44 4 4 4 4 4 4 44 4 4 4 4 4 4 44 4 4 4 4 4 4 44 4 4 4 4 4 4 4
Annual burning of CropResidues (MT) 464 308 272 268 284 324 368 380464 308 272 268 284 324 368 380464 308 272 268 284 324 368 380464 308 272 268 284 324 368 380464 308 272 268 284 324 368 380
Maize :

Annual burning area (35 % of Total harvestedarea) 44 57 74 88 94 100 102 112
Mass of fuel available for combustion ( ton / ha ) 10 10 10 10 10 10 10 10
Annual burning of CropResidues (MT) 440 570 740 880 940 1,000 1,020 1,120
Sugarcane :
Annual burning area (100% of Total harvestedarea) 45 64 133 158 142 146 140 12945 64 133 158 142 146 140 12945 64 133 158 142 146 140 12945 64 133 158 142 146 140 12945 64 133 158 142 146 140 129
Mass of fuel available for combustion ( ton / ha ) 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.56.5 6.5 6.5 6.5 6.5 6.5 6.5 6.56.5 6.5 6.5 6.5 6.5 6.5 6.5 6.56.5 6.5 6.5 6.5 6.5 6.5 6.5 6.56.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5
Annual burning of CropResidues (MT) 293 416 865 1,027 923 949 910 839293 416 865 1,027 923 949 910 839293 416 865 1,027 923 949 910 839293 416 865 1,027 923 949 910 839293 416 865 1,027 923 949 910 839
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1990 1995 2000 2001 2002 2003 2004 2005

Cattle 9.3 9.86 10.98 11.24 11.57 11.75 11.94 12.15

Dairy cows 0.17 0.18 0.2 0.21 0.21 0.22 0.22 0.23

Cattle other than

dairy cows

Buffalo 2.1 2.2 2.4 2.5 2.6 2.6 2.7 2.7

Sheep 0.29 0.32 0.39 0.4 0.4 0.46 0.49 0.52

Goat 1.06 1.18 1.41 1.48 1.48 1.67 1.76 1.91

Horses, mule

andasses

Swine 2.28 2.97 3.97 4.26 4.62 4.98 5.36 5.78

Poultry 27.28 34.32 55.21 63.03 70.56 81.59 86.97 95.54

Milk production

(kg/head/year)
2,196 2,4801,198 1,271 1,825 1,849 1,929 1,985

11.72 11.92

0.12 0.12 0.13 0.13 0.13 0.13 0.13 0.13

9.13 9.68 10.78 11.03 11.36 11.53

1990 1995 2000 2001 2002 2003 2004 2005

Cattle 9.3 9.86 10.98 11.24 11.57 11.75 11.94 12.15

Dairy cowsDairy cowsDairy cows 0.17 0.18 0.2 0.21 0.21 0.22 0.22 0.230.17 0.18 0.2 0.21 0.21 0.22 0.22 0.230.17 0.18 0.2 0.21 0.21 0.22 0.22 0.23

Cattle other than

dairy cows

Buffalo 2.1 2.2 2.4 2.5 2.6 2.6 2.7 2.7

Sheep 0.29 0.32 0.39 0.4 0.4 0.46 0.49 0.52

Goat 1.06 1.18 1.41 1.48 1.48 1.67 1.76 1.91

Horses, mule

andasses

Swine 2.28 2.97 3.97 4.26 4.62 4.98 5.36 5.78

Poultry 27.28 34.32 55.21 63.03 70.56 81.59 86.97 95.54

Milk production

(kg/head/year)
2,196 2,4801,198 1,271 1,825 1,849 1,929 1,985

11.72 11.92

0.12 0.12 0.13 0.13 0.13 0.13 0.13 0.13

9.13 9.68 10.78 11.03 11.36 11.53

Table 3A4.1: Livestock SectorDatabase: Total livestock population (million head) andmilk
production
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AppendixV: Land UseChange and Forestry SectorDatabase

Table 3A5.1: Land Use Change and Forestry SectorDatabase - Annual increase of carbon
stocks (in terms of above- and belowground biomass) in natural forests ofMyanmar

Table 3A5.2: Land Use Change and Forestry SectorDatabase - Annual increase of carbon
stocks (in terms of above- and belowground biomass) in forest plantations ofMyanmar

Table 3A5.3: LandUse Change and Forestry SectorDatabase - Annual carbon Removal and
CO2 removal fromhome-garden trees

Carbon (Gg) Carbon dioxide (Gg)

1990 40,191. 161 147,367. 589

1995 37,800. 843 138,603. 089

2000 35,410. 525 129,838. 590

2001 34,930. 924 128,080. 054

2002 34,453. 917 126,331. 028

2003 33,994. 860 124,647. 819

2004 33,516. 575 122,894. 108

2005 33,038. 892 121,142. 605

Year
Annual increase of carbon stocks

Carbon (Gg) Carbon dioxide (Gg)

1990 40,191. 161 147,367. 589

1995 37,800. 843 138,603. 089

2000 35,410. 525 129,838. 590

2001 34,930. 924 128,080. 054

2002 34,453. 917 126,331. 028

2003

2004

2005

Year
Annual increase of carbon stocks

124,647. 81933,994. 860

122,894. 10833,516. 575

121,142. 60533,038. 892

Carbon (Gg) Carbon dioxide
(Gg)

1990 347,735 1,676.97 6,148.88

1995 496, 355 2,379.92 8,726.36

2000 658,595 3,204.56 11,750.04

2001 689,364 3,352.35 12,291.94

2002 720,773 3,501.96 12,840.51

2003 750,485 3,643.63 13,359.96

2004 780,840 3,791.18 13,900.99

2005 811,337 3,933.28 14,422.02

Year
Cumulative
plantation area
(ha)

Annual increase of carbon
stocks

Carbon (Gg) Carbon dioxide
(Gg)

1990 347,735 1,676.97 6,148.88

1995 496, 355 2,379.92 8,726.36

2000 658,595 3,204.56 11,750.04

2001 689,364 3,352.35 12,291.94

2002 720,773 3,501.96 12,840.51

2003 750,485 3,643.63 13,359.96

2004 780,840 3,791.18 13,900.99

2005 811,337 3,933.28 14,422.02

Year
Cumulative
plantation area
(ha)

Annual increase of carbon
stocks

Year
Rural
Population

C removal from
Rural Home-garden
trees (Gg C)

Urban
Population

C removal
fromUrban
Home-garden
trees (Gg C)

Annual C
removal from
Home-garden
trees (Gg C)

Annual CO2
removal from
Home-garden
trees (Gg CO2)

1990 30,671,072 97.197 10.114,928 7.133 104.33 382.543

1995 33,647,489 106.636 11,096,512 7.825 114.461 419.69

2000 37,694,000 119.46 12,431,000 8.766 128.226 470.162

2001 38,455,776 121.874 12,682,224 8.944 130.818 479.666

2002 39,232,592 124.336 12,938,408 9.124 133.46 489.352

2003 40,024,448 126.845 13,199,552 9.308 136.153 499.228

2004 40,832,848 129.407 13,466,152 9.496 138.903 509.311

2005 41,657,792 132.022 13,738,208 9.688 141.71 519.603

Year
Rural
Population

C removal from
Rural Home-garden
trees (Gg C)

Urban
Population

C removal
fromUrban
Home-garden
trees (Gg C)

Annual C
removal from
Home-garden
trees (Gg C)

Annual CO2
removal from
Home-garden
trees (Gg CO2)

1990 30,671,072 97.197 10.114,928 7.133 104.33 382.543

1995 33,647,489 106.636 11,096,512 7.825 114.461 419.69

2000 37,694,000 119.46 12,431,000 8.766 128.226 470.162

2001 38,455,776 121.874 12,682,224 8.944 130.818 479.666

2002 39,232,592 124.336 12,938,408 9.124 133.46 489.352

2003 40,024,448 126.845 13,199,552 9.308 136.153 499.228

2004 40,832,848 129.407 13,466,152 9.496 138.903 509.311

2005 41,657,792 132.022 13,738,208 9.688 141.71 519.603
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Table 3A5.4: Land Use Change and Forestry SectorDatabase :Annual carbon removal andCO2
removal by roadside trees

Table 3A5.5: Land Use Change and Forestry Sector Database :Annual loss of carbon due to
wood removals

Table 3A5.6: Land Use Change and Forestry Sector Database :Annual loss of carbon from
fuelwood removal

Year
Length of Roads
(mile)

Length of
Roads (km)

C removal by
roadside trees
(Gg C)

CO2 removal
by roadside
trees (Gg CO2 )

1990 14,951 24,056.16 37.059 135.884

1995 17,299 27,834.09 42.879 157.224

2000 17,874 28,754.44 44.297 162.442

2001 17,996 28,955.56 44.607 163.558

2002 18,112 29,142.21 44.894 164.613

2003 18,936 29,663,524 45.698 167.558

2004 18,640 29,991.76 46.203 169.441

2005 19,201 30,894,409 47.594 174.51

Year
Length of Roads
(mile)

Length of
Roads (km)

C removal by
roadside trees
(Gg C)

CO2 removal
by roadside
trees (Gg CO2 )

1990 14,951 24,056.16 37.059 135.884

1995 17,299 27,834.09 42.879 157.224

2000 17,874 28,754.44 44.297 162.442

2001 17,996 28,955.56 44.607 163.558

2002 18,112 29,142.21 44.894 164.613

2003 18,936 29,663,524 45.698 167.558

2004 18,640 29,991.76 46.203 169.441

2005 19,201 30,894,409 47.594 174.51

annual volume of
fuelwood

(m
3
) (ton C) (Gg C)

1990 25,078,200 26,336,915 26,336.92

1995 24,876,600 25,133,234 25,133.23

2000 26,10,600 26,278,933 26,278.93

2001 26,560,800 26,834,810 26,834.81

2002 27,137,600 29,200,149 29,200.15

2003 27,763,400 29,852,287 29,852.29

2004 28,229,600 30,375,125 30,375.13

2005 28,761,600 30,947,854 30,947.85

Year
Annual loss of carbon due
to fuelwoodremovals

annual volume of
fuelwood

(m
3
(m
3
(m ) (ton C) (Gg C)

1990 25,078,200 26,336,915 26,336.9225,078,200 26,336,915 26,336.92

1995 24,876,600 25,133,234 25,133.23

2000 26,10,600 26,278,933 26,278.9326,10,600 26,278,933 26,278.93

2001 26,560,800 26,834,810 26,834.81

2002 27,137,600 29,200,149 29,200.1527,137,600 29,200,149 29,200.15

2003 27,763,400 29,852,287 29,852.29

2004 28,229,600 30,375,125 30,375.1328,229,600 30,375,125 30,375.13

2005 28,761,600 30,947,854 30,947.8528,761,600 30,947,854 30,947.85

Year
Annual loss of carbon due
to fuelwoodremovals

annual volume of
fuelwood

(m
3
) (ton C) (Gg C)

1990 25,078,200 26,336,915 26,336.92

1995 24,876,600 25,133,234 25,133.23

2000 26,10,600 26,278,933 26,278.93

2001 26,560,800 26,834,810 26,834.81

2002 27,137,600 29,200,149 29,200.15

2003 27,763,400 29,852,287 29,852.29

2004 28,229,600 30,375,125 30,375.13

2005 28,761,600 30,947,854 30,947.85

Year
Annual loss of carbon due to fuelwood

removals
annual volume of
fuelwood

(m
3
) (ton C) (Gg C)

1990 25,078,200 26,336,915 26,336.9225,078,200 26,336,915 26,336.92

1995 24,876,600 25,133,234 25,133.23

2000 26,10,600 26,278,933 26,278.9326,10,600 26,278,933 26,278.93

2001 26,560,800 26,834,810 26,834.81

2002 27,137,600 29,200,149 29,200.1527,137,600 29,200,149 29,200.15

2003 27,763,400 29,852,287 29,852.29

2004 28,229,600 30,375,125 30,375.1328,229,600 30,375,125 30,375.13

2005 28,761,600 30,947,854 30,947.852005 28,761,600 30,947,854 30,947.85

Year
Annual loss of carbon due to fuelwood

removals
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Table 3A5.9: Land Use Change and Forestry Sector Database : GHGemissions from
deforestation

Deforested
Total (CO2
equivalent)

Area (Gg)

(ha) CO2 CO CH4 N2O NOx
(Gg) (Gg) (Gg) (Gg) (Gg)

1990 466 500 31,104.35 2,047.38 133.867 3.937 31.498 37,340.97

1995 466 500 31,104.35 2,047.38 133.867 3.937 31.498 37,340.97

2000 466 500 31,104.35 2,047.38 133.867 3.937 31.498 37,340.97

2001 466 457 31,101.49 2,047.19 133.855 3.937 31.495 37,337.53

2002 466 457 31,101.49 2,047.19 133.855 3.937 31.495 37,337.53

2003 466 457 31,101.49 2,047.19 133.855 3.937 31.495 37,337.53

2004 466 457 31,101.49 2,047.19 133.855 3.937 31.495 37,337.53

2005 466 457 31,101.49 2,047.19 133.855 3.937 31.495 37,337.53

Reporting year

EmissionsDeforested
Total (CO2
equivalent)

Area (Gg)

(ha) CO2 CO CH4CH4CH N2O NOx
(Gg) (Gg) (Gg) (Gg) (Gg)

1990 466 500 31,104.35 2,047.38 133.867 3.937 31.498 37,340.97

1995 466 500 31,104.35 2,047.38 133.867 3.937 31.498 37,340.97

2000 466 500 31,104.35 2,047.38 133.867 3.937 31.498 37,340.97

2001 466 457 31,101.49 2,047.19 133.855 3.937 31.495 37,337.53

2002 466 457 31,101.49 2,047.19 133.855 3.937 31.495 37,337.53

2003 466 457 31,101.49 2,047.19 133.855 3.937 31.495 37,337.53

2004 466 457 31,101.49 2,047.19 133.855 3.937 31.495 37,337.53

2005 466 457 31,101.49 2,047.19 133.855 3.937 31.495 37,337.53

Reporting year

Emissions
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Table 3A5.8: Land Use Change and Forestry Sector Database : GHGemissions from shifting
cultivated areas for 1990, 1995, and 2000- 2005

Plantation
Area

Total (CO2
equivalent)

(ha) CO2 CO CH4 N2O NOx (Gg)

(Gg) (Gg) (Gg) (Gg) (Gg)

1990 28 904 1,927.20 126.854 8.294 0.244 1.952 2,313.62

1995 28 021 1,868.33 122.979 8.041 0.236 1.892 2,242.94

2000 23 277 1,552.02 102.158 6.68 0.196 1.572 1,863.21

2001 23 826 1,588.62 104.568 6.837 0.201 1.609 1,907.15

2002 23 574 1,571.82 103.462 6.765 0.199 1.592 1,886.98

2003 23 065 1,537.88 101.228 6.619 0.195 1.557 1,846.24

2004 23 850 1,590.22 104.673 6.844 0.201 1.61 1,909.07

2005 24 309 1,620.83 106.687 6.976 0.205 1.641 1,945.81

Reporting year EmissionsPlantation
Area

Total (CO2
equivalent)

(ha) CO2 CO CH4 N2O NOx (Gg)

(Gg) (Gg) (Gg) (Gg) (Gg)

1990 28 904 1,927.20 126.854 8.294 0.244 1.952 2,313.62

1995 28 021 1,868.33 122.979 8.041 0.236 1.892 2,242.94

2000 23 277 1,552.02 102.158 6.68 0.196 1.572 1,863.21

2001 23 826 1,588.62 104.568 6.837 0.201 1.609 1,907.15

2002 23 574 1,571.82 103.462 6.765 0.199 1.592 1,886.98

2003 23 065 1,537.88 101.228 6.619 0.195 1.557 1,846.24

2004 23 850 1,590.22 104.673 6.844 0.201 1.61 1,909.07

2005 24 309 1,620.83 106.687 6.976 0.205 1.641 1,945.81

Reporting year Emissions

Source of Area
Total (CO2
equivalent)

Emission (ha) CO2 CO CH4 N2O NOx (Gg)

(Gg) (Gg) (Gg) (Gg) (Gg)

Shifting
cultivation

15 000 1,000.14 65.832 4.304 0.127 1.013 1,200.67

Emissions
Source of Area

Total (CO2
equivalent)

Emission (ha) CO2 CO CH4CH4CH N2O NOx (Gg)

(Gg) (Gg) (Gg) (Gg) (Gg)

Shifting
cultivation

15 000 1,000.14 65.832 4.304 0.127 1.013 1,200.67

Emissions

Table 3A5.7: Land Use Change and Forestry Sector Database : GHGemissions from site
preparation for forest plantations
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chapter 4

Vulnerability and Adaptation Assessment

4.1. Introduction

As Myanmar is located in the centre of the southwest
monsoon, heavy rain induced floods occur in many
parts of the country. The coastal area, with its shore
line coveringmore than 50%of theentire eastern side
of the Bay of Bengal and the Andaman Sea, is
particularly prone to cyclones and associated strong
wind, heavyrain and storm surge. Drought is no less
frequent event particularlyin the central Myanmar.

Since 70% of the population resides in rural areas
and dependson agriculture, livestock andfisheryand
forest resources, their livelihood is largely influenced
by climate conditions. In other words, Myanmar
economyissensitiveandvulnerable toclimatechange,
climate variabilityand natural disasters.

In 2000-2001, net sown area covers 10.41 million
hectares where 6.39 million hectares were occupied
by paddy fields (Ministry of Information 2002).
Agricultural works are centered on the production of
paddy not only for domestic consumption but also
for foreign currencyearning. Summer cultivation of
rice was initiated in 1992-93 and has been extended
since then. Rice cultivation is currently targeted to
reach up to 8.09 million hectares. During the period
of 1988 to 2002, Myanmar implemented 129
irrigation projects includingThaphanseik dam which
is the largest in SoutheastAsia.

Regarding the health care system of Myanmar, there
was one doctor for every2100 persons and the nurse
to population ratio was one to 2185 in 2009.Access
to health care services has also been improved by
the provision of rural health centers and sub-centers
in villages. It enables some measures such as
immunization and vaccinationare among the priority
measures taken under the health care system.
Myanmar has abundant water resources that benefit
agriculture and power generation. Of the four major
rivers systems, theAyeyarwady is economically the
most important one. Some low lying areas along the
river course are subject to inundation due to normal

floods in the rainyseason. Whenmonsoon intensified
and widespread heavyrains last long,multiple floods
occur along the rivers posing danger to the lower
reaches, particularly theAyeyarwadyDelta. Melting
of snow and glacier in the Himalayan mountain
complex in the far north is somehow important to
maintain river flows during dryseason.

In the Indo-Myanmar bio-geographical realm,
Myanmar is one of the few countries where about
half of the total country land area is covered with
forests. Forests of Myanmar are valuable in terms of
supply of forest products and services, revenue
generation, export earnings and environmental
conservation. Forest protection and sustainable
management of natural forests, plantation forests and
communityforests are among the priorities.

Biodiversityand forests are tightlycoupled together.
Myanmar has a longand rich tradition of biodiversity
conservation and its forest management system
promotes conservation of the environment, forest
ecosystem and flora and fauna. The Government has
long been strongly committed to biodiversity
conservation.

The fishery sector plays an important role in
Myanmar’s economy. The ecosystems of coastal
areas, islands and marine are all interdependently
related in the fisherysector. Sustainable management
of these ecosystems is vital for fishery.

Although Myanmar Sea is still clean and pollution
free, increasing temperature affects marine and fresh
water ecosystems. Increasing population and
development activities can cause considerable stress
on the coastal and marine environment.
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4.2 Climate Change Scenarios for
Myanmar

Background
“Model for the Assessment of Greenhouse gas
Induced Climate Change SCENario GENerator
(MAGICC/ SCENG-EN) version 5.3” is used to
construct climate scenarios forMyanmar to undergo
the vulnerabilityand adaptation study. UserManual
(Wigley, 2008) suggested that the user can select
Policy scenarioWRE450 and Reference scenario
A1TMES.

WRE450 scenario followed the IS92a “Business as
usual” pathway for the initial period of 10-30 years
(longer forhigherstabilization levels), beforecurving
away to reach the stabilization target. Emissions for

A1TMES are defined only to 2100 which are the
same as the default setting forMAGICC, to run to
2100. In order to characterize the present-day or
recent climate in the regions of Myanmar,
climatological data from seven selected stations
obtained from theDMH are utilized for a baseline
period 1971-2000.

In the scenarios background, the forcing controls of
carbon cyclemodel aremiddle, carbon cycle climate
feedback is on, aerosol forcing ismiddle, sensitivity
is3.0 oC, thermohalinecirculation isvariable,vertical
diffusion is2.3 sq. cm/s, and icemelt ismiddle. The
brief descriptions of themodels used in this studyare
shown in (Table 4.1).

Table 4.1: Brief description of themodels applied

Model Country Horizontal resolution Modeling centre andReference

3.2° × 5.6°

Geophysical FluidDynamics Laboratory

WetheraldandManabe, (1986)

Hadley Centre for Climate Prediction andResearch,

Gordon et al . (2000)
Hadley Centre for Climate Prediction andResearch

Mitchell andJohns,1997
UKHadGEM1 UK 2.5°× 3.75°

2.2° × 3.8°

CSIRO-30 Australia

Commonwealth Scientific and Industrial Research
Organization (CSIRO), Gordon andO’Farrell, 1997

GFDLCM20 USA

UKHadCM3 UK 2.5°× 3.75°

Model Country Horizontal resolution Modeling centre andReferenceModel Country Horizontal resolution Modeling centre andReference

3.2° × 5.6°

Geophysical FluidDynamics Laboratory

WetheraldandManabe, (1986)

Hadley Centre for Climate Prediction andResearch,

Gordon et al . (2000)

2.2° × 3.8°

CSIRO-30 Australia

Commonwealth Scientific and Industrial Research
Organization (CSIRO), Gordon andO’Farrell, 1997

GFDLCM20 USAUSA

UKHadCM3 UK 2.5°× 3.75°

Hadley Centre for Climate Prediction andResearch
UK 2.5°× 3.75°UK 2.5°× 3.75°UK 2.5°× 3.75°UK 2.5°× 3.75°UK 2.5°× 3.75°UKHadGEM1

Mitchell andJohns,1997

The geographical area ofMyanmar is divided into
seven regions which are assumed presentable by

the selected stations and locations as shown in
(Table 4.2) and (Figure 4.1) respectively.

Table 4.2: Stations used for each grid region ofMyanmar
Above
Mean Representation
Sea Level of the country

Deg Min Deg Min (m)
Myitkyina 25 22 97 24 145 Northern Hilly region
Mandalay 21 59 96 6 93 Central Plain dry zone
Kengtung 21 18 99 37 827 Eastern Hilly region
Sittway 20 8 92 53 5 Western Coastal
Mingladon
(Yangon)

16 59 96 11 28 Lower Myanmar Delta

Pathein 16 46 94 42 4 Ayeyawady Delta Plain coastal

Dawei 14 6 98 13 16 Southern Coastal

Station
Location

RemarkLat long

Above
Mean RepresentationMean Representation
Sea Level of the country

Deg Min Deg MinDeg Min Deg MinDeg Min Deg Min (m)
Myitkyina 25 22 97 24 145 Northern Hilly region
Mandalay 21 59 96 621 59 96 621 59 96 6 93 Central Plain dry zone
Kengtung 21 18 99 37 827 Eastern Hilly region
Sittway 20 8 92 5320 8 92 5320 8 92 53 5 Western5 Western Coastal
Mingladon
(Yangon)

16 59 96 11 28 Lower Myanmar Delta

Pathein 16 46 94 4216 46 94 4216 46 94 4216 46 94 42 4 Ayeyawady Delta Plain coastal4 Ayeyawady Delta Plain coastal

Dawei 14 6 98 1314 6 98 1314 6 98 1314 6 98 13 16 Southern Coastal16 Southern Coastal

Station
Location

RemarkLat long
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Figure 4.1: Location of selected stations for
climate change scenarios forMyanmar

With reference scenario A1TMES
A1TMES isoneof the six illustrative scenarios from
the IPCC Special Report on Emission Scenarios
(SRES). In reference scenarioA1TMES ,A1Tstands
for theemissionstoryline inwhichthescenario family
describes a future world of very rapid economic
growthandnon-fossilenergysourcesandMESstands
for theModel forEnergySupplyStrategyAlternatives
andtheirGeneralEnvironmental impact(MESSAGE).

Comparison of mean temperature and
precipitation observed versus model outputs
(1971-2000)
In general the temperature outputs of the models
(CSIRO,GFDL,UKHadCM3 andUKHadGEM1)
are agreeablewith the observed values and seasonal
variation forall partsofMyanmar(except fornorthern
mountainous region and the southernnarrowcoastal

strip where it needs additional considerations). It
suggests thatensemblemodeloutput for the interested
scenarios period is appropriate at thepresentmoment
for temperature field. See ( Figure 4.2 to 4.8).

Mean Temperature forMyitkyina
Obserbed (1971-2000)Vs Model Scenarios (1971-2000)
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Figure 4.2

MeanTemperatureforMandalay
Observed(1971-2000)Vs ModelScenarios(1971-2000)
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Figure 4.3

Mean Temperature for Sittway
Observed(1971-2000)Vs Mod el Scenarios(1971-2000)
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Figure 4.4
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Figure 4.5

MeanTemperatureforYangon
Observed(1971-2000)VsModelScenarios(1971-2000)
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Figure 4.6

MeanTemperatureforPathein
Observed(1971-2000)VsModelScenarios(1971-2000)
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Figure 4.7

MeanTemperatureforDawei
Observed (1971-2000)Vs Model Scenarios (1971-2000)
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The precipitationmodeloutputsarecloselycorrelated
to one another even though they are not close to the
real precipitationof the regions. Themodels do show
the seasonal variation satisfactorily despite of the
complexityof the geographical nature of the regions
which calls forextended studies. It also suggests that
ensemble modeloutput for the precipitation field will
be advantageous for the interested climate change
scenarios. See ( Figure 4.9 to 4.15).

Comparisonof the Model outputs& Observedvalues for Myitkyina
during1971-00
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Figure 4.9
Comparison of the Model output & Observed values for Mandalay

during 1971-00
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Figure 4.10

Mean TemperatureforKengtong
Observed(1971-2000)VsModel Scenarios (1971-2000)
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Comparison of the Model output & Observed v alues for Sittwe during
1971-00
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Figure 4.11

Comparison of the Model outputs& Observed valuesfor Kengtung
during 1971-00
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Figure 4.12

Comparison of the Model outputs & Observed values for
Mingaladon(Yangon) during 1971-00
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Figure 4.13

Comparison of the M odel outputs & Observe d values for Pathein
during 1971-00
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Figure 4.14

Comparison of Model Results &Observed values for Dawei
during 1971-00
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Figure 4.15

With policy scenario WRE450
WRE450 uses CO2 emission that leads to CO2
concentrationstabilizationat450ppmalongtheWRE
pathwaywithcompatiblenon-CO2 gasemissions that
follow the extended MiniCAM Level 2 (the Mini
ClimateAssessment Model) stabilityscenario where
CO2 stabilization is set at 450 ppm.According to the
“IPCC Climate Change 1995, the science of climate
change”, the CO2 concentration was about 340 ppm
in the year 2000.

Comparison of mean temperature and
precipitation observed versus model outputs
(1971-2000)
In general the temperature outputs of the models
(CSIRO, GFDL, UKHadCM3 and UKHadGEM1)
are agreeable with the observed values and seasonal
variation for all parts of Myanmar except for the
southernnarrowcoastal stripwhere itneedsadditional
considerations. It indicates thatensemblemodeloutput
for the interested scenarios period is appropriate at
present for temperature field. See ( Figure 4.16 to
4.22).
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(WRE450)MeanTemperatureforMyitkyina
Observed (1971-2000)VsModel Scenerios(1971-2000)
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Figure 4.16

(WRE450)Mean Temperature forMandalay
Observed(1971-2000) Vs Model Scenerios(1971-2000)
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Figure 4.17

(WRE450)Mean Temperature forSittwe
Observed(1971-2000) Vs Model Scenerios(1971-2000)
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Figure 4.18

(WRE450)Mean Temperaturefor Kengtung
Observed(1971-2000)VsModel Scenerios(1971-2000)
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(WRE450) Mean Temperature for Mingaladon
Observed(1971-2000) Vs Model Scenerios(1971-2000)
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(WRE450)MeanTemperatureforPathein
Observed(1971-2000)VsModelScenerios(1971-2000)
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Figure 4.21

Figure 4.19

Figure 4.20
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(WRE450)Mean Temperaturefor Dawei
Observed(1971-2000) Vs Model Scenerios(1971-2000)
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Figure 4.22

The model precipitationoutputsare closelycorrelated
to each other even though theyhave differences from
theobservedprecipitationsof the regions.Themodels
do show the seasonal variation satisfactorilydespite
of the complexity of the geographical nature of the
regions which calls for extended studies. It also
suggests that ensemble model output for the
precipitation field will be advantageous for the
interested climate change scenarios in Myanmar for
the time being. See
( Figure 4.23 to 4.29).

(WRE450)Precipitation for Myitkyina
Observed(1971-2000) VsModel scenerios(1971-2000)
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Figure 4.23

(WRE450)Precipitation for Mandalay
Observed(1971-2000) VsModel Scenerios(1971-2000)
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Figure 4.24

(WRE450)Precipitationfor Sittwe
Observed(1971-2000)Vs ModelScenerios(1971-2000)
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Figure 4.25

(WRE450)PrecipitationforKengtung
Observed(1971-2000)VsModelScenerios(1971-2000)
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Figure 4.26
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(WRE450)Prec ipitation for Minga ladon
Obs erbed(1971-2000) Vs Model Scenerios( 1 971-2 000)
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Figure 4.27

(WRE450)Precipitationfor Pathein
Observed(1971-2000) Vs Model Scenerios(1971-2000)
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Figure 4.28

(WRE450)PrecipitationforDawei
Observed(1971-2000)VsModelScenerios(1971-2000)
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Figure 4.29

Climate scenarios

The ensemble models of CSIRO, GFDL,
UKHadCM3, and UKHadGEM1 have been
employedtocarryoutextensivestudyusingMyanmar
data so as to be familiar with the software and also to
be applicable with high confidence in the production
ofclimatescenariosofvariousclimaticelementsunder
the referencescenarioA1TMES.Theensemblemodel
results of seasonal change in temperature and
precipitationplausible forMyanmarclimatescenarios
for 2001-2020, 2021-2050, 2051-2100 are
separately discussed.Temperature and precipitation
changes are with reference to the base line period of
1971-2000, unless otherwise mentioned. Scenario
changes are also based on the model results of the
base line period.

Climate scenario for 2001-2020

The temperature scenario of 2001-2020 shows 0.5-
0.7°C increase during the whole year in lower
Myanmar areas and for the remaining area, 0.6°C
during June-November and it increases to 1.0-1.2°C
in the other months as shown in ( Figure 4.30).

Se asonal Tempera ture Change s(°C) for 2001-2020 from
Mode l Ensemble Scenerio
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Figure 4.30

In the precipitation scenario, there is an increase of
about 4% during March- November in the whole
country. Record high maximum temperature maybe
expected. In the cool season of December- February,
there is 30-45% rainfall deficit in the north, west,
central and eastern regions and it is less than 12% in
the remaining areas as shown in (Figure 4.31).
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Climate scenario for 2021-2050
The temperature scenario shows 1.4-1.7°C increase
in June – November in the whole country.The north,
west, central and eastern parts of the regions are 2.3
– 2.8 °C warmer during December- May, as shown
in ( Figure 4.32).

In the case of precipitation, 45 to 80% below normal
conditions are projected during the cool season from

SeasonalMeanPrecipitationchanges(%)for2001-2020
fromModelEnsembleScenarios
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Figure 4.31

December to February in the whole country except
the lower Myanmar regions and the southern part. In
the remaining months there is an indication of about
10 % increase of precipitation in the whole country,
as shown in Figure (4.33). It means that Myanmar is
goingtobewarmerwithmorerain than in2001-2020.

Seasonal Temperature Changes(°C) for 2021-2050
from Model Ensemble Scenerio
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Figure 4.32

SeasonalMeanPrecipitationchanges (%)for2021-2050
fromModelEnsembleScenarios
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Figure 4.33

Climate scenario for 2051-2100

Temperature scenario shows an increase of 1.25-
1.6ºC increase in June to November, increases to
about 2.0ºC in March to May and 2.5ºC increases
during December to February in the north, west,
central and eastern part of the country. It generally is
warmer in cool season in the country as shown in
Figure 4.34. The range of warming is about the same
as in 2021-2050. As for the precipitation, the whole

It indicates that, there will be less cloudyskies in the
country, late onset and early withdrawal of the
monsoon into the country shortening the southwest
monsoon duration, decreasingstrong monsoon days
more but intensive rain events followedbymore flash
floods and erosion, more windy days and increasing
drought event. There will be intense heat, high rate of
evapotranspiration, and water stress especially in the
normally water scarce areas. The warming over the
country, more or less reflects the relative warming of
sea surface temperature in the Bay of Bengal earlier
than normal date so that earlier cyclogenesis is very
likely. Since the upper tropospheric level is still
dominated bythe westerlies, there is a high tendency
that the cyclonic disturbances take early recurvature
and move to the east towards Myanmar coast,
particularly in the pre-monsoon months ofApril and
May. The intensive rains will cause flash floods,
severefloodsandsoil erosionsduringtherainyseason.
In thecool season, high deficit rainfall indicates water
demandforsomewintercultivationparticularlyin the
north, west, central and eastern parts of the country.
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countrywill generally receive about 10% increase
duringMarch toNovember and deficient rain of up
to 80% is likely during the cool months from
December to February as shown in
(Figure 4.35).The rangeof changeof precipitation is
practically the same as in 2021-2050.
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Figure 4.34

Seasonal MeanPrecipitationchanges(%)for 2051-2100
fromModelEnsembleScenarios
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Figure 4.35

With PRECIS A2 emission scenarios
Regional Climate Impact Studies (PRECISModel)
with 20 km x 20 km resolution, operated bySouth
EastAsia SysTemAnalysis Research andTraining
Regional Center (SEA START RC) applies A2
emissionscenario. Its storylinewerewas that “World”
was differentiated, “Economy” was regionally
oriented; “Per Capita Growth” was at the lowest,
“Population” was continuously increasing,
“Governance”was self-reliancewith preservationof
local identities and “Technology”was slowest and
most fragment development.

Comparison of mean temperature and
precipitation observed versus model output for
the period (1971-2000)
Comparison between output and observed values of
temperature for the period 1971-2000 show that
regarding temperature,model output is 1.7ºC cooler
at Sittway and 1.0ºC warmer at Dawei.
It is closed to observed values at other localities.
Model output standard deviation values are mostly
in agreement between observed andmodel except
Sittway wheremodel output is about onehalf of the
observed value 0.86 ºC as shown in ( Table 4.3).

Regardingannual rainfallmeanvaluesmodel output
is 30%higher atMyitkyina and 30% less at Dawei.
There is notmuch difference in other locations. The
standard deviations are reasonably in agreement for
all locations except for Myitkyina (26% less),
Mandalay (16%less) and for Sittway (35% more).

Table 4.3: Comparison between observed andmodel output

MEAN STDEV MEAN STDEV MEAN STDEV MEAN STDEV

Myitkyina 24.4 0.37 24.3 0.45 1668 268 2203 197

Mandalay 27.6 0.57 27.7 0.66 812 195 931 164

Sittway 25.7 0.86 24 0.39 4593 660 4117 891

Kengtung 23.2 0.46 23.3 0.44 1250 185 1314 198

Mingladon (Yangon)27.5 0.38 27.4 0.45 2661 353 2661 344

Pathein 27.1 0.64 27.2 0.41 2843 400 2960 497

Dawei 26.6 0.36 27.6 0.34 5376 737 3547 850

Station
1971-2000 Mean Temp(°C) 1971-2000 Rainfall(mm)

Observed A2 Output Observed A2 Output

MEAN STDEV MEAN STDEV MEAN STDEV MEAN STDEV
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1971-2000 Mean Temp(°C) 1971-2000 Rainfall(mm)

Observed A2 Output Observed A2 Output

MEAN STDEV MEAN STDEV MEAN STDEV MEAN STDEVMEAN STDEV MEAN STDEV MEAN STDEV MEAN STDEVMEAN STDEV MEAN STDEV MEAN STDEV MEAN STDEV

24.4 0.37 24.3 0.45 1668 268 2203 19724.4 0.37 24.3 0.45 1668 268 2203 19724.4 0.37 24.3 0.45 1668 268 2203 19724.4 0.37 24.3 0.45 1668 268 2203 19724.4 0.37 24.3 0.45 1668 268 2203 19724.4 0.37 24.3 0.45 1668 268 2203 19724.4 0.37 24.3 0.45 1668 268 2203 19724.4 0.37 24.3 0.45 1668 268 2203 197

27.6 0.57 27.7 0.66 812 195 931 16427.6 0.57 27.7 0.66 812 195 931 16427.6 0.57 27.7 0.66 812 195 931 16427.6 0.57 27.7 0.66 812 195 931 16427.6 0.57 27.7 0.66 812 195 931 16427.6 0.57 27.7 0.66 812 195 931 16427.6 0.57 27.7 0.66 812 195 931 16427.6 0.57 27.7 0.66 812 195 931 164

25.7 0.86 24 0.39 4593 660 4117 89125.7 0.86 24 0.39 4593 660 4117 89125.7 0.86 24 0.39 4593 660 4117 89125.7 0.86 24 0.39 4593 660 4117 89125.7 0.86 24 0.39 4593 660 4117 89125.7 0.86 24 0.39 4593 660 4117 89125.7 0.86 24 0.39 4593 660 4117 89125.7 0.86 24 0.39 4593 660 4117 891

23.2 0.46 23.3 0.44 1250 185 1314 19823.2 0.46 23.3 0.44 1250 185 1314 19823.2 0.46 23.3 0.44 1250 185 1314 19823.2 0.46 23.3 0.44 1250 185 1314 19823.2 0.46 23.3 0.44 1250 185 1314 19823.2 0.46 23.3 0.44 1250 185 1314 19823.2 0.46 23.3 0.44 1250 185 1314 19823.2 0.46 23.3 0.44 1250 185 1314 198

27.5 0.38 27.4 0.45 2661 353 2661 34427.5 0.38 27.4 0.45 2661 353 2661 34427.5 0.38 27.4 0.45 2661 353 2661 34427.5 0.38 27.4 0.45 2661 353 2661 34427.5 0.38 27.4 0.45 2661 353 2661 34427.5 0.38 27.4 0.45 2661 353 2661 34427.5 0.38 27.4 0.45 2661 353 2661 34427.5 0.38 27.4 0.45 2661 353 2661 344

27.1 0.64 27.2 0.41 2843 400 2960 49727.1 0.64 27.2 0.41 2843 400 2960 49727.1 0.64 27.2 0.41 2843 400 2960 49727.1 0.64 27.2 0.41 2843 400 2960 49727.1 0.64 27.2 0.41 2843 400 2960 49727.1 0.64 27.2 0.41 2843 400 2960 49727.1 0.64 27.2 0.41 2843 400 2960 49727.1 0.64 27.2 0.41 2843 400 2960 497

26.6 0.36 27.6 0.34 5376 737 3547 85026.6 0.36 27.6 0.34 5376 737 3547 85026.6 0.36 27.6 0.34 5376 737 3547 85026.6 0.36 27.6 0.34 5376 737 3547 85026.6 0.36 27.6 0.34 5376 737 3547 85026.6 0.36 27.6 0.34 5376 737 3547 85026.6 0.36 27.6 0.34 5376 737 3547 85026.6 0.36 27.6 0.34 5376 737 3547 850
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Climate scenario for 2001-2020
The temperature has become 0.4 to 0.7ºCwarmer in
thewholecountry.Thestandarddeviationof themean
temperature is large with 0.69ºC at Mandalay and
0.58ºC atMyitkyina. It is generally less than 0.5ºC
elsewhere as shown in (Table 4.4). It means that
Upper and CentralMyanmar can experiencemore
clear skydayswhichmay lead to drought situation.

Annual rainfall will be increasing by 228 mm at
Myitkyina, 106mmatMandalay, 45mmat Pathein
and 26mmatKengtung. It will be decreasing by58
mm at Dawei, 57 mm at Yangon and 44 mm at
Sittway. Annualrainfallwilldeviatebymorethan18%
atMandalay, Sittway, Pathein and Dawei, and the
deviation will be more than 14% at Myitkyina,
Kengtung and Yangon. The large deviation is the
indication of the likelihood of floods or droughts in
the region concerned.

Table 4.4: Climate scenario for 2001 to 2020

Climate scenarios in 2021-2050
Temperature is increasingby1.4°C atYangon, 1.2°C
at Pathein, 1.1°C atMyitkyina, Sittway andDawei,
1.0°C at Kengtung, and 0.8°C at Mandalay. The
standard deviation of temperature is 0.4 to 0.6°C in
thewhole country.

Rainfallwill increaseby661mmatSittway, 292mm
at Pathein, 197mm atMyitkyina, 154mm each at
Mandalay and Dawei, 144 mm atYangon, and 36
mmatKengtung.Alarge standarddeviationof 1,130
mmwasnoted at Sttwayas shown in (Table 4.5).
It shows that there is larger rainfall variability in the
region. Theremaybeperiods of heavier rains and
longdryspells.

Table 4.5: Climate scenario for 2021 to 2050

MEAN STDEV MEAN STDEV
Myitkyina 24.9 0.58 2431 346
Mandalay 28.1 0.69 1037 202
Sittway 24.6 0.33 4073 790
Kengtung 23.7 0.47 1340 218
Mingladon
(Yangon)

28.1 0.28 2604 437

Pathein 27.8 0.23 3005 556
Dawei 28.1 0.17 3489 692

Station
2001-2020(A2 output)

Annual Mean Temperature(°C) Annual Rainfall(mm)

MEAN STDEV MEAN STDEV
Myitkyina 24.9 0.58 2431 3460.58 2431 3460.58 2431 346
Mandalay 28.1 0.69 1037 202
Sittway 24.6 0.33 4073 7900.33 4073 7900.33 4073 790
Kengtung 23.7 0.47 1340 218
Mingladon
(Yangon)

28.1 0.28 2604 4370.28 2604 4370.28 2604 437

Pathein 27.8 0.23 3005 556
Dawei 28.1 0.17 3489 6920.17 3489 6920.17 3489 692

Station
2001-2020(A2 output)

Annual Mean Temperature(°C) Annual Rainfall(mm)Annual Mean Temperature(°C) Annual Rainfall(mm)

MEAN STDEV MEAN STDEV
Myitkyina 25.4 0.52 2400 331
Mandalay 28.5 0.58 1085 158
Sittway 25.1 0.35 4778 1130
Kengtung 24.3 0.46 1350 166
Mingladon
(Yangon) 28.8 0.51 2805 367

Pathein 28.4 0.42 3252 499
Dawei 28.7 0.38 3701 876

Station
2021-2050 (A2 output)

Annual Mean Temperature(°C) Annual Rainfall (mm)

MEAN STDEV MEAN
Myitkyina

Mandalay

Sittway

Kengtung

Mingladon
(Yangon)

Pathein

Dawei

Station
2021-2050 (A2 output)

Annual Mean Temperature(°C) Annual Rainfall (mm)Annual Mean Temperature(°C) Annual Rainfall (mm)
STDEV MEAN STDEV

33124000.5225.4

15810850.5828.5

113047780.3525.1

16613500.4624.3

36728050.5128.8

49932520.4228.4

87637010.3828.7
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Climate scenario for 2051-2100
The scenario indicates the increases of 3.5°C at
Myitkyina and Yangon, 3.3°C at Pathein, 3.2°C at
Sittway, 3.1°C atKengtung, 3.0°C atMandalay and
2.8°C at Dawei from 1971-2000 baseline data due
todecreasingcloudinesscoveragewhich supports the
weak monsoon climate scenario for 2051-2100.
Maximum standard deviation is 1.0ºC atMyitkyina
and the lowest is 0.7ºC atDawei. Periods of drought
are likely atMyitkyina,Mandalay, Sittway, Pathein

andYangonwhere the standard deviation of mean
temperature is generally about 0.9ºC as shown in
(Table 4.6).

Regardingtheannualprecipitation, there isan increase
of 1582mmat Sittway, 674mmatDawei, 667mm
atMyitkyina, 633mmatPathein, 414mmatYangon,
271 mm at Mandalay and 209 mm at Kengtung.
Maximumstandarddeviation is1358mmatSittway,
followedby902mmatDaweiand485mmatPathein.

Table 4.6: Climate scenario for 2051 to 2100

* (PRECIS computes only up to 2099)

MEAN STDEV MEAN STDEV
Myitkyina 27.8 1.012 2870 400
Mandalay 30.7 0.948 1202 301
Sittway 27.2 0.888 5699 1358
Kengtung 26.4 0.794 1523 266
Mingladon
(Yangon) 30.9 0.904 3075 401

Pathein 30.5 0.857 3593 485
Dawei 30.4 0.727 4221 902

Station
2051-2099

*
(A2 output)

Annual Mean Temperature(°C) Annual Rainfall (mm)

MEAN STDEV MEAN STDEV
Myitkyina 27.8 1.012 2870 4002870 400
Mandalay 30.7 0.948 1202 301
Sittway 27.2 0.888 5699 13585699 1358
Kengtung 26.4 0.794 1523 266
Mingladon
(Yangon) 30.9 0.904 3075 4013075 401

Pathein 30.5 0.857 3593 485
Dawei 30.4 0.727 4221 9024221 902

Station
2051-2099

*
(A2 output)

Annual Mean Temperature(°C) Annual Rainfall (mm)Annual Mean Temperature(°C) Annual Rainfall (mm)

4.3. Vulnerability and Adaptation
Assessment

Potential hazard levels
The climate change impacts,which are likely in the
tropical coastal regions due to globalwarming are
projected in IPCC Reports. The increasing
frequency of cyclones and accompanying strong
winds, storm surge, floods or inundation, intense
rains, extreme temperatures, droughts and sea level
rise are climate change-related impacts to which
Myanmar has to payserious attention.

 Cyclone and strong winds
The potential hazard level for cyclone and strong
winds inMyanmarmaybe classified as “High” for
thecoastal regionswhere there is ahistoryofcyclone
landfalls; “Medium”for theregionshavingcommon
border or next to the high potential regions and
regionswith thehistoryof frequent strongwind; and
“Low” for the regions which have strong winds

damages due to squalls. There are evidences of
cyclonestrongwindsdevastatinganumberof regions
along the track such asGwa cyclone ofMay, 1982.
No region is free from the strong wind hazard as
rainstorms andsqualls canoccur all over the country.

 Flood and storm surge
Thepotential hazard level for flood and storm surge
is classified as “High” for low flat regions, where
floods are used to occur at least every other year
caused by one of the large river systems of
Ayeyarwady, Chindwin, Sittaung andThanlwin or
by storm surge, “Medium” for the region with
moderate floods and flash floods history, “Low” for
the regionwith the flash floodhistory.

 Intense rain
The potential hazard level for intense rain may be
classified as “High” for the regions having long
exposure to the southwest monsoon flow from the
Bay of Bengal and theAndaman Sea; “Medium”
for lower Myanmar and northwestern part of the
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country and regions with some intense rain history;
and “Low” for the regions with a few heavy rainfall
history.

 Extreme day temperature
In the case of extreme daytemperature, the potential

hazard level may be classified as “High” for the
regions with high annual mean temperature and
relativelyflat regions in central dryzone; “Medium”
for thetransitional zones, andBagoRegionandKayah
State; “Low” for themountainous regionsandregions
with low annual mean temperature.

 Drought
Thepotentialhazardlevel fordroughtmaybeclassified
as “High” for the regions in dry zone, “Medium”
for Bago Region and eastern mountain ranges, and
“Low” for the remaining regionsexceptYangon and
TanintharyiRegions.

 Sea level rise
The potential hazard level for sea level rise may be
classified as “High” for coastal deltaic region with
extensive flat lowland,“Medium” fortheregionwith
short coastal strip or narrow coastal strip, “Low”for
the region with tide effects and coastal areas with
higher ground; and “None” for inland areas.
According to “IPCC 2007, Impacts,Adaptation and
Vulnerability”, there would have an accelerated rise
in sea level of 0.2-0.6m or more by 2100 as a result
of climate change. It should be noted that Pathein in
AyeyarwadyDelta is4 m above meansea level which
is situated about 100 km from shore line. Therefore
shore line can be potentially retreated about 10 km
due to sea level rise of 0.5 m at the end of 2100.

Thepotentialhazard levels forclimatechangeimpacts
due to globalwarmingmayassume apattern which is
presented in (Figure 4.36).
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Figure 4.36: The potential hazard levels for climate change features due to global warming.
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Vulnerability of different sectors

Agriculture

Myanmar is an agricultural country with about 11
million hectares of cultivated land, beinggrown by
about 60 crops. In 2006-07, agricultural sector
accounted for 37%of the country’sGrossDomestic
Product (GDP) and 13.3% of its export earnings
(MyanmarAgricultureinBrief,MinistryofAgriculture
and Irrigation, 2008). Crop production is themajor
agricultural activity and is largely dependent on
weather.After 1988, the Government put forward
continuous efforts in the construction of dams and
reservoirs throughout the country byutilizing large
capital investment, man power and machineries.
Availabledomestic resourcesandexpertisewereused
formaking somemachineries.As a result, irrigation
facilitiesnowexist ingroups in localizedzonesacross
thecountry.Irrigationcoverageincreased from12.5%
of the sown area in 1987-88 to 18.0% in 2006-07.

Soils and climatic conditions in many parts of
Myanmar favorricecultivationandMyanmarisarice-
surpluscountry.Rice is theprincipalagricultural crop,
and is the staple food of the entire population.
Myanmar isoneof thecountrieswith thehighest level
of per capita rice consumption in theworld.

Rice production in the country has increased
significantlydue to introductionof summer rice.The
utilization of high yielding varieties together with
advanced agricultural practices andproper irrigation
system also help increase rice production. Rice
production of 21 million tons in 2000-2001 had
increased to over 31 million tons in 2007-2008 as
shown in (Table 4.7).

Table 4.7:Annual rice production inMyanmar

*Metric ton
Source: Department ofAgricultural Planning,
Ministry ofAgriculture and Irrigation, 2009.

Sown Harvested Yield Production

('000 ha) ('000 ha) (Mt*/ ha) ('000 Mt*)

1995-96 6138 6033 3.08 18580

2000-01 6359 6302 3.38 21324

2002-03 6488 6377 3.42 21805

2004-05 6858 6808 3.64 24752

2005-06 7389 7384 3.75 27683

2006-07 8125 8074 3.83 30924

2007-08 8090 8011 3.93 31451

Year
Sown Harvested Yield ProductionSown Harvested Yield ProductionSown Harvested Yield Production

('000 ha) ('000 ha) (Mt*/ ha) ('000 Mt*)('000 ha) ('000 ha) (Mt*/ ha) ('000 Mt*)('000 ha) ('000 ha) (Mt*/ ha) ('000 Mt*)

1995-96 6138 6033 3.08 185806138 6033 3.08 185806138 6033 3.08 18580

2000-01 6359 6302 3.38 213246359 6302 3.38 213246359 6302 3.38 21324

2002-03 6488 6377 3.42 218056488 6377 3.42 218056488 6377 3.42 21805

2004-05 6858 6808 3.64 247526858 6808 3.64 247526858 6808 3.64 24752

2005-06 7389 7384 3.75 276837389 7384 3.75 276837389 7384 3.75 276837389 7384 3.75 27683

2006-07 8125 8074 3.83 309248125 8074 3.83 309248125 8074 3.83 309248125 8074 3.83 30924

2007-08 8090 8011 3.93 314518090 8011 3.93 314518090 8011 3.93 314518090 8011 3.93 31451

Year

Although riceyield andproduction inMyanmarhave
been showing positive trends, some interruptions
could take place if therewould have severe climate
change impacts due toglobalwarming.

Water resources
Myanmar has eight river basins namely Chindwin,
UpperAyeyarwady, LowerAyeyarwady, Sittaung,
Rakhine, Tanintharyi, Thanlwin and Mekong.
According to2003data, the annual averagepotential
of surfacewater is 827.946 km3 and groundwater is
494.713 km3and theyare given in (Table 4.8).

Water withdrawals in Myanmar have been in the
increaseparticularlyin the agricultural sector (Table
4.9) shows totalwater use in different sectors for the
year 2004-2005 (ZawWin, 2006). It is found that

agricultural sector is by far the largest water user in
Myanmar.Previously,government investmentstrategy
with respect to the irrigation was strongly oriented
towards increasing thewater supplybydeveloping
storage capacity, particularly construction of dams,
weirs and sluice gates.
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Table 4.8:Annual average water resources potential (km3) by river basin

Source:Water Resources Management in Myanmar, 2003. Ministry ofAgriculture and Irrigation

Surface water Ground water

(km3/yr) (km3/yr)
Region 1, Chindwin 104.72 57.578
Region 2, Upper Ayeyawady 171.969 92.599

Region 3, Lower Ayeyawady 229.873 153.249

Region 4, S ittaung 52.746 28.402

Region 5, Rakhine 83.547 41.774

Region 6, Taninthayi 78.556 39.278

Region 7, Thanlwin 95.955 74.779

Region 8, Mekong 10.58 7.054

Total 827.946 494.713

Region/ River basin
Surface water Ground water

(km3/yr) (km3/yr)
Region 1, Chindwin 104.72 57.578
Region 2, Upper Ayeyawady 171.969 92.599

Region 3, Lower Ayeyawady 229.873 153.249

Region/ River basin

28.40252.746Region 4, S ittaung
41.77483.547Region 5, Rakhine
39.27878.556Region 6, Taninthayi

74.77995.955Region 7, Thanlwin

7.05410.58Region 8, Mekong

494.713827.946Total

Table 4.9:Water usage (km3) inMyanmar

Sector Surface water Groundwater Total Percent

Irrigation 40.69 0.81 41.5 91

Domestic 1.15 2.55 3.7 8

Industrial 0.32 0.08 0.4 1

Total 42.16 3.44 45.6 100

Sector Surface water Groundwater Total Percent

Irrigation

Domestic

Industrial

Total

0.81 41.5 910.81 41.5 910.81 41.5 9140.69

2.55 3.7 82.55 3.7 82.55 3.7 81.15

0.08 0.4 10.08 0.4 10.08 0.4 10.32

3.44 45.6 1003.44 45.6 1003.44 45.6 10042.16

In recent decades water resources in the DryZone
were highlyvulnerable to climate change. Projected
impacts indicate that increasingnumberof reservoirs
will experience seasonalwater shortagewhile there
will be year round shortage of water in some
reservoirs. These water-shortage situations
prompted initiationof riverwater pumpingprojects,
withprioritybeinggiven to theDryZone.Theprojects
make the best use of existing water resources of
perennial rivers and streams. It creates an enabling
environment for the farmers by securing water
availability in all seasons. River water pumping
projects already implemented in the Dry Zone is
shown in (Table 4.10) and location of pump sites is
shown in (Figure 4.37). However, since all the
projects are situated on the bank of the rivers, they
arevulnerable toanumberof factors suchas erosion,
changes ofwater course, emergence of sand dune
by intense rains and high floods, drought and low
water inputs due to climate change.

In fact, groundwater is a major component of the
available water resources. In the coming years the
groundwaterutilization is likelyto increasemanifold

because of the expansion of irrigated agriculture for
increased food production. At present, Water
ResourcesUtilizationDepartmentunder theMinistry
ofAgriculture and Irrigation is implementing two
groundwater irrigation projects inMeiktila, Thazi,
Pyawbwe andYamethin Townships, in Mandalay
Region, where extreme droughts occurred in 2008
and 2009. However, renewable groundwater is
directly tied up to the near surface hydrologic
processes. It is also intricately tied to the overall
hydrologic cycle and could be directly affected by
climate change. In many cases, the rate of
groundwater withdrawals exceeds the rate of
recharge, resulting in over exploitation of renewable
groundwater aquifer. For example, the amount of
initial discharge of free-flowing artesianwells under
“Yinmabin99PondsProject” inSagaingRegionwas
3.1m3per second at the completion of the project in
1995. It brought about gradual decrease in the
dischargeof free flow, andbytheyear 2000discharge
had dropped to 0.61 m3 per second. Thus, climate
changecoulddirectlyaffect thegroundwater recharge
rate and therefore the sustainability of renewable
groundwater aswell.
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Table 4.10:Completed riverwaterpumping projects in DryZone

Source:Water Resources Utilization Department (WRUD), 2009.

Irrigable areas Irrigable areas Irrigable areas Irrigable areas
(ha) (ha) (ha) (ha)

1 Sagaing 4 28,329 11 10,530 37 13,977 52 52,836

2 Magway 4 13,355 24 18,335 23 3,157 51 34,847

3 Mandalay 8 23,148 20 11,307 49 9,822 77 44,277

Total 16 64,832 55 40,172 109 26,956 180 131,960

No of sites No of sites
Sr. No Regions

Special projects
(electric)

WRUD's schemes
Total

Electric Diesel

No of sites No of sites
Irrigable areas Irrigable areas Irrigable areas Irrigable areas
(ha) (ha) (ha) (ha)

1 Sagaing 4 28,329 11 10,530 37 13,977 52 52,836

2 Magway 4 13,355 24 18,335 23 3,157 51 34,847

3 Mandalay 8 23,148 20 11,307 49 9,822 77 44,277

Total 16 64,832 55 40,172 109 26,956 180 131,960Total 16 64,832 55 40,172 109 26,956 180 131,960Total 16 64,832 55 40,172 109 26,956 180 131,960Total 16 64,832 55 40,172 109 26,956 180 131,960Total 16 64,832 55 40,172 109 26,956 180 131,960

No of sites No of sites
Sr. No RegionsSr. No RegionsSr. No Regions

Special projects
(electric)

WRUD's schemes
Total

Electric Diesel

No of sites No of sites

Due to climate change, extreme events such as high
floods have occurred inAyeyarwadydelta.Although
embankmentsweredesignedtoexceed thepreviously
knownhigh floodswith freeboard,maximumwater
levels often exceeded from time to time. Therewere
4incidentsconcerningwith thefailureofembankment
in thedeltawithsomecasualtiesanddamages.Astudy
on maximum water levels at a key station in delta
showed that therewasa rising trendandconsiderable
magnitude could be expected. In addition, there are
problems of saline intrusion during the dry season
owing to the low volume of fresh water in the river
systems.

Today, climate scientists predict that globalwarming
will havoc countries lying in the coastal seas and
Southeast Asia will be the region hardest-hit.
Ayeyarwadydeltawouldbe endangeredbyrisingsea
level and storm surge. Rising sea level may lead to
increased saline intrusion into coastal and island
aquifers.
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Figure 4.37: Location of pump sites in Dry Zone

Ministry of Agriculture and Irrigation
Water Resources Utilization Department

River Water Pumping Stations along Ayeyawaddy-Chindwin River in Sagaing, Mandalay and Magway Regions
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Table 4.11: Health concerns and related problems due to climate change

Health concerns Relatedproblems due to climate change

Temperature - related Heat & cold - related illness

morbidity Cardiovascular System (CVS) illness

Change of patterns of diseases
Malaria, Filarial, Dengue & other diseases of pathogens
carriedbymosquitoes, ticks & vectors.
Diarrhea, Cholera & poisoning causedby biological &
chemical contaminants in water

Damaged public health infrastructure due to cyclones

Injuries & illness

Social & Mental stress due to disasters & displacement.

Health effects due to
insecurity in foodproduction Malnutrition & hunger especially in children.

Vector borne diseases
Health effects of extreme
weather

Health concerns Relatedproblems due to climate change

Temperature - related Heat & cold - related illness

morbidity Cardiovascular System (CVS) illness

Change of patterns of diseases
Malaria, Filarial, Dengue & other diseases of pathogens
carriedbymosquitoes, ticks & vectors.
Diarrhea, Cholera & poisoning causedby biological &
chemical contaminants in water

Damaged public health infrastructure due to cyclones

Injuries & illness

Social & Mental stress due to disasters & displacement.

Health effects due to
insecurity in foodproduction Malnutrition & hunger especially in children.

Vector borne diseases
Health effects of extreme
weather

insecurity in foodproduction Malnutrition & hunger especially in children.

Public health
Increase in water-related and heat stress health
diseases could be expected as the foremost effect of
climate change on health sector. Water can get
pollutedduring floods,droughts and typhoonswhich
are considered tobe closelyrelated to climate change
and preventive and curativemeasures are needed to
controlwater-relatedproblems.Rising temperatures

can lead to increased heat stress, heat exhaustion,
dehydration, etc. Public awareness and education to
preventhealthproblemswhichmaybecausedbyheat
stress should be raised. .The following (Table 4.11)
shows the health concerns to vulnerabilities due to
climatechange.

 Malaria
InMyanmar,malaria is oneof the notorious endemic
vector-borne diseases with high morbidity and
mortality rate. Based on the reports of clinical
suspected malaria cases and malaria deaths in
Myanmar from 1995 to 2004, some inferences are
made below. Occurrence of malaria epidemics in
States/Regions and their causes are shown in
(Figures 4.38 and 4.39).

Theinferencesonmalariamorbidityandmortalityare:
1. Malaria-related outpatient cases have
increased due to increasing malaria cases
although total outpatients in hospitals are
decreasing.
2. Outpatient cases are increasing due to
increasingnumbersofhealth facilities and
better services in some areas.

3. Malaria inpatients and death cases are
reduced because of improved health facility
coverage andwide availabilityof artesunate
implementationpolicy.
4. Malariamorbidityandmortality are
declining in thewhole countryexcept in
RakhineState.
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Ca uses of M alaria Epidemics in M yan mar (1991-2004)

0 5 10 15 20 25

Floods

Prawn breeding

Changes in Agricultural Practices

Climatic changes

Imported malaria cases

Unusual rainfall

New Settlement

Increased breeding sources

Population Migration

Frequencie s

Figure 4.39: Causes of malaria epidemics in Myanmar (1991 to 2004)

(Figures 4.38 and 4.39) show that frequencies of
occurrence of epidemics are more in Shan and
Rakhine States, and Mandalay and Tanintharyi
Regions. Majorcauses include populationmigration,
increased breeding sources, new settlement and
unusual rainfalls, and they represent the effects of
climate change. Increased rainfalls due to climate
change may result in malaria epidemics. Potential
health effects of climate variability and change are
shown in (Figure 4.40).
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Figure 4.38: State and Region-wise malaria epidemics in Myanmar (1991 to 2004)

Figure 4.40: Potential health effects of climate variability and change



2012

Page 74

Forestry
Major forest types found in Myanmar are Tidal
Forests, Beach and Dune Forests, Swamp Forests,
Evergreen Forests, Mixed Deciduous Forests, Dry
Forests, Deciduous Dipterocarp or Indaing Forests
and Hill Forests.

Many of these forest areas have been destroyed by
cyclones, strongwinds, floods, extreme temperatures
and droughts in addition to the human pressure. The
dominant typeof forest in the countryis thedeciduous
forest that sheds leaves during dry season when the
climate is extremelyhot to catch fireeasily.Therewas
a maximum evidence of35,333 forest fire cases per
day during the second ten days of March 2008, in
Shan State.

It is interesting to note the social attitudes towards
forest conservation. In the Dry Zone of Central
Myanmar, agriculture is now at its upper limit and
furtherhorizontalexpansionisalmost impossible.The
agricultural lands under private ownership are now
beingmanagedintensivelyandscientifically.The1995
surveys had observed these management practices
in some areas. The good practices have been
spreadingtootherprivate landsundercultivation.Tree
planting in private lands as well as in religious
compounds is now-a-day a common practice in the
DryZone.All religious premises either monasteries
or pagodas arewell kept under good tree cover. Deity
god places have more dense cover because people
hardly cut down trees from these small local gods’
premises. To reduce deforestation and forest
degradation, cutting of trees for firewood has been
prohibited in the dryzone bylocal authorities. Local
people have properly solved the firewood shortage
on their own. The grove of wild jujube (Zizyphus
jujuba) plants which are now privately owned are
considered as a gold mine. The cotyledon fruit
seeds are now being used as a high-energy fuel in
special stoves developed by local people. These
stoves are used mainly for toddy juice industry and
evenforbrick-bakingindustrywhicharecitedasmain
consumers of fuelwood in the area.Pigeon pea stalks
which are usually burned as a waste in Shan State
have now become a major fuel in the dry zone. A

Chapter 4 Vulnerability and Adaptation Assessment

local folkfrom MyeThin Dwinvillage explained that
their annual pagoda festival which usuallyneeds 12
cartloads of firewood now needs onlythree cartloads
of pigeon pea stalks, thanks to a villageengineer from
Mye Thin Dwin, who has modified some gasifiers.
Further developments should be encouraged and
extended. For protected forest areas, if they are
protected sufficientlywill become well covered with
tree vegetation, improving environmental stability.
However it is veryessential that management system
is efficient and effective. Work of 5 or 6 years period
can be destroyed within days by extreme events.

Managing the common land by the local people and
authorities is also a helpful means to the development
of forests. Good examples can be seen in Mye Thin
Dwin community forest project and War Khin Gyi
area project. Dry Zone Greening Department
(DZGD)hasbeenimplementingthefirstproject jointly
with JapanInternationalCooperationAgency(JICA),
and the second one was implemented by the Forest
Department (FD) jointly with Japan International
Forestry Promotion and Cooperation Center
(JIFPRO). User groups are assured of their
ownership and they have to take the responsibilities
for managing their community forests. The projects
are verysuccessful and awareness of local people on
the values of forests is really significant. Village
woodlots have been successfully established by FD
with peoples participation since 1970s.

Present land tenure laws were written in colonial
British times. Most of these laws encouraged new
agricultural expansionat a time whenpopulation was
low compared to the agriculture area. In the past,
expansion of agriculture onto new lands had never
beenundersound land useplanningin Myanmar. Dry
Zone cases clearly show how people can manage if
the land is entirely entrusted to them in the name of
private ownership. Sustained production could be
expected only from the privately owned lands Land
tenure laws should be reviewed and updated as
appropriate not only for the benefits of local farmers
but also for the country as a whole.
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Coastal zone
Myanmar has three coastal regions, and they are
Rakhine,AyeyarwadyDeltaandTanintharyi.Different
types of coasts are found: coastal banks aregenerally
steep in Rakhine; mangroves and sandy beaches
common in theAyeyarwadyDelta; androckyislands,
rock pinnacles, mangroves and coral reefs in the
Tanintharyi.TheMyeikarchipelagonearTanintharyi
coast comprisesmore than 800 islands.

TheMyeikArchipelago is one of the few areas left
onearthwhere therestill existsacontinuous transition
from rain forest to coastalmangrove swamps.

 Coral reefs
The vast and diverse coral reefs of Myeik
Archipelagoareof immense ecologicalandeconomic
importance for the country. But, the sea level rise is
likely to affect the social and economic situation of
the coastal areas includingMyeikArchipelago reefs
significantly.Recentriskanalysisofcoralreefssuggests
that between 24% and 30% of the reefs inAsia are
projected to be lost during the next 2 to 10years and
10 to 30 years respectively. A new study suggests
that coral reefs, which were severely affected by
abnormallyhighSseaSurfaceTemperature (SST) in
recent years, contain some coral species and their
reef-associatedmicro-algae symbionts that show far
greater tolerance to higher SST than others. Coral
reefs of South and Southeast Asia are reported to
have been destroyed in 1998, largelydue to coral
bleaching induced by the 1997-98 El Nino event.
Coral reefs from neighbouring countries are
experiencing coral bleaching, so coral reefs of
Myanmarwill face similar threats caused by rising
sea temperature. In2004,Tsunamialsoaffected some
of the coral islands and sandy beaches along the
Archipelago. The Tsunami destroyed coral and
transported debris to the shore. Due to 2º to 4º C
rise of SST above the current threshold SST,
increases in cyclone intensity are predicted in
SoutheastAsia.

Thedestructiveeffects ofclimatechangeandhuman-
inducedpressuredamage thecoral reefs in this region.
Ifcoral reefsarebleaching, theproductionof lucrative
fish, fishfarming,pearloysterculture, farmingofdeep
sea lobster and seaweedwill all be threatened and
damaged.Manyspeciesofmarinefisheswilldisappear

and somewill seek migration to the colder region.
Some native species of whale and dolphinwill also
move to the areas of coldwater too.

 Coastal erosion
Many sandy beaches along the coastal areas of
Myanmar facewith the problems of coastal erosion
duetostructuraldevelopment,changes inlivingpattern
and recreational activities which are undertaken to
promote ecotourism development. These
developments and changes initiate the enhancing
degradationof themarine turtlenestingbeaches, such
as Maungmakan beach in Tanintharyi coastal
region.Someof the islands locatedalong theRakhine
coastal area are also affected by sea waves during
monsoonseason.Theseislandsareessential resources
for themarine fisheries production. For example in
ThandweDistrict,Kalayaungvillage tract faced the
problemof coastal erosion. In this village tract, two
outof threevillageswerealreadydisplacedbycoastal
erosion. Since the villagers become uncomfortable
withmonsoon season, somemove to other villages
and some are seeking shelter at the monastery of
their village.The situation could bemore difficult if
sea level rise due to climate changecontinues to take
place.

Biodiversity

 Forest wildlife and wild plants

Myanmar isoftencitedasbeing rich in biodiversity
inAsia. By nature, forests are highly vulnerable to
climate extremes such aswarming anddrought. But
specific studies are needed for this issue.Wildlife
species andwild plants are abundant inMyanmar as
shown in (Table 4.12).
Table 4.12: Wildlife species and wild plants in
Myanmar

No Description Number of species

1 Birds 1000

2 Mammals 300

3 Reptiles 360
4 Butterflies 1200

5* Plant species 7000

No Description Number of species

1 Birds 1000

2 Mammals 300

3 Reptiles 360
4

5*

Butterflies 1200Butterflies 1200

Plant species 7000Plant species 7000

Source: Asian Disaster Preparedness Center -
ADPC, 2009: Forest Fire, Hazard Profile of
Myanmar and *MyanmarAgenda 21
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However, many species of wildlife and wild plants
are highly endangered and at risk of extinction.
Strenuous efforts through the establishment of a
network of protected areas are needed to arrest the
biodiversityloss.Myanmarhasestablished30wildlife
sanctuaries and six national parks by the year 2009
(ADPC, 2009).

Fresh water fishes

Verylittle is knowninMyanmarabout freshwater and
marine fishes and priority should be given to carry
out studies in this area. The number of fish species
recorded in Myanmar is 196 (Denerstein et al.1993).
Giant Catfish (Pangasianodon gigas), and Asian
Arowana (Scleropages formosus),are endangered.
According to the 2004 IUCN Red List of Threatened
Species (BI 2005) they both are listed to be present
in Myanmar. However neither species has been
confirmed as yet.

 Marine fish species
The commercially important marine fish species are
changing inMyanmar coastal waterseveryyear.With
decrease in size and quantityof fish herds, the record
of Catch Per Unit (CPU) is decreasing in the coastal
waters.

TheSSTisdifferent alongthecoast fromthesouthern
coastal area (Tanintharyi) to northern area (Rakhine).
Fishing fleet moved every year up to the Rakhine
coastal area, and found that the marine fish species
composition, size and quantityhad changed between
the southern and the northern areas.

 Marine turtles
Marine turtlesare longlived,highlymigratoryreptiles
that can be found in the tropical and sub-tropical
oceans worldwide. Of the seven living turtle species
which are found around the world, six are known to
reside in Southeast Asia. Myanmar has 5 species,
namely, Green turtle (Chelonia mydas), Loggerhead
(Caretta caretta), Hawksbill (Eretmochelys
imbricata), Leatherback (Dermochely coriacea)
and Olive Ridely (Lepidochelys aolivace). Theyare
currently considered as endangered species.
Conservation of marine turtles can be done only
through international cooperation as they are the
shared resource of the world. The habitats of marine

turtles should also be adequately protected and
efficientlymanaged.

Sea grass beds
Sand sedimentation on sea grass beds in coastal
waters along the beaches and between the islands of
MyeikArchipelago is increasing, and it is attributable
to heavyrains. Sand sediments coveringthesea grass
beds threaten the habitats of dugongs and sea turtles.
The production of
giant tigershrimpand seacucumber isalso threatened
bysand sedimentation.

 Mangrove ecosystems
In some coastal areas of Asia, a 30 cm rise in sea
level canresult in45mof landwarderosion (Tun,M.T.
2009). Since sea level rise tends to aggravate the
currentlyeroding coastal areas, mangrove forests and
swamp areas along the Myanmar coast will be facing
thisproblem.Thetropical cycloneNargisandTsunami
notonlydestroyedmangroveecosystemsinthecoastal
area of Myanmar, but also brought about undesirable
social, economic and environmental effects on the
area. Mangroves provide products such as charcoal,
firewood and housing materials and they provide
services such as feeding and spawning grounds for
aquatic species, nesting place for wildlife and
protectionagainststrongwindsandseawater intrusion
as bio-shield. Loss of mangrove ecosystems means
loss of these products and services.

 Marine mammals
It is widely recognized that climate change impacts
on marine mammals will be mediated primarily via
changes in preydistribution and abundance. SST is a
goodpredictorformarinemammaldistribution.Afew
species may move between different temperature
zones duringregular migration.

Plankton booming
During the Myanmar-India Joint Oceanography
Cruise conducted in 2002, the occurrencesof patches
of phytoplankton (Trichodesmiun) blooms were
observed to the west of 96º east. The phytoplankton
blooms appear to be common in stratified surface
layers where the surface nitrate was in traceable
concentration. It is the indication of plankton
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blooming. Studies found that increase in nitrate
concentration inseawaterswascausedbyland-based
pollution.Rainswithhigh intensityover themainland
Myanmarwould bring down pollutants into the sea
swiftly, contributingto increasednitrateconcentration
in seawaters.

4.4. Vulnerability Indices and Maps
for Key Socio-economic Sectors

Methodology
Myanmar iscommitted todisclosingthevulnerability
indices toclimatechangeimpacts intheInitialNational
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Communication for which Myanmar has little
experience.The index is the complex representation
of key socio-economic information for all localities
byapplyingvariousmathematicalmodels. In a short
period of time, it is hard to effectively undertake
capacitybuildingin theareasof technology,expertise,
humanresources andinstitution.Thereforea tentative
approach that could generally represent the
vulnerability index is explored basedpartiallyon the
presentation ofGeorgeManful (2008), as shown in
(Table 4.13).

Table 4.13: Vulnerability of key sectors to the impacts of climate change

Vulnerability: -2 - Highly vulnerable Level of Confidence: VH -VeryHigh
-1 - Moderately vulnerable H - High
0 - Slightly or not vulnerable M - Medium
+1 - Moderately resistant L - Low
+2 - Most resist VL-Very Low

Sub-regions Food and fibre Biodiversity
Water
resource

Coastal
ecosystem

Human
health
Settlements

Land
degradation

North Asia +1/H -2/M +1/M -1/M -1/M -1/M -1/M

Tibetan
Plateau

+1/L -2/M -1/M Not
applicable

No
informatio
n

No
information

-1/L

East Asia -2/VH -2/H -2/H -2/H -1/H -1/H -2/H

South Asia -2/H -2/H -2/H -2/H -2/M -1/M -2/H

South-East
Asia

-2/H -2/H -1/H -2/H -2/H -1/M -2/H

-1/M -2/H
Central
Asia and
West Asia

-2/H -1/M -2/VH -1/L -2/M

Sub-regions Food and fibre Biodiversity
Water
resource

Coastal
ecosystem

Human
health
Settlements

Land
degradation

North Asia +1/H -2/M +1/M -1/M -1/M -1/M -1/M

Tibetan
Plateau

+1/L -2/M -1/M Not
applicable

No
informatio
n

No
information

-1/L

East Asia -2/VH -2/H -2/H -2/H -1/H -1/H -2/H

South Asia -2/H -2/H -2/H -2/H -2/M -1/M -2/H

South-East
Asia

-2/H -2/H -1/H -2/H -2/H -1/M -2/H

-1/M -2/H
Central
Asia and
West Asia

-2/H -1/M -2/VH -1/L -2/M

Thevulnerabilityofa region ispresentedwithnumber
and letter combined.To represent thevulnerabilityof
a sector of thecountrywith index, the affectedextent
of area or community such asHigh,Medium, Low

and None (if not applicable) and the level of
confidence such asHigh,Medium, andLow should
be considered as follows and shown in the ( Table
4.14).

Table 4.14:Quantification of levels for vulnerability assessment

Vulnerability indexmaybe calculated for agiven region bysystematic considerationon each socio-economic
sector as follows.
Indicator score = Impact level x Confidence level
Sector score =Mean of indicator score of a sector
Vulnerability Index =Mean of all sector scores x Population density level

Low
Mediumm
mm High

Vulnerability level of an indicator 1 2 3

Confidence level of an indicator 1 2 3

Population level of a region 1 2 3

Description of level
Quantification of level

Low
Mediumm
mm High

Vulnerability level of an indicator 1 2 3

Confidence level of an indicator 1 2 3

Population level of a region 1 2 3

Description of level
Quantification of level
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In this context the equation used for thevulnerability indices is as shownbelow:-

where VI =VulnerabilityIndex,
CL= ConfidenceLevel,
AL= AffectedLevel,
PD= PopulationDensityLevel,

i = Number of climate change impacts; i = 1, l = 6 (in this context),
j = Number of indicators for a sector; j = 1, m = 3 (in this context),
k = Number of sectors; k = 1, n = 6 (in this context).

4.5. Climate Change Impact
Parameters and Key
Socio-Economic Sectors

Climate change impact parameters and
Vulnerability Level (VL)
Themeteorologists and climatologists fromDMH
have indentified the following six climate change
impact parameters:

1. Cyclone and strongwinds,
2. Flood and storm surge,
3. Intense rain,
4. Extreme day temperature,
5. Drought and
6. Sea level rise.

TheirVulnerabilityLevel (VL) and its “Criteria and
Scores” for the States andRegions ofMyanmar are
judgedbythemeteorologists andclimatologists from
DMH, as threeLevels –High (H),Medium (M) and
Low (L), numerically3, 2 and 1. The score of zero
orNone (N) indicates that the effect is not applicable
at all, see ( Table 4.15).

Key socio-economic sectors and Confidence Level
(CL)
TheVulnerabilityandAdaptationAssessmentTeam
members indentifiedsix keysocio-economic sectors.
Each sector has three indicatorswhich are to beused
for evaluatingvulnerabilityscores. These indicators
were determined by team members based on the
available baseline data. The assumption for the
unavailable datawasmade and scoreswereworked
out based on experts’ opinions.

Thedataused in the indicators of the sectors to assess
the score levelsof confidenceare takenfromthedata/
statistics ofMyanmarProgressiveReport,Myanmar
Agriculture Statistics, Department of Health,
Department of Fisheries, Forest Department and
Chronicle of National Development Comparison
between PeriodPreceding 1988 andAfter 1988 (up
to 31-12-2008) togetherwith the expert opinion.

TheConfidenceLevel (CL) of the indicators from
all sectors for the States and Regions ofMyanmar
are shown in (Table 4.15).

Affected Level (AL)
TheAffectedLevel (AL) is the last or 3rd basic factor
of the climate change impact on the key socio-
economic sectors for the calculationofVulnerability
Indices (VI). It is derived from the 1st and 2nd factors
of theVulnerability Level (VL) andConfidence
Level (CL) by the teammembers.

Vulnerability Indices (VI) and maps
In accordance with the specified equation of the
Vulnerability Index (VI), Sector Scores (S) and
theirMean Score (SM) areworked out for the States
and Regions. The vulnerabilitymaps of key socio-
economic sectors for the States and Regions of
Myanmar are shown in ( Figure 4.41), and
“Population density of the States and Regions of
Myanmar” is shown in ( Figure 4.42) as the second
map. The third map is “Vulnerability indices of
theoverall keysocio-economic sectors for theStates
andRegions ofMyanmar” and it is shown in (Figure
4.43).
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Table 4.15: Identification and justification “Confidence Level (CL)” of climate change impacts on
the Indicators of the key socio-economic sectors

Sector Indicator Identification& justification
(1) Crop yield and production
changes

H,M, L is defined by Expert opinion.

(2) Crop pattern change H,M, L is defined by Expert opinion.
(3) Pest & disease H,M, L is defined by Expert opinion.

H= Above 2,000 villages

M= 1,000 to 2,000 villages

L= Less than 1,000 villages

H= Above 100Megawatts
M= 50 to 100Megawatts
L= Less than 50Megawatts
H= Above 50Dams

M= 10 to 50Dams
L= Less than 10Dams

(1)Malaria H,M, L is defined by Expert opinion.
( 2) Diarhorea H,M, L is defined by Expert opinion.

(3) Unavailability of safe water H,M, L is defined by Expert opinion.
H= Above 5,000

M= 1,000 to 5,000
L= Less than 1,000

H= Above 100,000

M= 40,000 to 100,000

L= Less than 40,000

H= Above 2,000

M= 750 to 2,000

L= Less than 750
(1) Fish yields and production
changes

H,M, L is defined by Expert opinion.

(2)Mangrove ecosystem H,M, L is defined by Expert opinion.

(3) Coral reef H,M, L is defined by Expert opinion.
(1) Forest biomass (growing
stock)

H= Above 1,000mcm

M= 500 to 1,000mcm
L= Less than 500mcm

(2)Habitat loss (Closed forest
from1975-2006)

H=Above 1,000 Sqml (Max= 3600.2Sqml)
M= 500 to 1,000 Sqml
L= 0 to Less than 500 Sqml
N= less than zero [Min = (-)21.0 Sqml] Sqml ]

(3) Fishery species composition H,M, L is defined by Expert opinion.

Biodiversity

Agriculture

Public Health

(1) Rural water supply coverage

(2) Supply for hydro power

(3) Irrigation works and
beneficial area

Water Resources

Forestry

(1) Forest cover (000 ha. of
Natural forest)

(2) Forest fire (Number of
occurrence per year )

(3) Species composition (000 ha.
Closed forest)

Coastal Zone

Sector Indicator Identification& justification
(1) Crop yield and production
changes

H,M, L is defined by Expert opinion.

(2) Crop pattern change H,M, L is defined by Expert opinion.
(3) Pest & disease H,M, L is defined by Expert opinion.

H= Above 2,000 villages

M= 1,000 to 2,000 villages

L= Less than 1,000 villages

H= Above 100Megawatts
M= 50 to 100Megawatts
L= Less than 50Megawatts
H= Above 50Dams

M= 10 to 50Dams
L= Less than 10Dams

(1)Malaria H,M, L is defined by Expert opinion.
( 2) Diarhorea H,M, L is defined by Expert opinion.

(3) Unavailability of safe water H,M, L is defined by Expert opinion.
H= Above 5,000

M= 1,000 to 5,000
L= Less than 1,000

H= Above 100,000

M= 40,000 to 100,000

L= Less than 40,000

H= Above 2,000

M= 750 to 2,000

L= Less than 750
(1) Fish yields and production
changes

H,M, L is defined by Expert opinion.

(2)Mangrove ecosystem H,M, L is defined by Expert opinion.

(3) Coral reef H,M, L is defined by Expert opinion.
(1) Forest biomass (growing H= Above 1,000mcm

M= 500 to 1,000mcm
L= Less than 500mcm

(2)Habitat loss (Closed forest
from1975-2006)

H=Above 1,000 Sqml (Max= 3600.2Sqml)
M= 500 to 1,000 Sqml
L= 0 to Less than 500 Sqml
N= less than zero [Min = (-)21.0 Sqml] Sqml ]

(3) Fishery species composition H,M, L is defined by Expert opinion.

Biodiversity

AgricultureAgriculture

Public Health

(1) Rural water supply coverage

(2) Supply for hydro power

(3) Irrigation works and
beneficial area

Water Resources

Forestry

(1) Forest cover (000 ha. of
Natural forest)

(2) Forest fire (Number of
occurrence per year )

(3) Species composition (000 ha.
Closed forest)

Coastal ZoneCoastal Zone
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Figure 4.41: Vulnerability scores of the key socio-economic sectors for the States and Regions
of Myanmar
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Figure 4.42: Population density of the States and Regions of Myanmar
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Figure 4.43: Vulnerability indices of the overall key socio-economic sectors for the States
and Regions of Myanmar

InMyanmar, thehighest sector score forVulnerability
is the Public Health sector followed byBiodiversity ,
Water Resources , Forestry , Coastal Zone and
Agriculture sectors.

The Public Health sector score is maximum (5.3) in
Ayeyarwady Region followed by Rakhine State,
Tanintharyi Region, Bago Region and (3.9) in Mon
State. It is minimum (2.0) in Chin State.

In Biodiversity sector, score is maximum (4.7) in
Sagaing Region followed by Rakhine State, Bago
Region,AyeyarwadyRegionandTanintharyi Region,
and (2.0) in MonState. It isminimum (1.1) inYangon
Region.

In Water Resources sector, score is maximum (4.5)
in Mandalayand Bago Regions followed bySagaing,
Ayeyarwady and Magway Regions. It is minimum
(0.9) in Kachin and Rakhine States.
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Tropical storms
Tropical storms in theBayofBengal are important as
the rain producing phenomena on one part, and as
thepotentialhazards on theother. Theglobal climate
change scenarios indicate that tropical storm
frequency and intensity are on the increasing trend
and their tracks aregoing tobeabnormal.After 2002,
Myanmar coast has been crossed by the cyclone
everyyear except 2005. ThereforeMyanmar needs
intensive studies on this issue. The examples of
possible research areas are provided in (Table4.18).

In Forestry sector, score is maximum (3.4) in
Magway Region followed by Mandalay, Bago,
AyeyarwadyRegionsandKayahState. It isminimum
(0.7) inTanintharyiRegion.

InCoastal zone sector, score ismaximum (2.9) in
Ayeyarwady Region followed by Rakhine State,
Yangon,BagoRegion andMonState. It isminimum
(1.3) inTanintharyiRegion.There is no score in the
eight inlandStates andRegions.

InAgriculture sector, score is maximum (1.6) in
Ayeyarwady Region followed by Bago, Sagaing,
MandalayandMagwayRegions, It isminimum(0.2)
inChinState.

Vulnerability index is maximum with (6.13) in
AyeyarwadyRegion andminimum is (1.19) inChin
State.The index is relativelyhigh inAyeyarwadyand
YangonRegions followedbyMandalayRegion,Mon
State andBagoRegion. It is relativelylow inSagaing
RegionandRakhineState. It is lowestin theremaining
States andRegionswithminimuminChinState.
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4.6. Targeted Researches

Global warming, climate change and sea level rise
are theglobal issues towhich high attention arepaid
byallnationsparticularlytheagriculturalcountries like
Myanmar. Adaptation strategies and measures
adaptive toclimatechange impacts canbeeffectively
undertaken if various aspects of climate and climate
variabilityarewell understood.

Climate variability
Climate variability ismeant the variation of climate
parameters. These are temperature, rainfall, rainy
days,humidity, sunshinehours, solar radiation, thunder
stormdays,soil temperatureandmoisture, river stages
and run off, floods levels, etc., which represent
meteorological/hydrological relatedelements.

Studiesonclimatevariabilitywill includestudiesrelated
to rainfall intensity, area coverage, duration of the
spells,monthofoccurrence, and timehourof theday
of occurrence, spatial and temporal distributions.
Extreme climate events are also important areas to
be studied. Possible research areas on climate
variability are shown in (Table 4.16).

Table 4.16: Possible research areas for the study of climate variability

No Research areas on climate variablity

1 Variability of south wes t monsoon onset/withdrawal over Myanmar.

2 Variability of monthly rainfalls in Deltaic Ayeyarwady Region.

3 Variability of heavy rain spells in Dry Zone of Myanmar.

4 Variability of dry spells in different areas of Myanmar.

5 Variability of rains in the pre-monsoon and the pos t monsoon periods .

6 Variability of dry season rainfalls in Myanmar.

7 Extreme climatic events and their impacts on the production of major crops .

8 Some synoptic s ituations respons ible for the extreme rainfall episodes in Central Myanmar.

No Research areas on climate variablity

1 Variability of south wes t monsoon onset/withdrawal over Myanmar.

2 Variability of monthly rainfalls in Deltaic Ayeyarwady Region.

3 Variability of heavy rain spells in Dry Zone of Myanmar.

4 Variability of dry spells in different areas of Myanmar.

5 Variability of rains in the pre-monsoon and the pos t monsoon periods .

6 Variability of dry season rainfalls in Myanmar.

7 Extreme climatic events and their impacts on the production of major crops .

8 Some synoptic s ituations respons ible for the extreme rainfall episodes in Central Myanmar.

Climate change

Climate variability comprisesmany aspects and so
does theclimatechange.Climatechangestudies focus
on magnitude, intensity, and spatial and temporal
distributions,characteristicfeatures representingshort-
term,medium-term and long-term aspects. Climate
change studieswill focus on themagnitude, intensity
and spatial and temporal distributions of rains, dry
spells, extreme events and short-term to long-term
characteristic features of climate. Possible research
areas on climate change are shown in (Table 4.17).
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Table 4.17: Possible research areas on climate change

No Research areas on climate change

1 Climate change aspect of south west monsoon onset/withdrawal over Myanmar.

2 Climate change of monthly rainfalls in Myanmar.

3 Climate change aspect of heavy rain spells in Dry Zone of Myanmar.

4 Climate change aspect of dry spells in different areas of Myanmar.

5 Climate change aspect of rains in the pre-monsoon and the post monsoon periods.

6 Climate change aspect of dry season rainfalls in Myanmar.

7 Assessment of extreme climatic events.

8 Changing patterns of extreme climates in Myanmar.

9 Analysis of climate change scenarios for sub states and division levels.

No Research areas on climate change

1 Climate change aspect of south west monsoon onset/withdrawal over Myanmar.

2 Climate change of monthly rainfalls in Myanmar.

3 Climate change aspect of heavy rain spells in Dry Zone of Myanmar.

4 Climate change aspect of dry spells in different areas of Myanmar.

5 Climate change aspect of rains in the pre-monsoon and the post monsoon periods.

6 Climate change aspect of dry season rainfalls in Myanmar.

7 Assessment of extreme climatic events.

8 Changing patterns of extreme climates in Myanmar.

9 Analysis of climate change scenarios for sub states and division levels.

Table 4.18: Possible research areas on tropical storms

No Research Area

1 Tropical storm landfall frequency and distribution along Myanmar coast.

2 Vulnerability indexof tropical stormalong Myanmar coast.

3 Cyclonic stormassociated excessive rain spells in Myanmar.

4 Attempt to quantitative forecasting of cyclone rainfall in Myanmar.

5 Forecasting of cyclonic storm track in the Bay of Bengal.

6
Study on the influence of the sea surface temperature pattern upon the cyclogenesis in
the Bay of Bengal and the Andaman sea.

7 Changing upper air circulations responsible for the abnormal movement of cyclones in
the Bay of Bengal.

8
Regeneration of cyclones in the Bay of Bengal due to typhoon remnants of the South
China Sea.

9 Stormsurge prediction for Myanmar coastal zones.

10 Scenarios of different abnormal cyclone tracks and their potential impacts on Myanmar.

No Research Area

1 Tropical storm landfall frequency and distribution along Myanmar coast.

2 Vulnerability indexof tropical stormalong Myanmar coast.

3 Cyclonic stormassociated excessive rain spells in Myanmar.

4 Attempt to quantitative forecasting of cyclone rainfall in Myanmar.

5 Forecasting of cyclonic storm track in the Bay of Bengal.

Study on the influence of the sea surface temperature pattern upon the cyclogenesis in
the Bay of Bengal and the Andaman sea.

6

Changing upper air circulations responsible for the abnormal movement of cyclones in
the Bay of Bengal.

7

Regeneration of cyclones in the Bay of Bengal due to typhoon remnants of the South
China Sea.

8

Stormsurge prediction for Myanmar coastal zones.9

Scenarios of different abnormal cyclone tracks and their potential impacts on Myanmar.10

Table 4.19: Possible research areas on droughts and precipitation warming trend

No ResearchArea

1 Spatial frequency and distribution of drought in Myanmar.

2 Temporal distribution of drought and frequency in Myanmar.
3 Changing pattern of drought frequency in Myanmar.
4 Synoptic situations responsible for the significant drought ofMyanmar.

5 Synoptic situations responsible for the drought of a specific time in Myanmar.

6 Synoptic situations responsible for the extended drought duration in the Dry Zone ofMyanmar.

7 Hydrological features due to specific significant drought ofMyanmar.
8 Impact of specific significant drought upon the water resources aspect of centralMyanmar.
9 Potential threat of dry-zone drought upon the neighboring regions ofMyanmar.
10 Potential impacts of cool-season drought in Myanmar.

No ResearchArea

1 Spatial frequency and distribution of drought in Myanmar.

2 Temporal distribution of drought and frequency in Myanmar.
3 Changing pattern of drought frequency in Myanmar.
4 Synoptic situations responsible for the significant drought ofMyanmar.

5 Synoptic situations responsible for the drought of a specific time in Myanmar.

6 Synoptic situations responsible for the extended drought duration in the Dry Zone ofMyanmar.

7 Hydrological features due to specific significant drought ofMyanmar.
8 Impact of specific significant drought upon the water resources aspect of centralMyanmar.
9 Potential threat of dry-zone drought upon the neighboring regions ofMyanmar.
10 Potential impacts of cool-season drought in Myanmar.

Droughts and warming trend

Droughts are very frequent phenomena in central
Myanmar.These phenomena are not confined in the
area but spread to the nearbyregions. In the face of
world-wide warming and the warming trend in

Myanmar, drought characteristic changes call for
extensivestudies.Possibleresearch areasondroughts
andwarming trend are shown in (Table 4.19).
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Extreme climates in relation to El Nino
Myanmar experienced the impacts of El Nino and
ENSO. It still needs detailed assessment of these
impacts in different places of the country in termsof
intensity, spatial extent anddurationof the impact.

With the sea level rise and warmer sea surface
temperature induced by global warming,
understanding the characteristic pattern of El Nino
impacts on the climate of Myanmar would be
advantageous for identifying the climate change
adaptation measures. Possible study areas are as
shown in the (Table 4.20).

Table 4.20: Possible study areas on extreme climates in relation to El Nino
No Study Area

1 Impact of El Nino upon the extreme temperatures of different States and Regions in Myanmar.
2 Impact of El Nino upon the extreme heavy rainfalls of different States and Regions in Myanmar.

3 Impact of El Nino upon the extremely warmspell duration of different States and Regions in Myanmar.

4 Warming pattern in Myanmar in the early stage of El Nino.

5 Rainfall pattern in Myanmar in the early stage of El Nino.
6 Drought characteristics during the period of El Nino.
7 Significant climate pattern in Myanmar in the wake of El Nino.
8 Significant intensity/track of cyclones in the Bay of Bengal during El Nino period.
9 Flood frequency and duration along the Ayeyawady River systemdue to impact of El Nino.
10 Abnormally low water level in dry season due to impact of El Nino.

No Study Area

1 Impact of El Nino upon the extreme temperatures of different States and Regions in Myanmar.
2 Impact of El Nino upon the extreme heavy rainfalls of different States and Regions in Myanmar.

3 Impact of El Nino upon the extremely warmspell duration of different States and Regions in Myanmar.

4 Warming pattern in Myanmar in the early stage of El Nino.

5 Rainfall pattern in Myanmar in the early stage of El Nino.
6 Drought characteristics during the period of El Nino.
7 Significant climate pattern in Myanmar in the wake of El Nino.
8 Significant intensity/track of cyclones in the Bay of Bengal during El Nino period.
9
10
Flood frequency and duration along the Ayeyawady River systemdue to impact of El Nino.
Abnormally low water level in dry season due to impact of El Nino.

Theremayhave some cross-cutting issues between
sectors under the studies mentioned above and
research should also address these issues. The
research works at various institutions are to be
encouraged and supported by the government.
To be fully abled to conduct research programs,
Myanmar is in need of supports from local and
internationalnon-governmentalorganizations
(NGOs) and international/regional bodies of the
UnitedNations, amongothers.

Policy options for adequate adaptation and
response strategies
Thedegreeofclimatechange impact ishard topredict
but scenarios showplausible general situations. The
changes in climate in theworldmight be faster than
as anticipated in the model output. The normal
activities of many communities, infrastructure,
developments, investments, natural resources and
human resources, and major enterprises may get
considerablydisruptedor destroyedmerely just bya
single extreme event. Post-event restoration of the
damages will further delay the development of the
region inparticular, and the country in general.

For successful adaptation, responsible personnel in
thekeysocio-economic sectorshave tobeconversant
with the tools and methodologies for data analysis

and assessment so as to enable to properly identify
the impact of climate and the climate change trend,
which are likely to be dominant in the region. Then,
these tools and methodologies of analysis and
assessmenthave tobe transferred toanddisseminated
among the stakeholders. Information which is a
prerequisite requirement for themethodologies has
to be reliable, transparent and consistent.

The policy options for adequate adaptation and
response strategies are to improve socioeconomic
conditions across the country by upholding the
national economic objectives such as “development
of agriculture as the base and all round development
of other sectors of the economy as well”, and
“development of the economyinvitingparticipation
in termsof technicalknow-howandinvestments from
sources inside the country and abroad” as stated in
the “Four EconomicObjectives of State Peace and
DevelopmentCouncilofMyanmar”.

Agricultural sector
Myanmar is making great efforts to enhance the
development of agriculture sector to ensure food
securitywithin the countryand to step up the export
volumesoas to generate increased foreignexchange.
It will helpMyanmar tomake further investment to



2012

develop theoverall economyof thenation.Atnational
level food production is sufficient for the country’s
domestic consumption. However, food situation in
some parts of the country is unsecured, especially in
the dry zone, border areas and remote areas, due to
harsh weather conditions, remoteness, and poor
access to information on appropriate technology. In
order to enhance food production, crop production
has been intensified with the three main objectives as
follows:

i. To fulfill the needs of local consumption;
ii. To export surplus agricultural products for

increased foreign exchange earnings; and
iii. To provide assistance to rural development

based onagriculture.

In order to meet the above objectives, two different
approaches have been designed for implementation.
The first approach is cropping area expansion and
the second one is increasing per unit area production
by mobilizing all available resources. Cropping
systems will include double cropping, multiple
cropping and mixed cropping on productive lands.

In addition, agricultural policy has been adopted by
the Government with a view to improving the
agricultural sector and enhancing national economy.
The policystipulates:

i. To allow freedom of choice in agricultural
production.

ii. To expand agricultural land and to
safeguard the rights of farmers.

iii. To encourage the participation of private
sector in the commercial production
of seasonal and perennial crops, and the
distribution of farm machineries and other
inputs.

Ricecultivationwillbeparticularlyencouragedtomeet
at least the local demand in all States and Regions.
Development of new drought resistant varieties and
intercropping will be encouraged. Irrigation facilities
including river water pumping system would be
extended in areas where rain water is not enough.

For flood-prone areas,development of structures will
be intensified to prevent floods and inundation of low
lyingareas. Promotionofalternativecrops,adjustment
of planting and harvesting schedules, and floating

agricultural system in wetlands or areas subjected to
long-time inundation should be carried out.

As an agro-ecological based country, adaptation to
climate change is particularly important in order to
protect the production of staple food. In addition,
incomefromtheagricultural sectorwithcropsofshort
rotation represents the main income source for the
majority of population in Myanmar. Year-round
cultivation of crops which are resistant to climate
variability shall be developed through coordinated
researches. For this purpose regional/ national
agricultural researchactivitiesneeds tobeencouraged
and assisted technicallyand financially.

Measures relating to the introduction of high yield,
resilient crop, systematic handling and application of
fertilizersandinsecticides,effective irrigatingmethods
etc. could be beneficial. Flexibility of cash crop
selection might be encouraged in the event of severe
climate.

In order to maintain or regain soil fertility, rotation of
cropspecies,managementof irrigationandcontrolling
the loss ofsoil moisture maybe among the important
agriculturalpractices, callingforfurtherresearch.Loss
and damage of harvested crops from the field to the
consumers shouldbe minimized.

Storage methods for staple food and other crops
during the event of extreme disastrous climate shall
have to be transferred or exchanged between the
countries.Researchactivitiesfocusingonreplacement
of seeds in cropping areas damaged by extreme
events should be encouraged. Seed replacement
method for use in the crop-damaged areas may be
transferred downto thegrass root levelof thecountry.

Water sector

Myanmar is an agro-based country where
development of agriculture is placed on top of the
priorityas itacts as thebase forall rounddevelopment
of other sectorsof the economy. Forboostingup crop
production, availabilityof water is imperative and all
possible meansare therefore beingsought to improve
access to water availability. . Measures were taken
in accordance with annual investment plan under the
guidanceandsupervisionof theMinistryofAgriculture
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and Irrigation. Measures undertaken to expand
irrigationare:

 To construct small and medium dams and
weirs — this will deliver quick-yielding
solution for low yields and low cropping
intensities, and a large number of farmers in
selected poverty-stricken areas can enjoythe
benefits;

 Toimprovethe managementofwaterstorage
and to promote the use of runoff water from
upland watersheds

 To rehabilitate and renovate the existing
government-maintainedirrigationfacilitiesand
village irrigation works efficiency and
economyin water storage and use — greater
emphasis will be given to on-farm water
management;

 To construct dams and sluices to impound
backwater of theAyeyarwadyand Chindwin
rivers during floods for late-rain cropping;

 Toirrigatecultivatedlands throughriverwater
pumping;and

 To irrigate cultivated lands by groundwater
tapping.The agricultural sector is the basis of
theeconomyandthemainsourceoflivelihood
of rural areas, where about 70 percent of the
population live. Hence, Myanmar has laid
downandimplementedfiveruraldevelopment
tasks to bring progress to the whole nation.
One of these is adequate supplyof water for
irrigation and for domestic use.

Up to May 2009, a total of 360 dams and reservoirs
have been constructed for irrigating 1.68 million
hectares of cropland. In parallel with the irrigation
projects,322pumpirrigationprojectsfrommainrivers,
consisting of 129 electric-pumps and 193 diesel-
pump irrigationprojects, and installation of8001 tube
wells with a combined imigarted area of about 0.23
million hectares wereundertaken. Irrigation coverage
increased from 12.5 percent of sown area in 1987-
88 to 17.0 percent in 2008-2009. Rural water supply
is sufficient for 13.9 million out of 39.27 million of
rural populace.

The central DryZone where the annual rainfall is low
and unreliable has a high potential for crop

diversification. Severe droughts with increased
frequency of occurrence due to climate change are
the most serious natural hazards facing the people
living in this area. In this region, the cultivated areas
alongthemajorriversare irrigatedthroughriverwater
pump projects. In other regions, where runoff is
significant, reservoirs canbe constructed and gravity
irrigation could be applied at cheaper cost. In areas
wherehydro-geological conditionsare favorable tube
wells are sunk for irrigation and domestic purposes.
In the mountainous region where hydropower and
irrigation are undertaken, there is a high potential for
agricultural development on some low-lying flat
lands.

Rice is the major crop in Delta Region where the
populationdensityis thesecondhighest in thecountry.
In this region,about40% of the areasare still affected
by flood damage and sea water intrusion.
Construction of sluice gates and drainagecanals will
provide the benefits of irrigation, flood control and
prevention of sea water intrusion.Advanced
forecasting technologies and earlywarning systems
are essential in mitigating the affects of floods.

There is evidence that flooding is likely to become a
challenging problem in the Delta and the DryZone.
While floods can cause damages to agriculture,
transport, and communication, theypose a growing
concern on the safetyof dams.Adaptation to drought
and chronic water shortage is another growing
problem. Increased intensity and decreased
frequency of rainfalls in these regions will induce
certain changes in surface runoff and groundwater
characteristics. Such changes will in turn disrupt the
existing land use pattern and management practices.
Due todeforestationandlandcoverchanges inupland
watersheds, someof the dams inMyanmarare facing
theheavysiltationproblems, threateningthelife span
of reservoirs.To reduce siltation, Forest Department
shall continueandfurtherstepupitsannualoperations
of forest conservation and restoration in critical
watersheds.

The coupled reservoir and irrigation system should
be developed. It will allow for the redistribution of
water during wet seasons and for carry-over use in
the dry seasons of above-normal water years. The
system will thus minimize the impactsof drought.
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Otheradaptationmeasureshavebeen theuseof levees
and dams, which will protect communities against
heavy precipitation and high flood flows during
extreme wet periods. But, climate change might
challenge these conventional measures, and more
aggressive strategies such as recharging aquifers
artificially or developing integrated strategies that
optimally operate reservoirs in combination with
artificial rechargingof aquifers.

The Government has formulated national sustainable
developmentstrategywhichreflectsMyanmarAgenda
21 and theMillennium Development Goals (MDGs)
stipulated in the United Nations Millennium
Declaration, 2000. InMyanmar,growth in agriculture
productivity has been achieved and it will raise the
incomes of the rural poor and thus reduce poverty, a
priorityMDG of the country.Adequate water supply
is one of the basic requirements for boosting up the
production of crops. Accordingly, agricultural
infrastructures are beingbuilt throughout the country
within a short span of time. However, rapid
construction of irrigation facilities such as dams,
reservoirs, weirs and river pumping stations may
eventually lead to contamination and depletion of
water resources. Water management is seen as a key
area to be addressed, and laws and regulations to
prevent water-related environmental degradation
should be strengthened.

Although cause and effect of many environmental
issues are cross-cutting in nature, in Myanmar. The
ministries are taking on development planning and
programsprimarilyorientingon theirownsector-wise
policies, strategies and targets. Sectoral coordination
andenvironmental implicationsparticularlyin thearea
of cross-cutting issues are thus paid little attention.
This leads the government to establish National
Commission for EnvironmentalAffairs (NCEA) in
1990.

To copewith the climate change impacts, the strategy
forwaterresourcedevelopmentwill focusontheissues
of ever-increasing water demands and shortages. It
will be similar to those strategies currently under
practice.Aprerequisite toadaptation is the application
of an Integrated Water Resources Management
(IWRM) strategy at both catchment and river basin
levels.
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Public health sector

Due to global warming, Myanmar climate also has
become markedlywarmer especially in recent years.
The warming extends to the regions of higher
elevations as well. Accordingly, the habitats for
mosquitoes and air born diseases are not confined to
the low lying plains only, but are expanding to the
mountainous regions of higher elevations. Malaria,
cholera and dengue fevers, etc. maybecome all year
round normal diseases. Influenza cases may become
extensive and high rate of mortalitymaybe expected
duringtheextremeevents,particularlyamongtheaged
and infants. Basic medical care and needs should be
provided to the rural folks systematically to reduce
the climate change impacts.

According to projected changes in the hydrological
cycles, associated with global warming, increase in
morbidity and mortality due to diarrheal disease
primarily associated with floods and droughts are
expected in developing countries in East, South and
Southeast Asia (IPCC 2007). Increase in coastal
water temperature would exacerbate water toxicity
and/or the outbreak of cholera. Natural habitats of
vector borne and water borne diseases are reported
to be expanding. Diseases originated in the tropical
low lying areas are likely to spread towards the high
landarea.Enhancementsofpubliceducationonhealth
matters are essential.

For successful adaptation, stakeholders involved in
this key sector have to be conversant with the IPCC
tools and methodologies for analysis, assessment to
properlyidentifythe impact of climateand the climate
change trend likelydominant in the region. Then, this
practice should be disseminated among the
stakeholders. Information which is prerequisite
requirement for the methodology has to be reliable,
transparent and consistent to meet the international
standard.

Myanmar has reduced the import of ODS substances
and isnow usingnon-ODSchemicals in themedicine.

To mitigate health hazards, Myanmar is undertaking
certain measures such as improvement in the
construction of housesand health infrastructures with
newdesigns, improvement inenvironmentalpractices
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and preparation and implementation of disaster
management plans. . For disease control activities,
vaccination against diseases, basic health care and
preventiveservicesandcommunityawareness raising
against the disease outbreaks are carried out.

The effectsof climate change onhealth include direct
effects such as illness and deaths due to extreme
temperatures, e.g. effect of heat wave in India in May
2009. Similarly, storms and heavyrainsmayoccur in
some areas and may cause floods. Not only water
contamination but also air pollution canarise in these
water-flooded areas. Indirect effect is that there might
have increased incidence of diseases and high
mortality rates due to epidemics, such as malaria
epidemic due tomosquitoes. Confoundingfactorsare
sensitivityofhumanhealth toelementsofweatherand
climate, differing vulnerability and movements of
vectors.

Adaptation measures will include use of vaccines
against diseases, improved use of weather forecasts
andearlywarnings, improvedenvironmentalpractice,
preparation and implementation of disaster
management plans, andimprovement inpublichealth
infrastructure. Disease surveillance and emergency
response capabilities should also be enhanced as
important adaptation measures.

Forestry sector
Myanmar has been implementing a large number of
forest conservation and development programs that
have thepotential to reduce thevulnerabilityof forest
ecosystems to the impactsof climatechange, and they
include, amongothers:

 Enactment of new Forest Law in 1992,
enactment of Protection ofWildlife,Wild
Plants and Conservation of NaturalAreas
Law in 1994, and promulgation of
Myanmar Forest Policy in 1995 and
issuance of CommunityForestry
Instructions in 1995 . These laws and forest
policywill contribute to conservation of
forest resources including biodiversityand
reduction of forest fragmentation.

 A large reforestation program to reduce
demands on forests for timber, industrial

wood and fuel wood. It will lead to
conservation of biodiversityand reduction
of forest degradation.

 Involvement of local communities in forest
protection and regeneration and creation of
long term stake in forest health, through the
CommunityForestryprogram.

The performance and impacts of these measures in
quantitative terms are however not clear.To prevent
the deforestation and to increase reforestation
particularly in dry zone of Central Myanmar, it is
essential to provide financial and technical supports
to the Dry Zone Greening Department. Increased
investments are needed for implementing mangrove
reforestation works in the deltaic areas and coastal
region.Villagewoodlots shouldbeestablishedineach
and every village or village track to meet the local
demand for timber and firewood and it should be
included in the long term development / disaster
preparedness plans. Traditional slash and burn
agricultural system prevailing in some mountainous
areas maybe oriented to more sustainable livelihood
systems.

With increased warming, forest areas are bound to
experiencehightemperatureseasytocatchfire.Forest
fire at one place can wildly spread out to other areas
during dry summer. Forest fire management
encompassing standard layout, landscape planning,
dead timber salvaging, , and wild life rescue is an
important policymatter. One of the policyobjectives
is to increase the extent of Permanent Forest Estate
up to 30% of total land area of the country.

In forestry sector, appropriate land use and
management, plantingofstress-resistant tree species,
controlof shiftingcultivationand increased efficiency
of wood industry are among the options which can
improve the forest adaptability to climate change.
Therefore recommended adaptations are:

 planting of more tolerant tree species,
 increased forest fire control,
 increased forest products processing

efficiency,
 use of wood substitute materials,
 provision of financial assistance to forest

communities affected byclimate change,
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 provision of subsidyon substitute fuels and
buildingmaterials forpeople of hillyregions,

 change from productive to protective
functionsofforestsandestablishmentofforest
corridors to assist migration through forests.

Coastal zone sector
Emphasis should be given to protect the coastal zone
erosion by structural defense and development of
mangrove forest zones.Establishment of settlements
inside the potentiallydanger zones which are at risks
of sea level rise, storm surges and sea water intrusion
is to be restricted with the help of law enforcement.
Construction of storm shelters is necessary for each
of the village tracts in the deltaic region to escape
from strong winds and sea waves. It is necessary to
provide local communities with facilities which can
receive weather news, weather forecasts and early
warnings round the clock.All public ferries and boats
should carry radio receivers to avoid any possible
mishap due to the extreme weather event. Coastal
impact development should be considered in the
coastal development plans.

For successful adaptation, stakeholders involved in
this key sector have to be conversant with the IPCC
tools and methodologies for data analysis and
assessment so as to ensure the proper identification
ofclimatechangeimpactsandtheclimatechangetrend
likely to dominate in the region. Then the
methodologies are to be disseminated among the
stakeholders. Information which is a prerequisite
requirement for the methodology has to be reliable,
transparent and consistent to meet the international
qualitystandard.

Biodiversity sector

In this section, biodiversity of fishery will be
emphasized. Myanmar Fisheries will promote the
fishery products from both aquaculture and capture
fisheries. To increase the production, support from
and collaboration with national and international
scientists will be needed. The vision of the Myanmar
Fisheries is to promote total fishery production and
to earn foreign exchange from the export of fishery
products.

Myanmar owes the richness of her fresh water
fisheries to the extensive river systems:Ayeyarwady
with a length of 2150 km, Chindwin (a tributary of
the mainAyeyarwady) 844 km, Sittaung 536 km and
Thanlwin2400km.All these riverscanbeconsidered
nationallyowned productive water assets. The other
resources such as Indaw Gyi Lake (the largest lake
of Myanmar in Kachin State), Inlay Lake, (famous
lake in Shan State), ponds, reservoirs and dams will
also providefish for local consumptionannually.The
total inland fisheries production will increase by4.11
mmt or 2.20 tons per hectare.

Myanmar will improve aquacultural practices by
replacing the traditional methodscurrentlyinusewith
modernized techniquessuch as Pen CultureandCage
Culture for Seabass, Grouper and Milkfish species
in the Rakhine and Tanintharyi coastal areas.

The main responsibilities of the DoF are to conserve
aquatic resources, to undertake licensing and
surveillance byapplying the existing fisheries laws as
necessary. To ensure effective managementof fishery
resources, the Government has promulgated four
fisheries laws,namely:

1. The Law relating to the FishingRights of
Foreign FishingVessel, promulgated on
April 25, 1990.

2. Myanmar Marine Fisheries Law,
promulgated onApril 2, 1989.

3. Freshwater Fisheries Law, promulgated on
March 4, 1991, and

4. Law relating toAquaculture, promulgated
on September 7, 1989.

Fattening of mud crab and processing of soft shell
mud crab are the booming business in Kyun Su
TownshipofTanintharyiRegion.Marinefinfishculture
using net cages has also been a common practice in
area although seed production of marine finfish has
not been successful as yet. Farmers have to collect
seed from the wild. The species are groupers and
snappers. Marine circular net cages are made at
Myeik in thesamearea. Farmingofseabass in earthen
ponds is another practice, currently gaining interest
among the farmers and private sector. It has been
successful to produce seabass recently. Moreover,
experimental culture of seaweed,Eucheuma cottoni
has been introduced in the area. The DoF intends to
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promote Pen Culture and Cage Culture for Seabass,
Grouper and Milkfish along the Rakhine and
Tanintharyi coastal shore. As planned by the DoF,
there would be a total of 200,000 ponds by 2031
along the coastal shore. The sustainabilityof marine
living organisms is entirely dependent on coastal
mangroves and coral reefs. The coastal islands and
mangrove ecosystems provide environmen-tal
protectionagainst tsunami,bankerosion,strongwinds
and sea water intrusion.

In order to conserve fingerlings and juvenile shrimps
and to avoid conflict between the artisanal fishermen
and the trawler, the DoF bans fishing by trawler in
the near-shore zone: fishing bytrawler is not allowed
within five miles from the shore line for the Rakhine
coast and within ten miles for the Tanintharyi coast.
In theTanintharyi coastal area,Myanmarhasdynamic
MyeikArchipelago.Insular waters are characterized
byanabundanceof coral reefsandextensiveseagrass
beds. The area is characterized by a large number of
rare and endangered species including five species of
marine turtle and a number ofmarine mammals such
as dolphins, porpoises, whales, dugongs and
elasmobranches such as whale shark and rays. The
DoF is exerting continuous efforts to conserve these
national heritages with the followingobjectives:

 To preserve and restore spawning, feeding
and nesting habitats;

 To make nesting beaches acceptable to
turtles byeliminatingbeachpollution
through law enforcement;

 To implement beach cleaning program and
preventexploitation activities;

 To minimize wasteand to prevent pollution
of the marine environment, and

 To increase public awareness and
participation in sea turtle conservation
through extension and education activities.

Adaptation options
Vulnerability index of different economic sectors of
states and Regions has been presented based on
different level of vulnerability indicator scores. For
the adaptation assessment reduction of vulnerability
level indicatorwillenforcetheloweringofvulnerability
level and strengthening of adaptation measures for
each sector.

 Agriculture

The mean score of indicators is relatively high in
Sagaing, Mandalay, Magway,Bago andAyeyarwady
Regions.Theindicatorcouldbemanipulatedtoreduce
the vulnerability to take effective adaptation options
such as;

a) Maintenance of the target crop yield and
production under continuous watch and care
with advanced technologies and facilities

b) Preparation of crop calendars for various
regions.

c) Availabilityof seedsand seedlings of various
species

d) Proper utilization of fertilizers, pesticides,
insecticides and water.

 Water resources
The mean score of indicators is relatively high in
Sagaing, Mandalay, Magway,Bago andAyeyarwady
Regions.Therecommendedadaptation optionscould
be:

a) Expansion of rural water supplycoverage
b) Establishment of new water supplysources
c) Compliance with irrigation regulations for

beneficial areas
d) Application of integrated water resources

management strategyat different levels of
usage

 Public health
The mean score of indicators is relatively high in
Rakhine and Mon States, Bago, Ayeyarwady and
Tanintharyi Regions. The recommended adaptation
options could be:

a) Eradication of malaria (mosquitoes) habitat
in the areas

b) Extension of public education to limit
diarhorrea outbreak

c) Reservation of preventive pills and
medicines for epidemics

d) Securing financial support to make safe
wateravailablewithoutdifficulties
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 Forestry

The mean score of indicators is relatively high in
Mandalay, Magway, Bago,AyeyarwadyRegions and
Kayah State. The recommended adaptation options
could be:

a) Enforcement of forest regulations
b) Establishment of groups of forest fire

fightingvolunteers
c) Control of slash and burn practice in the

forest areas
d) Creation of alternative

livelihoodopportunities for forest dwellers
e) Control of forest products
f) Conservation of wild life species

Coastal zone
The mean score of indicators (defined byfish yields
and production changes, mangroves ecosystem, and
coral reef)are relativelyhigh inRakhineState,Yangon
and Ayeyarwady Regions. The recommended
adaptation options could be:

a) Enforcementoffishingregulations in
mangrove areas

b) Rehabilitation andexpansion of mangrove
forest areas

c) Encouragement to the people to conserve
coral reefs for sustainable development

 Biodiversity
The mean score of indicators (defined by forest
biomass, loss of habitat or closed forest and fishery
species)are relativelyhigh in RakhineState, Sagaing,
Bago andAyeyarwadyRegions. The recommended
adaptation options could be:

a) Regulation of biomass extraction from the
forest

b) Promulgation of special law and regulations
to protect species of near extinction

c) Encouragement tosetupspecialwildlifefund
d) Creation of alternate livelihood means or

income generation opportunities.

In assessing the vulnerabilityof a sector, selection of
indicators for the specific purposes of the sector
should begiven high priorityso that most appropriate
adaptation options could be identified.Adaptation

Response strategies
Global warming and climate change impacts are
growing issues that can impede the sustainable
development of nations all over the world.Abnormal
occurrences of weather systems are taking place in
many parts of the world due to climate change. To
enable toproperlyrespondto thefutureclimatechange
impacts, a nation needs to enrich its capacity to
undertakeclimatechangeassessmentandvulnerability
assessment of the key socioeconomic sectors by
analyzing observational data and model outputs on
regular basis.

To be able to make proper assessment, the subject
of climate change impact has to be familiar to all
stakeholders including ministries, institutions, non-
governmental organizations and the private sector. In
this regard, DMH has been organizing Monsoon
Forumssince2007 incooperationwithAsianDisaster
Preparedness Centre. The forums generally review
climate projection, analytical results of observed data
and agricultural planning. The major output of the
forums is the proposal for adaptation strategies.
Therefore climate change oriented forums and
workshops are the indispensable corridors for the
review and exchange of data and for formulating the
most appropriate policy and strategies. Research
projects, covering the areas of climatechange impact,
vulnerability to climate change and adaptation
strategies, may be carried out in collaboration with
both regional and international institutions. It maybe
necessary to insist that Myanmar is financially and
technicallyconstrained to undertake research studies
on its own.Geographical setting of Myanmar is
exposed to natural disasters such as cyclones, storm
surges, floods and drought. Myanmar people are
therefore used to adaptation to climate change.
However, Myanmar has to respond to the adverse
climateswithhighvulnerablesituation.

mayfollow accordingto the “Prioritylistof the States
and Regions for the sectors and indicators” in (Table
4.21) and “Priority list of sectors for the States and
Regions” in (Table 4.22).
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Table 4.21: Priority list of States and Regions for the sectors and indicators

Sr No Sector/Indicator Score States andRegions

1 Agriculture 1.56 Ayeyarwady
(1) Crop yield and production
changes 3 Ayeyarwady

(2) Crop pattern change 0.83 Ayeyarwady

(3) Pest & disease 1 Bago

(1) Rural water supply Coverage 8 Ayeyarwady

(2) Supply for hydro power 5 Sagaing
(3) Irrigation works And beneficial
area 4.5 Bago

3 Public health 5.28 Ayeyarwady

(1) Malaria 4 Kachin

( 2) Diarhorea 8.5
Rakhine, Ayeyarwady and
Tanintharyi

4 Forestry 3.44 Magway

5 Coastal zone 2.89 Ayeyarwady
(1) Fish yields and production
changes 3 Rakhine and Ayeyarwady

(2) Mangrove ecosystem 3.5 Mon, Bago and Yangon

(3) Coral reef 3.3 Rakhine

6 Biodiversity 4.67 Sagaing

(1) Forest biomass (growing stock) 5 Rakhine

(2) Habitat loss (closed forest from
1975-2006)

5.5 Sagaing and Bago

(3) Fishery species composition 5 Sagaing

(3) Unavailability of safe Water
4 Ayeyarwady

2 Water resources 4.5 Mandalay andBago

Mandalay, Magway and
Ayeyarwady

(2) Forest fire ( Total occurrence
per year )

5 Magway

(3) Species composition (1,000 ha:
Closed forest)

3 Bago

(1) Forest cover (1000 ha: of Natural
forest)

2.67

Sr No Sector/Indicator Score States andRegionsScore States andRegions

1 Agriculture 1.56 Ayeyarwady
(1) Crop yield and production
changes 3 Ayeyarwady

Rakhine, Ayeyarwady and
Tanintharyi

0.83 Ayeyarwady0.83 Ayeyarwady(2) Crop pattern change

1 Bago1 Bago(3) Pest & disease

4.5 Mandalay andBago4.5 Mandalay andBagoWater resources2

(1) Rural water supply Coverage 8 Ayeyarwady(1) Rural water supply Coverage 8 Ayeyarwady(1) Rural water supply Coverage 8 Ayeyarwady

5 Sagaing5 Sagaing(2) Supply for hydro power

4.5 Bago4.5 Bago
(3) Irrigation works And beneficial
area

5.28 Ayeyarwady5.28 Ayeyarwady3 Public health3 Public health

Kachin4(1) Malaria

8.5( 2) Diarhorea

4 Ayeyarwady4 Ayeyarwady
(3) Unavailability of safe Water

3.44 Magway3.44 Magway4 Forestry4 Forestry

Mandalay, Magway and
Ayeyarwady

2.67(1) Forest cover (1000 ha: of Natural
forest)

5 Magway5 Magway(2) Forest fire ( Total occurrence
per year )

3 Bago3 Bago(3) Species composition (1,000 ha:
Closed forest)

2.89 Ayeyarwady2.89 Ayeyarwady5 Coastal zone5 Coastal zone

3 Rakhine and Ayeyarwady3 Rakhine and Ayeyarwady
(1) Fish yields and production
changes

3.5 Mon, Bago and Yangon3.5 Mon, Bago and Yangon(2) Mangrove ecosystem

3.3 Rakhine3.3 Rakhine(3) Coral reef

4.67 Sagaing4.67 Sagaing6 Biodiversity6 Biodiversity

5 Rakhine5 Rakhine(1) Forest biomass (growing stock)

5.5 Sagaing and Bago5.5 Sagaing and Bago
(2) Habitat loss (closed forest from
1975-2006)

(3) Fishery species composition 5 Sagaing(3) Fishery species composition 5 Sagaing(3) Fishery species composition 5 Sagaing

Chapter 4 Vulnerability and Adaptation Assessment
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Table 4.22: Priority list of sectors for the States and Regions

Note:- P1, P2, P3, P4, P5 and P6 are represented for the sectors in priority.
AG=Agriculture, PH = Public health,WR =Water resources,
FR = Forestry,CZ= Coastal zone and BD= Biodiversity.

Sr. States

No And

Regions

1 Kachin PH BD FR WR AG - No CZ

2 Kayah PH BD FR WR AG - No CZ

3 Kayin PH BD FR WR AG - No CZ

4 Chin PH WR FR BD AG - No CZ

5 Mon PH CZ BD FR WR AG Coastal

6 Rakhine PH BD CZ FR AG WR Coastal

7 Shan WR PH BD FR AG - No CZ

8 Sagaing BD WR PH FR AG - No CZ

9 Mandalay WR PH FR BD AG - No CZ

10 Magway FR WR PH BD AG - No CZ

11 Bago WR PH BD FR CZ AG
Coastal
but no CZ

12 Ayeyarwady PH WR BD CZ FR AG Coastal

13 Yangon PH CZ FR WR AG BD Coastal

14 Tanintharyi PH BD CZ WR FR AG Coastal

RemarksP1 P2 P3 P4 P5 P6

Sr. States

No And

Regions

1 Kachin PH BD FR WR AG - No CZ

2 Kayah PH BD FR WR AG - No CZ

3 Kayin PH BD FR WR AG - No CZ

4 Chin PH WR FR BD AG - No CZ

5 Mon PH CZ BD FR WR AG Coastal

6 Rakhine PH BD CZ FR AG WR Coastal

7 Shan WR PH BD FR AG - No CZ

8 Sagaing BD WR PH FR AG - No CZ

9 Mandalay WR PH FR BD AG - No CZ

10 Magway FR WR PH BD AG - No CZ

11 Bago WR PH BD FR CZ AG
Coastal
but no CZ

12 Ayeyarwady PH WR BD CZ FR AG Coastal

13 Yangon PH CZ FR WR AG BD Coastal

14 Tanintharyi PH BD CZ WR FR AG Coastal

RemarksP1 P2 P3 P4 P5 P6
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With the global warming IPCC foreshadows
unprecedented extreme climates and increasing
frequencyof disasters among others, in the decades
to come. Therefore, Myanmar needs systematic
studies on the climate change adaptation strategies
with international/regionalcooperationandassistance.

Forprovidingclimate information to the international
communities and centers, selected station ofDMH
should be equipped with Automatic Weather
ObservingSystems (AWOS)andcomputers for data
quality control and analysis and data archive. DMH
staff should be upgraded thought capacity building
refresher courses andon- job trainings at the regional
climate centers.Numerical climatemodel should be
familiarized and regional joint studies on adaptation
strategies performed.

Modern facilities must be provided to DMH for
effective dissemination of current climate, extreme
climate and climate related hazards.An information
system needs to be developed to ensure timely
information to thepublic, government agencies and
keysocio-economic sectors includingNGOs.DMH
has recognized the importance of improved
assessment of climate change to help identify
adaptation measures and response strategies most
suited to the country. DMH will thus attempt to
undertake the followingprioritized actions as shown
in (Table 4.23) to ensure improved assessment of
climatechange.
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Table 4.23: Prioritized action for improved assessment of climate change

No. Description Objectives

1
Replacement of instruments for observation To upgrade the quality of the observation for improved

climate change assessment.

2
Providing Automatic Weather Observing System
(AWOS) to selected stations

To provide quality information to Regional / Global
climate centers.

3 Data analysis with computer facilities

4 Capacity building for data archive Data analysis and numerical model.

Planning of schemes jointly

with experts from key-socioeconomic sectors

6 Workshop/ forumon climate change
To raise the awareness and response strategies. Seek
opportunities to do researches in key-economic sectors

5
To study the past climate change/ severe climate impact
upon key socioeconomic sectors.

No. Description Objectives

1
Replacement of instruments for observation To upgrade the quality of the observation for improved

climate change assessment.

2
Providing Automatic Weather Observing System
(AWOS) to selected stations

To provide quality information to Regional / Global
climate centers.

3 Data analysis with computer facilities

4 Capacity building for data archive Data analysis and numerical model.

To study the past climate change/ severe climate impact
upon key socioeconomic sectors.

Planning of schemes jointly
5
with experts from key-socioeconomic sectors

To raise the awareness and response strategies. Seek
opportunities to do researches in key-economic sectors

Workshop/ forumon climate change6

Climate change information
According to the “Climate Change 2007 of IPCC,
impact, adaptationandvulnerability”,globalwarming
is evident in the data series of the period 1991-2005
as acontinuousprocess. It is the result ofGreenhouse
Gases (GHGs) emission and changing socio-
economic pressures such as population growth,
urbanization, land-use change, etc. in addition to
natural climate forcing. It is difficult to differentiate a
climatevariabilityor climate change fromthe current
knowledge. Therefore, IPCC defines the climate
changeas anychange inclimateover time(timerange
is not specified but it should be at least one decade
ormore).

Climate change may be occurring with different
patternsofclimatevariablesandphysicalphenomena,
some violently impending such as tropical cyclones
and floods,while someof themare slowlydamaging
such as drought.

Asaresult ofglobalwarming, increasing temperature
and decreasing rainfall in centralMyanmarmaylead
to theexpansionof thecountry’sDryZoneareawhere
annual rainfall is less than1,000millimeters.

The late onset ofmonsoon consequentlydelays the
paddycropplanting andwill reducecrop yieldwhile
theearlywithdrawalofmonsoonwill adverselyaffect
on the successful harvest and cropproductivity..The
unprecedented cyclonic track after landfall across
Myanmarcoastwouldbringcopious rains andstrong
winds damaging the crops already ripened andwill
disturbharvestingactivities.

Normal livelihoodsofpeople, existing infrastructure,
buildings, etc. in the coastal region can be severely
damagedbythetropical cyclones.Therefore,warning
system should be upgraded, and effective follow-up
response to the warning should be enforced or
encouraged.Weather stations should be upgraded
with the digital sensors. Data compilation/
dissemination shouldbe improvedbyrelevant up-to-
date equipments and internet access.

Needs and concerns arising from adverse effects
of Climate Change
The loss and damages due to Cyclone “Nargis” in
theAyeyarwadyDelta reflect, to a certain extent, the
vulnerability level of thewhole countryaswell.As a
developingcountry,people’s livelihoodmainlydepend
on the favorable climate conditions and natural
resources such as land, water and forest resources.

In agricultural sector, latemonsoon onsetwill delay
the agricultural activities such as soil preparation for
paddycultivation. This delaywill disturb the paddy
growinginthesubsequentmonths.Duringthegrowing
season, abnormal climatewill damage the crops. In
the harvesting period attention has to be paidmore
to theadverseclimatewhichcandamage the ripening
crop.Replenishmentofcultivating landsurgentlyina
shortduration isverycostlyandveryriskydue largely
to the fact that crops grown under suitable climate
conditionmaynormallygo out of phase.

Disruption inagricultural activitieswill affectnotonly
the livestock industry but also the socio-economic
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development of the nation. High prices of basic
commodities and higher transport costs will cause
problem to the general population of the country. For
example, during the relief and recoveryperiod after
the Cyclone “Nargis”of May2008, theprices ofbasic
food items had risen significantly, because of the fear
that there would have decreasd food supply from the
Ayeyarwady Delta. In fact, rice production from the
AyeyarwadyDelta contributes onlyabout 10% of the
country’s total rice consumption. This fear remained
over a couple of months, keeping high prices
unchanged.

Fresh water resources in the coastal areas are mainly
the impounded waters in ponds and reservoirs and
the groundwater. In the event ofcyclones, fresh water
storage facilities were devastated by strong winds
and sea water inundation. There were disruption of
municipal water supply and ground water supply
owing to problems in electricity supply. Water
shortageproblemsinducenegative impacts,especially
in the urban and downtown areas. Hygiene level in
these areas becomes low which maybe followed by
the outbreak of water borne diseases.

In theeventofclimateextremes,forestsarevulnerable
not onlyto the climate changebut also at high risks of
beingover-exploited. Ifclimate-sensitivesectors such
as agriculture, livestock and fisheries are largely
disrupted byclimate extremes, food securityof rural
communitiescouldbeimpaired.Undersuchsituation,
theyhavenoalternatives,buthave to turnto theforests
for intensified exploitation of wood and non-wood
forest products for their subsistence living, and the
process mayfinallydestroy the forests.

DuringtheextremedryperiodduetoElNinoepisodes
of the Pacific, most of the forests will become much
drier. There will be more forest fires which will be
difficult to extinguish. Forests are veryvulnerable to
extreme climate events, particularlysevere droughts.
Rural communities inside and around the forests
should therefore be supported financially and
technically to enable them to adapt to the impacts of
extreme events.

4.7. Conclusion
Myanmar,beinga tropical coastal country,withnorth-
south running mountain ranges and river systems is
endowed with substantialwater resources mainlydue
to southwest monsoon. It is rich in biodiversity due
to natural extensive coverage of forests. Myanmar
has fertile rivervalleys, extensivedeltaicplain andhas
long coastal line with diverse marine resources. The
climate is generallyfavorable for various agricultural
practices, growth of forest stands and fishery
industries, all of which support the livelihood of
majorityofthepopulation.Extremeeventsandclimate
variabilitydisrupt the livelihoods of rural populace,
particularly the farmers and the national sustainable
development as a consequence. Cyclones from the
Bayof Bengalusuallycross the Rakhinecoast at least
about once in every two years. Floods and droughts
in certain areas occur annually.

The landfall of Cyclone “Nargis” in 2008 over
Ayeyarwady Delta has proven that Myanmar is
vulnerable tocyclonesoriginated in theBayofBengal,
though it is very unusual in the cyclone history of
Myanmar. In the global context, climate change
scenarios show increasing frequency of cyclones,
intense rains, more floods and droughts, extreme
temperatures and sea level rise. Therefore Myanmar
has to pay high attention to climate scenario of the
IPCC.

According to the numerical model MAGICC/
SENGEN, Myanmar will be warmer by1.25 – 1.60
°C during June-November, 2.0°C during March-
May and 2.5°C during December- February by the
end of 2100. As for the precipitation, the whole
countrywillgenerallyexperience10%increaseduring
March-November including rainyseason at the end
of the year 2100. PRECIS model shows an increase
of temperature 2-3°C with standard deviation of
about0.9°Cfor thewholecountry.Regardingrainfall,
there is an increase of 1582 mm at Sittway, about
600 mm at Myitkyina, Pathein and Dawei stations
and about 300 mm elsewhere in the country at the
end of the year 2100. Scenario’s temperature and
precipitation are within the reasonable ranges in the
Southeast Asia region. Myanmar still needs more
exercises with the climate change related numerical
model studies.
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In the vulnerabilityassessment, six potential climate
change impacts are selected such as tropical storm/
strongwind, flood/ storm surge, intense rain, extreme
day temperature, drought and sea level rise. The
climate change impacts are applied to three selected
vulnerability indicators identified for each of the key
socio-economic sectors which are water resources
sector, agricultural sector, forestry sector, health
sector, coastal zone sector and biodiversity sector.
The highest sector score is observed at public health
sector followed by sectors of biodiversity, water
resources, forestry, coastal zone and agriculture.

Being an agricultural country, measures are taken by
the Government to ensure the nation’s food security
which is one of the principal requisite for national
development. There have proven progress in the
irrigation system such as construction of new
reservoirs and dams, installation of more river water
pumping stations and increased groundwater
harvesting. Systematic utilization of fertilizers and
introduction of some advanced technologies are also
being undertaken. Summer rice production and
wetland cultivation in addition to rain fed cultivation
are the practices being promoted. However,
adaptation plans for this sector should be further
enhanced for increased earning of foreign exchange
and national economic development.

Thevulnerabilityindexhavebeenestimatedbytreating
the mean vulnerabilityscore with population density
level of States/Regions. The vulnerability index is
relativelyhighest inAyeyarwadyandYangonRegions
followedseriallybyMandalayRegion,MonStateand
Bago Region. It is low in the remaining States and
Regions has the lowest Chin State.

For adequate adaptation measures and strategies, to
bedeveloped,vulnerabilityanalysis isveryimportant.
Vulnerabilityanalysis has been based on the selected
impact indicators of the sector concerned, and the
indicators were based on the available baseline data
and information.

Vulnerability and adaptation measures are to be
enhanced through:

 Improvement of monitoringsystems for
flood, drought, water quality, pests and
diseases.

 Institutional strengthening,capacitybuilding
and networking.

 Development andimplementation of
appropriate response strategies for
socioeconomic sectors.

 Mainstreaming of adaptation measures and
response strategies into development plans.

 Promotion of national/ regional/
international coordination.

Information about current climate change and
possibleclimateinthenearfuturemaybedisseminated
timely and effectively to the key socioeconomic
sectors and different stakeholders including public
through various media available, but with special
emphasis on the targeted region.ANational Climate
Centre should be established and dedicated staff
assigned to the Centre so that climate change
information of the WMO standard is ensured and the
immediate need of DMH satisfied.

To reduce the vulnerability to the possible climate
change impacts, policies, legislations and other
supporting tools are to be developed collectively. It
will help identifyand implementadaptationstrategies,
ensuring thecontinuedprogress of Myanmar towards
a peacefulmodern developed country. In this context,
institutional strengthening, technologyinnovationand
transfer, provision of advanced tools and equipment,
enabling condition with adequate funds and
collaboration with relevant institutions and agencies
at the national, regional and international levels are
indispensable.
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Chapter 5
Mitigation Options Assessment and Strategies

5.1. Introduction

In accordance with the provisions of the Convention
and the Kyoto Protocol, Myanmar is under no
obligation to quantify reduction or limitation of
greenhouse gas emission. However, Myanmar has
been making efforts for the positive contributions to
the mitigation of greenhouse gas emission and
protectingglobalclimatebymakingmitigationoptions
assessment and strategies in key economic sectors
of the country.

This chapter describes emission reduction measures
and impact mitigation measures and strategies which
are applicable to the current national development
plans in Myanmar. Emphases have been placed to
identifyavailable assets and barriers encountered for
the implementation of the mitigation strategies. The
associated ministries of the State have to set up
effectivestrategicplans, schemesandprojects tocarry
outactivitieswithdirectorindirectreductionpotentials
for GHG emissions. Moreover, measures for
mitigating emission of GHG and climate change
impacts should be integrated in the national
development programs.

5.2. Mitigation Options Assessment
for Key Socio Economic Sectors

Foracomprehensiveassessmentofmitigationoptions,
the same categories used in the GHG inventorywere
applied. These categories also represent the key
socio- economic sectors of Myanmar, suchas energy,
industrial processes, agriculture, land use change and
forestryandwaste. Inrelation to thereductionofGHG
emissions, the assessments taken into account were
higher share of gas fuel (particularly in transport
sector), development of less energy intensive
industries,developmentofgoodagriculturalpractices,
afforestation and reforestation in the forestry sector,
enforcementoflegislativemeasuresinfluencingdirectly
or indirectly the GHG mitigation processes, and so
on.

Energy, Industrial and Product Use Sectors
The mitigationassessment for energyisbased mainly
on pre-feasibilitycase studies of different aspects of
energy and non-energy sectors. The mitigation
analyses include industrial processes, fossil fuels,
renewable energy, thermal power plants, residential
andcommercial andtransportation. Myanmarfocused
its efforts onmitigatingemissionsarising from fossil
fuels. The predominant greenhouse gas is CO2
produced by the combustion of fossil fuels for both
stationary and mobile use. This is because of the
total relianceof the economyon energyderived from
fossil fuels. Mitigationoptionperformedin thepresent
study relied mainly upon desegregated analysis or
methods using emission coefficients which were
dependent on a variety of parameters including the
type of end use device, as against using overall
emissionsfromeachfuel typegiveninGHGinventory
report.

Reduction of CO2 emissions depends on the
development of conversion technologies and
efficiency, and on fuel characteristics. Hence,
mitigation options considered in the assessment to
reduce CO2 emissions can be grouped into three
categories: (i) energy conservation or efficiency
improvements, (ii) replacingcarbon-intensive energy
sources with less carbon-intensive sources and (iii)
promotingnew and renewable sources ofenergy.The
options available for Myanmar in mitigating GHG
emissions in these sectors are as follows:

(i) Hydro power project
Myanmarwithmanyrivers is endowednaturallywith
abundant hydropower resources. Myanmar has
already identified 267 sites with the total capacityof
39,624MW.Existinghydropowerstationsgenerating
(320) MW constitute only 1% of the total potential
resources of the country.

Chapter 5 Mitigation Options Assessment and Strategies
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Establishment of large hydroelectric plantscouldalso
be importantbut is a relativelycostlyoptioncompared
to small hydro power plants.

(ii) Solar electric panel to replace diesel
generator

Today’s electricity supply in Myanmar is generated
by fuel generators and hydroelectric power plants.
However, rural areas which are awayfrom National
Grids cannot enjoy the electricitygenerated by these
sources.SinceMyanmarisalandofplentiful sunshine,
solar energy is available all over the country.
Photovoltaics(PVs) are the most attractive among
renewable energyoptions. Due to thehigh initial cost
of thesolarenergygeneratingsystemandunfamiliarity
with it, solar electricity had not been popular in the
past in Myanmar. However, PV has become more
common for larger application with the decline in the
cost of thesolar panels and realizing the fact that solar
energyis relativelymostcost-effective in the longrun.
Besides, the solar energy is attractive to consumers
because it is reliable, clean, and environmentally
friendly.

(iii) Electric vehicle
An electric car is an automobile that uses an electric
motor for propulsion, in place of more common
propulsion methods such as the internal combustion
engine. Electric cars produce no pollution at tail pipe,
but their use increases demand for electricity
generation . Vehicle greenhouse gas saving depends
on how the electricity is generated. For electric
vehicles, thereductionofcarbonemissionwill improve
further if the electricity is generated fromrenewable
energy sources. For everyday use rather than long
journeys, electric cars are very practical forms of
transportations. In Myanmar, some electric vehicles
are now being used in the areas, such as hotel zones,
zoological gardens, parks, etc.

(iv) Waste engine oil recycling
The engine lubricant industry is a big business in
Myanmar, with an annual consumption of about 4.5
million gallons (20.24m liters) and turnover ranging
from US$ 25 to40million.Small amount of lubricant
oil is lost during use and the rest are released into the
environment. Used lubricant, a valuable resource, is
wasted if improperlydisposed off. It can also be used
as refinery feedstock to become part of crude oil.

Used oil canbe refined again andagain after blending
with suitable additives and with no compromise on
quality.

(v) HFCs recycling
Recovery and recycling of HFCs help to decrease
HFCemissionsduringequipmentserviceanddisposal.
The approach involves the use of a refrigerant
recovery device that transfers refrigerant into an
external storage container prior to servicing of the
equipment. Once the recovery process and source
operations are complete, the refrigerant contained in
the storage container may be recharged back into
the equipment, cleaned through the use of recycling
devices, sent to a reclamation facility to be purified.

This analysis assumed that 50 percent of emissions
are released duringequipment servicinganddisposal,
while the remaining 50 percent occur as a result of
leakage duringnormal operations.

Transport
As transport sector is the largest consumer of fossil
fuels, and consumption in this sector is projected to
increase more dramatically, mitigation options in this
sector are given due consideration.

Much of the petroleum consumed in Myanmar is in
the transport sector where the use of other forms of
energy is insignificant. As a result, it is a major
contributor to GHG emissions. Better efficiency in
thetransport sectoralsomeansreducedpollution from
exhaustemissions.Recenttrendsinfuelswitchingfrom
gasoline toCompressed Natural Gas (CNG)in motor
vehicles due to financial benefits have alreadyhelped
to reduce GHG emissions in this sector. The primary
mitigation options identified for GHG emission
mitigation in the transport sector are as follows:-

a) Road maintenance
b) Modal shift from road to rail (passenger &

freight)
c) CNG vehicles and electric vehicles (In

terms of CO2 mitigation potential, the most
attractive option in the transport sector is
fuel switching to CNG for Myanmar.)

Chapter 5 Mitigation Options Assessment and Strategies
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Renewable energy
The adoption of GHG abatement measures,
particularly renewable energy production systems
avoidgenerationofotherpollutantemissionslikesulfur
dioxide(SO2) and nitrous oxides (NOx), and
contribute to the country’s pursuit of sustainable
development objectives. Broad introduction of
renewableenergysourceswillnotonlyhelp tomitigate
GHG emissions, but also increase the degree of
electrification, especially in remote areas. Myanmar
has considered and identified these renewable energy
resources as important response options to mitigate
emissions of GHGs. They are emerging as a large
sourceofuntappedalternativeenergieswithveryhigh
potentials for uplifting Myanmar’s socio-economy.
Studies on cost implication for these options are
supportiveoftheir integrationintotheGHGMitigation
option policy of Myanmar. In line with the poverty-
alleviation plan and the rural energy development
target, the MyanmarGovernment has implemented a
series of policies and measures to support new and
renewable energy development. Renewable energy
is an important source of energy for lighting and
heating processes at present in Myanmar. In spite of
increase in generationof electricityfrom hydropower
inthecountry,biomassenergyisincreasinglybecoming
a potential source of domestic energy supply in the
countryside.

Based on years of experience under the
Government’s rural electrification program, a new
direction would be to extend the use of PVs to
supplementhouseholdelectricitysupplyinurbanareas
and to reduce load dependency on the national grid.
Electricitygeneratedfromhouseholdscanalsobesold
to utilities, reducing the investment required for
installing generation plants to meet peak demand.
Reducing load dependency will allow for more
effective management of the nation’s electricitygrid,
because daytime demand levels can be lowered as
households switch to supplyvia PVs. CO2 emission
reduction potential and cost effectiveness for some
identified mitigation options are given in(Table 5.1).
These abatement assessments have shown that
significant amounts of GHG emissions can be
reduced in these sectors through certain
abatement options.

Agriculture sector
Agriculture
The agriculture sector is characterized by large
regional differencesandpossiblemitigation measures
which varywith theemission levelsand management
practices indifferentregions.Comprehensiveanalyses
of land use, cropping systems and management
practices are needed at regional level for the
effectivenessofvariousmitigationmeasures.Options
for reducing emissions, such as improved farm
management and increased efficiency of nitrogen
fertilizer use, will maintain or increase agricultural
productionwithpositiveenvironmental effects.These
multiple benefitswill result in high cost-effectiveness
of available technologies. In Myanmar there are four
relevant options for reducing GHG emissions in the
agriculture sector, namely, (1) mitigation of carbon
dioxide emissions,(2) mitigation of methane
emissions,(3) mitigation of N2O emission from
agriculturalsoilsand(4)mitigationofGHGsfrom field
burningofagricultural residues.

Mitigation options of Carbon dioxide Emissions
(a) Conservation tillage on crop lands
Options for increasing the role of agricultural land as
a sink for CO2 include carbon storage in managed
soils and carbon sequestration after reversion of
surplus farm lands to natural ecosystems. Currently,
only half of the conversion of tropical forests to
agriculture contributes to an increase in productive
cropland. The only way to break out of this cycle is
through more sustainableuse, improved productivity
of existing farmland and better protection of native
ecosystems. These practices could help reduce
agricultural expansionandhencedeforestation.There
are different kinds of conservation tillage systems,
includingnotill,ridgetill,minimumtillandmulchtill.It
increases carbon storage through enhanced soil
sequestration. Management practices to increase soil
carbon stocks include reduced tillage, crop residue
return, perennial crops (including agro forestry), and
reduced bare fallow frequency. However, there are
economic, educational andsociological constraints to
improve soil management in much of the tropics.
Many tropical farmers cannot afford or have limited
access to purchase inputs such as fertilizer and
herbicides. Crop residues are often needed for
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Table 5.1:GHGmitigation potential and costs of some options in energy sector

(b) Use of biofuel
Energyutilization inMyanmar traditionallydepends
uponenergysources such as fuelwood, charcoal and
biomass.Because of the fuelwood scarcity, farmers
use crop residues as fuel instead of placing them to
their fields.Agricultural by-products such as pigeon
pea stocks, cotton stems, paddy straws, rice husks,
peanut husks, sesame stalks and palm leaves offer as
sources of energy.As a consequence, the fields get
inadequate amount of organicmatter replenishment.
Moreover, biomass in the formofwoodandcharcoal
used as fuel contributes to deforestation, and
consequentlythreatens theenvironment.

In order to boost the crop production, utilization of
farmmachineries is increasing in rural areas for field

operations such as land preparation, threshing and
harvesting anddemand for fuel is rising. Physic nuts
(Jatropha curcus) are a potential non-edible crop to
producebio-diesels inMyanmar. Jatrophaplantations
have been targeted to reach 3.44 million hectares
within three years, starting from 2006-2007. The
promotion of Jatropha cultivation for bio-diesel
production is intended to allow rural households to
reduce their dependencyon diesel fuel for cooking
andlighting.

(c) Rice husk and saw dust gasifier for
electrification

Anotheralternativeis tousegasifier, inwhichbiomass
is onlypartiallycombusted, to generateproducer gas.
Producer gas is composed of hydrogen, carbon
monoxide and carbon dioxide. It is another low
heating-value gaseous fuel that can be used for high
temperatureheatingapplications.All typesofbiomass,

GHG
mitigation

Present
total Incremental Abatement

potential costs costs cost

(Ton CO2) (US$, mil.) (US$, mil.) (US$/t CO2)

1 Hydro power project (E1) 1,123,020 178,974 -521,131 -0.01
2 Small hydro power project(E2) 116,695 80.1 -276.36 -67.66
3 Solar panel (E3) 5,732*106 14,269,187 -4,283,266 -37.37
4 LED Street Lighting (E4) 349*10

6
328,128 -44,894 -6.43

5 Modal shift from road to rail(freight)(E5) 1789 8.73 -2.6 -72.62
6 Modal shift from road to rail(passenger) (E6) 5,768 23.07 -5.19 -44.97
7 Road improvement(rail)(E7) 20,677 53.68 -5.47 -26.47
8 Efficient air conditioner(E8) 19,619 289.7 -7.76 -3.14
9 Efficient motor with variable speed drive(E9) 1,486 1.28 -0.07 -3.16
10 Electronic ballast(E10) 24,235 3.6 -3.14 -129.7
11 Energy management (E11) 146,458 185.7 -11.37 -7.76
12 Building design(E12) 30,294 107.97 -2.33 -2.2
13 Electric vehicle(E13) 63,063 1214 -187.29 -148.5
14 Electric fork lift(E14) 172,822 332.95 -78.22 -22.63
15 Rice husk gasifier(E15) 129,982 229.77 -261.18 -200.93
16 Biogas cookstove(E16) 130*106 165,051 -24794 -37.98
17 CNGvehicle(E17) 1,559,250 33,327 -10049 -322
18 Production process change(E18) 278,871 88.53 -0.17 -0.03
19 Waste engine oil recycling(E19) 48,405 0.61 -2.05 -2.12
20 HFC recycling(E20) 10,746,123 0.23 -3.76 -0.02

Sr. No Option

GHG
mitigation

Present
total Incremental Abatement

potential costs costs cost

(Ton CO2) (US$, mil.) (US$, mil.) (US$/t CO2)

1 Hydro power project (E1) 1,123,020 178,974 -521,131 -0.01
2 Small hydro power project(E2) 116,695 80.1 -276.36 -67.66
3 Solar panel (E3) 5,732*106 14,269,187 -4,283,266 -37.37
4 LED Street Lighting (E4) 349*10

6
328,128 -44,894 -6.43

5 Modal shift from road to rail(freight)(E5) 1789 8.73 -2.6 -72.62
6 Modal shift from road to rail(passenger) (E6) 5,768 23.07 -5.19 -44.97
7 Road improvement(rail)(E7) 20,677 53.68 -5.47 -26.47
8 Efficient air conditioner(E8) 19,619 289.7 -7.76 -3.14
9 Efficient motor with variable speed drive(E9) 1,486 1.28 -0.07 -3.16
10 Electronic ballast(E10) 24,235 3.6 -3.14 -129.7
11 Energy management (E11) 146,458 185.7 -11.37 -7.76
12 Building design(E12) 30,294 107.97 -2.33 -2.2
13 Electric vehicle(E13) 63,063 1214 -187.29 -148.5
14 Electric fork lift(E14) 172,822 332.95 -78.22 -22.63
15 Rice husk gasifier(E15) 129,982 229.77 -261.18 -200.93
16 Biogas cookstove(E16) 130*106 165,051 -24794 -37.98
17 CNGvehicle(E17) 1,559,250 33,327 -10049 -322
18

19

20

Sr. No Option

278,871 88.53 -0.17 -0.03278,871 88.53 -0.17 -0.03278,871 88.53 -0.17 -0.03278,871 88.53 -0.17 -0.03Production process change(E18)

48,405 0.61 -2.05 -2.1248,405 0.61 -2.05 -2.1248,405 0.61 -2.05 -2.1248,405 0.61 -2.05 -2.12Waste engine oil recycling(E19)

10,746,123 0.23 -3.76 -0.0210,746,123 0.23 -3.76 -0.0210,746,123 0.23 -3.76 -0.0210,746,123 0.23 -3.76 -0.02HFC recycling(E20)
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livestock feed, fuel or other household uses, which
reduce carbon inputs to soil.
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Mitigation of CH4 emissions from rice
cultivation
In Myanmar, rice is the staple food and its economy
mainly depends on rice production for domestic
consumption and export. Rice grows well in almost
all regions of the countryand about 30% is irrigated
and the rest are under rain-fed condition.According
to its cropping patterns and agro-ecological regions,
rice varieties used and the agronomic management
practices, such as water and nutrient management
considerably vary among the different regions of
Myanmar.Riceismostlygrowninfloodedfieldsunder
anaerobic conditions and it has been recognized that
significant amounts of CH4 are released to the
atmosphere, consequently contributing to global
warming more than any other crops. Based on the
scientific research findings, several cultivation
practices have shown promise for reducing methane
emission from rice. The following are the options of
reducingmethaneemissions from rice cultivation:

(i) Fertilizer management practices
The higher CH4 emission arises from fertilizer
application.Useofsulphate-containingfertilizersand
slowreleasenitrogenfertilizerssuchasmudball,prilled
urea, urea super granules, ammonium thiosulphate,
could be used instead of urea to mitigate CH4
emission. Moreover, the use of the nitrification
inhibitors such as Nimin or placement of urea super
granules in flooded rice fields can be considered as
suitable options for mitigatingCH4 emission without
affecting grain yields.Application of gypsum to rice
fields and multiple fertilizer application can limit the
CH4 production.Application of organic sources is
known to enhance CH4 emission from flooded rice
fields.

(ii) Water management practices
Proper water management is considered a good
strategytomitigateCH4 emission.Intermittedirrigation
is recommended for mitigation instead of continuous
flooding. Interval time between irrigation should be
lengthened up to 2- 3 weeks and water level and
amount ofwater can be controlledwithout sacrificing
yields.

(iii) Selection of high yielding rice cultivars
with low CH4 emission potential

Rice plants playan important role in the flux of CH4
from rice fields to the atmosphere and significant
differences exist among rice cultivars. For example,
thenumberof tillersperplantwaspositivelycorrelated
with CH4 emission rate, and there was a significant
positive correlation between above ground biomass
andemissionandbetweenrootbiomassandemission.
Screening of rice cultivars that have higher harvest
index and more effective tillers may be a promising
strategytomitigate emission.

Mitigation of N2O emission from agricultural
soils
Chemical fertilizers play a key role in modern crop
husbandry and are essential to produce high yields.
Overapplicationof fertilizers mayreducefarm profit,
create a risk of soil degradation and cause
environmental pollution. Nitrous oxide emissions
during both oxidations of NH4 and denitrification are
increased by N fertilizer application to soil.
Volatization of ammonia occurs when urea or
ammonium fertilizers are surface-applied to pastures
or to soils. To meet the food demand of the growing
populationworldwide,applicationofsyntheticfertilizer
for the increased crop production has risen up rapidly.

Organic agriculture not only enables ecosystems to
better adjust to the effect of climate change but also
offers a major potential to reduce the emission of
agricultural GHG. In addition, the influences of the
incorporation of crop residues, compost and animal
manures on N2O emission were well documented. It
isnoted that thequality(C/Nratio)oforganicmaterials
is an important factor affecting N2O production. N2O
production was increased by organic matter with
decreased C/N ratio such as vetch, soybean, corn,
wheat crop residues, groundnut, maize, chicken
manure.

including rice husk and saw dust, can be used to
generate producer gas. Although cost of grid
electricity run by government is the cheapest, the
electricity produced by gasifier is still cheaper than
that produced by diesel generator. Small scale
industries are using gasifiers instead of diesel
generators. Rice-husk gasifier consumes 9 basket of
rice husk inan hour which in turngenerates 100 KVA
electricity. There are many projects in Myanmar
totaling more than 600 units.
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Possible options to minimize potential harmful N2O
emission in different agro-ecosystem are as follows:

 Use of slow release fertilizer
 Adjusting the timingof fertilizer and manure

application so that the crop makes
maximum useof N

 Incorporation of crop residues with high C/
N ratio

 Surface application of liquid manures
 Development of organic agriculture

Mitigation of GHGs from field burning of
agricultural residues
The emissions of CH4, CO, N2O and NOx from the
open burning of crop residues and weeds are well
recognized. However, use of crop residues for animal
feed, fuel wood and household use are verycommon
for thesmallholder farmersacrossMyanmar.Farmers
usuallyburn onlyafewamountofresiduesofprevious
crops and weeds in their fields at the land clearing
time. The crop residues of paddy, wheat, corn and
sugarcane are traditionally burnt to prepare land for
next crops. However, the practice of burning and the
amount of burning materials vary from region to
region, and even from plot to plot. In the dryzone of
central Myanmar, where the animal feed and fuel are
becoming scarce, crop residues of paddy, pulses,
peanut and corn are used for cattle feedingand stems/
stalks sesame, pigeon pea, and cotton are used for
household fuel andjaggeryindustry.Compostmaking
of crop residues should be encouraged through the
use of effective microorganisms.Awareness raising
programs should be carried out to reduce the field
burning.

Livestock
The present national herd of 13.74 million heads of
cattleandbuffaloesaregrazedmainlyonnaturalgrass
during the monsoon season, and are fed on paddy
straw during the dryseason. Cattle and buffaloes are
the most important sources of methane from enteric
fermentation because of their numbers, large body
size,andruminantdigestivesystem.Methaneemissions
frommanuremanagementareusuallysmaller thanthat
from enteric fermentation.

There are many strategies options that could be
consideredforreducingmethaneemissionsfromcattle.

There are three principal ways to mitigate methane
emissions from livestock. First, decreasing the
numbers of ruminant animals can reduce emissions.
Second, improving manure handling can reduce
methane emissions.Athird wayto decrease methane
emissions from livestock is to improve the enteric
fermentation process in ruminant animals

Mitigation options for CH4 emission from
enteric fermentation
The concept of methane emission reduction from
livestock sector is prioritized via mechanical and
chemical feed processing, feed supplementation,
genetic improvement,andreproductive improvement.

The following are the most appropriate mitigation
options for CH4 emission from enteric fermentation
in the livestock sector in Myanmar.

(i) Supplemented feeding system with urea
molasses block

The useof Urea MolassesBlockreduces the methane
emissions from enteric fermentation by up to 25
percent and also raises milk productivitybyas much
as 20 percent. Feeding trials have indicated the
acceptability of feeding with urea molasses mineral
block. It is more favorable than feeding with urea
treated straw. Urea Molasses Blocks are very useful
and handyways to supplement the deficient nutrients
like fermentablenitrogen and all themacro and micro
essentialminerals.

(ii) Treatment of straw with urea
The treatmentof straw with urea reduces the methane
emissions from enteric fermentation by up to 10
percent and also increases the milk productivity by
up to 20 percent. Paddy straw is a very important
resource in Myanmar. If the paddy straw harvested
from half of the present rice paddies were treated
with urea, there wouldbe enoughroughage feedstuffs
for thewhole country.This treatedpaddystraw would
have a 70 percent digestibility instead of 60 percent;
the nitrogen content would increase from 0.5 percent
to 1-1.2 percent and the voluntary intake byanimals
would increase by about 20-30 percent.

Use of urea-treated straw results in an increase in
digestibility of straw dry matter/ organic matter and
improves voluntary consumption. However, the
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The investment costs per animal for the options of
improving feed by using urea molasses blocks or
treatment of straw with urea are $43.8 and $20.8,
respectively,andtheincrementalyieldfortheseoptions
are 330 kg/head/yr and 247.5 kg/head/yr,
respectively.Fromtheinvestmentcostandincremental
yield analysis, the ureamolasses block option is the
better option for treatment of strawwith urea.

Mitigation options for CH4 emission from
manure management
InMyanmar,amongthepastoralistcommunities,most
animalmanure is left uncollected.On theother hand,
farmerswhopracticemixedagricultureanimalwastes
arecollectedandcompostedand laterapplieddirectly
as crop fertilizer.

Methaneemissions fromthemanurecanbemanaged
byusingvarious technologies tohelp reducemethane
emissionduringstorage.

Biogas production by recovering the methane
emission from anaerobic fermentation is now
considered as a potential mitigation option in
Myanmar. The recoveredmethane gas can be used
directlyon thefarmtosupplyvariousenergyenduses,
or can be collected and sold, or used to fuel boilers
that provide the energy to generate electricity. The
remaining by-product of anaerobic decomposition,
contained in the slurryor liquid effluent, can beused
as cropfertilizer, animal feed, andas supplements for
aquaculture.
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acceptance by farmers in Myanmar has been still
limited due to economic and sociological reasons.

Biogas produced fromanimalmanure couldbe used
for household cooking and lighting purposes. The
slurry/liquid effluent is used as farm fertilizer. It is
therefore needed to make the technology more
affordable to rural households in order for them to
benefit fromitsuse.Theuseofbiogasasanalternative
energysource, especiallyin thehighpotential areas is
oneway to alleviate fuel-wood shortage, minimize
destruction of forests andwoodlands, and increase
carbon sequestration while abating increases of
methaneemissionbytransformingintocarbondioxide
and thus reducing themethane warming potential.
Mitigationoptions,mitigationpotential and costs for
the livestock sector are shown in (Table 5.2).

Land Use Change and Forestry Sector
In the forestrysector, severalmitigationoptions can
be considered, including the conservation of forests,
enhancement of the forest area, and fuelwood
conservation. To enhance the forest areas,
consideration weregiven toparticipatorycommunity
and fuelwood plantation projects and natural
regeneration and protection projects.Areduction in
forest products consumption were achieved by
replacing traditional fuel wood stoves with more
efficient cookstovesand /orbyusing biogassystems
atvillage level.

If mitigation in forestry becomes an important
component of overall climate change policy, future
land useswill change substantially.Within the range
of carbon prices of $60 tomore than $200/t C,

Table 5.2:Mitigation options, mitigation potential and costs for the livestock sector

Country Mitigation Options
Mitigation
Potential
(kg/head/yr)

Mitigation Cost
($/kg CH4)

Investment
Cost
($/head/yr)

NPV of
Benefits
($/kg CH4)

Impact on
Milk Yield
(%)

Urea-molasses
block

14 3.13 43.8 1.75 20

Urea treatment of
straw

6 3.47 20.8 3.06 -10

Myanmar

Country Mitigation OptionsCountry Mitigation Options
Mitigation
Potential
(kg/head/yr)

Mitigation Cost
($/kg CH4($/kg CH4($/kg CH )

Investment
Cost
($/head/yr)

NPV of
Benefits
($/kg CH4)

Impact on
Milk Yield
(%)

Urea-molasses
block

14 3.13 43.8 1.75 203.13 43.8 1.75 203.13 43.8 1.75 20

Urea treatment of
straw

6 3.47 20.8 3.06 -103.47 20.8 3.06 -103.47 20.8 3.06 -10

Myanmar



2012

there could be as many as 1 billion more hectares of
land in forests by2100. These carbon prices are well
within the range of current estimates of the costs of
stabilizing future climate, suggestingthat if forestryis
ultimately included as a creditable opportunity, then
largelandusechangescould takeplace.Themitigation
efforts largelyimplyreductions in deforestation, thus
preservationofexistingforest areas in tropical regions.
Somemitigationmeasures inforestrysectorareshown
in (Table 5.3).

Afforestation/reforestation activities in deforested
areas, rehabilitation of degraded forest areas,
enhancement of natural regeneration are the potential
mitigation options in forestry sector of Myanmar.
Mitigationpracticescanalsobe linkedto international
cooperation activities for additional financial and
technical support. Kyoto Mechanisms adopted in
1997, allows the developing countries to host Clean
Development Mechanism (CDM) projects to enter
global carbon market. Afforestation /reforestation
projects can be linked to AR CDM projects.
Moreover, conservation of natural forests and
sustainable forest management practices are in line
with Reducing Emission from Deforestation and
Forest Degradation (REDD) mechanism.

Mitigation options assessment by ALGAS
project

In Myanmar, an assessment of the mitigation options
was carried out byAsia Lowcost Greenhouse Gas
Abatement strategies (ALGAS) project in 1997. The
following 5 options in forestrysector were examined
for various parameters:

(i) Reforestation with short rotation species (ten
years) for community plantation and fuel
wood plantation (SR),

(ii) Reforestation with long rotation species (40
years) for commercial plantation and
watershed management plantation (LR),

(iii) Natural Regeneration (NR),
(iv) Reforestation for bio-electricitygeneration

(RB), and
(v) Forest Protection (FP).

The examined parameters and the results of the
analysis were shown in Table 5.4. It was also found
that the mitigation potential of options ranged from

33 tC/ha for natural regeneration to 155 t/ha for
reforestation with longrotation. The investment cost
for forestrymitigationoptions is low,beingin therange
of $0.1 per tC abated for the natural regeneration
option to $21.4 per tC abated for the option of
reforestation forbioelectricityproduction. Investment
cost is high only for the bioelectricity option at
$21/tC abated, as it includes the cost of plantation
forestry and the cost of establishing a power
generation system.

The mitigation scenarios considered inALGAS
project were the programmatic scenarios, the
biomass demand based scenario, and the technical
potential scenario.Theaggregatemitigationpotentials
are 30 mtC, 126 mtC, and 583 mtC for the
programmatic, biomass demand based and technical
potential scenarios, respectively.

Current assessment of mitigation options
(i) Afforestation / Reforestation
Plantation forestryhas longbeen practiced in forestry
sector of Myanmar but with limited planted area.
Starting from 1990s, annual forest plantation area
increased and amounted to morethan 30 000 ha per
year. Up to the year 2000, all the plantation activities
are implemented by the Ministry of Forestry. The
amount of carbon sequestered by the forest
plantations vary from 4.5 -10.1 tC/ha/yr. Private
sector involvement in the establishment of forest
plantation can enhance the growth and economic
return of the plantations. In the Dry Zone of Central
Myanmar, forestplantationsarebeingestablishedwith
the objectivesofgreeningtheenvironment, supplying
local people with small timbers and fuelwood and
restoring the degraded forests. Because of the harsh
environment with low rainfall, the plantations in dry
zone area are paid special attention to grow well. The
growth rate is also slow. However, in terms of AR
CDM projects, dry zone is eligible to host an AR
CDMprojectandcangetbenefit fromthatmechanism
if properlymanaged.

(ii) Community forestry
Community forestry refers to tree planting activities
undertaken by community on communal lands, or
the so-called common lands; it is based on the local
people’s direct participation in the process, either by
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Table 5.3.Examples ofmitigation technologies, policies andmeasures, constraints and opportunities
in forestry sector

Key mitigation technologies Policies, measures Key constraints

and practices and instruments or opportunities

- Afforestation, reforestation - Financial incentives (national and
international) to increase forest area,
to reduce deforestation and to

-Constraints include lack of
investment capital and land
tenure issues.

- Forest management maintain and manage forests;

- Reduceddeforestation -Can help poverty alleviation.

- Harvestedwoodproduct
management - Land-use regulation and
- Use of forestry products for
bioenergy to replace fossil fuel
use

enforcement

- Tree species improvement to
increase biomass productivity
andcarbon sequestration
- Improved remote sensing
technologies for analysis of
vegetation/soil carbon
sequestration potential and
mapping land-use change

Key mitigation technologies Policies, measures Key constraints

and practices and instruments or opportunities

- Afforestation, reforestation - Financial incentives (national and
international) to increase forest area,
to reduce deforestation and to

-Constraints include lack of
investment capital and land
tenure issues.

- Forest management maintain and manage forests;

- Reduceddeforestation -Can help poverty alleviation.

- Harvestedwoodproduct
management - Land-use regulation and
- Use of forestry products for
bioenergy to replace fossil fuel
use

enforcement

- Tree species improvement to
increase biomass productivity
andcarbon sequestration
- Improved remote sensing
technologies for analysis of
vegetation/soil carbon
sequestration potential and
mapping land-use change
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growing trees by themselves, or by processing the
treeproducts locally.ForestDepartment ofMyanmar
issued Community Forestry Instructions (CFI) in
1995with the objectives of attaining environmental
stability and meeting the basic needs of rural
communities.According to theCFIs, local people’s
active participation is intended to play a key role in
the afforestation and rehabilitation of denuded and
degraded areas.

(iii) Natural regeneration
To accelerate the natural restoration process, the
degraded stands can be assisted by two basic types
of silvicultural treatments, viz., improvement and
enrichment.Choiceofsuitablesilviculturalintervention
dependsprimarilyonthe structural characteristics and
regeneration potential of the degraded stand. If the
number of economicallyvaluable trees in the initial
stand is not sufficient, or there is a complete lack of
such trees, then enrichment maybe a better option
than improvement.

Forest Department ofMyanmar has been practicing
natural regeneration activities in the routine forest
operations. However, limited funding and labour
intensive works are the main barriers in natural
regenerationoperations.There isalso littleknowledge

on carbon sequestration potential by natural
regenerationoperations innatural forestsofMyanmar.

(iv) Agroforestry
Agro-forestry practices have long been considered
as ecologically sound farming practices and offer
potential forregainingsomeofthelostcarbonsthrough
changes in land uses patterns asmuch as 176 tC/ha
after a period of 10 years (estimated for tropical
regions). Improvement in landmanagementpractices
suchasprotectionof treeson thefarm,contour felling
andmound-basedsoil fertilitymanagement,etc.could
help to regain about 44 tC/ha to 46 t C/ha.

Studies performed in developed countries indicate
that the cost per ton of carbon sequestration could
be in the range of US$10-26; in the context of
Myanmar, the cost could be much lower as these
practices aremore labour intensive. However, the
current institutionalmechanismlackscapacitytocope
withclimatechangerelatedforestrysectoradaptation,
andmitigationpolicyadministration lacks thecapacity
for accounting framework to measure changes in
biomass stocks and to promote sustainable forest
management with concrete economic and
environmentalgoals.
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Table 5.4:Analysis of the identified forestrymitigation options byALGAS project

(vi) Dissemination of fuel wood improved
stoves

Replacing traditional fuelwood stoves with more
efficientcookstovescaneffectivelymitigate theGHG
emission in forestry sector by reducing burning of
biomass. TheGHGmitigation potential of 100, 000
efficient cookstoves (A-1) canbe120,736tCO2yr

-1.
The investmentcost per tonofcarbondioxideabated
for fuelwoood is about 0.55USD.

Waste sector

Waste management is the collection, transport,
processing,recyclingordisposalandmonitoringofwaste
materials.Thetermusuallyrelatestomaterialsproduced
byhumanactivityandisgenerallyundertakentoreduce
their effect on health, the environment or aesthetics.
Wastemanagementcaninvolvesolid,liquid,gaseousor
radioactivesubstanceswithdifferentmethodsandfields
of expertise for each.Management for residential and
institutionalwaste inmetropolitanareas isusuallythe
responsibility of local government authorities while
management for commercial and industrial waste is
usuallytheresponsibilityofthegenerator.

Options for waste handling systems for
reducing waste materials
Some areas especially those in less developed
countries do not have a formal waste-collection
system.Examplesofwastehandling systems include
(a) disposalmethods,(b) recyclingmethods and (c)
avoidance and reductionmethods.
InMyanmar urban centre curbside collection is the
most commonmethod of disposal whereby the city
collects waste and recyclables and organics on a
scheduled basis. People often disposeof theirwaste
byhauling it to a transfer station.Waste collected is
then transported toa regional landfill.

(a) Disposal methods

(i) Landfill
Disposingofwaste in a landfill involvesburying the
waste and this remains a common practice in
Myanmar. Landfills are often established in
abandoned or unused quarries, mining voids or
borrowpits.Aproperly-designedandwell-managed
landfill canbe ahygienic and relatively inexpensive
method of disposing of waste materials. Older,
poorly-designed or poorly-managed landfills can
create a number of adverse environmental impacts
such aswind-blown litter, attraction of vermin and
generationof liquid leach, etc..Another commonby
product of landfills is gas (mostly composed of
methane and carbon dioxide)which is produced as
organic waste down an aerobically. This gas can
create odor problems and kill surface vegetation.

Parameter SR LR NR RB FB
Mitigation potential, t of C
abated/ ha 55 155 33 78 47
Present value life cycle
(endowment) costs, $/ha 496 290 28 - 0

Financial benefits, NPV, $/ha 1,060 346 4 67 67

Investment costs/ha, $/ha 211 122 10 - 77

Cost-effectiveness

Life cycle, $/tC abated 9.01 1.87 0.86 1.3 0

Investment cost, $/tC abated 3.83 0.79 0.1 21.4 1.64

Cost-benefit analysis, NPV/tC 19.28 2.22 0.13 0.86 2.87

Parameter SR LR NR RB FBSR LR NR RB FBSR LR NR RB FBSR LR NR RB FB
Mitigation potential, t of C
abated/ ha 55 155 33 78 47
Present value life cycle
(endowment) costs, $/ha 496 290 28 - 0496 290 28 - 0496 290 28 - 0496 290 28 - 0

Financial benefits, NPV, $/ha 1,060 346 4 67 67

Investment costs/ha, $/ha 211 122 10 - 77211 122 10 - 77211 122 10 - 77211 122 10 - 77

Cost-effectiveness

Life cycle, $/tC abated 9.01 1.87 0.86 1.3 09.01 1.87 0.86 1.3 09.01 1.87 0.86 1.3 09.01 1.87 0.86 1.3 0

Investment cost, $/tC abated

Cost-benefit analysis, NPV/tC

3.83 0.79 0.1 21.4 1.643.83 0.79 0.1 21.4 1.643.83 0.79 0.1 21.4 1.643.83 0.79 0.1 21.4 1.643.83 0.79 0.1 21.4 1.64

19.28 2.22 0.13 0.86 2.8719.28 2.22 0.13 0.86 2.8719.28 2.22 0.13 0.86 2.8719.28 2.22 0.13 0.86 2.8719.28 2.22 0.13 0.86 2.87
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(v) Conservation of natural forests
Conservation of natural forests, which leads to halt
deforestation canbecopedwith REDDmechanism.
Myanmar forestrysector aims to conserveup to30%
of natural forests as reserved forests and another 5%
as protected area systems. This option can be
combinedwithREDDmechanisms.
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(ii) Incineration
Incineration is a disposal method that involves
combustion of waste material. Incineration and other
high temperature waste treatment systems are
sometimes described as “thermal treatment”.
Incinerators convert waste materials into heat, gas,
steam and ash. Incineration is carried out both on a
small scale by individuals and on a large scale by
industry. It is used to dispose of solid, liquid and
gaseous waste. It is recognized as a practical method
of disposing of certain hazardous waste materials
(such as biological medical waste). Incineration is a
controversial method of waste disposal, due to issues
such as emission of gaseous pollutants.

(b) Recycling methods
(i) Biological reprocessing
Waste materials that are organic in nature such as
plant material, food scraps and paper products can
berecycledusingbiological compostinganddigestion
processes to decompose the organic matter. The
resultingorganicmaterial is then recycledasmulchor
compost for agricultural or landscaping purpose. In
addition, wastegas fromtheprocess, such asmethane
can be captured and used for generating electricity.

There are large varieties of compostingand digestion
methodsand technologiesvaryingincomplexityfrom
simple home compost heaps, to industrial-scale
enclosed-vessel digestion of mixed domestic waste.

(ii) EnergyRecovery
The energy content of waste products can be
harnessed directly by using them as a direct
combustion fuel,or indirectlybyprocessingtheminto
another type of fuel. Recycling through thermal
treatment ranges from using waste as a fuel source
for cooking or heating to fuel for boilers to generate
steam and electricity.

(c) Avoidance and reduction methods
An important method of waste management is the
preventionofwastematerialbeingcreatedalsoknown
as waste reduction. Methods of avoidance include
reuse of second-hand products, repairing broken
items instead of buying new, designing products to
be refillable or reusable (such as cotton instead of
plastic shopping bags), encouraging consumers to

avoid using disposable products (such as disposable
cutlery) removinganyfood/liquid remains fromcans,
packaging and designing products that use less
material to achieve the same purpose, e.g. light
weightingof beveragecans. Mitigation measures and
biological reprocessing, energy recovering and
avoidance and reduction methods should be
promoted in order to reduce GHG emission from the
waste sector.

5.3. National Strategies on GHG
Emission Reduction

In the face of climate change, an urgent need arises
to set up the national strategies for GHG emission
reduction and for the reduction of climate change
impact. Such measures should be emphasized not
onlyon sustainable production in line with the GHG
reduction goals, but also on endangered species and
communities, certain ecosystems (eg. wet lands) and
habitats. So far some strategies which are directly
and indirectly related to these issues have been set
up in Myanmar.

Energy sector

The abatement strategy in the sector was considered
a timeframewithin 2000 to2030.The most important
actions to mitigate GHG emissions during the period
2000-2030 are economic and effective use of energy
and use of renewable energy.

Energy development has always been an important
part of Myanmar’s national economy and social
development plan. In accordance with the guidance
of the Government, Ministryof Energyhas also laid
down Energy Policy and Strategy. The main
objectivesof the Policyare toutilizeoptimumamount
of energy efficiently, to save non renewable energy
resources of the country and to increase the
production level of existingenergysources and at the
same time to update the energy demand.

Energyutilization inMyanmar mainlydepends upon
traditional energy such as fuel wood, charcoal and
biomass. During 1999-2000, 35 percent of the total
energy consumption is contributed by commercial
energysuch as oil, natural gas, coal and hydropower.
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of commercial energyhas been prioritized in order to
replace traditional energy types and at the same time
to meet the requirement of industrial development
program. Myanmar has abundant renewable energy
sources such ashydropower, wind, solar, geothermal,
biomass andother types of renewableenergysources.
Renewable energy, i.e., hydroelectricityand biomass
contributed 67 percent of total energyconsumption.
Biomass intheformoffuelwood,charcoal,agriculture
waste and animal dung is predominantlyused.

Emissions from the energysector are not significant
at present. However, due to the rapid expansion, this
sector’s contribution to GHG emissions will be more
significant in the future. The growing trend of
greenhouse gas emissions will continue if the current
shift of Myanmar’s industrial structure continues and
considerable efforts to reduce emissions are not
implemented.

To implement appropriate and effective responses to
climate change, the following are priorities for
Myanmar.

 Promotion of the use and development of
renewable energy

 The use of clean and efficient energy for
industry, transportation, commercial and
residential sectors

 Use of Compressed Natural Gas (CNG) as
fuel forcommercialvehiclesas fuel switching
in transportation sector

 Use of energy saving Light Emitting Diode
(LED)lightingtoreplacemercuryandsodium
vapour lamps

 Use of Solar Electric Panel to discourage use
of fossil fuels for rural electrification

 Replacing some biomass or HSD cook
stoves with biogas stoves

 Use of new technologies such as efficient
lightingandair-conditioningandrefrigeration
systems with higheroverall energyefficiency
to replace the existing less efficient systems

 Promoting renewableenergytechnologies in
place of fossil fuel generators wherever they
are technologicallyandeconomicallyfeasible

 Encouraging energy conservation through
promoting good house-keeping practices in
industrial, commercial and domestic sectors

GHG projections for energy sector
Carbon dioxide emissions depend on the type and
amountofenergyconsumed,andenergyconsumption
is closely linked to the socio-economic development
ofacountry.Hence,projectionofCO2emissions from
the energy sector is based mainly on projections of
thepopulationandeconomicgrowthofacountryover
a specific period in the future.

Of the total energy demand in the country, the
residential sector consumes and is expected to
consume the largest portion, estimated to be about
78 percent followed by the industrial, transport and
commercial sectors. Agriculture remains as the
smallest user of total energy. If biomass energyuse is
not counted or excluded, energy industry is seen to
consume the largest amount of energyat 30 percent
followed closely bytransport and industrial sectors.

Energy use in this country is increasing faster in the
transportation sector than in any other sectors.
Increase in transportation energy use is a clear
indication of a large amount of carbon emissions
becausevirtuallyall energyrequirementsof this sector
are in the form of petroleum products. Mitigation
options to reduce GHG emission in transportation is
one of the focal areas in the study. It is an emerging
challenge for countries like Myanmar to devise
strategies that can take care of the increased mobility
of the people and the goods required for meeting the
developmental aspirationsyetwithout environmental
implications.

Agriculture sector
Agriculture
Being an agricultural country, rice cultivation in
Myanmar will continue to increase at its current rate
to meet the home consumption and export market.
Flooded rice fieldsproduceCH4emissions,whichcan
be reduced by improved management measures.
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The balancedutilization of different energytypes has
all along been emphasized and increased production
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Successful implementation of available mitigation
strategies will depend on the facts that:

(i) grain yield will not decrease ormayincrease;
(ii) therewillbesavings in labour,waterandother

production costs; and
(iii) rice cultivars that produce lower CH4

emissions are acceptable to local consumers.

Since nitrogen is the major component of mineral
fertilizers commonly used in the country, there is a
rising concern over the extent to which high-input
agriculture loads nitrogen compounds into the
environment. Nitrogen budgeting, or an input/output
balance approach, provides a basis for policies to
improve nitrogen management in farming and for
mitigating its environmental impact. Management
systems can decrease the amount of nitrogen lost to
the environment through gaseous losses of ammonia
or N2O, or through leachingof nitrate into the subsoil.

The primary sources of N2O from agriculture are
mineral fertilizers, legumecropping,andanimalwaste.
Some N2O also is emitted from biomassburning. The
underlyingconcept in reducing N2O emissions is that
iffertilizernitrogen(includingmanurenitrogen)isbetter
used by the crop, less N2O will be produced and
less nitrogen will leak from the system. By better
matching nitrogen supply to crop demand and
integratinganimalwasteandcropresiduemanagement
are the possible strategies for reducing emissions.

The following strategies are being carried out for
mitigationofGHGemissionsandpotential reductions
of annual emissions of carbon dioxide, methane and
nitrous oxide.

(1) ReducingCO2emissions:–Reduction in
fossil energyuse byagriculture, expanded
use ofminimum and no tillage, and irrigation
scheduling

(2) Reducing methane emissions: - Improved
rice production practices, irrigation
management, nutrient management, new
cultivars and other practices

(3) Reducing nitrous oxide emissions:Increase
N fertilizer use efficiency, reduce use of
nitrogen fertilizers, applyimproved
technologyfor nitrogen application, match

N supply with crop demand, integrate
production systems to maximize manure
reuse in plant production, conserve plant
residue N on the production site, and
irrigation and drainage.

TheMinistryofAgricultureandIrrigationhasalready
established the priority framework for the
developmentofagriculturesector.Amongothers, the
following are the strategies related to the mitigation
of the impact of climate change.

 Diversifyingcropproductionandproductivity
 Sustainable water sector development for

promoting access to irrigation water
 Promoting ruraldevelopment through

sustainable developmentofagriculture
sector

 Strengthening research and extension
 Technologygeneration for good agricultural

practices and dissemination for integration
into current food production chain

 Rural infrastructures development
(Development of farm and rural road
networks;Establishment of farmers’
markets, warehouses and cold storage;
exploring possibilityof private sector
investment)

Livestock
Livestock farming in Myanmar relies heavilyon the
agriculture, agro-industrial by-products and natural
grass land. Due to the high prices of agro-industrial
by-products, most of the livestock farmers cannot
afford to provide balanced and well managed ration
to their livestock for maximum production. Dairy
farming isan additional income toperi-urban farmers
and due to seasonal variation and price fluctuation of
agriculture by-products, most livestock farmers focus
mainly on low profile feeding strategies. Therefore
livestock especiallydairycattle are usuallygiven only
sub-maintenance ration during dryperiod.
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Therefore, most of the methane is generated when
manure is deeply heaped up in wet conditions.

 In heaping make sure that the heaps are well
aerated.

 Store manure in dryconditions
Prevent accumulation of manure in large
quantities and dispose (recycle) as
early as possible.

If possible recycle for bio energy
production (make sure the digesters
are fullyair sealed).

 Convert manure into aerated compost.

Currently available mitigation strategies at farm
level in Myanmar

Methane is produced by the fermentation of feed
within thedigestive system. Generally, thegreater the
feed intake, the higher the methane emissions are.
Feed intake is related to animal size, growth rate and
production. The followingare the currentlyavailable
mitigation options to reduce methane emissions:

(i) Reducing livestock numbers
(ii) Improvinganimalproductivity
(iii) Improved forage quality
(iv) Manipulatingnutrientcomposition

To overcome the problems in feed formulation and
feeding ruminants, the project has alreadyprovided
basic feeding strategies to both government staff
and farmers. Followings are the already developed
feedingstrategies for dairyfarming:

 Formulation of different types of
UMMB co-operated with herbal
medicines to control internal parasites of
ruminant livestock

 Development of feedingstrategies byusing
nitrogen rich leguminous tree forage

 Establishment of feedingstrategies on non-
conventional feed resources

The following are examples of five nutritional
interventions thatwill improveproductivityandreduce
methane emissionsper unit of animalproduction (i.e.
meat, milk or fibre):
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Strategies for reduction of CH4emission
Amongdomesticated livestock, ruminantanimalsare
the majoremitters of methane becauseof theirunique
digestive system. The amount of methane produced
andexcreteddependsprimarilyupontheanimal’s type
of digestive system and the amount and type of feed
the animal consumes.

Strategies need to be developed to reduce methane
emission from both enteric fermentation and manure
management systems, of which the latter is more
possible at the farmer level in Myanmar.

Enteric fermentation
When low quality high roughage diets are fed to
ruminants the methane production by enteric
fermentation is high. Therefore, the first and the
foremost step is to improve the diet byimproving the
nutritivevalueanddigestibility.Todothis thefollowing
could be suggested;
 Encourage replacing low quality natural

grasseswithfeedingof improvedhighquality
forage.

 Manipulate the rumen conditions through
appropriate strategies (supplementation) that
facilitatebetterrumenenvironment toimprove
efficientmicrobial activity.

 Adjust correct energy to protein ratio in the
diet, especially in concentrate feeds.

Manure management systems
In order to achieve the proper manure management
it isnecessary to implement the following strategies:

 Avoid adding straw to the manure because
straw acts as a food source for anaerobic
bacteria, resultinginhighermethaneemissions

 Apply manure to soil as soon as possible
because manure for long period can
encourage anaerobic decomposition and
result in increased methane emissions

 Avoid manure application when the soil is
extremely wet, as this leads to anaerobic
conditions and increased methane emissions

If manure is handled and managed properly, the CH4
emissions can be easilycontrolled. In addition this is
the most easily controlled measure at the field level.

The level of moisture, pH, temperature, aeration and
other suitable conditions for the anaerobic bacteria
favors the methanogenesis.
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NationalEnvironmentalConservation
Strategy

(iii) ConsistencywithNationallyDefined
Sustainable Development and/or National
Development Goals and Objectives

(iv) Consistencywith InternationallyRecog-
nized Criteria and Indicators for Sustain-
able Forest Management

(v) Consistencywith International and National
Environmental Impacts Standards and
Guidelines

Mitigation strategies in forestry sector of
Myanmar
To implement appropriate and effective responses to
climatechange,thefollowingaretheprioritymitigation
options for forestrysector of Myanmar.

(a) Mainstreamingclimatechange into forest
policyand legislation

(b) Promoting sustainable forest management
to control deforestation and forest
degradation

(c) Conserving the existingnatural forest in its
maximum carbon storage capacity

(d) Strengthening the institutional capacityto
handle mitigation and adaptation measures
in combatingclimatechange

(e) Rehabilitating the degraded lands through
afforestation and reforestation;

(f) Improving technologyto reduce fuel wood
consumption;

(g) Increasing CO2 uptake from the
atmosphere byconverting low productive
land into grassland and range lands
(especially in central dry-zone)

(h) Promotingprivatesector involvement in
forest industryin particular with climate
change concerns

(i) Promoting habitat management for the
protected wild animals and plants with
particular focus on buffer zones
development and management

(j) Developing the accounting framework for
measuringpotential changes in forest
biomass stocks
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 Increased feed intake through the use of
better qualityfeedwith higher digestibility
and lower fibre content

 Increased feed intake through the use of
improved livestock genetics and breeding

 Improved feed conversion efficiency
through themechanical (chopping, grinding,
milling,pelleting)orchemical (ammonia,
urea formaldehyde, sodium hydroxide)
treatment to improve feed digestibility

 Improved feed conversion efficiency
through the replacement of forage with
concentrates, inclusion of more non-
structural carbohydrate in the diet and
increased fat content of the diet

 Provision of diets which provide an
appropriate balance of energy, protein and
other essential nutrients in order to achieve
efficient digestionand livestock productivity

Land use change and forestry sector

Climate change could have large effects on forests
through thepolicies that stimulate mitigation, such as
afforestation, reduced deforestation, and forest
management. There has been considerable research
on the potential for mitigation to help reduce the costs
of climate impacts. Metz et al. (2001) suggests that
60-87 billion tons of carbon could be sequestered in
forests over the coming century, and Sohngen and
Mendelsohn (2003) suggest that this amount of
carbon could cost up to $187/t C. Such large levels
of sequestration would have large effectson land use,
potentially increasing the area of forests at the end of
the centuryby1 billion hectares.Large-scale changes
in forest management are also possible.

Factors taken into account in determining the
mitigation strategies
The following factors are taken into account in
determining the mitigation strategyin forestry
sector:

(i)Compatibilitywith Internationally
Recognized Principles of Sustainable
Development

(ii) Consistencywith Goals and Objectives of
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(k) Promoting people’s participation in forest
mitigationpractices throughcommunity
forestry, community-based forest
management, etc.

(l) Exploring opportunities for carbon trading
both at domestic and international levels
and

(m) Research and development in forestry-
related climate change studies.

Forest mitigation practices that can restrain the rate
of increase in atmospheric CO2 can be grouped into
three categories:

(i) management for carbon conservation
(ii) management for carbon sequestration and

storage and
(iii) management for carbon substitution.

Conservation practices include options such
ascontrolling deforestation, protecting forests in
reserves,changingharvestingregimes,andcontrolling
other anthropogenic disturbances, such as fire and
pest outbreaks. Sequestration and storagepractices
includeexpandingforestecosystemsbyincreasingthe
area and/orbiomass and soil carbondensityof natural
and plantation forests, and increasing storage in
durable wood products. Substitution practices aim
at increasing the transfer of forest biomass carbon
intoproducts rather thanusingfossil fuel-basedenergy
and products, cement-based products and other non-
wood buildingmaterials.

Implementation strategies for forest
mitigation practices
Myanmar national forest policy is a fundamental
guideline for systematicdevelopment of forest sector.
Moreover, the policy is the basis for laws and rules
of forest exploitation and preservation, and for
development and capacity building of supporting
institutions. Myanmar forest law and rule are set as
the tools to implement national forest policy.

Goals and action plans of forest policy clearlystated
about land use, prevention and administering, forest
regeneration and plantation, wood-based industry,
marketing and trading, research, planning,
coordination, budget and finance, people’s
cooperation, and people’s awareness, etc. Forest
policy targeted to manage 30 percent of total land
area under Permanent Forest Estate (PFE)

comprising reserved forests and protected public
forests.

National Forest MasterPlan (NFMP) was developed
in 2001 to achieve sustainable forest development. It
foresees 30 years from 2001/02 to 2030/31 and
outlineswiderangeofforestactivitiesincludingwildlife
and nature conservation in order to realize objectives
namely sustainable harvesting of valuable teak,
protection of forests against degradation,
environmental conservation, and enhancing foreign
exchange earnings by exporting more value-added
products.

NFMP coversextensive forest activities which intend
to protect reserved forests and protected public
forests and to extend them for sustenance; to pursue
sound programs of forest development through
regenerationand rehabilitation; toeffectivelymanage
watershedfor longevityofdamsandwater reservoirs;
to optimize extraction of teak and hardwood within
the available means; to extend forestry research; to
enforceeffectivelawagainst illegalextractionofforest
products; to encourage increasing use of fuel-wood
substitutes; to promote export of timber and value-
added forest products and seek ways and means to
export other non-timber forest products; and to
promote ecotourism to earn more foreign exchange.

Waste sector
Development of industries in Myanmar
Myanmar’s industrial structure and consumption
pattern together with economic growth generate a
considerable amount of waste. The amount of waste
generated in cities of Myanmar has been gradually
increasing, including the municipal industrial waste.
(general waste and hazardous waste)

Industrial development has been an important eco-
nomic policyanddevelopment strategyof Myanmar.
The government introduced the market-oriented eco-
nomic system in 1989 and since then it has encour-
aged private sector particip ation and foreign invest-
ment in the economic activities. In order to promote
small-scale industries utilizinglocalnatural resources
as main raw materials, the Cottage Industries Law,
enacted in October 1991, enabled the establishment
of small, medium and large-scale enterprises.
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Table 5.5. Selected examples of measures to mitigate GHGemissions through slowing
deforestation and assisting regeneration

Technical Options Measures Benefits /Effects

Fores t Practices /Goals – Jo in tly implement pro jects with b ilateral and multilateral
funding (also applies to fores tation and subs titu tion
management pro jects )

– Main tain C dens ity , up to
300 t C/ha

– Reduce s lash and burn
agriculture / ranching – Promote sus tainab le fores t management

– Main tain b iodivers ity , so il
cons ervation and

– Increase field and satellite
monitoring waters hed benefits

– Reduce fores t fires – Enact fores t cons ervation leg is lation (includ ing bans
on logging)

– Improve logging techniques – Eliminate s ubs idies for activities that encourage
defores tation (cattle ranch ing, min ing, agricultu re, etc.)

Fuel W ood Conservation – Inves tment incen tives – Main tain C dens ity , up
and Subs titu tion – Licens ing /regu lation of s tandards to 300 t C/ha
– Improved s toves – Government research , development, demons tration and

dis s emination
– Poten tial to reduce
unsus tainably extracted

– Charcoal k ilns fuel wood
Use of Recycled and More – Tax incen tives to indus try – Main tain C dens ity , up

Efficient W ood Products – Labelling of products to 300 t C/ha

– Consumer awarenes s – Main tain b iodivers ity ,

Campaigns so il cons ervation and

waters hed benefits

– Recycling may require

disposal of con taminan ts

from treated wood

products
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There are many state-owned factories under the
Ministry of Industry No.1 producing a variety of
consumer goods such as textiles and garments,
foodstuffs and beverages, pharmaceuticals, and etc.
There are also several industries under theMinistry
of IndustryNo.2.

Therenovationandexpansionof factoriesundertaken
bytheMyanmar Industriesof theMinistryof Industry
No.1 are: fiveMyanma Foodstuff Industries, four
Myanma Pharmaceutical Industries, and two
MyanmarCeramic Industries.CurrentlyMinistryof
IndustryNo.1 andNo.2 are combine toMinistry of
Industry.

The government has established 27 industrial zones
since 1989,most ofwhich are located in large cities
such asYangon andMandalay. The total number of
established factories increased from27,513 in 1988
to 60,513 by the end of September 2006. The

factories could not give any information onwastes
andwaste disposal includingwastewater although
most of these factories especially the breweries
generate a lot ofwastewater. From the survey taken,
it is observed that a large segment of the industrial
community in Myanmar is not fully aware of the
industry-related environmental problems. Pollution
problems resulting fromgaseouswastes,wastewater
and solid wastes are not regarded as significant by
most industriesas informationabout thesemattersare
not available due to the lack ofmonitoring facilities
for assessingwater and land pollution regularly and
comprehensively.

GHG emission reduction

Policies to reduce greenhouse gas emissions in the
waste sectormaybedifferentiated into twostrategies.
Oneis theminimizationofwasteandmaximizationof
recycling programs to proactively prevent the
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greenhouse gas emitted from the generation and
decomposition of waste. The other is the expansion
of environmental facilities for treatment to reduce
greenhouse gas emissions from the unavoidably
generated waste.

To mitigate the primarygeneration of waste, a major
source of methane emission, policies to minimize
waste are being implemented. To minimize waste at
its generation stage, Guidelines forWaste Reduction
at Works, indicating the responsibilities of the waste
producers, are needed. At the distribution stage,
policies to improve the packing materials are being
implemented so that theycould berecycled or reused
especially in MandalayandYangon. Furthermore, at
the final consumption stage, allocation of waste
treatment expenses to the waste producers (volume-
basedwastefeesystem),efficientmanagementoffood
waste and food waste policies for minimizing waste
are needed.

Recycling of plastic wastes, reuse and recycling of
wood and agricultural residues are also being
promoted in recent years. Recycling of waste papers,
rubber goods, broken glass wares, steel and various
metals, broken plastic and steel pipes, etc are being
done in Myanmar long before 3Rs concept has been
introduced global wide.

Appropriate mitigation strategies for municipal
solid waste
(i) Producer responsibility system
The Extended Producer Responsibility System to
promote the reuse and recycling of waste at the
manufacturing stage should be implemented. It
requires the manufacturers to be responsible for the
waste generated during the production process.
Furthermore, for manufactures of resource waste
such as paper, glass containers, plastic, iron & steel,
businesses with a certain production scale and higher
and designated businesses devoted to resource
recycling, acertainquota for the useof waste resource
as material must be met. In addition, the government
needs to supportdomestic recycling industry, provide
loan support for the installation of recycling facilities
and development technology.Furthermore, to expand
the consumption of recycled products, public
institutions must be the first to purchase products
manufactured from recycled material.

Waste minimization and recycling policy has to be
implemented. A certain amount of waste is
unavoidablygenerated.Asameasure,Myanmar need
to expand the installation of Basic Environment
Facilities to minimize greenhouse gas emissions
through sound and adequate waste treatment of
wastes that have been unavoidablygenerated.

Reduction on greenhouse gas emissions can be
achieved through systematic treatment of sewage
collected fromhouseholdsandfactories.Furthermore,
to treat the high density industrial wastewater
generated from factory concentrated areas such as
industrial complexes, waste water treatment facility
sites are necessary.

Greenhouse gas emissions from waste are expected
to increase annually between 2000 and 2020. The
waste management policy instituted by Myanmar
government, which proposes more landfills and
incineration, is expected to increase emissionsof CO2
and N2O from waste incineration and landfills.

However, the growth rate by gas is expected to vary
depending on the changes in waste components.
Therefore, the proportion of greenhouse gases
emissions fromincinerationisprojected tocontinually
increase, while the proportion of emissions from
landfills is estimated to decrease.

(ii) Payment system for waste
Greenhousegasemissionsfromindustrialwastewater,
which is influenced bythe amountof industrial water
converted into waste water, are also estimated to
show a slow growth rate. Therefore, the proportion
of greenhouse gas emissions from domestic sewage
and industrial waste water in the waste are projected
to slowlydecline.

To provide guarantee to effective waste treatment,
Myanmar needs to set up a payment system for waste
discharge run byCityDevelopment Committee. The
notice requiresall fees leviedshouldbeusedforwaste
collection, transport and treatment, and as a
supplement to the investment and operation expanse
of waste treatment facilities. The reform of waste
managementsystemandcompetitionmechanismneed
to be introduced and a bidding process to be used
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for theselection of qualified enterprises running civil
waste treatment.

(iii) Pricing system and management
mechanism

Theproposal forindustrializingmunicipal sewageand
waste treatment requires reform of thepricingsystem
and management mechanism of sewage and garbage
treatment, encouragesvarious entities to invest in and
run waste treatment, and gradually build up an
investment, financing and operation management
system in consistent with market mechanism.
Proposals are also needed to encourage waste
recovery facilities to be built as well as a cost
compensation and incentive pricing system.
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Chapter 6
Development and Transfer of Environmentally Sound Technologies

Environmentally Sound Technologies(ESTs) are
technologies that” protect the environment, are less
polluting, use all resources in a more sustainable
manner, recycle more of their wastes and products,
and handle residual wastes in a more acceptable
manner than the technologies for which they are
substitutes”. EnvironmentallySound Technologies
therefore,havethepotential forsignificantlyimproved
environmental performance relative to other
technologies.

Article 4.1 (c) of the UNFCCC stated that all parties
shall promote and co-operate in the development,
application and diffusion, including transfer of
technologies, practices and processes that control,
reduce or prevent anthropogenic emissions of
greenhouse gases not controlled by the Montreal
Protocol in all relevant sectors, including the energy,
the transport, the industry, the agriculture, the forestry
and the waste management sectors. It was also stated
inArticle 4.5 that the developed country Parties and
other developed Parties included inAnnex II shall
take all practicable steps to promote, facilitate and
finance, as appropriate, the transfer of, or access to,
ESTs and know-how to other Parties, particularly
developingcountry.

Being a developing countrydepending mainlyon the
primary sector such as agriculture, livestock and
fisheries, and forestry, Myanmar is vulnerable to
climate change.At the same time, as the industrial
sector hasbeen expandingsince the last two decades,
Myanmar also has the potential for GHG emissions.
Therefore, the transfer and development of ESTs are
important for adaptation as well as for mitigation and
prevention purposes.

6.1. Technology Needs Assessment

In order to identify EST need for mitigation of, and
adaptation to climate change, Technology Needs
Assessment (TNA) was carried out by the National
Commission for EnvironmentalAffairs (MOECAF)
under the INC project.

According to the TNA, a large segment of the
industrial community in Myanmar is not fullyaware
of the industry-related environmental problems. Due
to the fact that air, water and land pollutions have
never been regularlyor comprehensivelymonitored
so far, information and data on pollution problems
arising from gaseous wastes, waste water and solid
wastes are not available to the industrial sector nor to
the public. Thus, these problems are merelyregarded
as insignificant by most people concerned. Many
industries surveyedare also not familiarwith the term
ESTs and do not know the advantages or benefits
that can be gained from using ESTs.

It was also found that except for new plants and
factories set up in recent years, many factories are
still using old machines and obsolete technologies.
Their boilers, ventilation system, factory layout and
waste disposable systems are in need of upgrading.

Most industrial zones lack basic infrastructure and
modern facilities.Amajor problem of the industries
in the industrial zones is the lack of constant power
supply. Frequent power failure has made many
factories to keep and use power generators that use
diesel or gasoline. These generators cause noise
pollution, emit hazardous gases and increase the cost
of production. Individual or central waste water
treatment system and proper waste water disposal
facilities are also lacking in most industrial zones.A
large number of vehicles including trucks and lorries
used for the delivery of raw materials and
manufactured goods are old emitting a lot of smoke
and exhaust gases.

Research and development on ESTs including
endogenous technologies are carried out only on a
small scale. Since recent years, alternative
energyIfossil fuel-savingtechnologieshavebeenbeing
researched and developed. These include research
and development (R & D) on bio-diesel,
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bio-ethanol, bio-gas, bio-briquettes, CNG vehicles,
solar stoves and fuel efficient stoves.

Recycling of plastic wastes, re-use and recycling of
wood and agricultural residues are also being
promoted. Waste papers, rubber goods, broken glass
wares, broken plastic and steel pipes, waste metals,
rusted steel and iron, etc, have being recycled in
Myanmar long before reduce, reuse and recycle
(3Rs) concept was introduced worldwide. When an
old building is dismantled, all the good building
materials are resold and reused. Old cars are
reconditioned and reused. Virtually, almost all the
recyclable wastes in the countryare recycled as much
as possible, however, there is a need for more
advanced recycling technology.

As theenvironmental awareness is risinggraduallyin
the country in recent years, some private and public
organizations have been conducting research and
development on eco-housing and eco-transportation
to save energy and raw materials. Research and
development relatingtoV&Ahavealsobeen initiated
in theagriculture, livestock, fisheriesandhealthsectors
but, R&D needs to be promoted in all the sectors.

Most of the entrepreneurs considered that the
environmental protection measures including the
adoption of ESTs incurred additional costs and extra
investment. From the TNAsurvey, it was found that
there are also many industries which have great
interest in securing ESTs. But, for most industries,
especiallythe small and medium enterprises (SMEs),
there are financial and technical barriers to adopt or
adapt thecleanerproductiontechnologiesor theESTs.
Therefore, financial and technical support, as well as
economic and financial incentives will be needed for
the application of the ESTs to those industries. Some
industries surveyed also indicated that there was a
needfordevelopinganenvironmentpolicythatwould
promote transfer and application of the ESTs. It is
found that in most private and government owned
industries there are no separate or special funds for
environment programs.

When the TNA questionnaires were distributed to
various typesof industries includingthoserelatedwith
V&A, it was not possible to include in these
questionnaires a list of ESTs in order to ensure the

selection of the most preferred technologies.
Therefore, the industrieswithnoknowledgeoraccess
to EST information were not able to identify
specifically their preferred technologies. Onlya few
industries stated their needs for a certain type of
technologies, machineries and equipments.
Nevertheless,althoughtheycouldnot identifyspecific
ESTs, mostof them mentioned that theyrequired 3Rs
technologies as well as final disposal technologies
includingincineration technologies.

From the present TNA and the pilot TNA carried
out incooperationwith theNewEnergyandIndustrial
TechnologyDevelopment Organization (NEDO) of
Japan, it was found that most ministries and the
industries preferred technologies shown inTable 6.1.

With regard to the ESTneeds forV&A, the response
received from the ministries and industries were not
so specificalthough most of themstated their concern
about theimpendingimpactsofclimatechange.Based
on their concern, the following EST needs could be
identified.

1. Highefficiencyfloodcontrolling technology
2. Water and soil preservation technology
3. Technology for observation and pre-

warning against floods and droughts
4. Technology for observation and pre-

warningagainst agriculturecalamity
5. Agriculturebiotechnology
6. Agricultureseedlingtechnology
7. Technologyfor observation, pre-warning

and forecast of sea level rise, coastal and
marineenvironment

8. High standard dyke and embankment
construction technology

9. Technologies for prevention and treatment
of desertification, recoveryof soil
deterioration.

10. Other relevant technologies for protection
of biodiversityvulnerable to climate
change.
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Table 6.1: Preferred technologies of ministries and industries

1.Solar power
generation

1.Rehabilitation of
refineries

1.Making boiler plants
more efficient

1.Spread of low pollution
vehicles , clean energy
automobiles

2.Wind power
generation

2.Rehabilitation of
petrochemical plants

2.Introduction of high
efficiency lighting

2.Promoting increased use
of eco-cement and ready
made cement

3.Waste power
generation

3.Rehabilitation of dye-
works

3.Making electric
household equipments
more efficient

3.Fuel conversion of power
plant, switching crude oil
or coal to natural gas

4.Utilization of
energy from
methane
fermentation

4. Rehabilitation of food
factories

4.Making buildings
more energy efficient

4.Promoting increased use
of biodegradable plastics .

5.Utilization of bio-
mass energy such
as from wood chaff

5.Rehabilitation of steel
mills

5.Making water and
sewage treatment
plants more energy
efficient

6.Medium and small
scale Hydraulic
power generation

6.Rehabilitation of cement
mills

7.Rehabilitation of pulp
and paper mills

8.Introduction of energy
saving equipments in all
the above-mentioned
industries

9.Repair and optimization
of gas pipelines

10.Methane gas recovery
from coal mines

11.Associated gas
recovery from oil fields

12.Reduction of
transmiss ion &
distribution and losses of
electric power

Renewable energy
technologies

Energy saving technologies
Energy efficient
technologies

Cleaner technologies

1.Spread of low pollution
vehicles , clean energy
automobiles

2.Promoting increased use
of eco-cement and ready
made cement

3.Fuel conversion of power
plant, switching crude oil
or coal to natural gas

4.Promoting increased use
of biodegradable plastics .

1.Making boiler plants
more efficient

2.Introduction of high
efficiency lighting

3.Making electric
household equipments
more efficient

4.Making buildings
more energy efficient

5.Making water and
sewage treatment
plants more energy
efficient

1.Rehabilitation of
refineries

2.Rehabilitation of
petrochemical plants

3.Rehabilitation of dye-
works

4. Rehabilitation of food
factories

5.Rehabilitation of steel
mills

6.Rehabilitation of cement
mills

7.Rehabilitation of pulp
and paper mills

8.Introduction of energy
saving equipments in all
the above-mentioned
industries

1.Solar power
generation

2.Wind power
generation

3.Waste power
generation

4.Utilization of
energy from
methane
fermentationfermentationf

5.Utilization of bio-
mass energy such
as from wood chaff

6.Medium and small
scale Hydraulic
power generation

9.Repair and optimization
of gas pipelines

10.Methane gas recovery
from coal mines

11.Associated gas
recovery from oil fields

12.Reduction of
transmiss ion &
distribution and losses of
electric power

Renewable energy
technologies

Energy saving technologies
Energy efficient
technologies

Cleaner technologies
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It should be mentioned here that if further TNA could
be made, the most appropriate and suitable ESTs
could be identified. This could facilitate the transfer
and development of ESTs. There has been no prior
TNA project in Myanmar supported by GEF. The
present TNA was undertaken by the MOECAF and
the TNA surveyquestionnaires were prepared bythe
MOECAF’sowninitiatives.TheTNAwasconducted
with limited financial and technical capacities. It is
therefore recommended that the GEF supports an
additional TNA project to enhance and update the
present TNAefforts of the MOECAF.

It is obvious from the TNAsurveythat there isa great
need for environmentally sound technologies in
Myanmar for both mitigation and adaptation
purposes.At present the applicationand development
of EST is not so easy as there are various financial,
technical, institutional and infrastructural constraints.
Therefore, necessarysupports from the government
as well as from the multilateral and bilateral sources
are muchneededfor the transferofESTs toMyanmar.

The following are the most needed EST projects to
be undertaken under the CDM; bilateral; and
multilateral funding.

1. Wind power generation project
2. Waste power generation project
3. Utilization of energyfrom

methanefermentation
4. Rehabilitation of dye-works, introduction of

energysavingequipments
5. Makingboiler plants more efficient
6. Spread of low-pollution vehicles, clean

energyautomobiles
7. Transport modal shift
8. Solar power generation
9. Rehabilitation of petrochemical plants, use

of energysaving equipments
10. Fuel conversion and fuel switching.
11. Promoting increased use of biodegradable

plastics
12. Rehabilitation of refineries, introduction of

energysavingequipments
13. Introduction of new transportation systems

(dual mode bus system, etc)

With respect to V&Athe following projects can be
considered for bilateral; and multilateral funding.

1. Highefficiencyfloodcontrolling technology
project

2. Water and soil preservation technology
project

3. High standard dyke and embankment
construction technologyproject

4. Technology for observation and pre-
warning against floods and droughts

5. Protection of biodiversityvulnerable to
climate change project

6.2. A Database for ESTs

The establishmentofauser friendlydatabase for EST
is essential for the development and transfer of ESTs
to Myanmar. The EST Information System (ESTIS)
that has been developed by UNEP’s International
Environmental Technology Center (IETC) can be
adopted. But, first and foremost, there is a need to
learn the use of this system.Appropriate staff from
the MOECAF can be trained at the IETC. They
should also participate in relevant sub-regional,
regional and internationalworkshopsandconferences
to share experience with other countries.

So far, capacity building for the MOECAF staff for
the establishment of EST data -base has not yet been
carried out, as the center is not yet ready to provide
the required ESTIS training. At present, EST data
base is being developed at the MOECAF using the
information and data obtained through TNA. The
difficulties encounteredat present with regard to EST
include the lack of training on ESTIS, the lack of
information on ESTs and the lack of experience on
ESTIS.
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6.3. Establishment of Technology
Informat ion Network and
Information Clearing House

A technology information network and information
clearing house on EST are being initiated by the
MOECAF.Networkmembersfromtheministriesand
the departments concerned as well as from all related
organizations have been identified. They have also
been requested to provide relevant information on
climate change mitigation and adaptation measures
to share with the network members. All useful
information on ESTs will also be relayed to them
through the clearing house based at MOECAF.

At present, there is limited internet facility for
networking within the country or with the outside
world. Networkingwithin the countrycan be carried
out through other means such as dissemination and
sharing of information bypost or office dispatch and
through convening of regular network meetings to
exchange information, views and ideas. Networking
with regional and international organizations would
be somewhat difficult.

There are several difficulties with respect to a
successful implementation of the technology
information network and information clearinghouse.
These include among others: inadequate internet
facility, limited climate change related information at
theMOECAFtoproperlyfunctionasaclearinghouse
and limited practice of sharing information among
departmental personnel.
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Chapter 7
Research and Systematic Observation

7.1. Introduction

The Government of Myanmar, acknowledg-
ing the importance of meteorological, clima-
tological and hydrological information upon the
socioeconomic development activities of
the country, created Department of Meteoro-logy
and Hydrology (DMH) in 1965 by
renaming the preceding Burma Meteorological
Department (BMD) which was established on the
1 April, 1937.

DMH, under the Ministry of Transport, is entrusted
with the work of meteorological, hydrological and
seismological relatedmeasurements,dataarchiveand
issue of bulletins, warnings and public education.
DMH upholds six objectives:

 To exchange information with other centers
on weather, water and earthquakes,

 Tosafeguardthepeople fromlosingtheir lives
and property by issuing the early warnings
and bulletins for all natural hazards related
to weather, water,flood and earthquake,

 To expand public awareness and education
programsonnaturaldisasters,naturalhazards
and environmental issues,

 To monitor on climate change, water
resources, air and water qualityof Myanmar,

 Toassistall governmentorganizations,NGOs
and stakeholders providing weather,
hydrological and seismological information,
and

 To assist all national projects effectively by
capacity building through WMO,
International/Regional/Bilateralcooperation.

There are six technical divisions in the
D e pa r t me n t su c h a s ;M e t eo r o l o g i ca l d
Aeronautical Meteorological Division Seismological
Division and Instruments and Communication
Division .DMHissuccessfullyoperatingits functions
and responsibilitiesunder the close supervisionof the
Director General.

Literature review
Myanmar climate dataare analyzedfrom timeto time
by various experts. In 1985, “Agricultural Atlas
for Burma” (Myanmar) were published under
WMO/UNDP Project BUR/80/016. Most of the
materials used in the atlas was based on 20 year
averagesexcept somestations likeSittway,Mandalay,
Yangon and Myeik (Mergui) where the rainfall
observation started about the end of the 19th century.
These stations somehow represent the western,
central, deltaic and southern parts of Myanmar
respectively.

In year 1997, HtayAung analyzed the climatic data,
i.e. rainfall, temperature and storms, and summarized
the major findings in “Climate change in the Union
of Myanmar”.He highlighted that the averagerainfall
depth over Myanmar is generallynegative since the
year 1979. The exceptional years were 1985 and
1996.Assessmentof themonsoonrainfalloftheUnion
of Myanmar revealed that the rainfall anomaly from
1951–1980 average was almost negative since the
year 1979. The annual number of drought departure
from the 1951-1980 average showed a positive
anomaly since the year 1980 except for the years
1985, 1990 and 1995. Moreover there is a general
warming trend of mean annual temperatures in the
whole country since the year 1979. The average
increases for the periods of 1979- 1994 and 1951-
1980 were 0.2 °C. The total number of storms and
depressions that formedannuallyin theBayofBengal
and Andaman Sea during 1984 and 2000 had
reducedsignificantly.

In year 2002, Tun Lwin made excellent climate
review paper “The Climate Changes over
Myanmar during the Last Five Decades”. In the
paper, he emphasized on changes of Southwest
Monsoon characters and activities over Myanmar.
The monsoon onsets were late starting from 1977 in
heat indices. There existed two distinct phases – one
prior to and the other after 1977. The period before
1977 was somewhat a wet phase and the period after
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1977was a dryphase. During the period from1877
to 2000, there were a total of seven years during
which the storm frequencies were the lowest
numbering 4 per year. Out of total seven years, six
were observed in the 1990s.

The fact that most of the El Nino episodes, which
occurred more frequently in 1980s and 1990s,
probably accounted for the phase change in 1977,
anditwasobservedinannual temperatureandrainfall.
ThestudyonclimatechangeoverMyanmar (LwinT.,
2002) clearly reveals that there has been sharp rise in
temperaturesandsignificant falls inrainfallduringand
aroundmajorepisodesofElNino.Highermaximum
temperatures, later onset, earlierwithdrawal, shorter
durationofmonsoonseasonanddeficitmonsoon rain
had been observed in most of the El Nino years.A
higherpotential fordrought andasubstantialdecrease
in the number of annual storm frequency were also
observed in El Nino years.

During theprevious40 years, all ElNino–Southern
Oscillation (ENSO) years resulted in large deficient
rainfall in Myanmar. In the 1997-98 ENSO year,
excessive 24 hour rainfalls, record-breaking24hour
maximumtemperatures, largedeficientannual rainfall
and unprecedented floods occurred in parts of the
country, particularly in thedeltaic andsouthernparts.
( Thaw S. H. and Pike, 1998). All ENSO years
coincided with these long dry spells but otherwere

due to thebreakor failureofmonsoon.Theyear1998
was found tohave the longest dryspell ever recorded
in the countryand the floods inmajor rivers set new
highest water level records and longest duration of
stay above danger levels. In 1999, a study on El
Nino and its impact on the climateofMyanmarwas
carriedoutby TunLwin.Hehighlightedthat theannual
storm frequency in the precedingyears of peak ofEl
Nino events were below normal. However, during
the followingyearsof thepeakofElNino events, the
annual storm frequencies were found to be below
normal tonormal.

7.2. Observing Stations

Myanmar has 161 observing stations related to
weather and climate information as shown in (Table
7.1)The stations are not evenlydistributed.Most of
hestationswere setup,based upon the favorable
logistic conditions, rather than technicals equirements.
Therefore the stations are denser in accessible plain
areas than mountainous remote areas. In theWorld
WeatherWatch (WWW)program,27meteorological
stations areparticipating.Themeteorological stations
atYangon,MandalayandSittwayare included in the
Global Surface Network (GSN) stations. The sea
level stations atMawlamyine and Sittwayare listed
in theGlobalObservingSeaStations (GLOSS).The
spatialdistributions

Sr. No. Type of stations Quantity Remarks

1 Meteorological stations 63 Including 27WWW stations and 3 GSN stations

2 Meteorological and
Hydrological stations

39

3 Hydrological stations 30

4 Agrometeorological stations 18

5 Cyclone detection radar
station

1

6 GLOSS stations 2

7 Solar Radiation stations 5 Joint project with ThaiMeteorological
Department

8 Automatic Raingauge
Network

3 Gwa, Thayawady and Shwegyin along the 18o N
in the GEWEXAsian Monsoon Experiment with
Tokyo Metropolitan University, Japan.

Sr. No. Type of stations QuantitySr. No. Type of stations Quantity Remarks

1 Meteorological stations 63 Including 27WWW stations and 3 GSN stations

2 Meteorological and
Hydrological stations

39

3 Hydrological stations 30

4 Agrometeorological stations 18Agrometeorological stations 18

5 Cyclone detection radar
station

1

6 GLOSS stations 2

7

8 Automatic Raingauge

Solar Radiation stations 5 Joint project with ThaiMeteorological
Department

Solar Radiation stations 5 Joint project with ThaiMeteorologicalSolar Radiation stations 5 Joint project with ThaiMeteorological

Gwa, Thayawady and Shwegyin along the 18o N
in the GEWEXAsian Monsoon Experiment with
Tokyo Metropolitan University, Japan.

38 Automatic Raingauge
Network
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of selected meteorological and hydrological stations
are shown in (Figure 7.1 ) and (Figure 7.2 ) Solar
radiation is being monitored at Kaba-Aye, Pyay,
Meiktila, Mandalayand Shwebo under the project
jointly undertaken by Thailand and Myanmar on
renewable energy and energy conservation since
August 2008.

Acid rain analysis is being carried out at the DMH
Office, Mandalay for Upper Myanmar stations and
atHydrologicalDivision ofDMHOffice,Yangonfor
Lower Myanmar stations. River flow and sediment
discharge are monitored as control checking to
readjust the flow-discharge curve of the rivers.Water
quality monitoring is also carried out at the selected
river sites as programmed.
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Figure 7.1: Meteorological stations
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Figure 7.2: Locations of hydrological stations and river forecasting stations in Myanmar

7.3. Data Publications

Data collection and archive
For real time meteorological/ hydrological data
collection from out-stations, telephones and Single
Side Band(SSB) transceiversare used. Confirmation
of the data is made when the register books are
obtained through public mail service.

Then qualitycontrolof the data isprocessed manually
by experienced observers. Data archive is carried
out manuallyusingCLImat COMputing (CLICOM)
format for meteorological data and GO6 format for
hydrological data, which are the standard formats of
WMO.

Climate/Hydrological data publications
Department of Meteorology and Hydrology has
been publishing Climatological data regularly. The
1950-60 climate record of three climate elements for
(26) stations was published in 1962; the 1961- 1970
record for (48) stations in 1982; the 1971- 1980
record for 57 stations in 1984; the 1981- 1990 record
for 60 stations in 1992; and; the 1991- 2000 record
for 60 stations in 2005. Mean monthly rainfalls for
the period 1947-1972 including 58 stations were
prepared in 1972. Five days, ten days and monthly

mean accumulated rainfall (inches) from June to
October of 58 stations were published in 1973.

The climate data from 60 stations for the decade
1981-1990 was published in 1992. It contained
meteorological elements suchas pressure, maximum
and minimum temperature, wet bulb temperature,
relativehumidity,andmonthlyrainydaysand24hours
maximum rainfall. In 2005, the 1991-2000
climatological data from 60 stations was published.
It contained the maximum wind of the month in
addition to the elements published for the decade,
1981-1990.

Normal values of meteorological data for pressure,
temperature, relative humidity and rainfall of 36
stations for the period 1961-1990 were published in
1996. Moreover extreme values of 24- hour
temperature and rainfall are updated as required as
shown in (Table 7.2).
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Aspecial study on floods, associated
meteorological phenomena and the costs of the
flood-induced damage, provided by the Relief and
ResettlementDepartment, are included in the yearly
publishedVolume II as a separate section.

Climate/Hydrological reviews
InSittway, the long-termaverageannual rainfallwas
5011 mm. For the period 1861-1901, the rainfall
was below the average, for 1902-1925 above the
average, and for 1926-1983 also below the average.
In Mandalay, generally, 1892-1947 was a wet
epoch, 1948-1967was a dry epoch. But, the 1949-
1954wasexceptionallydrywithabout25%belowthe
average annual rainfall. The 1968-1978 was a wet
periodwhile1979-1983 showeda trendof dryperiod
due to theverydryyearsof1979and1983. The long-
termaverageof theMandalaystationwas912mm.In
Yangon, the long-termannualrainfall recordfor1870-
1922generallyindicatedadryepoch, followedbywet
spell for sixty-two years until 1983. The long term
average normal rainfall was 2629mmduring 1870-
1983. In Myeik, there were three short term dry

epochs. They were observed in 1872-1880, 1913-
1922and1951-1959.The remainingperiodshad the
annual average rainfallshoveringabout the long term
averageof4137mm(“AgriculturalAtlas forBurma”,
DMH, 1985).

Climate analysis for the period 1961 to 1990
Climate ofMyanmar for each of fourteenStates and
Regionsbasedon thefeaturesdepictedfor1961-1990
are briefly mentioned below following the WMO
definitionofnormal.

- InKachin State, the rainfall departures in
1983-1998 were 2% above the previous
average value during 1950-1997 at
Myitkyina. The temperatures were about
0.5°Cwarmerduring1991-1997.The region
is the upper catchments of theAyeyarwady
River. There were 7 floods in 41 years at
Mtitkyina.

- InChinState, theaverageannual rainfall in
the period 1981-1996 was -15% to 25%
below the previous average. The

Table 7.2: List of climate data publications

No. Period
No. of
Stations

Climate Data Elements
* IssuedYear

1 1950-1960 26 Monthly climatic data T, RF, RH 1962

2 1961-1970 48 Do T, RF,RH,P 1982

3 1971-1980 57 Do T, RF,RH,P 1984

4 1981-1990 60 Do T, RF,RH,P 1992

5 1991-2000 60 Do T, RF RH,P,W 2005

6 1961-1990 36 Normal climatic data T, RF,RH,P 1996

7 1961-1990 44
Normal rainfall for states
and divisions of
Myanmar

RF 1999

8
From
opening
date to 1990

27
Pentad mean, maximum
and minimum temperature

T 2001

9 1947-1972 58
Annual and monthly
rainfall of Myanmar

RF 1972

10 1951-1970 58

Five days, Ten days and
monthly mean
accumulated rainfall from
June to October

RF 1973

No. Period
No. of
Stations

Climate Data Elements
* IssuedYear

1 1950-1960 26 Monthly climatic data T, RF, RH 1962

2 1961-1970 481961-1970 48 Do T, RF,RH,P 1982

3 1971-1980 57 Do T, RF,RH,P 1984

4 1981-1990 601981-1990 60 Do T, RF,RH,P 1992

5 1991-2000 60 Do T, RF RH,P,W 2005

6

7

8

9

10

1961-1990 36 Normal climatic data T, RF,RH,P 19961961-1990 36 Normal climatic data T, RF,RH,P 19961961-1990 36 Normal climatic data T, RF,RH,P 19961961-1990 36 Normal climatic data T, RF,RH,P 19961961-1990 36 Normal climatic data T, RF,RH,P 19961961-1990 36 Normal climatic data T, RF,RH,P 1996

RF 1999RF 1999
Normal rainfall for states
and divisions of
Myanmar

1961-1990 441961-1990 44

2001T
Pentad mean, maximum
and minimum temperature

27
From
opening
date to 1990

RF 1972RF 1972
Annual and monthly
rainfall of Myanmar

1947-1972 581947-1972 58

RF 1973RF 1973

Five days, Ten days and
monthly mean
accumulated rainfall fromaccumulated rainfall from
June to OctoberJune to October

1951-1970 581951-1970 581951-1970 58
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temperatures in the 1981-1990 were 0.2°C
to -2.2 °C cooler in all seasons compared to
previous average (Aung H., 1997).

- In Shan State, the rainfall in the 1961-1990
period was 3%-5% less than the previous
normalvalues.Themeantemperaturehasbeen
above the 1961-1990 average particularly
all the years after 1990. But, the mean
temperatureatTaunggyi wasbelowtheprevious
normalvalues in1993 and 1994.

- InRakhine State, theannual rainfalls during
1981-1995 showed a decrease of 19%
below the previous normal. At Sittway,
temperature anomaliesduring1947-1995are
positive, particularlyafter 1975. This region
is often hit by cyclones from the Bay of
Bengal. Eight severe cyclones have crossed
the area within 26 year since 1967.

- In Kayah State, the average rainfalls at
Loikaw station during 1961-1990 were
about 10% less than the previous normal .
The annual mean temperature departures
were generally positive during 1986-1998.
This area is less prone to natural disasters.

- In Bago Region, the 1961-1990 average
annual rainfall was changed by+1% to -9%
compared to previous average. The highest
maximum temperaturewas recorded in 1905
was 108°F (42.2oC) at Taungoo and it
remained so until 1997 But, new record of
109.2°F (42.9°C) in 1998 was observed due
to theimpactofElNinophenomenum.(Aung
H., 1999)

- In Mon State, the average annual rainfall for
the period 1981-1994 was 3-6% below the
previous normal. The mean temperature in
1991-1995 was 0.5°C higher than the 1961-
1990 temperature.

- In Kayin State, the average annual rainfall
during 1981-1997 was 8-14% below the
previous normal. Temperature was up to
1.0°C warmer than the 1965-80 average at

Pa-an station. Thanlwin river flood reached
the highest level of 922cm inAugust 1991.

- In Sagaing Region, the average annual
rainfall during1961-1990 wasslightlybelow
the previous normal.The departure of annual
mean temperature during 1991-1998 was
generally positive compared to the 1955-
1990 mean value. It was 1.5°C above the
mean value in 1998 at Katha station. The
Regionexperiencedextensivefloodsfromthe
ChindwinRiverandAyeyarwadyRiver,about
once to twice per year. The floods in the
region were attributed to successive floods
in the lower reaches of the rivers, down to
Ayeyarwady Delta. The heavy rains due to
remnants of severe cyclones that crossed
Rakhine coast induced flash floods in the
Sagaing Region .

- In Mandalay Region, the average annual
rainfall during (1981-1995) was 7-20%
lower than the previous period. Annual
temperature anomalies from 1983-1995
were all positive. It reached 1.5°C above the
average in 1994, at Mandalay. The region is
prone to flood caused by the Ayeyarwady
River. Flood frequencyhas been indicating a
declining trend at Nyaung U station and the
Region was worst affected by the 1997-98
El-Nino. In 1998, the Region received ever
recorded least rainfall. Thehighestmaximum
temperatures ever recorded were also
observed at some places in the Region .

- In Magway Region , the average annual
rainfall during 1981-1995 was below the
previous normal by 1% to 17%. Annual
temperature difference between 1961-1990
period and previous period was only+0.1°C.
The Region experiencedAyeyarwadyRiver
floods 24 times in 32 years with the highest
flood record in 1974. The Region was also
affected by remnants of typhoon from the
South ChinaSea and those fromthe cyclones
in the Bayof Bengal.

Page 127



2012

- InAyeyarwady Region , the average annual
rainfall in 1981-1998 showed small positive
departure from the previous values.As for
meanannual temperature, itwascontinuously
above the 1950-1980 average until 1998.

- InYangon Region , the rainfall during1981-
1995 has increased by about 4% above the
previousnormal.The temperaturedepartures
were positive from the 1950-1980 mean
values, particularlybetween 1977 and 1994;
at times departure was up to 0.6°C.As the
Region has some coastal areas, it is
vulnerable to the effects of severe cyclones.
Damage due to the floods was minimal.

- In Tanintharyi Region , the 1981-95
annual average rainfall was 3-7% below the
previousvalues.Themean temperatureswere
-0.1°C to +0.5°Cabove the previous normal.
This region is often affected by the typhoon
remnants from the South China Sea.But loss
and damage were minimal compared to
Rakhine State.

Recent observed climate change in 1991-2000
In Kachin State, Chin State and Mandalay Region ,
annual mean temperatures had increased by 0.4°C,
0.1°C and 0.2°C, and annual average rainfalls had
also increased by 4 mm, 160 mm and 78 mm
respectively. But in Sagaing and Bago Regions,
temperatures were decreased by 0.2C° and 0.5°C,
and annual average rainfalls had decreased by6 mm
and 65 mm respectively.

In Magway Region , temperature had decreased by
0.8°C, a large value which needs further verification
and the average annual rainfall had decreased by 28
mm.

In Rakhine State, while temperature remained
practicallyunchanged, rainfall had increased by339
mm.

In Shan State, temperature had decreased in eastern
part by 0.5°C and increased by 0.1°C and 0.6°C in
the northern and southern parts respectively. The
rainfalls haddecreasedby9 mm, 46 mmand118mm
intheeastern,northernandsouthernpartsoftheregion.

InAyeyarwady Region , the trends were increasing
in temperature by 0.1°C and rainfall by 54 mm.
InYangon Region , while temperature had decreased
by0.2°C, rainfall had increased by72 mm. In Kayah
State both temperature and rainfall had increased by
0.5°C and 2 mm.

In Kayin State, Mon State and Tanintharyi Region,
temperatures had increased by 0.3°C, 0.1°C and
0.2°C, with increases in average annual rainfalls by
303 mm, 135 mm and 204 mm respectively.

During the period 1965-2000, heat indices showed
threetypesofphase,namely: (i) achangefromcooling
to warming, (ii) a change from warming to cooling,
and(iii)achangefromlesswarmingtomorewarming.
The areas in the northern and central parts located in
thehigher latitudeshavea trendchangefromwarming
to coolingstarting from 1977. In the remainingareas,
there had been a trend change from cooling to
warming though some isolated spots had a trend
changefromlesswarmingtomorewarming.Adistinct
rise of area averaged heat indices was noted in 1977
and onwards in Myanmar. Annual rainfalls had
increased generally in the whole countrywithin the
10% ofthe normal, except for SagaingRegion , Bago
Region and Shan State.

In general the average annual mean temperatures for
the several selected weather stations revealed an
increase in the 1990s. In 1997, the average annual
mean temperature of 17 stations was 0.27°C higher
than the 1951-80average. In 1998, itwas even higher.
The averageminimum temperature for the months of
January was 0.45°C higher than that of the January
months of the 1951-1980. In the hottest months, the
maximum temperatures were 1.02°C and 1.60°C
higher than those of the 1951-80 inApril and May
respectively. A continuous negative anomaly in
monsoon rainfalls were observed during the entire
period from 1989 to 1998 with an exception of a
single year 1990 which had a weak positive anomaly.
Theyear 1998was the worstwith thenegativehighest
anomalyduringthelast42years.Thestudyondrought
anomalyinMyanmar showed that droughtyears with
moderate intensitywere more frequent in the 1980s
and 1990s. There were 13 positive drought anomaly
years out of 18 years.
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Public information
Public informationon theextremeevents is prepared
and issued as the situation calls for.The climatedata
are distributed to various government agencies and
private users on request.Monthlyweather summary
and annual weather summary are also informed to
the public throughmass media at the end of every
month and year.

Climate/ Hydrological data distribution and
exchange
The meteorological and hydrological data were
distributed to government agencies and UN local
agenciesonrequest.Thedataarealsomadeavailable
to private enterprises. Any other agencies and
instituteswhichare interested in theclimatestudycan
receive the data on request. The data are also sent to
theASEAN Sub-Committee onMeteorology and
Geophysics Data Center,Malaysia on request and
CLIMAT data are sent to the World Data Centre,
USA.

7.4. Research on Climate Change

Region-wise annual mean temperature
Theannualmean temperatureofMyanmar is lowest
with 15.8oC in the Chin State, the northwest
mountainous region followedby19.1oC in theeastern
Shan State, and it increases to 27.4oC in Yangon
Region. It is the highest with 27.5oC in Magway
Region in the central dryzone of the country for the
WMO normal period of 1961-1990. If the longer
term 1951-2007 is considered, the annual mean
temperatures generally increase in nine out of 17
Sub States and Region s. The rate of warming per
decade is the highest with 0.32oC atHpa-an, Kayin
State in the southeastern part followed by0.30oC at
Monywa, LowerSagaingRegion of the central dry
zone. Cooling trends of -0.23oC and -0.16oC per
decade were observed at Magway of Magway
Region and Bago of Bago Region in the lower
Myanmar region respectively.The trend is shown in
(Table 7.3) and (Figures 7.3 and 7.4). There is no
appreciable change in six States andRegions,mostly
located in the southern part of the country.

Table 7.3: Temperature trend till 2007 of Sub-States/Regions ofMyanmar

Since Mean Temp
(°C)

Kachin State Myitkyina 24 1951 24.1 0.2

Upper Sagaing Region Hkamti 24 1961 24.1 0.04
*

Lower Sagaing
Region

Monywa 27.1 1961 27.3 0.3

Mandalay Region Mandalay 27.3 1951 27.5 0.2

Magway Region Magway 27.5 1971 27.2 -0.23 Cool
Chin State Hakha 15.8 1981 16 0.13

Rakhine State Sittway 25.8 1951 27 0.13

Northern Shan State Lashio 21.8 1951 21.9 0.14

Southern Shan State Taunggyi 19.1 1951 19.4 0.16

Eastern Shan State Kengtung 23.2 1951 23 0.01
*

Bago Region Bago 26.9 1951 26.9 -0.16 Cool
Ayeyarwady Region Pathein 27 1951 27.2 0.08

*

Yangon Region Kaba Aye 27.4 1951 27.4 -0.04
*

Kayah State Loikaw 22.3 1951 27.4 -0.04
*

Kayin State Hpa-an 27 1961 27.2 0.32

Mon State Mawlamyine 27 1951 27.1 0.14

Tanintharyi Region Dawei 26.6 1951 26.6 -0.01
*

Sub-State/ Region Station
WMOMean
Annual Temp( °C)
for 1961-1990

Period till 2007
Warming (°C)
per decade

Since Mean Temp
(°C)

Kachin State Myitkyina 24 1951 24.11951 24.1 0.2

Upper Sagaing Region Hkamti 24 1961 24.1 0.04
*

Lower Sagaing Monywa 27.1 1961 27.327.1 1961 27.3 0.3

Mandalay Region Mandalay 27.3 1951 27.5 0.2

Magway Region Magway 27.5 1971 27.2 -0.23 Cool27.5 1971 27.2 -0.23 Cool
Chin State Hakha 15.8 1981 16 0.13

Rakhine State Sittway 25.8 1951 2725.8 1951 27 0.13

Northern Shan State Lashio 21.8 1951 21.9 0.14

Southern Shan State Taunggyi 19.1 1951 19.4 0.1619.1 1951 19.4 0.16

Eastern Shan State Kengtung 23.2 1951 23 0.01
*

Bago Region Bago 26.9 1951 26.9 -0.16 Cool26.9 1951 26.9 -0.16 Cool
Ayeyarwady Region Pathein 27 1951 27.2 0.08

*

Yangon Region Kaba Aye 27.4 1951 27.427.4 1951 27.4 -0.04
*

Kayah State Loikaw 22.3 1951 27.4 -0.04
*

Kayin State Hpa-an 27 1961 27.2 0.321961 27.2 0.32

Mon State Mawlamyine 27 1951 27.1 0.14

Tanintharyi Region Dawei 26.6 1951 26.626.6 1951 26.6 -0.01
*

Sub-State/ Region StationSub-State/ Region Station
WMOMean
Annual Temp( °C)
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Period till 2007
Warming (°C)
per decade
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Figure 7.3:Annual mean temperature trend (graph) in various Sub-States/Regions
Region-wise extreme mean temperature
geat waves
Whenthemaximumtemperaturesexceed9°F(~5ºC)
thanthenormalatagivenlocation,DMHdefines them
asheatwaves,and theymayextendto theneighboring
areas. If the occurrence of the heat wave prolongs,
the foremost impact is the scarcityof water. The long
duration of the water scarcity causes drought which

further leads to health problems and even the loss of
livesof the livingbeings includinghuman. Infantsand
the aged are particularly affected. Normal socio–
economic activities are disrupted in manycases.

During1951-2000, annual meanfrequencies of heat
wave occurrence were five in Kachin State, two
each in northern Shan State, and Magway Region ,
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Mandalay Region and Lower Sagaing Region , and
one each in BagoRegion and Mon State. However,
there is no particularplace in States orRegionswhich
suffered heat wave everyyear on regular basis. Heat
wave ispracticallyseldomin theremainingStatesand
Regions.

Heat waves used to occur during the months from
March to June. Seven percent of the annual heat
waves occurred in March in Kachin , Rakhine and
northern Shan States. For the Dry Zone of Central
Myanmar, heat waves were never experienced in
March. The heat wave frequency inApril was 23 %
of the annual total, and it occurred mostly in Kachin
State. Thewavesalso occurred innorthernShan State

and the DryZone. The heat wave frequency was the
highest with 50% of the annual total in Maywith the
most frequent occurrence in Kachin State and
Magway Region . The heat waves were found
spreading from north to south till 15°N parallel. The
areas in lowerMyanmar suffer heat wavesonlyin the
month of May. The annual heat wave frequencywas
20% in June. It was found in Kachin, and northern
Shan States, Dry Zone, and Bago, Ayeyarwady,
Yangon and Tanintharyi Regions. Most of the heat
waves are in the range of 9°F -11°F above mean
maximum.

Heat waves with 12°F-15°F higher than the mean
maximumwerefound inKachinState,NorthernShan

Temp trend
(°C/decade)

E

N

Figure 7.4:Annual mean temperature trend (contour) in various Sub-States/Regions
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State andDryZone during themonth ofMay. Heat
waves inMay and June usually last for 5 to 6 days.
The longestheatwavedurationwas found inYangon
for 12 days fromMay 16 to 27, 1957. Heat waves
lasting June 1 - 8 in 1958 were the second longest
duration in the country, and theyoccurred inKachin
State. Both years were the strongEl Nino years.

The heat waves rarely formed simultaneouslyin two
different States/ Regions. Heat waves sometimes
spread to the surrounding regions and often cover
25%of the country. Heat waves inMay, 1967were
found to be extensivelywidespread covering 48%
or (125,000 sq miles) 323,750 km2 of the country.
In 1998, themost extensive heat wavewas found to
cover 156,250 sqmiles 404,688 km2or 60% of the
country. Itmaybenoted that the 1998was anENSO
year where both El Nino and Southern Oscillation
were active. The occurrence of heat wave (highest
maximum temperature)was found to coincidewith
the El Nino year as shown in (Table 7.4).

As far asMyanmar is concerned, the origins of heat
waves were not found outside the country. Heat
waves commonlyoriginated fromKachin , northern
Shan and Rakhine States, Dry Zone, and
Ayeyarwady,BagoandTanintharyiRegions. Inmost
occasions, heat wave is dissipatedwhenmaximum
temperature is lowered and the coverage area
becomesdiminishedwhenthecloudyweatherprevails
with orwithout precipitation.

Region-wise annual mean rainfalls
The lowestmean annual rainfall of 768mm is found
in theLowerSagaingRegion in thecentralDryZone.
It increases eastward to about 1500mm over Shan
State, northward to about 2000 mm over Kachin
State,westward to4700mmoverRakhineState and
southward to 5400 mm over Tanintharyi Region .
Increasingrainfall trendsareobservedattenSub-States/
Regions with highest rate of 215 mm per decade at
HkamtiofUpperSagaingRegion.Decreasingrainfall
trends are observed at four Sub-States/Regionswith

Table 7.4: Highest maximum temperature records at the capitals of States andRegions

State/

Region Date

Kachin Myitkyina 41.5 31-5-79 El Nino year

Chin Hakha 30.1 8-4-88 El Nino year

Upper Sagaing Homalin 43.8 5-6-86 El Nino year

Lower Sagaing Monywa 45 17-5-69

Mandalay Mandalay 44.2 1-5-95

Northern Shan Lashio 38.6 22-4-89

Eastern Shan Kengtung 40 18-4-83 El Nino year

Southern Shan Taunggyi 33.5 23-4-95

Magway Magway 46 13-4-80

Rakhine Sittway 40 1-4-80

Kayah Loikaw 38 14-4-98 El Nino year

Northwest Bago Pyay 44 24-4-73

Northeast Bago Taungoo 42.9 8-5-98 El Nino year

South Bago Bago 41.7 25-4-58 El Nino year

North Ayeyarwady Hinthada 43.6 9-5-98 El Nino year

South Ayeyarwady Pathein 41 27-4-83 El Nino year

Yangon Yangon (Kaba-Aye) 42 9-5-98 El Nino year

Kayin Hpa-an 41 25-4-88 El Nino year

Mon Mawlamyine 40.2 8-5-98 El Nino year

Tanintharyi Dawei 38.9 6-5-98 El Nino year

Station
Highest Max
Tem(°C )

Remark

State/

DateRegion

Kachin

Chin

Upper Sagaing

Lower Sagaing

Mandalay

Northern Shan

Eastern Shan

Southern Shan
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Yangon

El Nino year41.5 31-5-7941.5 31-5-79Myitkyina

El Nino year30.1 8-4-8830.1 8-4-88Hakha

El Nino year43.8 5-6-8643.8 5-6-86Homalin
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44.2 1-5-9544.2 1-5-95Mandalay

38.6 22-4-8938.6 22-4-89Lashio

El Nino year40 18-4-8340 18-4-83Kengtung
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Station
Highest Max
Tem(°C )

Remark



2012 Chapter 7 Research and Systematic Observation

Page 133

highest rate of about -80mmper decade at Bago of
BagoRegion in the lower part of the country.There
are no appreciable changes, (i.e. less than 10 mm
per decade) in the three Sub-States/Regions in the
eastern and southern parts of the country as shown
in (Table 7.5)and (Figures 7.5 and 7.6).

Table 7.5:Annual rainfall trend (mm/decade) of Sub-States/Regions ofMyanmar till 2007

* No appreciable change (< 10mm /decade)

SubState/ Region
since Annual rainfall

(mm)
Kachin State Myitkyina 2193 1951 2,195 64.71
Upper Sagaing Region Hkamti 3701 1961 3,570 215.2
Lower Sagaing Region Monywa 768 1961 785 -17.4 decrease
Mandalay Region Mandalay 860 1951 864 13.14
Magway Region Magway 852 1971 800 57.1
Chin State Hakha 1,829 1981 1,742 50.5
Rakhine State Sittway 4,723 1951 4,555 52.06
Northern Shan State Lashio 1,341 1951 1,381 33.62
Southern Shan State Taunggyi 1,508 1951 1,555 -5.48 *
Eastern Shan State Kengtung 1,256 1951 1,297 -2.51 *
Bago Region Bago 3,522 1951 3,798 -81.08 decrease
Ayeyarwady Region Pathein 2,913 1951 2,904 36.4
Yangon Region Kaba- Aye 2,713 1951 2,684 41.74
Kayah State Loikaw 1,090 1951 1,089 -11.17 decrease
Kayin State Pa-an 4,377 1961 4,346 -23.6 decrease
Mon State Mawlamyine 4,856 1951 4,816 71.57
Tanintharyi Region Dawei 5,419 1951 5,499 7.8 *

Station
WMO annual
rainfall (mm)
for 1961-1990

Period till 2007
Increasing per
decade (mm)

SubState/ Region
since Annual rainfall

(mm)
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Mandalay Region Mandalay 860 1951 864 13.14
Magway Region Magway 852 1971852 1971 800 57.1
Chin State Hakha 1,829 1981 1,742 50.5
Rakhine State Sittway 4,723 1951 4,5554,723 1951 4,555 52.06
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Figure 7.5:Annual precipitation trend (graph) in various Sub-States/Regions.

Extreme rainfall
Extreme rainfall is one of themeteorological hazards
to the various communities and activities. It has two
ends, one is “High Extreme” and the other is “Low
Extreme”.Amarked decrease or increase of rainfall
is critical to the key socio-economic sectors as they
depend more or less on rain that determines water
replenishment and other water related activities.

Extreme rainfall events in Myanmar during 1991
to 2004

(1) Methodology
DMH generally defines extreme rainfall when
Departure From Normal (DFN) is more or less
outside the range of ±20% duringa particular period,
i.e. monthly, seasonal, or annual, etc. DFN is
calculated byusingthe following equation.
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rr

Rainfall trend
(mm/decade)

N

E

Figure 7.6:Annual precipitation trend (contour) in various Sub-States/Regions.

Where: R = Rainfall, N = Normal
rainfall.

Extreme rainfall has two ends, “High Extreme” and
“Low Extreme”, where each of them has another
one category of “Higher Extreme” and “Lower
Extreme” respectively. They are specified by the
DFN values as followings: -

Higher Extreme > + 50%
+ 20% < High Extreme < + 50%
– 20% > Low Extreme > – 50%
Lower Extreme < – 50%
Note: [ – 20% < Normal < + 20% ]

(2) Results
Extreme rainfall events in Myanmar during 1991 to
2004 were studied using annual rainfalls of the 16
selected stations from the 14 Statesand Regions. The
frequenciesof“High”and“Low”extremesareshown
in (Table7.6).Themaximum andminimumextremes
for those 16 stations during the 14-year period are
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alsoincludedin thetable.Thefollowingsalientfeatures
can be seen clearly.
(a) High extreme:
- Maximum frequencieswere5 years
at Nyaung Oo, and 4 years at each
of the four stations of Myitkyina,
Magway, MawlamyineandHpa-an.

- Not experienced at 3-station of
Lashio,MonywaandSittway.

(b) Low extreme:

- Maximum frequencieswere5 years
atMonywaand4 years atMandalay.

- Not experienced at three
stations of Myitkyina, Sittwayand
Yangon.

(c) Higher extreme:
- Only one station, Mawlamyine
(+51.2% above normal in1994).

- Two stations were close to this
category. ( N y a u n g - U
+49.6% and Magway +47.5%
above normal in 1999 and 1995
respectively)

(d) Lower extreme:
- Not experienced.
- Only two stationswere close to this
category. (Magway -48.7%,
Mandalay -44.0% below normal
in 1998 and 1995 respectively)

(e) Impactof the1998strongElNinoyear:
- 11 out of 16 stations, 69%
experiencedLowExtreme.

- 10 stations, except 1-station of these
11-stations, 91%were recorded
MinimumLowExtremes.

Table 7.6: Frequencies of extreme rainfall during the period 1991-2004

Sr

No

DFN (%) DFN (%)

1 Myitkyina 28 2001 4 91,98,01,04 - - - -

2 Falam 28.7 1991 1 91 -25.3 1992 3 92,98,01

3 Taungyi 21.4 2001 1 1 -35.3 1998 2 97, 98

4 Lashio - - - - -26.9 2003 2 02,03

5 Monywa - - - - -37.6 1998 5 91,93,97,98
,016 Mandalay 23.4 1992 1 92 -44 1995 4 93,95,00,04

7 Nyaung U 49.6 1999 5 96,99,02,03
,04

-37.8 1998 2 97, 98

8 Magway 47.5 1995 4 95,96,99,02 -48.7 1998 3 91,94, 98

9 Sittway - - - - - - - -

10 Loikaw 24.4 2004 1 4 -28.9 1998 2 93, 98

11 Bago 21.1 1997 1 97 -28 1998 1 98

12 Pathein 26.6 2002 1 2 -35.4 1998 2 93, 98

13 Kaba-Aye 39.1 1999 2 99,02 - - - -

14 Pa-an 29.4 1994 4 94,97,99,04 -37 1998 1 98

15 Mawlamyi
ne

51.2 1994 4 94,99,02,04 -26.9 1998 1 98

16 Dawei 34.7 1999 2 97,99 -24.9 1998 1 98

31 29

Year(s) Year No. Year(s)

T o t a l T o t a l

Me a n 1.9 ( 14% ) Me a n 1.8 ( 13% )

Stations

High Extreme LowExtreme

Maximum Frequency Minimum Frequency

Year No.

Sr

No

DFN (%) DFN (%)

1 Myitkyina 28 2001 4 91,98,01,04 - - - -

2 Falam 28.7 1991 1 91 -25.3 1992 3 92,98,01

3 Taungyi 21.4 2001 1 1 -35.3 1998 2 97, 98

4 Lashio - - - - -26.9 2003 2 02,03

5 Monywa - - - - -37.6 1998 5 91,93,97,98

6 Mandalay 23.4 1992 1 92 -44 1995 4 93,95,00,04

7 Nyaung U 49.6 1999 5 96,99,02,03 -37.8 1998 2 97, 98

8 Magway 47.5 1995 4 95,96,99,02 -48.7 1998 3 91,94, 98

9 Sittway - - - - - - - -

10 Loikaw 24.4 2004 1 4 -28.9 1998 2 93, 98

11 Bago 21.1 1997 1 97 -28 1998 1 98

12 Pathein 26.6 2002 1 2 -35.4 1998 2 93, 98

13 Kaba-Aye 39.1 1999 2 99,02 - - - -

14 Pa-an 29.4 1994 4 94,97,99,04 -37 1998 1 98

15 Mawlamyi 51.2 1994 4 94,99,02,04 -26.9 1998 1 98

16 Dawei 34.7 1999 2 97,99 -24.9 1998 1 98

31 29

Year(s) Year No. Year(s)

T o t a l T o t a l

Me a n 1.9 ( 14% ) Me a n 1.8 ( 13% )

Stations

High Extreme LowExtreme

Maximum Frequency Minimum Frequency

Year No.

Page 136

Chapter 7 Research and Systematic Observation



2012 Chapter 7 Research and Systematic Observation

Region-wise extreme daily rainfall
(1961-1990)
The heaviest rainfalls in 24 hours were usually
experienced during themonsoon rain period from
mid-May to mid-October. They occurred41%
during the “earlymonsoon period” ofmid-May to
end of June, 12% inMayand 29% in June . During
the “mid-monsoon” 18%of heaviest rainfalls in 24
hoursoccurred inJulyand35%inAugust. In the“late
monsoon” of September to mid-October, 6%

occurred in October while did not experience any
heaviest rainfalls September.

Extremedailyrainfalls during the period 1961-1990
are shown in (Table 7.7 )below. The highest of 527
mmoccurred atHkamti, Upper SagaingRegion on
6 June 1989.The second highest of 422 mm
occurred at Sittway, Rakhine State on 5 June 1979.
The third, fourth and fifth highest were 367mmon
2ndAugust 1979, 343mmon 1st June 1988 and 340
mm on 2nd August 1962 which happened at
Mawlamyine of Mon State, Dawei of Tanintharyi
Region andHpa-an ofKayinState respectively.

Table 7.7: Extreme rainfalls (mm) in 24-hourduring the period 1961-1990

Cyclone

Cyclone landfall frequencies
Cyclone in the Bay of Bengal is one of the climatic
parameters forMyanmar and the countries around
theBayof Bengal. Increased numbers of cyclones
formed in thebaywill influencemuchon the rainfall
and themonsoon of the country.At times it brings
about disastrous events into the country.

During 1887-2005, there were 1248 tropical
disturbances in the Bay of Bengal. Out of 1248
cyclones, 9% to 17% were formed in each month
from June to November; and 3% to 7%, most of
which were tropical storms, were formed in each
month ofApril,MayandDecember.Therewere less
than3%during the remainingmonths. Altogether 80
or 6.6%of all cyclonic disturbances in theBayhave

Highest in 24hrs

( mm)

1 Kachin State Myitkyina 182 [ 23-6-87 ]

2 Upper Sagaing Region. Hkamti 527 [ 29-6-89 ]

3 Lower Sagaing Region. Monywa 135 [ 3-6-84 ]

4 Mandalay Region. Mandalay 175 [ 24-8-87 ]

5 Magway Region. Magway 183 [ 12-8-74 ]

6 Chin State Hakha 167 [ 25-5-85 ]

7 Rakhine State Sittway 422 [ 5-6-80 ]

8 Northern Shan State Lashio 168 [ 11-10-86 ]

9 Southern Shan State Taunggyi 113 [ 14-8-90 ]

10 Eastern Shan State Kengtung 134 [ 10-7-73 ]

11 Bago Region. Bago 201 [ 19-7-62 ]

12 Ayeyarwady Region. Pathein 240 [ 8-5-75 ]

13 Yangon Region. Kaba-Aye 171 [ 11-7-88 ]

14 Kayah State Loikaw 112 [ 24-8-73 ]

15 Kayin State Hpa-an 340 [ 2-8-62 ]

16 Mon State Mawlamyine 367 [ 27-8-79 ]

17 Tanintharyi Region. Dawei 343 [ 1-6-88 ]

Sr. No Sub State/ Region Stations
Highest in 24hrs

( mm)

1 Kachin State Myitkyina 182 [ 23-6-87 ]

2 Upper Sagaing Region. HkamtiUpper Sagaing Region. Hkamti 527 [ 29-6-89 ]

3 Lower Sagaing Region. Monywa 135 [ 3-6-84 ]

4 Mandalay Region. MandalayMandalay Region. Mandalay 175 [ 24-8-87 ]

5 Magway Region. Magway 183 [ 12-8-74 ]

6 Chin State Hakha 167 [ 25-5-85 ]

7

8

9

10

11

12

13

14

15

16

17

Sr. No Sub State/ Region StationsSr. No Sub State/ Region Stations

422 [ 5-6-80 ]Rakhine State SittwayRakhine State Sittway

168 [ 11-10-86 ]Northern Shan State LashioNorthern Shan State Lashio

113 [ 14-8-90 ]Southern Shan State TaunggyiSouthern Shan State Taunggyi

134 [ 10-7-73 ]Eastern Shan State KengtungEastern Shan State Kengtung

201 [ 19-7-62 ]Bago Region. BagoBago Region. Bago

240 [ 8-5-75 ]Ayeyarwady Region. PatheinAyeyarwady Region. Pathein

171 [ 11-7-88 ]Yangon Region. Kaba-AyeYangon Region. Kaba-Aye

112 [ 24-8-73 ]LoikawKayah State

340 [ 2-8-62 ]Hpa-anKayin State

367 [ 27-8-79 ]MawlamyineMon State

343 [ 1-6-88 ]Tanintharyi Region. DaweiTanintharyi Region. Dawei
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crossed the Myanmar coast. In other words,
Myanmar has a potential threat of 0.66 cyclones per

Table7.8: Frequency of occurrence of storms
in the Bay of Bengal during 1887-2005

The frequencyof cyclones in the Bayof Bengal has
been decreasing annually. There were six cyclones
during the period 1979-2005. There had been 11
cyclones from 1950 to 1978 as shown in the
(Figure7.7).

During 1947 to 2008, Myanmar was hit by 35
cyclonic storms where accompanying strongwinds,
heavy rains, floods and storm surges destroyed
houses, infrastructure, human lives, livestock,
agricultural land and forests. Ninety percent of the
storms crossedRakhine coast and the remaining ten
percent crossed Ayeyarwady deltaic coast. The
southern coasts which are in Mon State and
TanintharyiRegion were never visitedby the storms
originated intheBayofBengalduringthestudyperiod.
After 2002, Myanmar coast has been crossed by
cyclones everyyearexcept in2005. In2006,Cyclone
“Mala” crossed south Rakhine coast near Gwa; in
2007,Cyclone“Akash”crossedNorthRakhinecoast
between Cox’s Bazar andMaungtaw; and recently
in 2008, Cyclone “Nargis” has crossed the delta of
Ayeyarwady and Yangon Regions. The cyclone
“Nargis” destroyed 138,373 lives in addition to

Figure 7.7:Annual storm frequency in the Bay of Bengal for the period 1950 to 2005

year or about one cyclone every other year during
the data period of 1887-2005. No cyclones from
the Bay of Bengal had crossed Myanmar coast in
March, July, August and September as shown in
(Table 7.8).

Month
Storms formed in
the Bay of
Bengal

Storms which
crossedMyanmar
coast

JAN 16 ( 1% ) 2 ( 2% )

FEB 3 ( 0% ) 1 ( 1% )

MAR 8 ( 1% ) ---

APR 32 ( 3% ) 15 ( 19% )

MAY 89 ( 7% ) 24 ( 30% )

JUN 111 ( 9% ) 1 ( 1% )

JUL 180 ( 15% ) ---

AUG 192 ( 15% ) --

SEP 209 ( 17% ) ---

OCT 190 ( 15% ) 14 ( 18% )

NOV 141 ( 11% ) 14 ( 18% )

DEC 77 ( 6% ) 9 ( 11% )

Total 1248 ( 100% ) 80 ( 100% )

Mean 10.49 0.66

Month
Storms formed in
the Bay of
Bengal

Storms which
crossedMyanmar
coast

JAN 16 ( 1% ) 2 ( 2% )

FEB 3 ( 0% ) 1 ( 1% )

MAR 8 ( 1% ) ---

APR 32 ( 3% ) 15 ( 19% )

MAY 89 ( 7% ) 24 ( 30% )

JUN 111 ( 9% ) 1 ( 1% )

JUL 180 ( 15% ) ---

AUG 192 ( 15% ) --

SEP 209 ( 17% ) ---

OCT 190 ( 15% ) 14 ( 18% )

NOV 141 ( 11% ) 14 ( 18% )

DEC 77 ( 6% ) 9 ( 11% )

Total 1248 ( 100% ) 80 ( 100% )

Mean 10.49 0.66
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livestockandmaterialdamage,costingsome13trillion
Kyats. The abnormal track of the severe “Nargis”
may be comparatively observed with other cyclone
tracks that crossed the Myanmar coasts during the
period 1967-2000. The cyclone tracks of Nargis and
other cyclones are shown in (Figures 7.8 and 7.9)
respectively.

Figure 7.8: Abnormal storm track of Cyclone “Nargis”

Figure 7.9: - Tropical revolving storms that crossed Myanmar coast from 1967 to 2000

Storm surge
Storm surges are the usual phenomena that
accompanywith the tropical storms. During 1947 to
2008, the probability of landfall was high in the
northern Rakhine coastwith 21 %and getting lower
to the south to 3% in theAyeyarwady deltaic coast

00 /2 7 (TD )

0 3 /2 8( TS)

0 9/28 (CS)

00 /2 9 (SCS)

00 /30 (SCS)

1 2 /3 0(SCS)

00 /1(SCS)

0 6 /1 (SCS) 0 9/1 (SCS)

1 53 0/1 (SC S)

0 0/2 (SCS)

0 3/2( SCS) 0 6/2 (SC S)

0 7/2 (SC S)
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as shown in (Figure 7.10). The maximum surge
heights experiencedat the place of landfall are shown
in (Figure 7.11). The storm surge of 7.00 m caused
bytheCyclone“Nargis”wasunusuallyhigh.Detailed

Place Probability %
Maungtaw 9.6

Sittway 20.8
Kyaukpyu 11.2
Thandwe 8.7

Gwa 8.7

Haigyi 3.2

Yangon 3.2

Place Surge (m)

Maungtaw 4.25

Sittway 4.25
Kyaukpyu 4.25
Thandwe 4.25

Gwa 4.70

Pyinsalu 7.00

Kyonkadun 6.70

Figure 7.11: Maximum storm surge heights (m) along Myanmar coast

storm surge risk map for Ayeyarwady Delta due to
Cyclone Nargis is shown in (Figure 7.12). Loss of
lives and damage to properties due to Cyclone in
Myanmar is shown in (Table 7.9).
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Figure 7.12: Storm surge risk (ft) map due to Cyclone “Nargis” inMay 2008.
(AfterADPC et. al, 2009)

Table 7.9: Loss of lives and damage to properties due to cyclones in Myanmar

Cyclone rainfall and flood

(1) Cyclone rainfall
When there is a cyclonic disturbance in the Bay of
Bengal, Myanmar experiences rain of different
amounts depending on the prevailingwind and the
locality within the distance of 1000 km from the
Tropical Revolving Storm (TRS) centre.
Superpositionwith other types of disturbance in the
tropospherewill furthermodify the rainfall intensity.

On 19 May 2004, a severe cyclonic storm had
crossed theMyanmar coast nearSittway.Thehighest
rainfall received at Sittwaywas 76mmon the same
day, but the 24 hours new record rainfall of 178mm
was set atMyitkyina on the same day, the 19thMay.
Myitkyina is about 750 km to the northeast of the
landfall point. Mindat and Thandwe received 140
mm and 137mm respectively on the next day. The
effect of Baycyclone continued for one to two days,

Landfall Death Damage
point and loss (Kyats)

Sittway 800
Cyclone Millions

776
Millions
38
Millions

Maungtaw 78
Cyclone Millions
Cyclone
Mala
Cyclone Along the 13
Nargis Ayeyarwady Trillions

Not
available

6 2-3.5.2008 7 138373

4 2.5.1994
Near
Maungtaw

3.66 10

5 29.4.2006 Near Gwa 4.57 1

3 Gwa Cyclone 4.5.1982 Near Gwa 3.7 31

1037

2 Pathein Cyclone 7.5.1975 Near Pathein 3 304

No
Cyclone

Date of
landfall

Peak surge
(m)

1 7.5.1968 Near Sittway 4.25

Landfall Death DamageDeath Damage
point and loss (Kyats)and loss (Kyats)

Sittway 800
Cyclone Millions

776
Millions
38
Millions

Maungtaw 78
Cyclone Millions
4 2.5.1994

Near
Maungtaw

3.66 1010

3 Gwa Cyclone 4.5.1982 Near Gwa 3.7 31

1037

2 Pathein Cyclone 7.5.1975 Near Pathein 3Pathein Cyclone 7.5.1975 Near Pathein 3Pathein Cyclone 7.5.1975 Near Pathein 3Pathein Cyclone 7.5.1975 Near Pathein 3Pathein Cyclone 7.5.1975 Near Pathein 3 304304

No
Cyclone

Date of
landfall

Peak surge
(m)

1 7.5.1968 Near Sittway 4.25

Not
available

129.4.2006 Near Gwa 4.5729.4.2006 Near Gwa 4.5729.4.2006 Near Gwa 4.57
Cyclone
Mala
5

13
1383731383737

Along the
Ayeyarwady

2-3.5.2008
Cyclone
Nargis
6

Trillions

(Source:DMH, 2008)
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particularly along the passage after the landfall.
Rainfalls after twodaysof the landfallarenot justified
to be claimed as the effect of the landfall TRS. The
pre-monsoon and post-monsoon five-day rainfall
distributionsonMyanmarcoastnear thelandfallpoint
ofTRS are shown in (Table 7.10).

Table 7.10: Some rainfall (mm) distribution due
to SittwayCyclone landfall on 19May 2004

There is a complex interaction between the TRS
forcing, local geographical condition, troposphere
disturbances and convective activity to produce
rainfall in thegiven time period. Itmaybe generally
noted that rainfall tends to bemaximumon thedayof

TRS passage and getting less as it is far away from
the passage in time and space.

In (Figures 7.13 and 7.14), the five-dayaccumulated
rainfall distributionduetocyclones inMay2006,May
2008, November 1988 and November 1992 are
shown. Five dayaccumulated rainfall pattern varies
according to the region and the season of landfall.
When cyclone landfall is in the less mountainous
portionof the southRakhine coast or in the low lying
deltaic plain ofAyeyarwadyRegionwheremoisture
isabundantduringthecycloneperiod, thesesituations
will be another factor that support the rainfall
maximum. In the case of post monsoon cyclone in
November1992, single rainfallmaximumcell could
benoted for the cyclonewhich landed in the southof
Rakhinecoast.The rainfall amountandareacoverage
are significantly greater in the pre-monsoon period
than those in thepostmonsoonperiod. Whencyclone
landfall was in the northern Rakhine coast, rainfall
maximumcells occurred separately, not necessarily
near the landfall point.

Figure7.13: Five-day accumulated rainfall distribution (mm)due to cyclones in premonsoon periods
2006 and 2008. Cyclone track near landfall is shown by arrow.

Station 17-May 18-May 19May
(landfall)
20-May 21-May Total

(mm)
Myitkyina 6 35 178 5 2 226

Mindat 34 11 26 140 0 211

Maungtaw 2 4 50 77 0 133

Sittway* 11 23 76 29 0 139

Kyaukpyu 5 39 0 0 0 44

Thandwe 4 56 74 137 5 276

Gwa 20 39 82 0 8 149

Station 17-May 18-May 19MayStation 17-May 18-May 19MayStation 17-May 18-May 19May
(landfall)
20-May 21-May Total20-May 21-May Total

(mm)
Myitkyina 6 35 178 5 2 226

Mindat 34 11 26 140 0 21134 11 26 140 0 21134 11 26 140 0 21134 11 26 140 0 211

Maungtaw 2 4 50 77 0 133

Sittway* 11 23 76 29 0 13911 23 76 29 0 13911 23 76 29 0 13911 23 76 29 0 139

Kyaukpyu 5 39 0 0 0 44

Thandwe 4 56 74 137 5 2764 56 74 137 5 2764 56 74 137 5 2764 56 74 137 5 276

Gwa 20 39 82 0 8 14920 39 82 0 8 14920 39 82 0 8 14920 39 82 0 8 149
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Figure7.14: Five-day accumulated rainfall distribution (mm) due to cyclones in post-monsoon periods
of November 1988 and November 1992. Cyclone track near landfall is shown by arrow.

Heavy rains occurred mostly in the proximity of the
landfall points of cyclones. With Cyclone “Nargis”,
Kaba-Aye which was the point of landfall received
theheaviest rainfall on the dayof landfall. Some other
stations which received maximum rainfalls were
hundreds of kilometers awayfrom the landfall point.
For instance, during the 1988 November cyclone,
whose landfall point was near Kyaukpyu, the station
collected only70 mm of rain. The24 hour maximum
rain was 188 mm at Hmawbi, some 250 km to the
southeast of the landfall point. In May2004, acyclone
crossed Sittway which received 76 mm of rainfall.
The maximum rainfall collected on the daywas 178
mm at Myitkyina, about 650 km to the northeast of
the landfall point and flood was initiated. Moreover,
for one cyclone in November 1992, the cyclone
landfall point, Maungtaw received only33 mm; and
for Cyclone “Mala” inApril 2006, its landfall point,
Gwa receivedonly52- millimeter rainfallwhich is an
insignificant amount for the locality. The occurrence
of maximum rainfalls depends on the prevailing
convergence ofwind flow and favorable condition of
vertical moisture transport of the locality. The five-
day accumulated largest rainfall by the Cyclone
“Nargis” was 653 mm at Mawlamyine in the Mon
State,100kmto thesoutheastofYangon.Thisamount
is about 20 % of the annual rainfall of Mawlamyine.

In the case of Cyclone “Mala”, the 24 hour heaviest
rainfall was 235 mm at Pyay, some 100 km to the
northeast of the landfall point. That amount is
comparable to the monthlymonsoon rainfall of Pyay.
The samelocation received the highest rainfall of 329
mm accumulated in five days due to the cyclone.

The rainfall at the landfall point on the landfall day,
themaximumrainfallsonthe landfalldayand thefive-
dayaccumulated rains due to landfall cyclones from
1973 to 2008 are shown in (Table 7.11) Floods
usually took place after each heavyrain spell.

(2) Flood
In Myanmar, low lying areas along rivers are subject
to inundation foracoupleofdaysduetonormal floods
duringmonsoon and it naturallyenriches the soil. But
whenmonsoonintensifiedandwidespreadheavyrains
last long for a few days, then multiple floods occur
along the rivers posing danger to the lower reaches
particularly theAyeyarwadydelta. Sediment brought
about by the Ayeyarwady river before entering the
Andaman sea has significantly contributed to the
formation of the Ayeyarwady delta. The peak
monsoon season is especially vulnerable to flood
disaster due to river bank erosion and embankment

Chapter 7 Research and Systematic Observation
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Table 7.11:Maximumrainfall (mm) on the cyclone landfall day and the highest five
days accumulated rainfall (mm).

failure in the deltaic area which is the rice bowl of
thecountry and thickly populated. Percentage
occurrenceoffloodsalongMyanmarRivers is shown
in (Table 7.12). In theAyeyarwadyRiver, 50 % of
locations alongtheriverbankexperiencefloodsevery

other year, along theChindwinRiver, 80%of places
experience flood everyyear.Near the rivermouth of
Thanlwin flood occurs everyyearwhich sometimes
lasts for fewweeks. Smaller rivers also have floods
everyyear.

Table 7.12: Percentage of occurrence of flood alongmajor rivers inMyanmar

At landfall
station Max. rainfall/ station

18-Nov-73 Sittway 65 69/ Maungtaw 150/ Maungtaw

19-Nov-88 Kyaukpyu 70 188/ Hmawbi 295/ Kaba-Aye

21-Nov-92 Maungtaw 33 64/ Sittway 116/ Sittway

19-May-04 Sittway 76 178/ Myitkyina 376/ Ann
29-Apr-06 Gwa (Mala) 52 235/ Pyay 329/ Pyay

Date of landfall
Date

Landfall station
(Cyclone)

Rainfall on the landfall day (mm) Max. five day
accumulated
rainfall(mm)/ station

19-May-92 Thandwe 62 122/ Kyaukpyu 245/ Kyaukpyu

5-May-07 Pathein/ Yangon 344 344/ Kaba-Aye 437/ Hpa-an

2-May-94 Maungtaw 104 113/ Mindat 264/ Maungtaw

3-May-08 Haigyi/Yangon (Nargis) 220 245/ Mingaladon 653\ Mawlamyine

15-May-07
Maungtaw (Akash)

61
205/ Kyaukpyu 399/ Kalewa

At landfall
station Max. rainfall/ station

18-Nov-73 Sittway 65 69/ Maungtaw 150/ Maungtaw

19-Nov-88 Kyaukpyu 70 188/ Hmawbi 295/ Kaba-Aye

21-Nov-92 Maungtaw 33 64/ Sittway 116/ Sittway

19-May-04 Sittway 76 178/ Myitkyina 376/ Ann
29-Apr-06 Gwa (Mala) 52 235/ Pyay 329/ Pyay

Date of landfallDate of landfall
Date

Landfall stationLandfall station
(Cyclone)

Rainfall on the landfall day (mm) Max. five day
accumulated
rainfall(mm)/ station

19-May-92 Thandwe 62 122/ Kyaukpyu 245/ Kyaukpyu

5-May-07 Pathein/ Yangon 344 344/ Kaba-Aye 437/ Hpa-an

2-May-94 Maungtaw 104 113/ Mindat 264/ Maungtaw

3-May-08 Haigyi/Yangon (Nargis) 220 245/ Mingaladon 653\ Mawlamyine

15-May-07
Maungtaw (Akash)

61
205/ Kyaukpyu 399/ Kalewa
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Someof the floods ofmajor rivers in peakmonsoon
of 2004 attained the highest record for the period of
the last fewdecades. Peakwater levels due to floods
inmajor rivers ofMyanmar up to 2004 are shown in
(Table 7.13). The heavy rainfalls in the northern

Myanmar such as 8.20 inches in Sumprabumon 18
July 2004 was found to reinforce the high water of
theAyeyarwadyRiver, resulting in extensive records
ofmaximum floods along the downstream stretches
of the river.

Table 7.13: Peak water levels due to floods inMyanmarmajor rivers till 2004

During the dry season, rivers are recharged by the
groundwater from forestedwatersheds andmelting
snow from highmountains in the north. Snow and
glaciers in the north which is connected with the
Himalayanmountaincomplex is somehowimportant
formaintaining the flowofAyeyarwdayRiver during
the dry season. Moreover, due to the climate
variability, DryZone sometimes experiencedwide-
spread heavyrains for some continuous dayswhich
led to catastrophic flash floods in the area.The flood
is so unexpected and the peak time is so quick that
there is no time to respond. Due to the heavy
widespread rain in the area during 27May - 2 June
2001, there occurred a flash flood inWundwin of
DryZone.The total rainfall collectedwas8.36 inches
where the highest rainfall for themonth ofMaywas
9.97 inches in 1991 in 30-year record (DMH, 2008).
At that time,DMHhadno informationandcapacities
to issuewarning.

Southwest monsoon
Onset and withdrawal
In theUnion ofMyanmar theobservations indicated
that the climate change is taking place in
respect of temperature, precipitation,extremeclimate

and severity of disasters and also in the southwest
monsoonfeatures.Thesouthwestmonsoononset into
the country is becoming late and itswithdrawal from
the country is advancing earlier. The southwest
monsoon duration during1988-2000was shortened
by three weeks in the northern Myanmar and one
week in other regions compared to 1951-2000
average. During 1988-2000, themonsoon became
less active (decreasingstrongmonsoondays) though
the monsoon breaks which used to take place for
about oneweekduringnormal peakmonsoonperiod
of JulyandAugust, were less pronounced except in
1998. There was a prolongedmonsoon break due
to ElNino episode.

Monsoon rain and flood

Thegeographical settingofMyanmar,with thenorth-
southrunningmountainrangeswithin thecountry, and
the lowlyingplains in thecentral regionand theShan
plateau in the east, is the unique feature determining
the country’s annual rainfall distribution.Myanmar
enjoys the southwest monsoon season. The annual
rainfall is leastinthe centralpartofthecountry(less than
1000mm) and it is increasing tomore than2000mm
towards the east, 2000mm towards the north, 5000
mm towards the south and west. Major portion of
the annual rainfall is due to the southwestmonsoon

Date

(d-m-y)

Chauk Ayeyarwady 1532 15- 8-74 1040 1973 492 1
Hkamti Chindwin 1771 13- 7-91 1360 1972 411 2
Mawleik Chindwin 1608 20- 7-76 1230 1972 378 3
Kalewa Chindwin 1920 17- 8-02 1550 1972 370 4
Minbu Ayeyarwady 1982 15- 8-74 1700 1967 282 5
Sagaing Ayeyarwady 927 3- 8-97 700 1965 227 6
Myitkyina Ayeyarwady 1410 8-10-79 1200 1967 210 7
Homalin Chindwin 3107 12/7/1968 2900 1968 207 8
Magwe Ayeyarwady 1894 31-7-04 1700 1975 194 9
Bamaw Ayeyarwady 1337 22-7-04 1150 1969 182 9
Aunglan Ayeyarwady 2737 15-8-74 2550 1973 187 10
Paan Thanlwin 936 18-8-02 750 1966 186 11
Myitnge Dokhtawady 1048 14-10-86 870 1972 178 12
Madauk Sittaung 1244 2-8-92 1070 1967 174 13

RankCity River
Peak
water level
(cm)

Danger
level(DL)
(cm)

Data
s ince

Flood
above DL
(cm)

Date

(d-m-y)

Chauk
Hkamti
Mawleik
Kalewa
Minbu
Sagaing
Myitkyina
Homalin
Magwe
Bamaw
Aunglan
Paan
Myitnge
Madauk

RankCity River
Peak
water level
(cm)

Danger
level(DL)
(cm)

Data
s ince

Flood
above DL
(cm)

Ayeyarwady 1532 15- 8-74 1040 1973 492 1Ayeyarwady 1532 15- 8-74 1040 1973 492 1Ayeyarwady 1532 15- 8-74 1040 1973 492 1Ayeyarwady 1532 15- 8-74 1040 1973 492 1Ayeyarwady 1532 15- 8-74 1040 1973 492 1Ayeyarwady 1532 15- 8-74 1040 1973 492 1Ayeyarwady 1532 15- 8-74 1040 1973 492 1
1771 13- 7-91 1360 1972 411 21771 13- 7-91 1360 1972 411 21771 13- 7-91 1360 1972 411 21771 13- 7-91 1360 1972 411 21771 13- 7-91 1360 1972 411 21771 13- 7-91 1360 1972 411 21771 13- 7-91 1360 1972 411 2Chindwin
1608 20- 7-76 1230 1972 378 31608 20- 7-76 1230 1972 378 31608 20- 7-76 1230 1972 378 31608 20- 7-76 1230 1972 378 31608 20- 7-76 1230 1972 378 31608 20- 7-76 1230 1972 378 3Chindwin
1920 17- 8-02 1550 1972 370 41920 17- 8-02 1550 1972 370 41920 17- 8-02 1550 1972 370 41920 17- 8-02 1550 1972 370 41920 17- 8-02 1550 1972 370 41920 17- 8-02 1550 1972 370 41920 17- 8-02 1550 1972 370 4Chindwin

Ayeyarwady 1982 15- 8-74 1700 1967 282 5Ayeyarwady 1982 15- 8-74 1700 1967 282 5Ayeyarwady 1982 15- 8-74 1700 1967 282 5Ayeyarwady 1982 15- 8-74 1700 1967 282 5Ayeyarwady 1982 15- 8-74 1700 1967 282 5Ayeyarwady 1982 15- 8-74 1700 1967 282 5Ayeyarwady 1982 15- 8-74 1700 1967 282 5
1965 227 61965 227 61965 227 6Ayeyarwady 927 3- 8-97 700Ayeyarwady 927 3- 8-97 700Ayeyarwady 927 3- 8-97 700Ayeyarwady 927 3- 8-97 700Ayeyarwady 927 3- 8-97 700

Ayeyarwady 1410 8-10-79 1200 1967 210 7Ayeyarwady 1410 8-10-79 1200 1967 210 7Ayeyarwady 1410 8-10-79 1200 1967 210 7Ayeyarwady 1410 8-10-79 1200 1967 210 7Ayeyarwady 1410 8-10-79 1200 1967 210 7Ayeyarwady 1410 8-10-79 1200 1967 210 7Ayeyarwady 1410 8-10-79 1200 1967 210 7
3107 12/7/1968 2900 1968 207 83107 12/7/1968 2900 1968 207 83107 12/7/1968 2900 1968 207 83107 12/7/1968 2900 1968 207 83107 12/7/1968 2900 1968 207 83107 12/7/1968 2900 1968 207 83107 12/7/1968 2900 1968 207 8Chindwin

Ayeyarwady 1894 31-7-04 1700 1975 194 9Ayeyarwady 1894 31-7-04 1700 1975 194 9Ayeyarwady 1894 31-7-04 1700 1975 194 9Ayeyarwady 1894 31-7-04 1700 1975 194 9Ayeyarwady 1894 31-7-04 1700 1975 194 9Ayeyarwady 1894 31-7-04 1700 1975 194 9Ayeyarwady 1894 31-7-04 1700 1975 194 9
Ayeyarwady 1337 22-7-04 1150 1969 182 9Ayeyarwady 1337 22-7-04 1150 1969 182 9Ayeyarwady 1337 22-7-04 1150 1969 182 9Ayeyarwady 1337 22-7-04 1150 1969 182 9Ayeyarwady 1337 22-7-04 1150 1969 182 9Ayeyarwady 1337 22-7-04 1150 1969 182 9Ayeyarwady 1337 22-7-04 1150 1969 182 9Ayeyarwady 1337 22-7-04 1150 1969 182 9
Ayeyarwady 2737 15-8-74 2550 1973 187 10Ayeyarwady 2737 15-8-74 2550 1973 187 10Ayeyarwady 2737 15-8-74 2550 1973 187 10Ayeyarwady 2737 15-8-74 2550 1973 187 10Ayeyarwady 2737 15-8-74 2550 1973 187 10Ayeyarwady 2737 15-8-74 2550 1973 187 10Ayeyarwady 2737 15-8-74 2550 1973 187 10

1966 186 111966 186 111966 186 11936 18-8-02 750936 18-8-02 750936 18-8-02 750936 18-8-02 750Thanlwin
1972 178 121972 178 121972 178 12Dokhtawady 1048 14-10-86 870Dokhtawady 1048 14-10-86 870Dokhtawady 1048 14-10-86 870Dokhtawady 1048 14-10-86 870

1244 2-8-92 1070 1967 174 131244 2-8-92 1070 1967 174 131244 2-8-92 1070 1967 174 131244 2-8-92 1070 1967 174 131244 2-8-92 1070 1967 174 131244 2-8-92 1070 1967 174 131244 2-8-92 1070 1967 174 13Sittaung
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Figure 7.15: Mean monthly temperature (oC) and rainfall (mm) distribution of seven selected
stations from 1961 to 1990.

which begins in May and ends in September.
However rains may continue till November due to
the influence of cyclonic disturbances especially the
tropical storms from the South China Sea. Mean

monthlytemperatureandrainfalldistributionsofseven
selected stations in the country from 1961 to 1990
are shown in (Figure 7.15).

Significant features are that most part of the country
have the maximum rainfall during the mid monsoon
period of JulyandAugust. The central Myanmar has
a unique feature of double maxima, one in the early
monsoon and the other in the late monsoon. Apart
from the effect of annual rainfall which is less than
1000 mm, the double maxima rainfall also influences
the characteristics of the Dry Zone.

Monsoon drought
The rainfall pattern during the southwest monsoon
varies from time to time generally following the
monsoon intensity in the Bay of Bengal. There are

prolonged periods of days without rainfall, so called
drought in some areas of the country. Drought is a
criticallyimportantsituationformanyoftheagricultural
practices, particularlyfor agriculture in the DryZone
where the normal annual rainfall is scanty.

The countrywhich has fourteen States andRegions
is also arbitrarilydivided into 20Sub-States and Sub-
Regions dependingupon thedifferential climatic
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conditions. For Shan State, there are three Sub-
States, Region amelyNorthern Shan State, Southern
Shan State and Eastern Shan State.Rakhine State
has two Sub-States and they are the Northern
Rakhine State and the Southern Rakhine State. The
Sagaing Region has two Sub-Regions, namely the
Upper Sagaing Sub-Region and the Lower Sagaing
Sub-Region . The Bago Region has the Northwest
Bago Sub-Region , the Northeast Bago Sub-Region
and South Bago Sub-Region . The Ayeyarwady
Region has the NorthAyeyarwadySub-Region and
the SouthAyeyarwady Sub-Region .

Dekad rainfall data of 58 selected stations for the
months of May to October over the period 1950-
1992revealed thedrought climatologyof the20 Sub-
States and Sub-Regions (HtayAung 1993). Drought
is defined as the dekad (10 days) with below normal
rainfall preceded by at least two dekads with below
normal rainfall at a particular station of interest.
Monsoon period in Myanmar is arbitrarily divided
into three periods such as pre-monsoon period from
May to June, peak monsoon period from July to
August and late monsoon period from September to
October.The rainfall is considered simplyas normal,
above normal and below normal if percentage
departure is within the 20%, more than 20% and less
than 20% respectively

.
In Myanmar the third dekad of May and the third
dekad of October are most likely to have of drought.
The drought is most unlikely in the second dekad of
September followed by the first and second dekads
ofAugust, the third dekad of June and the third dekad
of July. The most likely areas to have drought are
Chin, Northern Shan, South Rakhine and Kayah
States, and Lower Sagaing and Magway Regions.
The most unlikelyareas for drought are the Southern
Shan, Kachin and Mon States, Tanintharyi,Yangon
and SouthAyeyarwadyRegions.

The years with minimum number of drought (wet
years) have been 1959, 1960, 1968, 1973, 1975
and 1980. The years with maximum number of
drought (dry years) have been 1954, 1955, 1957,
1972, 1979 and 1986. Salient feature of drought are
that theagriculturalproducedroppedin the fiscalyears
1957-58, 1965-66, 1966-67, 1972-73, 1983-84,
1988-89 and 1991-92. With the exception of 1988-

89, all the years were strong or moderate El Nino
years. Thesewerealso theyearsofmaximumdrought
with the exception of 1965-66 and 1966-67. The
factors that influence the strength of relationship
between the decrease of rainfall and the drop of crop
yield depend upon the proportion of crop production
under irrigation, themoistureretentioncapacityofsoil,
the timeliness of rain and the adaptive behavior of
farmers.

It has longbeenregarded that theDryZonepotentially
has the greatest chance to experience drought, and it
will place significant impact on the overall economy.
For central Myanmar, the years 1953, 1956, 1965,
1971, 1973, 1975 and 1985 were the drought-free
years and the years 1954, 1957, 1961, 1972, 1979
and 1991 were the years, most affected by drought
although time of occurrence was changing. For
instance, drought occurred in peak monsoon in 1954,
but it occurred in late monsoon in 1972 and 1979,
and in earlymonsoon in 1992.

It suggests that while the climate of the world is
changing due to increase in greenhouse gases, it is
wise to keep an eye on the changing rainfall pattern
over the whole country and monitor any trace of
severe drought so as to enable to take precautionary
and adaptive measures in a timelymanner.

Water resources
Water resources potential
(surface and ground)

The South East Asia (SEA) has 15% of the total
volume ofworld’swater resources. Demandon water
resources has been increasing due to rapid
urbanizationand industrializationof the region. There
havebeenindicationsofdeterioration inwaterquantity
andquality, lowreliabilityofsupply,highcostofwater,
and so on. Although SEA is the richest in water
resources in the world, those resources and their
potentials arebeingreduced at analarmingrate (Than
Zaw, 2009). Among countries with rich water
resources Myanmar could be classified as a country
of low water stress. There are four major river
systems, namely, theAyeyarwady, the Thanlwin, the
Chindwin and the Sittaung. Moreover thereare some
riversystemsinRakhineStateandTanintharyiRegion.
These river systems contribute to the surface water
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resourcesof thecountry.Under the favorableclimatic
condition and physiographic features, there are eight
river basins, covering about 90% of the country’s
territory. The amount of surface water and

groundwater inMyanmar are estimated at about 828
km3 and 495km3 per year respectively. Details are
mentioned in (Table 7.14). The drainage basinmap
ofMyanmar is shown in (Figure 7.16).

Table7.14: Myanmar’s annual average water resources potential by river basin,

Region / River basin
Surface water
(mcm /Yr)

Groundwater (mcm /Yr)

Region 1. Chindwin 104,720 57,578

Region 2. Upper Ayeyarwady 171,969 92,599

Region 3. Lower Ayeyarwady 229,873 153,249

Region 4. Sittaung 52,746 28,402

Region 5. Rakhine 83,547 41,774

Region 6. Tanintharyi 78,556 39,278

Region 7. Thanlwin 95,955 74,779

Region 8. Mekong 10,580 7,054

Total 827,946 494,713

Region / River basin
Surface water
(mcm /Yr)

Groundwater (mcm /Yr)

Region 1. Chindwin 104,720 57,578

Region 2. Upper Ayeyarwady 171,969 92,599

Region 3. Lower Ayeyarwady

Region 4. Sittaung

Region 5. Rakhine

Region 6. Tanintharyi

Region 7. Thanlwin

Region 8. Mekong

Total

153,249229,873

28,40252,746

41,77483,547

39,27878,556

74,77995,955

7,05410,580

494,713827,946
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The assessment of water resources potentials both
for surfacewater and groundwater is carried out on
the basis of river basins. In termsofwater resources,
Myanmar occupies the 14th position at global level
and 5th position inAsia region.

ENSO, El Nino and La Nina
Thewestward spreadofwarmseacurrent fromsouth
east Pacific, the off coast of Peru has some impact
on global weather and climate. Myanmar is no
exception. During the period 1900 to 2008, strong
El Nino had occurred in 1901-02, 1913-15, 1918-
20, 1972-73, 1986-88, 1991-92 and very strong El
Nino in 1940-41, 1957-58, 1982-83, and 1997-
98. The El Nino in 1997-98 is known to be the
strongest followed by that of 1982-83.

When theElNino is takingplace simultaneouslywith
the Southern Oscillation of the near global scale

atmospheric circulation in the south Pacific and the
Indian Oceans, the climate ofMyanmar wasmore
rampant and adverse extremeweather prevailed in
the country. For instance, such years thatMyanmar
had experienced were 1982-1983 and 1997-1998.

Themaximum temperature recordswere set in the
1998 ENSO year in Rakhine, Shan, Kayah, Kayin
andMonStates, also inMandalay,Magway, Bago,
Yangon,AyeyarwadyandTanintharyiRegions. Infact,
themaximum records were observed in almost the
whole countryexcept SagaingRegion , andKachin
andChin States.

Themaximum temperature records in the 1997- 98
ENSOinMyanmarare shown in(Table7.15).Eleven
out of fourteen States andRegions experienced the
ever recorded heat. In 1998, maximum record
temperature ofHpa-anwas 43.6°Cwhichwas2.6°C
higher than the lastmaximum in1988.

Table 7.15: The highestmaximum temperature records in 1998 inMyanmar

In1998,ENSOsetnewlowest annual rainfall records
in Shan, Kayah, Kayin and Mon States, Bago,
Ayeyarwady and Tanintharyi Regions. The least
annual rainfalls were also recorded in 1991ElNino
year in Shan andKayah States,Sagaing,Mandalay
and Bago Regions. The least annual rainfalls ever
recorded in 1998 are shown in (Table 7.16). The
most significantly lower annual rainfall of 1366mm

occurred inTaungooofBagoRegion in1998, and it
was 19% less than the former 1989 record of 1682
mm.

Thedatawascollected from1902 to2003with some
yearsmissing particularly aroundWorldWars I and
II.

S tate /R e g io n Statio n
(°C ) (d-m -y) (°C ) (d-m )

M e iktila 42.4 - -5-66 43 5-O c t
P yinm a na 42 1-5-80 43.5 9-5

Shan L a shio 40 26-4-97 40 4-5
R ak h ine Tha ndw e 39 12-5-80 40.4 4-5
M agway M inbu 45.2 17-4-73 45.8 9-5

T a ungoo 42.2 10-5- 59 42.9 8-5
T ha yaw ady 42 14-3-63 43.6 9-5
M inga la don 41.7 25-4-58 42 8-5
K a ba -A ye 41.3 27-4-83 42 8-5
P a the in 41 27-4-83 41 8-5
H intha da 42.9 30-4-95 43.6 9-5
M aw lamyine 40 21-4-95 40.2 8-5
T ha ton 40 16-4-75 41 8-5

K ayah Loikaw 37 17-4-83 38 14-4
K ayin H pa -a n 41 25-5-88 43.6 6-5

D aw e i 38.5 11-4-98 38.9 6-5
M ye ik 38 4-5-83 38 6-5
K aw thoung 38 3-4-98 38.5 6-5

M on

T anintharyi

L as t R e c o rd 1 9 9 8 R e c o rd

M andalay

B ag o

Yang o n

A ye yarwady
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Table 7.16: Least annual rainfalls (mm) recorded in 1998 ENSO year

El Nino

During the El Nino years, the southwest monsoon
was negativelyaffectedon several features.

(1) Monsoon onset and withdrawal
In general, themonsoon onset dates are late and the
withdrawals earlier inElNino years compared to the
normal and this pattern is particularly true for the
precedingyearsof theepisode. Thus, the rainyseason
have shorterdurations in theElNinoyears.Recently,
ElNinowas strong in 1991-92 andmuch stronger in
1997-98. Themonsoon onset in the countrywas late
by 12 days in 1991 and 16 days in 1998. Monsoon
withdrawalwas earlyby16days and21days in 1991
and1998respectively.Thelengthofmonsoonduration
had reduced by 24 days in 1991 and by 36 days in
1998. Strongmonsoon days had decreased in 1991
and 1998 by 17 days and 28 days respectively.

(2) Monsoon intensity
There is weak relationship between late monsoon
intensity and the El Nino event, though there is
likelihood of rather weak monsoon intensity
particularly in theprecedingyear of thepeakElNino
event. Thus themonsoon intensityas awhole ismore
likely to be normal during themajor El Nino years,
and it has the possibilityof 80%based on the last six
events during the period 1951 to 1998.

Though the relationshipbetween the earlymonsoon
intensityand theElNinoevent doesnot performwell,
belownormal tonormalmonsoon intensitiesaremore

likely during the earlymonsoon periods of both the
precedingand thefollowingyearsof thepeakElNino
events. More than 50% of the intensity of peak
monsoon during El Nino events could experience
failureorweakeningofmonsooncompared tonormal
condition. This is particularly true for the preceding
year of the episode.

During the southwest monsoon peak season, there
wasanormal occurrenceof inactivemonsoonperiod
commonly known as “Monsoon Break”. It was
almost totallyabsent inmostof theyears through1989
to 1997. Thiswas particularly true in 1993 to 1996.
However averyprolongedmonsoonbreakcondition
returned in 1998. The 1990s marked the warmest
decade ofMyanmar in the 20th century.

(3) Frequency of storms
The relationshipbetween theElNino events and the
frequency of storms in the Bay of Bengal has been
controversial for long time. However the storm
frequencyis belownormal in theprecedingyear and
it is belownormal to normal in the followingyear of
the peak of El Nino events.

(4) Temperature and rainfall
The impactsof theElNinowerealsoobserved (Lwin,
T.1999)upon thegeneral climateofMyanmarduring
theprecedingyearaswell asduringthe followingyear
of the El Nino. 70% (Preceding Year) to 85 %
(FollowingYear) of theElNino events revealed that
themaximumtemperaturesinmostpartsofthecountry
werehigher thannormalduringthedrymonthsofApril
andMay. Moreover, 70% (PrecedingYear) to 85

S tate/Reg ion S tation Data
Period

Old record
(Year)

1998
Record

1903-1941

1950-2003

Magway Magway 1971-2003 445 (1972) 442
1903-1930

1946-2003

1903-1937
1951-2003

1902-1937

1961-2003

1907-1937
1952-2003

1366

Bago 2,596
(1987)

2373

Kayah Loikaw 770 (1993) 751

Shan Taunggy i 1,208
(1976)

992

Bago

Pyay 816 (1972) 798

Taunggoo 1,682
(1989)

S tate/Reg ion S tation Data
Period

Old record
(Year)

1998
Record

1903-1941

1950-2003

Magway Magway 1971-2003 445 (1972) 442
1903-1930

1946-2003

1903-1937
1951-2003

1902-1937

1961-2003

1366

Bago 2,596
(1987)

2373

Kayah

Shan Taunggy i 1,208
(1976)

992

Bago

Pyay 816 (1972) 798

Taunggoo 1,682
(1989)

770 (1993) 751770 (1993) 751
1907-1937

Loikaw
1952-2003
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% (FollowingYear) of the El Nino events showed
thatboth theannual rainfall andmonsoonrainfallwere
belownormal in the country.

La Nina
During the last two decades, temperatures had been
risingbydayandbynight inmost parts of thecountry.

However, record lowminimum temperatures were
observed atmanystations in thecool seasonof 1999-
2000, which was the La Nina year.The lowest
minimumtemperaturesofsomeselected stations in
different States/Region ,observedareshownin (Table
7.17).

Table7.17: Lowestminimum temperatures recorded at the Capitals of States andRegions

Some of the La Nina events which occurred in the
precedingyear or in the followingyear of theElNino
episode are shown in (Table 7.18).

AsMyanmarbelongstothenon-AnnexIParties, it is in
afinanciallyandtechnicallydifficultsituationtocarryout
various researches/studies related toclimatechange in
Myanmar in order to understand different aspects,
scopes, dimensions andextent onwarming/ cooling.
Similarly, country-specific informationwith regards to
precipitation, extremeweather events, probabilityof
cyclonelandfalloncoastalareas,stormsurgeandstorm
rain, southwestmonsooncharacters includingdrought
and floods, and water resources potential will be
disclosedthroughresearchactivities.TheimpactsofEl
Nino /LaNinaphenomenaalsoneedin-depthstudies.

In thiscontext,Myanmaris invitingexpertise, supports
andcoordinationfrominternational/regionalorganization
and institutions to acquire high quality information
regardingclimateandclimatechangeaspects.

Table 7.18: La Nina years preceded or
followed by ElNino years during 1950-1989

La Nina El Nino El Nino La Nina

1950 1951 1953 1954
1955-56 1957-58 1963 1964

1964 1965 1969 1970

1967-68 1969 1972 1973

1970-71 1972 1982-83 1984-85

1975 1976 1987-88 1988-89

La Nina followed by
El Nino

La Nina precededby El
Nino

La Nina El Nino El Nino La Nina

1950 1951 1953 19541951 1953 1954
1955-56 1957-58 1963 1964

1964 1965 1969 19701965 1969 1970

1967-68 1969 1972 1973

1970-71 1972 1982-83 1984-851972 1982-83 1984-85

1975 1976 1987-88 1988-891976 1987-88 1988-89

La Nina followed by
El Nino

La Nina precededby El
Nino

State/
Division Date

Kachin Myitkyina 5 2/1/1963 La Nina
Chin Haka -6 30-12-91
Upper Sagaing Homalin 3 8/2/1980 None
Lower Sagaing Monywa 6.7 31-1-64 La Nina
Mandalay Mandalay 7.2 31-1-64 La Nina
Northern Shan Lashio -2.2 16-1-89 La Nina
Eastern Shan Kengtung 1.7 27-1-53 El Nino
Southern Shan Taunggyi 0.3 20-1-74 None
Magway Magway 5 26-1-93
Rakhine Sittway 8.9 21-1-70 La Nina
Kayah Loikaw 0 27-1-53 El Nino
Northwest Bago Pyay 7.2 17-1-54
Northeast Bago Taungoo 8 30-12-75
South Bago Bago 7 11/2/1997 El Nino
North Ayeyarwady Hinthada 7 29-12-97 El Nino
South Ayeyarwady Pathein 10 30-12-75 La Nina
Yangon Yangon (Kaba-Aye) 9.1 9/2/1997 El Nino
Kayin Hpa-an 9.4 1/1/1974 None
Mon Mawlamyine 10.8 2/1/1976 El Nino
Tanintharyi Dawei 5.5 26-12-99 La Nina

Station
Lowest
MinTem(°C )

Remark
Date

State/
Division

La Nina5 2/1/19635 2/1/1963MyitkyinaKachin
-6 30-12-91-6 30-12-91HakaChin

None3 8/2/19803 8/2/1980HomalinUpper Sagaing
La Nina6.7 31-1-646.7 31-1-64MonywaLower Sagaing
La Nina7.2 31-1-647.2 31-1-64MandalayMandalay
La Nina-2.2 16-1-89-2.2 16-1-89LashioNorthern Shan
El Nino1.7 27-1-531.7 27-1-53KengtungEastern Shan
None0.3 20-1-740.3 20-1-74TaunggyiSouthern Shan

5 26-1-935 26-1-93MagwayMagway
La Nina8.9 21-1-708.9 21-1-70SittwayRakhine
El Nino0 27-1-530 27-1-53LoikawKayah

7.2 17-1-547.2 17-1-54PyayNorthwest Bago
8 30-12-758 30-12-75TaungooNortheast Bago

El Nino7 11/2/19977 11/2/1997BagoSouth Bago
North Ayeyarwady Hinthada 7 29-12-97 El Nino
South Ayeyarwady Pathein 10 30-12-7510 30-12-75 La Nina

Station
Lowest
MinTem(°C )

Remark

El NinoYangon (Kaba-Aye) 9.1 9/2/1997Yangon (Kaba-Aye) 9.1 9/2/1997Yangon (Kaba-Aye) 9.1 9/2/1997Yangon
None9.4 1/1/19749.4 1/1/1974Hpa-anKayin
El Nino10.8 2/1/197610.8 2/1/1976MawlamyineMon
La Nina5.5 26-12-995.5 26-12-99DaweiTanintharyi
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7.5. Warning Systems on Natural
Disasters

Cyclone
Cyclones in the Bayof Bengal are one of the climatic
parameters forMyanmarand the countriesaround the
BayofBengal. Formationofmorecyclonesin theBay
influencesmuchoftherainfallandthemonsoononsetof
the countryandbringsaboutdisastrousevents into the
areaoflandfall.Thecyclones,usuallyaccompaniedby
spellsofstrongwinds,heavyrainfall, floodsandstorm
surges,cancauseextensivelossoflivesanddamagesto
infrastructureand properties.

Flood
There are spells of widespread heavyrains at various
places in the monsoon season and local floods are
the common annual phenomena in the country. At
times, floodsbecomesevereas theirdimension grows
in time and space, affecting the normal activities.
During the dry season, rivers are fed with the
groundwater from forested watersheds and melting
snow from high mountains in the north, which form
part of the Himalayan mountain complex. Snow and
glaciersare somehowimportant for maintaining river
flows duringdryseason in Myanmar. Moreover, due
to the influence of climate change, dry zone
occasionallyexperienced widespread heavyrains for
some continuousdays, which led tocatastrophic flash
floods in theareawherewatersupplyisusuallyscarce.

Warnings
DMHissueshazardwarningsandbulletinsasrequired.
The frequencyof warning depends upon the nature,
severityandimminentdangerof thedisaster.Warnings
are disseminated to the targeted area by all means
available at the DMH following the guidance of the
MinistryofTransport.Relevant stations are instructed
to take special observations round the clock. DMH
has establishedfive centers to watchnatural disasters,
particularly the tropical storms and associated
weather phenomena, floods and tsunami. These
centers are:

1. National Meteorological Centre
(Nay Pyi Taw)

2. National Meteorological Centre (Yangon)
3. Aviation Meteorological Office

(Mingaladon)
4. Multi-hazard EarlyWarning Centre (Nay

Pyi Taw)
5. Coastal Stations

Different typesofwarningsandbulletins,suchasflood
warning, tsunami warning, earthquake warning, etc.
issued by DMH are shown in (Figure 7.17). The
warningsareissuedwithcolorcodeswhereapplicable
particularlyfor thedisastrous natural hazard, cyclone.
The “Yellow” color code means there is a cyclonic
disturbance in the Bay of Bengal, which is not yet
threatening Myanmar coast. The “Orange” code

Figure 7.17: Different types of warnings and bulletins issued by DMH
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means the disturbance maymove towards Myanmar
coast. The “Red” code means the cyclone maycross
Myanmar coast within next 12 hours. The “Brown”
code means the cyclone is crossing Myanmar coast.
The “Green” color code means the cyclone has
crossed Myanmar coast and weakened. For timely
andefficient informationexchange,provincial stations
are equipped with telephones, Radiophones, Single
Side Band (SSB) for direct communication. In case
of communication disruption, the station may get
assistance from the local general administration

offices for indirect contact with the head office
(National Meteorological Center) to deliver special
observations and reports, and to receive /
disseminate latest warning and bulletin related
to tropical storm, flood, earthquake and tsunami.
Myanmar is able to provide storm warning 2-3 days
in advance, river floods warnings 5-7days in advance
and tsunami warning a few hours ahead with the
available facilities in hand. The schematicview of the
warning dissemination arrangement to the target area
is shown in (Figure 7.18). In addition, monsoon

Figure 7.18: Schematic view of the warning dissemination to reach the target area.

forums are being held before and after the southwest
monsoon season. It started in 2007 as a responsive
initiative to deal with the climate change.

7.6. Networking

Regional/ International
In International Corporation, the Director-General of
DMH is the Permanent Representative of Myanmar
for WMO and he is the focal point to the Inter-
governmental Panel on Climate Change (IPCC), to
the United Nations Framework Convention on
Climate Change (UNFCCC), to theAcid Deposition
and Oxidant Research Center (ADORC) and toAcid
Deposition Monitoring Network in East Asia
(EANET). Myanmar is the member country to the

WMO/UNESCAPPanel onTropical Cyclones. The
Director General is also working withAsian Disaster
Preparedness Center (ADPC) and the Committee
on Regional Integrated Multi-hazard EarlyWarning
System (RIMES). DMH is the member to the
ASEAN Subcommittee on Meteorology and
Geophysics (ASCMG), and the Bay of Bengal
Initiatives forMulti-SectoralTechnical andEconomic
Cooperation (BIMSTEC). DMH is also closely
working with China Meteorological
Administration (CMA),Japan MeteorologicalAgency
(JMA), Korea International CooperationAgency
(KOICA),Thailand International Development
Cooperation Agency(TICA), Japan International
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Cooperation Agency (JICA), Japan Aerospace
Exploration Agency (JAXA), United Nati-ons
Environment Programme (UNEP), United States
Agencyfor InternationalDevelopment (USAID) and
Indian Institute of Technology (IIT), etc., among
others.

(1) WMO and DMH
The World Meteorological Organization (WMO) is
a specialized agency of the United Nations. WMO
has amembershipof189MemberStatesandTerritories
as of 4 December 2009. It was originated from
the International Meteorological Organizat-ion(IMO),
which was founded in 1873. Myanmar wasone of the
signatory countries of IMO in 1949 for establishing
WMO. Established in 1950, WMO became a
specializedagencyoftheUnitedNations in1951in the
fieldsofmeteorology(weatherandclimate),operational
hydrologyandrelatedgeophysical sciences.Myanmar
had ratified the Convention in 1947 and became a
member of WMO on March 23, 1951.

The DMH contributes substantially to the protection
of lives and properties against natural disasters and
to safeguarding the environment. Moreover, NMHS
contributes either directlyor indirectly to enhancing
the economic and social well-being of the entire
society inareas such as food security, water resources
and transport.

Moreover, WMO has initiated an integrated effort
bysetting up or strengthening existing collaboration
mechanismsamongtheregionalbodiesunderTropical
Cyclone Programme (TCP), the Regional
Associations and the Technical Commissions
concerned. Myanmar, being a member of TCP, has
been receiving WMO assistance for education and
trainingactivitiesthroughfellowshipprograms,relevant
training courses, workshops, seminars, and the
preparation of training publications. While WMO
provides relevant technical advices, NMHS of
Myanmar has been taking part in WMO’s activities
such as World Weather Watch (WWW), TCP, and
World Climate Programme (WCP).

(2) UNFCCC and DMH
Myanmar ratified the United Nations Framework
Convention on Climate Change (UNFCCC).

(3) JICA and DMH
Myanmar and Japan will be cooperating for the
establishment of anearlyearthquake warningsystem
inMyanmarbysettingupseismographicnetwork and
record center. JICA’s recent cooperation with DMH
included “experts dispatch program” on earthquake,
equipment provision program and training program.
Moreover, JICAhas tocooperate withDMH in future
in theshort-term expert dispatch programonTropical
Storm Forecasting and Warning, and Regional-
focused Training Course in Acid Deposition
Monitoring Network in EastAsia. JICAhas already
provided two instruments of Ion Chromatography
system and Ultra pure water production system.

(4) UNESCO/IOC and DMH
Mechanisms such as the Tsunami Warning
System set up by the Intergovernmental
OceanographicCommission (IOC) of the United
Nations Educational, Scientific and Cultural
Organization (UNESCO) could be useful in
preventing and mitigating the impact of such
phenomena.Myanmar isparticipating in theTsunami
Warning System. Of course, the two phenomena are
quitedistinct: tsunamisaremainlycausedbysubmarine
earthquakes; and storm surges by weather
phenomena.But theyhaveaspects incommon.Global
Sea Level Observing System program (GLOSS)
which is an arm of the IOC has traditionally
emphasized on strong training, education and mutual
assistance components. Its program includes the
establishment of 6 near real-time sea level station
network with financial support from the UN
Tsunami Regional Trust Fund.UNESCAP, in
collaborationwith theUniversityofHawaiiSea Level
Center, has been administering the trust fund. It has
establishedonestation in the Philippines, two stations
in Thailand, two stations in Vietnam, and soon to
establish one station in Myanmar.

IOC Sub-Commission for the Western Pacific
(WESTPAC) developed, within its framework of
South East Asia-Global Ocean Observing System
(SEAGOOS), one pilot project entitled “Monsoon
Onset Monitoring and Its Social & Ecosystem
Impacts” (MOMSEI). This pilot project aims to
improve the understanding and forecasting ofAsia
monsoon and its multi-scale variability. The project
willenhancethecapabilityformonitoringthemonsoon
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onset in theAndaman Sea. It is also in synergy with
the on-going efforts of Indian Ocean Observing
System(IndOOS). There are six member states of
IOC /WESTPAC suffering fromAsian monsoons,
including China, Indonesia, Malaysia, Myanmar,
PhilippineandThailand.DMHofMyanmarisactively
cooperating with other member countries bysharing
Myanmar Monsoon Climatologyand its changes.

India and Myanmar have jointly undertaken the
expedition in the Andaman Sea. UNESCO/IOC/
ADPC prepared to install new advanced tide-gauges
in Myanmar coast. The National Institute of Ocean
Technology (NIOT) of India, DMH and Myanmar
PortAuthority (MPA) had already implemented two
acoustic tide gauges inYangon and Pathein.Another
two advanced tide gauges are to be installed in the
near future by the GLOSS-UNESCO/IOC/ADPC
program. The advanced tide gauges, currentlyunder
preparation, will have real-time data transmission
facility.

The operations for storm-surge prediction and
warnings are being coordinated through the Joint
WMO/IOC Technical Commission for
Oceanographyand Marine Meteorology(JCOMM).
It is an example of the long standing cooperation
among WMO and IOC. The JCOMM guide for
‘storm-surge forecasting’ is being finalized by the
Commission and will contribute to the enhancement
of storm-surge forecasting capability at the regional
and national level.

(5) RIMES (ADPC) and DMH
The Regional IntegratedMulti-hazard EarlyWarning
System (RIMES) is a regional cooperation among
Bangladesh, Bhutan, Cambodia, China, Comoros,
India, Lao PDR, Maldives, Mauritius, Mongolia,
Myanmar,Nepal, thePhilippines,SriLanka,Thailand,
Vietnam andYemen. RIMES will focus on the early
warningof tsunamiandhydro-meteorologicalhazards
within the framework of UNESCO/IOC and WMO.
RIMES is now in force and is looking forward to
workingin theareaofcapacitybuildingfortheregional
countries which are in need of assistance on weather
and climate forecasting, storm and storm surge
forecasting, and issuance of tsunami warnings.

Under the arrangement ofADPC, DMH supported
to hold a national forum for early warning inApril
2007. It was intended to hold national forums in pre-
monsoon and post-monsoon months on a regular
basis. The forum was named “Monsoon Forum”. It
constitutes a platform for open dialogue and inter-
agency coordination as the representatives from
forecast providers, user agencies, non-government
organizations and selected communities would be
among the forum participants. Since 2007, the
Monsoon Forum has been organized twice a year in
pre-monsoon and post-monsoon months. It is now
nationally and regionally recognized as the key
platform for understanding of risks from current
variability, extremes, and long-term climate change.
Forums have beenable to identifytheneeds andgaps,
and helped find ways and means to narrow the gaps
with the technical guidance and support ofADPC,
and also by the cooperative efforts of stakeholders
from various sector.

National Consultation Workshops on Coastal
CommunityResilience(CCR)andIncidentCommand
System (ICS) were held separately in Nay Pyi Taw,
Myanmar. DMH brought together representatives
from various government and non-government
organizations concerned with coastal resource
management. The workshops were organized to
update on the current status of disaster risk reduction
in coastal areasand to explore howtheCCR initiative
can assist in building institutional capacities. The
participating agencies were aware of the importance
of ICS, which brought together personnel, policies,
procedures, facilities and equipment in an integrated
structure designed to improve emergency response
operations of all types. .

Workshop on Tsunami Alert Rapid Notification
System (TARNS) and Concept of Operations
(CONOPS) was held in Myanmar on 21-22
November2007,with the participation of
representati-ves from government organizations.
Generation and dissemination of tsunami warni-ng
based on the CONOPS and TARNS initiatives had
been the workshop output. It was briefed by the
participants at the workshop and an implementation
plan was prepared. National Tsunami Warning
Centers (NTWCs) were assisted by CONOPS for
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mapping the operational flow of hazard and non-
hazardinformationbetweenorganizations,fordefining
the intra-department reportingrelationshipswithin the
NTWCs, and for developing a robust decision-
makingprocessforthegenerationoftsunamiwarnings.
TARNS is aset of protocols andprocedures for quick
andaccuratedisseminationof tsunami-relatedadvices
or warnings from the NTWCs to all relevant national
and local officials and the public.

(6) WMO/ESCAP PANEL ON TROPICAL
CYCLONES

WMO has initiated an integrated effort bysetting up
orstrengtheningtheexistingcollaborationmechanisms
among the TCP regional bodies, the Regional
Associations and the Technical Commissions
concerned. There are eight Members in the Panel on
TropicalCyclones (PTC),namely, Bangladesh, India,
Maldives, Myanmar, Oman, Pakistan, Sri Lanka and
Thailand. The TCP is designed to assist the countries
in areas vulnerable to tropical cyclones with the
primaryobjective of minimizing the destruction and
loss of life through improved forecasting warning
systems and disaster preparedness measures. The
Panel noted that training events and workshops are
to be organized for the benefit of DMH of Myanmar.
The Panel had benefited fromWMO’s education and
trainingactivities throughtheprovisionoffellowships,
relevant training courses, workshops, seminars and
the preparation assistance to prepare training
publications.WMO also provided technical advices
to the Panel. Assistance to Myanmar includes
“Attachment of Storm Surge Experts from Myanmar
and Sri Lanka to the Indian Institute of Technology”.
The Panelalsonoted thatWMOfellowships for long-
term andshort-term trainings will continue to grant to
the Member countries of the Panel under the various
WMO programs.

(7) UNESCAP and DMH
UNESCAP will also help Myanmar developan early
warningsystemfor tsunamiandothernaturaldisasters.
The UNESCAP’s decision to fund Myanmar for
setting up the warning facilities is based on the fact
that the region around Bangladesh and western
Myanmar’s Rakhine coastal area is susceptible to
storm, earthquake and tsunami.Anetwork of 4 real-
time broadband seismicstations was established with

financial support fromtheUNTsunamiRegionalTrust
Fund beingadministered byUNESCAP. One station
was established in Myanmar, one in the Philippines
and two in Vietnam.

(8) EANET and DMH
Acid Deposition Monitoring Network in EastAsia
(EANET) has been established as an important
initiativeforregionalcooperationamongtheEastAsian
countries since 1998 in order to create common
understandingonthestateofaciddepositionproblems
and for providing useful inputs to policy makers at
various levels. Myanmar has attended EANET
meetings as an observer since 1999. By the
encouragement of officials from Secretariat and
Network Center-ADORC of EANET, Myanmar
became a member countryof EANETin 2005.After
becoming a member, DMH was designated as the
National Center of EANET. DMH then carried out
wet deposition monitoring. ADORC had already
provided two sets of HORIBA pH meter and wet
sampler. JICA provided two instruments for ion
chromatography system and ultra pure water
production system. With the support of Japan
Government through JICA, the Myanmar National
Center for EANET has been able to fulfill the
requirement of EANET wet deposition monitoring.
Myanmar could have provided reliable data of ion
content.

National
Establishment of research network for the
assessment of the impact of climate change in
Myanmar
In the higher education sub-sector of Myanmar, there
are many universities, degree colleges, colleges and
vocational institutions. These are not onlyunder the
ministry of education but also under the various
ministries. The research network concerning with
climate change should be established among these
institutions. The main objectives of the networking
activitiesare:

To provide the technical guidance in the
conduct of research,

To use the research outcomes in the
preparation of the draft development plans.
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To promote the public awareness on
climate change and its impacts on social
and economic sectors of the country.

To understand the potential impacts of
climate change on different sectors of the
economy, their vulnerabilities and the
possible adaptation options to reduce such
impacts.

 To encourage climate-related research
works, in the Higher Education sub-sector
and to include climate change and ti

 To share knowledge and experience among
the institutions.

Fields of research and implementation activity
In the Higher Education sub-sector, universities
perform various research activities. The research
activities in agriculture, forestry, urban, coastal and
marine, tourism,water and soil resources etc., should
cover research on climate, particularly to climate
change impact to the respective sectors, in addition
to conventional researchworks. See (Table 7.19)

Table7.19: Some tasks to be undertaken for promoting climate-related research projects

Myanmar Higher Education Institutions will also
collaborate with the International Educational
Institutions in the research network. These
international institutions may participate in the
MyanmarUniversityResearchNetwork on climate
change. Successful research activities need various
relevant supports.

7.7. Needs and Recommendation

The meteorological/hydrological observa-
ntories are usually equipped with conven-tional
instruments, and data handling and assessments are
carried outmanually. The observed data are sent to
the National Data Collection Centre at Kaba-Aye
byvoicemessage using telephones, single side band
transceivers and telegrams, which need further
confirmationbymonthlyregisters sent bymail. Data
are archived in paper copieswhich decayeasilydue
to the tropicalmoist climate. Staff are busywith the
manual operation and handling of data, analysis and
issuance ofwarnings and bulletins. Progress in the

field of climate change related assessments is
insufficient and slow toobtain up-to-date situation in
many aspects. There is an inadequate analysis of
existing data by local expertise, such as climate
variation due to ENSO.Capacity building ofDMH
staff, university students and personnel from related
institutions is alsoanother area of gap in the country.
Myanmar is truly interested in sharing climatic
information torelevantagenciesandwillingto involve
in global efforts to dealwith the climate change.

Myanmar needs to replace the existing conventional
instrumentswith automatic/ digital oneswhichwill
significantly reducemanual operations. The use of
control buttons is to be promoted to improve data
assessment for efficient transmission to target points.
Human capacity development needs to be
simultaneously enhanced so that dissemination of
WMO/ IPCC standard information may become
muchmore facilitated.Climate change information
networkshouldbestrengthenednationally, regionally
and internationally.Thismaybe achievedphase by

No. Description of tasks

1 Study on syllabus of the universities related to the environment and climate
change
2 Database construction of research activities for universities and related
departments
3 Inviting the research proposal for the assessment of climate change impacts
on the various fields of study.
4 Performing workshops andseminars on climate change impacts

5 Establishing WebSite for research networks

6 Publication of research papers

No. Description of tasks

1 Study on syllabus of the universities related to the environment and climate
change
2 Database construction of research activities for universities and related
departments
3 Inviting the research proposal for the assessment of climate change impacts
on the various fields of study.
4 Performing workshops andseminars on climate change impacts

5 Establishing WebSite for research networks

6 Publication of research papers

4 Performing workshops andseminars on climate change impacts

5 Establishing WebSite for research networks

6 Publication of research papers
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phase. National strategic plans on Research and
Systematic Observation withspecial focus on climate
change, tropical storm and drought are shown as
follows.

Page 158

National strategy
- The area of research relevant to climate
change must be promoted strategicallywith

specific directions and goals.
- The research programs should also aim to
maintain and develop international links that
ensure collaboration in research activities
and transfer and dissemination of advanced
environmentally sound technologies.
- The observational instruments must be
replaced with automatic or computerized
facilities to control the data quality and to
provide quality information to regional and
global climatic centres.
- The technology enhancement must be
promoted through the use of numerical
models.
- Workshop/Forum must be organized
frequently to raise awareness on climate
change, to develop response strategies, and
to open up opportunities to researchers.
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No Topics
1 Early signs of late monsoon onset over Myanmar.
2 Precursory signs of early monsoonwithdrawal fromMyanmar.
3 Variability of annual rain in Dry Zone ofMyanmar.
4 Tropospheric patterns associated with deficit monsoonmonthly rainfalls in
Dry Zone ofMyanmar.
5 Tropospheric patterns associated with deficit monsoonmonthly rainfalls in
Lower Myanmar.
6 Tropospheric patterns associated with deficit monsoonmonthly rainfalls in
Upper Myanmar.
7 Tropospheric patterns associated with excessive monsoonmonthly rainfalls in
Lower Myanmar.
8 Extreme rainfalls in centralMyanmar.

No Topics
1 Early signs of late monsoon onset over Myanmar.
2 Precursory signs of early monsoonwithdrawal fromMyanmar.
3 Variability of annual rain in Dry Zone ofMyanmar.
4 Tropospheric patterns associated with deficit monsoonmonthly rainfalls in
Dry Zone ofMyanmar.
5 Tropospheric patterns associated with deficit monsoonmonthly rainfalls in
Lower Myanmar.
6 Tropospheric patterns associated with deficit monsoonmonthly rainfalls in
Upper Myanmar.
7 Tropospheric patterns associated with excessive monsoonmonthly rainfalls in
Lower Myanmar.
8 Extreme rainfalls in centralMyanmar.

Table7.21: The strategic research topics on climate change
No Topics

1 Climate change aspects of SW monsoon onset/withdrawal over Myanmar.

2 Monthly rainfall trends of states and divisions in Myanmar.

3 Significant excessive monthly rainfalls in Dry Zone of Myanmar.

4 Significant dry spells in Dry Zone of Myanmar.

5 Trend of post-monsoon rains in Myanmar.

6 Trend of pre-monsoon rain in Myanmar.

7 Monthly rainfall assessment of Myanmar. .

8 Extreme day temperature patterns in Myanmar.

9 Extreme night temperature patterns in Myanmar.

No Topics

1 Climate change aspects of SW monsoon onset/withdrawal over Myanmar.

2 Monthly rainfall trends of states and divisions in Myanmar.

3 Significant excessive monthly rainfalls in Dry Zone of Myanmar.

4 Significant dry spells in Dry Zone of Myanmar.

5 Trend of post-monsoon rains in Myanmar.

6 Trend of pre-monsoon rain in Myanmar.

7 Monthly rainfall assessment of Myanmar. .

8 Extreme day temperature patterns in Myanmar.

9 Extreme night temperature patterns in Myanmar.

Table 7.20 : The strategic research topics on climate variability
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Table 7.24: The strategic research topics on extreme climates in relation to
ElNino

No Topics

1 Early signs of climate impact due to El Nino.

3 Impact of El Nino upon the extremely warmspell duration of different States and
Divisions in Myanmar.
4 Warming pattern in Myanmar in the early stage of El Nino.

5 Rainfall pattern in Myanmar in the early stage of El Nino.

6 Drought characteristics during the period of El Nino.

7 Significant climate pattern in Myanmar in the wake of El Nino.

8 Significant intensity/track of cyclones in the Bay of Bengal during El Nino.

9 Flood frequency and duration along the Ayeyawady River systemdue to impact of El
Nino.
10 Abnormally low water level in rivers during dry season due to impact of El Nino.

2 Impact of El Nino upon the extreme heavy rainfalls of different States and Divisions in
Myanmar.

No Topics

1 Early signs of climate impact due to El Nino.

3 Impact of El Nino upon the extremely warmspell duration of different States and
Divisions in Myanmar.
4 Warming pattern in Myanmar in the early stage of El Nino.

5 Rainfall pattern in Myanmar in the early stage of El Nino.

6 Drought characteristics during the period of El Nino.

7 Significant climate pattern in Myanmar in the wake of El Nino.

8

9

10

2 Impact of El Nino upon the extreme heavy rainfalls of different States and Divisions in
Myanmar.

Significant intensity/track of cyclones in the Bay of Bengal during El Nino.

Flood frequency and duration along the Ayeyawady River systemdue to impact of El
Nino.
Abnormally low water level in rivers during dry season due to impact of El Nino.

Table 7.23:The strategic research topics on drought and precipitation

No Topics

1 Frequency distribution of drought in Myanmar.

2 Severe droughts and monsoon situation in Myanmar.

3 Tropospheric circulations that influenced the severe droughts in Myanmar.

4 Precursory regional situations responsible for the severe drought of Myanmar.

5 Synoptic situations responsible for the widespread drought in Myanmar.

6 Synoptic situations responsible for the prolong droughts duration in Dry Zone of
Myanmar.
7 Hydrological features during droughts in central Myanmar.

8 Vulnerability to impact of severe drought in centralMyanmar.

9 Potential impact of severe drought in Dry Zone upon the domestic water supply.

10 Dry season drought potentials in Myanmar.

TopicsNo

Frequency distribution of drought in Myanmar.1

Severe droughts and monsoon situation in Myanmar.2

Tropospheric circulations that influenced the severe droughts in Myanmar.3

Precursory regional situations responsible for the severe drought of Myanmar.4

Synoptic situations responsible for the widespread drought in Myanmar.5

Synoptic situations responsible for the prolong droughts duration in Dry Zone of
Myanmar.
6

Hydrological features during droughts in central Myanmar.7
Vulnerability to impact of severe drought in centralMyanmar.8
Potential impact of severe drought in Dry Zone upon the domestic water supply.9
Dry season drought potentials in Myanmar.10

No Topics
1 Landfall frequency distribution of tropical storms and depressions along
Myanmar coast.

2 Vulnerability of tropical storms along Myanmar coast.
3 Excessive rainfalls in Myanmar associated with cyclonic storms.
4 Attempt to quantitative forecasting of storm surge in Myanmar.
5 Forecasting of cyclonic storm rain.

6 Study on the influence of the sea surface temperature pattern upon the
cyclogenesis in the Bay of Bengal and the Andaman sea.

7 Tropospheric circulations responsible for the abnormal movements of
cyclones in the Bay of Bengal.

8 Regeneration of cyclones in the Bay of Bengal due to typhoon remnants
of the South China Sea.

9 Storm surge prediction along an estuary.
10 Scenarios of different abnormal cyclone tracks and their potential
storm surges.

No Topics
1 Landfall frequency distribution of tropical storms and depressions along
Myanmar coast.

2 Vulnerability of tropical storms along Myanmar coast.
3 Excessive rainfalls in Myanmar associated with cyclonic storms.
4 Attempt to quantitative forecasting of storm surge in Myanmar.
5 Forecasting of cyclonic storm rain.

6 Study on the influence of the sea surface temperature pattern upon the
cyclogenesis in the Bay of Bengal and the Andaman sea.

7 Tropospheric circulations responsible for the abnormal movements of
cyclones in the Bay of Bengal.

8 Regeneration of cyclones in the Bay of Bengal due to typhoon remnants
of the South China Sea.
Storm surge prediction along an estuary.9
Scenarios of different abnormal cyclone tracks and their potential
storm surges.

10

Table7.22: The strategic research topics on tropical storms
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Research workswill have to focuson ENSO, tropical
storms and their associated hazards and droughts,
etc. in Myanmar. To enhance the systematic
observationandresearchactivities, technical, financial
and technological supports are to be sought for from
various organizations both international and regional.
Inorder toenable toconduct research on cross-cutting
climate change issues among key socio-economic
sectors,humanresourcedevelopment shouldbegiven
priority.

7.8. Conclusion

In theUnion of Myanmar, observations indicated that
climate change is taking place in the fields of
temperature, precipitation and extreme climate.
Occurrence of disasters is getting more frequent and
severe, and the southwest monsoon features are also
changing. The southwest monsoon onset dates into
the country were becoming late and its withdrawal
dates fromthecountrywereadvancingearlier. During
1988-2000, the southwest monsoon duration was
shortened by three weeks in northern Myanmar and
one week in other parts compared to 1951-2000
average. The monsoon became less active
(decreasing strong monsoon days). Monsoon break
which used to take place for about one week during
normal peak monsoon period of July and August
becamelesspronouncedexcept in 1998duringwhich
there was a prolonged break monsoon due to El Nino
event.

Climate change imprints are found in the
meteorological elements such as temperature
(generallyrisingtrend),rainfall (generallyfallingtrend)
and cyclone frequencyof landfall on Myanmar coast
(rising trend). Myanmar is highly vulnerable to
disasters due to extreme climate impacts induced by
global warming. Research and systematic
observations are the paramount important basic
measures that Myanmar has to undertake. To
effectively support the Global Climate Observation
System, Myanmar urgently needs to update the
existing conventional measuring instruments, to
provide data, information and reports following the
WMO standard. Data collection should be upgraded
and replaced bystand-alone communication devices.
Observation stations are to be equipped with desk

top/ lap top computers to ensure data quality and
improve archivingoperation.
Myanmar has a dozen of stations with more than a
century-longrainfalldata, a fewdozenofstationswith
more than five decades of meteorological
observations and about 100 stations, taking
meteorological and hydrological observations up to
about five decades.Much of the data are in the pocket
registers and forms. DMH has to upgrade a data
archive system so as not to lose the valuable data.
DMH needs not only data archive centre but also
capacitybuilding, the facilityupgradingand expertise
to run the centre.

Data are needed to be analyzed in the formats
recommended by WMO, UNFCCC, UNEP, IPCC
etc. with the help of relevant software. Where ready-
made software is not available, staff has to develop
ownsoftware to analyze the data. Capacities building
of trainers should be strengthened through relevant
trainings from time to time. Ways and means should
besoughtfor to trainnewgenerationsofclimatologists
andmeteorologists, agrometeorologists, hydrologists,
environment-alists, biologists etc., to monitor the
climate change and its potential impacts. New
elements and process of changes in nature mayneed
to be observed systematically and it is essential to
open up a new domain of research on climate change
impacts on human, animals, foods and plants.

Past climatesandcurrent climatesofMyanmarshould
be analyzed and the results should be informed to the
authorities and relevant agencies for necessary
measures and preparedness.Development of climate
scenarios in the immediate future is another area
challengingMyanmar.

The observation stations are not evenlydistributed in
the countryand theyare scarce in remote areas where
more observations are needed for early warning
systems and for activities related to agriculture,
forestry, fishery, livestock andwater resourcesaswell.
Fairlyuniformdistributionofstationsshouldbegiven
priority.

Chapter 7 Research and Systematic Observation
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Various country-specific climate change information
and the climate-related publications issued by
UNFCCC, WMO, IPCC, UNEP and other
institutions should be made available to all
environment-related agencies of the country.
Myanmarparticipationintheregionalandinternational
training workshops, seminars, forums, meetings,
conferences and cooperative endeavors should be
further encouraged so as to enhance the national
capacity for undertaking effective research and
systematicobservations.Capacitybuildingof thestaff
assigned at the stations is another important matter to
help develop effectivesystematic observation system
within the region. At the sametime public awareness
campaigns on climate change and adaptation
strategies should be launched from time to time. To
this end, adequate funds should be made available to
responsible departments and agencies of the
government and non-governmental organizations as
well.

Myanmar needs increased technical, financial and
logical support from UNFCCC, UNEP, IPCC and
other related institutions. Those supports will enable
Myanmar significantlycontribute to theglobal efforts
of adaptation to climate change.
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Chapter 8

Education, Training and Public Awareness on Climate Change

8.1. Introduction

In compliance with the Article 6 of UNFCCC,
Myanmar has paid special attention to enhance
education and awareness of the public on climate
change through trainings and various means. Since
National Commission for Environmental Affairs
(NCEA) was formed in 1990, attempthas been made
to promote the education and public awareness on
environmental conservation.

In Myanmar Agenda 21, there are 6 integrated
programs formulated by government agencies and
approved byCabinet for the pursuitof environmental
education and public awareness activities. These are
namely (1) formation of national advisory and
coordination body for environmental education and
training, (2) improvementofenvironmental education
inschool, (3)improvementofenvironmentaleducation
and research at the tertiary and professional level,
(4) building the capacities of business, industry,
academic and private sectors for proper code of
conduct in environmentalconservation, (5) launching
public education and awareness campaign, and (6)
developing partnership with other national and
international stakeholders. In this context, World
Environment Day and nation-wide Tree Planting
Campaigns are annuallyimplemented byconcerned
governmentagencies.Massmedia, radio andnational
television programs also widely cover the issues of
environmental public health, soil and water
conservation, energysavingand forest conservation.
In line with these existing programs, education,
training and public awareness on climate change
(ETPA) are intensified for its effectiveness on
maximumcoverageofclimatechangecommunication
nation-wide. This section of the report highlights
progress made so far in implementation of ETPA
activities onclimate change duringtheperiod of2008
to 2010.

8.2. Education and Training Activity

Underthisactivity, threesubactivitiesareimplemented
to increase the local capacityfor addressing the issue
of climate change in Myanmar. These includes –

1. Development of Information, Education
and Communication Materials

2. Trainingofgovernmentofficials
3. Trainingonenvironmental journalismand

climatechangecommunication

Development of Information, education and
communication materials (IEC)
Apparently, information, education and
communication materials (IEC) are important for
effective communication in order to enhance public
awareness on climate change related issues. The
project fornationalcommunicationonclimatechange
under United Nations Framework Convention on
Climate Change (UNFCCC) has developed the
following IEC materials that are useful for ETPA
activities.

1. A reference book for student and families:
Introduction of Climate Change:Amanual
of World Health Organization on climate
changeforstudentandfamilieswas translated
into Myanmar language with additional
information about climate change in
Myanmar. It is to introducetheclimatechange
subject to the public in simple expression.

2. A toolkit of climate change
communication for field extension agent:
For field extension workers, illustration on
mitigation and adaptation of climate change
is essential to be used in their field level
education programs and public awareness
raising activities. Containing the facts about
cause and effect of climate change in
Myanmar, a communication toolkit was
developedandpre-testedforeffectiveclimate
changecommunication.

3. Development of climate change video
(Myanmar Version of “ An Inconvenient
Truth”)– For training purpose, documentary
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video iscrucial to visualize thecontent of climate
change subject. For this purpose, an
internationally well-known climate change
documentaryvideo; namely
“An InconvenientTruth” was translated into
Myanmar version.

4. Information sheet for calculating
ecological footprint: Volunteerparticipation
byallcitizensinenvironmentalconservationis
animportantfirststepforbuildingcapacityon
mitigation andadaptation toClimateChange.
Tonurturetheprocessofenvironmentalethical
consideration and action by conscientious
individuals,theconceptofecological footprint
is introduced and the procedure for self
assessment of one’s own knowledge about
the foot print is developed.

Training of government officials on climate
change
The training was conducted for twentynine officials
ofvariousgovernmentdepartmentsandorganizations
from nine States and Regions to enhance their
understanding on climate change and related issues.
Thetrainingwasfocusedonstrengtheningthecapacity
of the trainees to enable them to communicate well
with the public on climate change and required
mitigation and adaptation measures. Participatory
trainingmethod wasemployed in delivering training.
As part of the training, the trainees prepared post-
trainingprogramstoraisepublicawarenessonclimate
change issues in the areas where theywere working.
Primarily, most of the trainees developed programs
which included awareness survey, seminar for
departmentalheadsandlocal authorities,andtrainings
for trainers. Smallgrants were given to the trainees to
implement their programs.

Figure 8.1: % of Trainees responding to satisfaction on training
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An important outcome of the training has been the
dissemination of the information on climate change
across the countrythrough government officials who
hadattendedthetrainingresultinginincreasedinterests
of local authorities and local communities in climate
change issues.

Training on environmental journalism and
climate change communication
Training on environmental journalism and climate
change communication was conducted during the

monthofNovember,2009.Thepurposeof thetraining
was to increase thecapacities of journalists from local
media for effective communication in the matters of
climate change and environmental conservation.
Training is not only focused on subject matter of
climate change but also covered the aspect of
fundamental in investigated journalism. Atotal of
12 participants from 11 local media groups attended
the trainingand trainingassessment showed that their
level of understanding on climate change issues had
considerablyincreased.After the training,ETPAteam
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Table 8.1: Participating organizations in the training on climate change

metwith the journalists and shared informationabout
the climate change and environmental conservation
inMyanmar.All of these trained journalists wrote
articles about environmental situation inMyanmar
based on the information provided byETPAteam
andClimate Information Center. These articles were
regularly appeared in local weekly journals
promoting public awareness on climate change.

Figure 8.2:Government official training on
climate change

8.3. Public Awareness Activity

Asmentioned above, capacitybuildingprogram for
thegovernmentofficialsandenvironmental journalists
was alsodesigned to assist public awareness raising
activitynation-wide.Inaddition, acoupleofprograms
were designed and launched to reinforce the actions
toraisepublicawarenessonclimatechangeeffectively.
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Box 1: Highlights of public awareness survey

ARE PEOPLE AWARE OF GLOBAL WARMING?
Public awareness survey enquires about people’s awareness on global warming in general. Data show that 85%

of respondent were aware of the global warming. So it is to say, almost all respondents heard about it. But
Casual laborers, dependents and farmers were less aware of the climate change concerns. W hen further detail
was asked about the cause of global warming, the chosen correct answers were varied and only above 80% of

respondents correctly answered that deforestation was one of the reasons for global warming. To some extent, it
was also found that people were aware of the causal linkage of industrialization, increased use of energy and

vehicles. It was also notable that people were mostly able to differentiate the fact that global warming was due to
human factor, not by natural phenomenon. Confusion was found among the respondents when it was examined

about the relationship between green house gases and global warming.
IS EXTREME WEATHER SERIOUS?

Global warming and extreme weather were intertwined and awareness and experiences of the respondents on
extreme weather were examined during the public awareness survey. The result showed that the most

experienced extreme weathers were extreme heat, strong wind and storm. Respondents from Yangon, other
urban areas and rural areas shared the same view on it, though the percent of respondent expressing their

experiences of these extreme weathers were varied. Obviously, the devastating effects of the cyclone Nargis in
2008 reflected their experiences and suffering of extreme weather. From their expression, what is notable is the

impact from these extreme weathers. Reportedly, loss o f households and family members under these
circumstances accounted for 10% in Yangon, 16% in other urban area and 23% in rural area. The effect of

extreme weather on household economy was 42%, 48% and 60% in Yangon, other urban and rural area
respectively. More than one half of the respondents from rural area, 44% in other urban area and 24% in the

vicinity of Yangon complained about their health problem after extreme weather. Therefore, it is evident that the
extreme weather is already adversely impacting on the lives and the economies of the people.

DO PEOPLE THINK THE CLIMATE HAS CHANGED IN MYANMAR?
Then, the people were asked whether they thought that the climate in Myanmar has already changed or not.

Above 80% of the respondents from all over the country believed that climate change has been happening in
Myanmar. It is significant that the percentage o f the respondents who felt the impacts of climate change was
highest among those respondents who were less aware of global warming (dependents, casual laborers and

farmers). W ith regard to mitigating climate change, two thirds of the respondents thought that efforts could be
made to improve the climatic conditions. Especially, the respondents working in NGOs, international

organizations, government services and military were more optimistic in this respect. The respondents were also
asked to express their perceptions on the potential impacts of climate change on their livelihoods. Those living in

Yangon were concerned more about the negative impacts of climate change on environmental stability and
public health. Other urban and rural people were equally concerned with the negative impacts on food

production, public health and environmental stability. Concerns over water supply, income generation and loss
of property were less apparent in all areas.

ARE PEOPLE AWARE OF CLIMATE INITIATIVES IN MYANMAR?
Regarding climate initiatives in Myanmar, a simple question was asked in the questionnaire if the respondent

was aware of either the National Commission for Environmental Affairs (NCEA) or the United Nations
Framework Convention on Climate Change (UNFCCC). The responses showed that 23% of the respondents

were aware of NCEA and 40% UNFCCC. Retired government servants, military personnel, current government
and media staff know about the two organizations relatively better. Interestingly, the respondents working in
NGOs and international organizations were less aware of them than those working in the business companies.

Public awareness survey
Public awareness surveywas conducted during the
period from June to October, 2009 in order to
examine the level of citizens’ awareness on climate
change issues. One page self-administered
questionnaire was developed and circulated to the
public through local media and non-governmental
organizations throughout thecountry. People livingin
Yangon city, Central Dry Zone,Ayeyarwaddy delta,
Mon and Kachin State actively participated in
answering the questions of the survey and returned
their answers back to ETPAteam. A total of 3,328
respondents included1,834males and 1,494 females.

Page 166



2012

In terms of age classes, 32 percent of the respondents
belonged to age class 25 to 39, 27 percent to age
class 18 to 24, 24 percent to age class 40 to 60 years.
More than half of them were university graduates.
High school and middle school graduates constituted
17% and 11% respectively.

Majority of the respondents were students and
farmers accounting for 18% and 15% of the total
respectively.

Occupations also varied. Companyemployees made
9%, employees at NGOs and international agencies
11% and government employees 6% of all
respondents.All of these accounts sum up that the
majority of respondents are mature
and fairly educated with quite diverse employment
backgrounds.

The major findings were highlighted inBox 1 and
the salient points of the findings are-

a) People were aware of the global warming in
general to some extent; however, the causes
of global warming except for deforestation
were less well known;

b) Higher temperatures, stronger winds and
storms were reportedlythe extreme weathers
people had felt.Reflecting the experiences of
Cyclone Nargis that hit lower part of
Myanmar in 2008, higher casualties and loss
of lives thanofficiallyrecorded were reported
by the respondents, casualties ranging from
10 to 23% of the total. Extreme weather also
severely impacted on household economic
condition and health of household members.

c) On the average, 80% of the respondents
perceived that Climate Change has already
occurred in Myanmar. With regard to the
sectors vulnerable to climate change,
perception was varied depending on the
background of the respondent. Respondents
from Yangon City were concerned about
environmental sustainabilityandpublichealth,
while respondents from other urban and rural
areas felt that food security was the most

concerned followed by public health and
environmentalsustainability.

d) MOECAF is a national focal point of
UNFCCC and the most responsible
institution in Myanmar so far as inter-agency
cooperation and coordination for
environmental conservation and climate
change initiative are concerned. However,
people’s awareness on MOECAF and
UNFCCC was not so high that it needs to
be improved forenhancing theirparticipation
in MOECAF’s initiatives.

e) As part of the public survey, the effective
media channel for conveying message to
wider audience of the public was assessed.
ByTV, the maximum coverage was less than
40% of total respondents whereas it was
25% for the radio program. For printed
media, 7 day- weekly journal and the
government newspapers were the most read
by respondents. However, the readership
intensityinwhichtheminimumandmaximum
values ranged from 0 to 1 was even less than
0.5 for those media the most people read. It
means that the effectiveness of the printed
media was modest in passing the message
across the country. Therefore, it is to take a
note that the maximum number ofpublic that
can be reached by TV, radio and printed
media for disseminating the information and
message is around 30 to 40% of total
population meaning that 60 to 70 % still
remain to be reached by the media. For
effective climate change information
communication, it isthusimportanttoestablish
social networks with an emphasis on the
enhancement of public awareness and
education.

f) As far as public awareness is concerned, it
was found that the level of awareness was
lowest among thefarmers, wage laborers and
the dependents. Therefore, special attention
needs to be paid to these social groups and
appropriatecommunicationchannelshouldbe
selected for sending message to them.

Chapter 8 Education, Training and Public Awareness on
Climate Change
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Figure 8.5: Effectiveness of TV program reaching
to public

Stakeholder awareness raising workshop
Enhancing the level of stakeholder’s awareness on
climate change is important to facilitate the process
of publicawareness and education onclimate change
matter. For this reason, attempt was made to raise
the awareness of private business sector and civil
society. In collaboration with Myanmar Fishery
Federation, a technical seminar workshop and expert
panel discussion were organized for businessmen,
manufacturers and investors of Myanmar Chamber
of Commerce and IndustryAssociation in order to
raise their awareness on climate change in Myanmar
and measures that need to be taken. Similarly,
collaboration was madewith Food SecurityWorking
Group which was a larger network of non-
governmental organizations in Myanmar in order to
hold a consultative workshop on climate change
matter. Atotal of 41 local and international NGOs
participated in the workshop and explored the
possibility of inter-agency collaboration and
cooperation for building the community adaptive
capacity to climate change.As these organizations
are operating varieties of community development
activities nationwide such as water supply and
sanitation, primary health care, community based
natural resource management and sustainable
agriculture, the stakeholder workshop opened up the
scope and space for mainstreaming climate change
adaptation into existing development programs run
bycivil societies.Consultativedialoguehascontinued
bilaterallyamongthe civil societies forcooperation in

climate change adaptation. International donor
agencies such as United Nations Development
Program (UNDP) and Department For International
Developmentof theUnitedKingdom(DFID)stepped
upinorganizingfurtherevents tocontinueconsultative
process in exploring the possibility of action toward
climate change adaptation. These consultative
stakeholder workshops contributed to the process
of forminga tri-partite steering committee byUNDP
for setting up a small grant scheme for NGO and
Community Based Organization (CBO) in order to
carryout communitybased climate change adaptive
program at grassroots level.

Nation-wide public awareness raising campaign
In thecourse of implementing theproject for national
communication on climate change under UNFCCC,
public awareness raising campaigns were organized
nationwide, particularly in the critical areas which
were feasible.Theaudiencesof thesecampaignswere
key stakeholders within the area such as local
authorities,governmentofficials,non-stateactors and
community leaders. The messages given in these
campaignswerecausesandeffectsofglobalwarming,
the climate scenarios in Myanmar and their potential
impacts,andthepotentialmeasures formitigation and
adaptation to climate change. To date, the following
regional levelpublicawarenessraisingcampaignshave
been conducted.

Awareness raising campaigns completed
to date

1. District level awareness campaign, Moe
Nyin District, Kachin State

2. Moe Kaung township level awareness
campaign, Kachin State

3. Pharkant township level awareness
campaign, Kachin State

4. Putao township level awareness campaign,
Kachin State

5. Wai Maw township level awareness
campaign, Kachin State

6. Inter-departmental awareness campaign in
MonywarTownship, Sagaing Region

7. Inter-departmental awareness campaign in
Mindut Township, Chin State
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8. District level departmental awareness
raising campaign in KyaukphyuTownship,
Rakhine State

9. Regional level awareness raising training
and township level inter-departmental
awareness raisingcampaign, Bago Region

In addition, there are also a few on-going awareness
campaigns as stated below -

1. Stakeholder awareness campaign,
Southern Shan State

2. District level and township level awareness
campaigns, Pyar Pon District,Ayeyarwady
Delta

3. State level awareness raising campaign,
Myitkyina, Kachin State

4. Awareness raisingcampaign for community
based organizations in Magwe, Minbu,
Pwint Phyu and Pakkoku Townships of
Dry zone, Magway Region

During each awareness campaign, one session was
included for participatory group discussion and
participatorytoolwas introduced to analyze thestatus
of emitting greenhouse gases and the incidence of
extreme weather in given administrative areas. This
mobilized the participants to deeply think of and
undertake necessarymeasures that could reduce the
vulnerabilitydue to climate change. Such an activity
likecommunityforestryorintroducingenergyefficient
cooking stove appeared to be the immediate action
for addressingthe climate change issue in the locality
as a follow-up to the awareness campaign.

Climate information center
For the preparation of the Initial National
Communication Report on climate change under
UNFCCC, documents related to climatechangewere
widely collected. Nearly500 information materials
have been collected covering technical, educational,
legal, financial and institutional aspects in
environmentalconservationandclimatechange.Thus,
theClimate InformationCenter (CIC)wasestablished
at the office of theAcademy of Forestry Science in
Yangon in order to make accessible the collected
information to the public, especially to those
stakeholders such as post-graduate researchers,

government officials, journalists, and business
entrepreneurs and development practitioners. At
present, the journalists trained byETPAare the major
users of CIC and monthly forums are organized to
update them and ensure dissemination of up-to-date
information on climate change to the public through
their articles published in the local media. An
information assistant has been attached to the center
by ETPAteam to take care of the visitors on matters
concerningclimate change.

8.4. Way Forward

The project for Initial National Communication on
climate change under UNFCCC has opened up
opportunities for civil societies to improve education,
trainingandpublicawarenessonclimatechangeissues
in the context of Myanmar. It enlarges the scope of
improving the citizens’ access to climate change
information in order to enhance their participation in
mitigation and adaptation measures against climate
change. Theactivitiesdescribed in thissection should
be continued in the future to upkeep the momentum
created bythis initiative. To maximize the benefits to
the entire nation, it will require institutionalizing the
process of uplifting education, training and public
awarenessbyforminginter-agencycoordinationbody
to enable the development of national level ETPA
scheme and its implementation nationwide with
increased inputs of human and financial resources.

In this respect, international cooperation isalsocritical
to enhance information sharing and learning
mechanism so that informed, healthier and better
decisions couldbe made through ETPAprocess.This
actionwilleffectivelybridgenational level intervention
with local initiative in building communityadaptive
capacity to face climate change reality in Myanmar.
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Chapter 9

Integration of Climate Change Concerns into Development Plans and Programs

9.1. Introduction

IntegrationofClimateChangeConcerns (CCCs) into
development plans and programs is of vital
importance toMyanmar inviewoffurtherenhancing
its low-carboneconomyandreducingitsvulnerability
to climate change challenge. Both GHG emission
mitigation and adaptation to climate change are
indispensable and complementary.

Reductions inGHG emissions will delayand reduce
damages caused byclimate change, and thus reduce
the investment that will be needed for adaptation.
However, it is worth noting that while mitigation of
climate change is crucial to limit long-term impacts,
climate change is already happening, and is bound
tocontinuesimplybecauseof theatmosphericGHGs
that have alreadyaccumulated.

According to the GHG inventoryundertaken for the
preparationof InitialNationalCommunication(INC)
for the year 2000, Myanmar has proved more than
being a net carbon sink nation, with a CO2 net
removal of (-) 67,863 Gg CO2e (or) 67.8 million
tons of CO2. Land use change and forestry is the
only sector in the country to absorb CO2 with an
amount of 142, 221 Gg. Myanmar had emitted a
total of 74, 358 Gg CO2e emissions in year 2000.
It thus demonstrates that Myanmar has been
implementing low carbon economy, significantly
contributing to the global efforts of stabilizing
atmospheric CO2 concentration below dangerous
levels.

Myanmar has been experiencing considerable
increase in per capita incomes. The per capita
incomes in 1990 of 1,232 Kyats increased to 2,000
Kyats in year 2000 at 1985/86 constant producers’
prices (CSO 2004, CSO 2006, and Ministry of
Information 2009). In line with the growing GDP,
GHGemissionsfromEnergyandIndustrialProcesses
sectors had increased from 6 086 Gg CO2e and 180

Gg CO2e in 1990 to 7 863 Gg CO2e and 463 Gg
CO2e respectively in year 2000.Along this trend, it
is sensible that the total GHG emissions could
increase with the increased consumption of energy
to sustain the growing national economy in the
decades to come.

Especially since late 1970s Myanmar has been
experiencing negative impacts of climate-related
natural disasters to which its geographical setting is
attributable. Myanmar, being located on the eastern
coastline of Bayof Bengal andAndaman Sea, has a
coastline of some 2,832 km while climate is
influenced by southwest monsoon. The country is
featured with three parallel chains of forest-clad
mountain ranges and north-south running long river
systems in-between. In addition, there exists rain-
shadowed dryzone in its central part influenced by
orographic effect of western mountain range. Such
ageographical settingexposesMyanmar toanumber
of climate-related natural disasters. The tropical
depressions due to low atmospheric sea-level
pressure formed in the Bayof Bengalcould hit Delta
regionandothercoastal areas. Myanmarwashardest
hit by the Cyclone Nargis in May 2008.

Integration of CCCs into development plans and
programs and implementation of the recommended
actions are therefore considered vital to sustain
Myanmar’seconomicdevelopment in harmonywith
social andenvironmental integrity.

9.2. Climate Change in Myanmar

During the period from 1961 to 1990 the lowest
mean annual temperature of Myanmar was 15.8°C
in theChinStateof thenorthwestmountainousregion
while the highest temperature was above 40oC in
Magway Region. Mean annual rainfall was lowest
about 500 mm in the Lower Sagaing Region and
highest with 5,000 mm in theTanintharyi Region of
southern strip of Myanmar (DMH, 2009).
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Observed changes

Temperature
Over the period from 1951 to 2007, annual mean
temperatures generally increased in Chin, Kachin,
Kayin, Mon, Rakhine, and northern and southern
parts of Shan State, and in lower Sagaing and
Mandalay Regions. The temperature increase per
decade was highest with0.32°C in Hpa-an of Kayin
State and Monywa of Sagaing Region. The cooling
trend with -0.23°C and -0.16°C per decade was
observed in Magwe and Bago respectively. During
1951 to 2000, annual mean frequencies of heat wave
occurrence numbered five in Kachin State, two each
in Northern Shan State, Magwe, Mandalay and
LowerSagaingRegions,andoneeachinBagoRegion
and Mon State. The longest heat wave duration of
12 days was recorded in Yangon. The El Nino
episodes have occurred in Myanmar in the years
1957, 1958, 1983, 1986, 1988, 1998 and 2009.

Precipitation

During 1991 and 2004, high extreme rainfall events
occurred five times at Nyaung-U and four times at
Myitkyina, Magway, Mawlamyine and Hpa-an. Of
the 4 high extreme events at Mawlamyine, one was
found to be of higher extreme with 51.2% departure
from normal (DFN) that happened in 1994. Low
extremerainfalleventsoccurredfivetimesinMonywa,
four times in Mandalayand three times in Falam and
Magway, and two times each in Taungyi, Lashio,
Nyaung-U, Loikaw and Pathein. The year, 1998 was
a strong El Nino year that delivered low extremes to
much of Myanmar except Rakhine, Kachin and
Northern Shan State and Upper Sagaing Region.

Cyclones

During the period 1887 to 2005, out of 1,248 tropical
cyclones which originated in the Bay of Bengal, 80
cyclonic disturbances had crossed Myanmar coast.
It means Myanmar did not receive cyclones every
year. During 1947 and 2008, both inclusive,
Myanmar was hit by35 cyclonic storms, which were
usuallyaccompanied bystrong winds, storm surges,
heavyrains and floods.

Imprints of climate change in Myanmar
Impacts of climate change have been recorded since
1978 according to the observations of Department
of Meteorology and Hydrology (DMH). Myanmar
has been experiencing a general warming trend,
especially since 1979 (Htay Aung, 1998). The
average temperature has increased by 0.7°C over
the last two decades, and the rise is in line with both
theglobalandSoutheastAsia trends(TunLwin2002).
In general, there have been late onsets and early
withdrawals of monsoon since 1978; duration of the
monsoon is becoming shorter than normal. Prior to
1977, the average number of rainy days per annum
used to be around 144, but it reduced to 103 in 1997.
In the period from 1988 to 2000, the monsoon
duration was shortened by about three weeks in the
northern part and by one week in other parts of
Myanmar compared to the 1951 - 2000 average.

While the years 1979 and 1980 were characterized
by prolonged warm and dry periods, the years 1983,
1986, 1988, 1989, 1995, 1998, 2000, 2005, 2007
and 2009 had temperatures higher than normal.

The year 2009 was an El Nino year with decreased
annual rainfall, with heavy rains in some areas and
with droughts in others. Some off-season rains
occurred in coastal areas ofAyeyarwady Region in
the last week of March 2009, causing widespread
damage to salt industries.The year 2010 started with
widespread cold waves crossing over parts of the
country including Mandalay, Magway and Yangon
Regions. Moreover, there were also unusual rains at
Nay Pyi Taw Pyinmana, Western Bago Region,
Southern Shan State and Ayeyarwady Region on
January26,2010 due to tropicaldepressions in South
China Sea. There were also high temperature
extremes during summer months (March through
May), leading to the occurrence of severe heat and
water stresses virtuallyall over the country.
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9.3. Integration of CCCs into
Development Plans and
Programs

Sustainable Development has been defined by the
World Commission on Environment and
Development (1987) as the development that
meets the needs of the present without
compromising the ability of the future
generations to meet their own needs. It is the
pursuit of economic development in parallel with
environmental protection (Myanmar Agenda 21).
The Sustainable Development needs a harmonious
integration of economic, social and environmental
dimensions.

InMyanmardifferentministriesandorganizationsused
to undertake development measures within their
mandates to achieve their set targets very often in
isolation. The coordinated efforts between the
ministries havebeen insufficient to put the country in
the right track towards sustainable development.

As the National Environmental Policystipulates, the
development activitiesmust integrate environmental
considerations in order to achieve harmony and
balance between national wealth, national cultural
heritage and natural resources. In this context, line
ministries and all other related organizations must
cooperate with one another and work hand in hand
closely so that national economic targets are met in
harmony with environment, culture and natural
resource development. This calls for a strong
mechanism that could create and ensure inter-
ministerial cooperation and coordination.

Regardingenvironment, theNationalCommission for
EnvironmentalAffairs (NCEA) was established in
1990 to act as a central body to coordinate and
cooperate environmental affairs. It was set up at the
Ministry of ForeignAffairs, chaired by minister for
ForeignAffairs. NCEAoperates directly under the
guidance of the Cabinet and comprises a chairman, a
secretary, and a joint-secretary. It has the following
fourcommittees:

1. Committee on Pollution Control,
2. Committee on Natural Resources

Conservation,

3. Committee onTraining, Research &
Education, and

4. Committee onInternational Relations.

NCEAhaddevelopedNationalEnvironmentalPolicy
which was adopted in December 1994, formulated
Myanmar Agenda 21 (MA21) in 1997 and drafted
the National Environmental Protection Law (NEPL)
in2000. TheEnvironmentalConservationCommittee
(ECC) was formed in 2004 to effectively and
systematicallycarryout environmental conservation
activitieswithin the country.

In 2005, NCEA was transferred to the Ministry of
Forestrytobe chaired bytheminister for Forestry.The
chairman of the NCEA also chairs ECC. In addition,
theNationalEnvironmentalConservationCommittee
(NECC) has been reformed in 2011 as a full flash
focal organization for the environment sector
throughout thecountryand the NCEAwas abolished.
Moreover, to speed up its environmental protection
measures the Ministry of Forestry was renamed to
MinistryofEnvironmentalConservationandForestry
(MOECAF) in 2012.

The National Environment Policy underlines the
Government’scommitment toestablishsoundpolicies
intheutilizationofwater, land,forests,minerals,marine
and other natural resources in order to conserve the
environment and prevent its degradation (MA21).

A specific aim of MA21 is to facilitate the in
corporation of environmental and sustainable
development policy considerations into the decision-
making and policy formulation processes of the
government in the economic and social sectors (MA
21).

The current process of national development and
planning in Myanmar does not provide a systematic
meansfor theintegrationofenvironmentaldimensions
(MA 21).Climate change is one of the hottest
environmental issues today and MOECAF was
established to undertake the task of coordinating line
ministries and ensuring the integration of climate
change concerns into the national and sectoral
development plans and programs.
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In thisconnection,Environmental ImpactAssessment
(EIA) is an effective and vital tool for integrating
environment and development. The environmental
issues identified during EIA process can improve
economic planning to achieve harmony and balance
betweenenvironmentanddevelopment.EIArulesand
regulations should be enacted for every big project
to be implemented onlyafter the analysis of its costs
and benefits.

Allof theGovernment’snational economicandsocial
development plans should be reviewed in order to
comprehensively integrate environmental concerns
withparticularfocusonclimatechange.NECCshould
be empowered to ensure the integration and monitor
the implementationat all levels and in all localities.

[MA21 has outlined very comprehensively the
process of integration of environment and
development in decision-making in Chapter 18.
This should be taken as the guideline for
“Integrating climate change concerns into
sustainable development plans and programs”].

Since the economic, social development and
industrialization processes are rapidly taking
momentum, thepopulation increasingand the natural
resources dwindling, it is critically urgent that the
climate change concerns are integrated into all future
nationalandsectoraldevelopmentplansandprograms
to bring about economic development in social
harmonyandecological integrity.

9.4. Program Sectors

To integrate environment and development, the
particular emphasishas been placedonkeyeconomic

sectors forwhich GHG inventorywasundertaken for
the preparation of Myanmar’s first Initial National
Communication. These economic sectors are

1. Energy,
2. Industrial processes,
3. Agriculture includinglivestock,
4. Land use change and forestry, and
5. Waste.

Energy sector
Energy is a major component of economies, both as
a sector in itself and as a factor input to all other
economicactivities. Agenda21identified twoprogram
areas concerning energy –

1. Develop a system of comprehensive energy
planning, developmentand management,
and

2. Improve energyefficiencyand energy
conservation.

In the fourth Short-Term Five-Year Plan (2006/2007
to 2010/2011) of the national 30-year development
plan for the energysector, it has been mentioned that
environmental conservation should be paid attention
whilemakingconcertedefforts toproducemorecrude
oil andnatural gas tomeetdomestic requirements and
forexportwhileboostingproductionofminingsector.

Theenergypolicyhasdefinedthefollowingobjectives-

 to sustain energy independence,
 to develop the use of new and renewable

sources of energy,
 to enhance energy efficiency and

conservation, and
 to promote alternative fuels for household

use.
Myanmar has both non-renewable energies such as
crudeoil,naturalgasandcoal,andrenewableenergies
suchashydro energy,geothermalenergy, solarenergy,
wind energyand biomass energy.

The government hasbeen workingwithmultinational
companies for exploration and development of gas
fields in both on-shore and off-shore areas. The
governmenthasalsobeen implementingmedium and
large scale hydropower projects.
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Transportation involves fuel consumption, usually
associatedwithCO2emission.All transportmeans –
road, rail, water and air are being improved and
extendedwith a view to facilitating and promoting
efficiency of the flow of goods and services across
the country. The government has encouraged and
involved private companies to undertake the
constructionandmaintenanceof important segments
ofunionhighways.

InMyanmar, road transport ismostlyused although
waterwayand railway transport modes are cheaper
with lower rate of fuel consumption.

The followings are some of the important energy-
related measures undertaken by the government
between 1989 and 2008 (Ministry of Information,
2009).

 A total of 4,418 new hydro-power plants
(large, medium and small) had been
constructed to date.

 Another 13 hydro-power plants are under
construction with foreign investments and
more than 21,000 MW will be generated
upon their completion.

 Production of natural gas now reached
364,578millioncubic feet.

 44 CNG filling stations have been
constructed.

 100,428 and 81 power plants using biogas,
biomass and solar energy respectivelyhave
been installed by the private business
enterprises.

 About 50million Jatropha (Jetrophacurcas)
have been raisedon cultivablewastelands in
the past couple of years and the project will
continue to produce bio-fuel as much as
possible.

 600 CNG buses had been imported for
public transport so far, andmore than25,000
motor vehicles have been changed from
petrol/diesel toCNGup toSeptember, 2009.

Two GHG inventories had been conducted in
Myanmar.Thefirst inventorywasbasedon1990and
the second on 2000 data. A comparison of GHG
emissions in the energysector in the two inventories
is presented in (Table 9.1).

Table 9.1: GHGemissions in energy
sector in years 1990 and 2000, in Gg

TotalGHGemissionsfromtraditionalbiomassburned
for energy amounting to 28,297.82 Gg CO2
equivalents in2000estimated in2000GHGinventory
were not included in both the sectoral and national
totals. In 1990 it was only 2,591.71 Gg CO2e and
included in the totals. It had been an extremely big
increase inGHGemission from traditional biomass
burned during ten years from 1990 to 2000, being
25,706.11GgCO2e. Because itmainlyconsisted of
GHG emissions from fuel-wood consumed for
domestic home cooking, wood fuel substitutes are
urgentlyneeded toensure the sustainabilityof forests
and carbonsinks. GHGemission fromother sources
had increased by 4,369 GgCO2e.

In the total GHG emissions of 7,863.47 Gg CO2e,
those from fossil fuel conversion alone have been
estimated at 7,755.11 GgCO2e constituting 98.6%
of the total.

Use of energy will increase with the growing
populationandeconomywhichwill be accompanied
by increasingGHGemissions. In order to mitigate
the GHG emissions and adapt to the increased
warming, the following policymeasures have been
identified for integration into thenationaland sectoral
development plans andprograms (Table 9.2).

Note: (1) includes 2,591.71 GgCO
2
equivalent.

(2) excludes 28,297.82 GgCO
2
equivalent.

Source: (1)Asian Least Cost GHGAbatement Strategy

(ALGAS) Project 1997.

(2) National GHG Inventory for Myanmar

INC 2000.

Base
year
CO2 CH4 N2O NOx CO CO2

equivalent
1990 3,311.81 119.79 0.83 71.01 1095.49 6,086.14(1)

2000 7,658.65 5.62 0.28 0 0 7,863.47(2)

Base
year
CO2CO2CO CH4 N2N2NO NOx CO CO2CO2CO

equivalent
1990 3,311.81 119.79 0.83 71.01 1095.49 6,086.14(1)

2000 7,658.65 5.62 0.28 0 0 7,863.47(2)
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Table 9.2 : Policy measures to addressing rising GHG emissions in energy sector for integration
into national and sectoral development plans and programs

Policies, Strategies and Actions:
Policies:
1.Enhance energy conservation, efficiency and production and ensure energy security.
2.Promote efficiency of national transportation system and regulate imports of second-hand motor vehicles.
Strategies:
1.Perform energy audit.
2.Tap all potential power sources including renewable energy for increased power generation and utilization.
3.Improve traffic demand management.
4.Establish national ambient air quality standards.
Actions:
Mitigation Measures:
1.Set energy efficiency standards and label efficiency grades on products.
2.Provide advices, inspection, incentives for energy conservation and efficiency.
3.Capture fugitive gaseous emissions;
4.Develop voluntary agreements for increased use of energy efficient products.
5.Invest more for and promote the use of cleaner and zero-emission energies.
6.Construct more hydropower facilities where EIA permits.
7.Upgrade existing power-generation and transmission systems.
8.Extract coal-bed methane.
9.Promote bio-energy production from available sources without compromising food security and viability of
forests and soils.
10.Further promote and expand CNG-used vehicles, CNG pipelines and stations.
11.Improve all transport modes and traffic demand management, including cycling and containerized freight
transport.

12.Install more light-emitting diodes for traffic lighting.
Adaptation Measures:
1.Adopt environmental standards for energy efficiency.
2.Construct buildings with designs to increase cross ventilation, prevent direct sunlight in the afternoon and
reduce heat gains with shade covers.
3.Increase the use of fuel-efficient motor vehicles.
4.Make all public transports more attractive and affordable.
5.Raise public awareness on GHG emission reduction and energy conservation.
6.Build institutional capacity to monitor ambient air quality.

Industrial Sector
Regarding industrial sector, Myanmar Agenda 21
identified one program area, entitled “Promote
Sustainable Industrial Development and Cleaner
Production”.

In the industrial sector, there are two ministries:
Ministryof IndustryNo.(1) and Ministryof Industry
No.(2).

The Ministry of Industry No.(1) covers textile
industries, foodstuff industries, pharmaceutical
industries,ceramicindustries,generalandmaintenance
industries and paper and chemical industries.

Under the Ministryof IndustryNo.(2), there are nine
major factories and four Industrial Training Schools.
The factories under the Ministry of Industry No.(2)
produce various kinds of tires and tubes, trucks, light
vehicles, bicycles,pumpingmachines, hand-tractors,
tractors, threshers, hoes, bulbs, florescent tubes, dry
cells, transformers, electric metres and household
electrical equipments. The Ministry has some joint
ventures with foreign companies to promote foreign
investment and technologytransfer. Between 1995-
96 and 2005-2006, 18 industrial zones have been
established in 9 States and Regions. By the end of
September 2006, the number of factories and mills
operating in them totalled 9,849.Although the
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government reduced its direct involvement in
economicactivitiesbyprivatizingselected industries,
the position of state-owned enterprises is still large.
But, the share of private mills and factories in the
industrial sector is nowrising.

In parallelwith the initiation of themarket-oriented
economic system after 1988, new laws such as the
Foreign Investment Law, the State-Owned
EnterprisesLawand thePrivate IndustrialEnterprises
Lawwerepromulgated.Thishas createda significant
increase in industrial investment andproduction.But,
thecontributionofMyanmar’s industrial sector to the
total national GDP had been merely 10 to 15 per
cent formanyyears, and it is the lowest in the South
EastAsian region.Thevision ofMyanmar regarding
industrial development is to contribute 25percent to
thenationalGDP.

In addition to other laws and regulations for
environmental cleaning, Chemical SafetyLaw has
been drafted recently andwill be promulgated this
year. It is the government’s drive to force brewery
plants to installwastewater treatment facilities so as
to avoid soil andwater contamination.

A comparison of GHG emissions from the sector
between 1990 and 2000 is provided in table (Table
9.3).

Table 9.3: GHGemissions in industrial
processes sector in 1990 and 2000

In 1990, CO2 emission onlywas estimatedwhich
amounted to 180.44 Gg. In 2000, CO2 as well as
emissions of other gasses likeNMVOC,ODSand
SF6were also estimated. The total amount ofCO2
emitted in the latter year was 248.59Gg.

Therefore there had been an increase of 68.15Gg
CO2during the decade from 1990 to 2000. Since
industrialization processes are stepping up, the
increase in theemissionsofGHGsinthesectorcould
very well follow a steep upward trend unless
mitigationmeasures areundertaken in time.

To thisend, the followingpolicymeasureshavebeen
identified to be incorporated in the national and
sectoral developmentplansandprograms(seeTable
9.4).

Source: (1)Asian Least Cost GHGAbatement
Strategy (ALGAS) Project 1997.
(2)NationalGHGInventoryforMyanmar INC2000.

Year CO2 (Gg)

Other
gases(NMVOC,
ODS & SF6(Gg
CO2e)

Total Gg
CO2e

1990 180.44 Not estimated 180.44

2000 248.59 214.7 463.29

Year CO2 (Gg)

Other
gases(NMVOC,
ODS & SF6(Gg
CO2e)

Total Gg
CO2e

1990 180.44 Not estimated 180.44

2000 248.59 214.7 463.29248.59 214.7 463.29248.59 214.7 463.29
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Table 9.4 : Policy measures addressing GHG emissions in the industrial processes sector for
integration into national and sectoral development plans and programs

Policies, Strategies and Actions:
Policies:
1.Adopt energy efficiency standards and labelling system.
2.Prohibit manufacture and import of GHG inefficient products.
3.Promote energy efficiency and emission control technologies.
Strategies:
1.Practice Green Certification System.
2.Introduce clean and green technologies.
3.Promote cleaner production.
Actions:
Mitigation Measures:
1.Set high energy efficiency and environmental standards.
2.Conduct at each industry Efficiency Audit and provide green labels and tax benefits to the industry and
product that meet the set standards.
3.Further promote the use of CNG, LPG and renewable energies by providing incentives.
Adaptation Measures:
1.Encourage the use of more energy-efficient boilers, motors, furnaces and electrical equipment
2.Introduce energy-saving, process-specific technologies.
3.Initiate the development of carbon capture and storage for energy-intensive plants.
4.Implement energy-saving regulations and improved energy management systems.
5.Provide energy efficiency-related information services.
6.Conduct advocacy extensively on conservation of energy and utilization of cleaner energy.

Agriculture sector including livestock
Agriculture is the mainstayof Myanmar’s economy,
currently with a net sown area of over 11 million
hectares under about 60 cultivated crops. For
agricultural sector,MyanmarAgenda21has identified
two program areas, namely,

1. Promote Sustainable Agriculture,
Livestock and Fisheries Development;
and

2. Enhance Food Security.

In 2006-07 agricultural sector accounted for 37% of
the country’s Gross Domestic Product (GDP) and
13.3%of total export earnings (MyanmarAgriculture
inBrief,MinistryofAgriculture andIrrigation,2009).
The Government hasbeen continuouslyconstructing
damsandreservoirs throughout thecountrybyutilizing
large capital investment, machineries and expertise.
As a result, irrigation facilities now exist in some
localized zones throughout the country. Up to
September 2006, there are 664 irrigation facilities
(MNPED 2006b).

At present, onlyabout 6% of the total water resources
of about 1,073 km3 are being utilized annually. Since
1988 the Government has intensified construction of
damsandreservoirs throughout thecountrytoprovide
irrigation especially to the paddy fields. The
successfullycompleted irrigationprojectsduring1988
to 2000 reached a total of 116. Irrigation coverage
had increased from 12.5% in 1987-88 to 18.0% of
the total sown area in 1998-99. In the year 2000, the
irrigated rice fieldscovering6,302,306 ha constituted
29.4% of the total rice land in the country. Rice is the
principal agricultural crop and Myanmar is a rice-
surplus country. Efforts are being made to expand
rice cultivation and area under rice cultivation
increased from 6.3 million ha in 2000-2001 to 8.09
million ha in 2007-2008.Summer rice cultivation,
which has been introduced since 1992, shared 1.1
million hectares in 2000-2001. Rice production
increased from 21 million tons in 2000-2001 to over
31 million tons in 2007-2008 (Department of
Agricultural Planning, Ministry ofAgriculture and
Irrigation, 2009).
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Table 9.5: GHG emissions from agriculture,
inclusive of livestock, sector in years 1990 and
2000

Source: (1)Asian Least Cost GHGAbatement Strategy
(ALGAS) Project 1997.
(2)NationalGHGInventoryforMyanmar INC2000.

Livestock are used for many purposes. Myanmar
reliesheavilyondraughtcattle topromoteagricultural
expansion.Almost all the land cultivation is done by
draught cattle and buffaloes. Draught cattle are also
veryuseful as amean of transport in the rural areas.
Dairy cattle are bred to produce dairy products for
domestic consumption, and beef cattle for export.
Buffaloes, pigs,ducks, sheepandgoatsarealso raised
for domestic consumption. Therewere about 10.98
millioncattle,2.44millionbuffaloes, 1.8millionsheep
andgoats, andabout3.97millionpigs inMyanmar in
2001 (Daing, T., 2009). In general, cattle and
buffaloes are part of Myanmar farming system.
However, feed resources are scarce and of poor
qualityespeciallyduring the dry season, resulting in
lowproductivity.

AlthoughMyanmar’sagriculturehasbeendeveloping
as planned, it is the sectormost vulnerable to cyclone
andstrongwinds, flood andstormsurge, intense rain,
extreme temperatures (dayand night), drought, sea
level riseandsaltwater intrusion,whichare identified
as climate-related natural hazards in Myanmar.
Accordingly, the potential threats of climate change
include prolonged and more frequent droughts,
changes inrainfall distribution,morestormsandother
extreme weather events, rising sea levels and salt
intrusion, increasedandchangingpest loads, increased
risk of heat and water stresses in cropping and
livestockfarming.

A comparison ofGHGemissions from the sector in
1990 and 2000 is presented in table (Table 9.5).

The table shows about 45.5% decrease inmethane

production during the observed period from1990 to
2000. The totalCO2net emissionshavealsodropped
by about 16,402.46 Gg CO2e (41.8%).

On the other hand, flooded rice fields and ruminant
animalsareamajorsourceofmethane.The increasing
extent of rice fields and net sown areas with more
fertilizer inputs,andincreasingpopulationoflivestock,
are likely to uplift the trend ofmethane and nitrous
oxideemissions.

In order tomitigate further emissions ofGHGs and
adapt to global warming in the sector, the policy
measures tobeintegrated into thenational andsectoral
developmentplansandprogramshavebeen identified
and presented in the table (Table 9.6).

Year
CH4
(Gg)
N2O
(Gg)
NOx
(Gg)
CO
(Gg)

CO2
equivalent
total
emission
(Gg)

CO2 e
total net
emission
(Gg)

1990 1767.4 6.71 0.45 24.19 39,202.92 39,202.92

2000 963.58 9.01 0.02 0.81 22,800.46 22,800.46

Year
CH4CH4CH
(Gg)
N2O
(Gg)
NOx
(Gg)
CO
(Gg)

CO2
equivalent
total
emission
(Gg)

CO2 e
total net
emission
(Gg)

1990 1767.4 6.71 0.45 24.19 39,202.92 39,202.92

2000 963.58 9.01 0.02 0.81 22,800.46 22,800.46
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Table 9.6: Policy measures to addressing GHG emissions in the agriculture and livestock sector
for integration into national and sectoral development plans and programs

Policies, Strategies and Actions:
Policies:
1.Follow CGAP (Code of Good Agricultural Practice) to implement sustainable agriculture.
2.Ensure increased food production in the climate friendly and resilient manner.
3.Improve livestock and livestock feed.
Strategies:
1.Improve water management and nutrient management practices for mitigation of CH

4
and N

2
O emissions)

from rice fields
2.Promote organic farming (system).
3. Encourage research and development on crop varieties adaptable to climate change. Promote breeding
programs of genetically improved strains of animals and regulate their population. Improve animal feed with
quality forage and mineral supplements.

Actions:
Mitigation Measures:
FOR AGRICULTURE
1.Reduce tillage and practice intermittent irrigation technique, proper selection of rice varieties and crop
rotation in rice fields.
2.Promote “Conservation Agriculture”, “SlopingAgricultural Land Technology” and other climate friendly
advanced technologies.
3.Encourage the system of rice intensification (SRI) method with alternative wet and dry condition.
4.Improve water, crop and crop residue management.
5.Promote Integrated use of organic manure and bio-fertilizers together with synthetic nitrogen fertilizer.
6.Apply phosphor-gypsum with urea to reduce CH

4
emission.

7.Apply herbicides and slow release fertilizer to reduce N
2
O emission.

8. Apply integrated pest management (IPM).
FOR LIVESTOCK
1.Improve and expand pastures, grasslands and forage and its quality.
2.Improve the use and management of animal waste to harvest producer gas and to use gasification effluent
as bio-fertilizer.
3.Supplement poor quality roughage with minerals, urea molasses, legume or other agricultural by-products?
to reduce feeding amount.

Adaptation Measures:
FOR AGRICULTURE
1.Adjust cropping patterns, improve farm management measures including post-harvest treatment,
processing and storage improved management practices, including post harvest technology.
2.Use high-quality, stress-resistant plant varieties and ensure climate-resilient agriculture.
3.Encourage more efficient water use and soil and water conservation.
4.Expand water impoundment systems through clusters of smaller dams, ponds, lakes and rain water
collection.
5.Promote organic farming and use of bio-fertilizers.
6.Popularize dry-land agricultural technologies, preserve soil moisture, foster soil fertility and further increase
river water pumping and ground water harvesting, particularly for dry zone agriculture.
7.Furtherstrengthen weather forecasting and early warning system.
8.Make more investment to implement climate risk reduction measures.
FOR LIVESTOCK
1.Protect grasslands and pasture against fires, over-grazing and soil and water erosion.
2.Add fermentation-control medicine, fermentation stabilizers and micro-organism repressors to animal diets.
3.Protect livestock against heat stress and strong winds.
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Table 9.7: GHGemissions and removals in the land-use change and forestry sector as estimated by
the two inventories are presented in

Source: (1)Asian Least Cost GHGAbatement Strategy (ALGAS) Project 1997
(2) National GHG Inventory for Myanmar INC 2000

Land use change and forestry
MyanmarAgenda 21 has identified the following
program areas in the forestry sector:

 Accelerate sustainabledevelopment of
forest resources.

 Develop the forestrysector tomeet basic
needs.

 Promote efficiencyin the productionof
forestrygoods and services.

 Strengthen forestrypolicies, legislationand
institutions.

 Enhancepeople’s participation in forestry
development andmanagement.

Myanmar is still rich in forest resourceswith 52.5%
of the land area being covered by forests
(FAO,2003).The total permanent forest estate (PFE)
in 2003 amounted to 22.4% of the country’s total
landareaagainst the30%target set in the1995Forest
Policy. The PFE comprising of Forest Reserve and
Protected Public Forest is the areawhere forests are
intended to be managed on a permanent and
sustainablebasis.

Unfortunately, the previous few decades had
witnessed forest depletionanddegradation.Themain
causes have been land use change and forest
exploitation.Agriculturallandexpansionandfuelwood
cuttings, most probably, have accounted for the
biggest shareof thiscontext.Theperiodic forest-cover

assessmentsmadebytheFDhadrevealed thatnatural
forestswere lost at the rateof approximately107,910
ha per annumduring the period from1975 to 1989,
and at 466,420 ha annually during the period from
1989 to 1998 (Tint, K.,2008)

In order to check and reverse this trend of forest
depletion and degradation, FD has strengthened its
structural and legal capacities. Forest Law was
updated in 1992, theNational Forest Policyadopted
in 1995, and the participatory forest management
boosted through promulgation of the 1995
CommunityForestry Instructions (MOF,1995). To
ensure forest and environmental restoration and
preventdesertification in thecentral dryzone, theDry
Zone Greening Department was formed in 1997.
Afforestation and reforestation have been speeded
up. Permitting forest lands to the private sector to
establish teak and other forest plantations by the
Government in 2005 has been abreakthrough in the
history of forest management inMyanmar. Private
companies and individuals have now been very
activelyundertaking forestryactivities.

From the climate change perspective, it is vital to
improve and sustain forests as they are the sources
and the sinks of CO2. Both GHG inventories
conducted in 1990 and 2000 had testified that
Myanmar was a net sequester in terms of CO2
emissions.

GHGemissions and removals in the land-use change
and forestrysectorasestimatedbythe two inventories
are presented in (Table 9.7).
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Table 9.8: Policy measures addressing forestry issues for integration into national and sectoral
development plans and programs

Policies, Strategies and Actions:
Policies:
1.Promote carbon sequestration through sustainable forest ecosystem development.
2.Change of land use to be preceded by EIA in accord with broad National Land Use Plan.
Strategies:

1.Introduce private forestry.
2.Manage state and non-state forest ecosystems in a sustainable manner.
3.Intensify re-afforestation programs.
4.Promote community forestry and urban tree planting.
5.Encourage manufacture of long lasting value added forest products.
6.Develop national land use plan; Let EIA precede any major land use change.
Actions:
Mitigation Measures:
1.Protect existing forests effectively.
2.Expand forest extent, increase forest density and growth.
3.Maintain structural diversity of forest and species mixture.
4.Restore depleted and degraded forests by planting and natural regeneration.
5.Conserve biological diversity and productivity with emphasis on genetic diversity.
6.Expand Protected Areas System.
7.Recover and conserve endangered species, and protect habitat loss and deterioration .
8.Avoid clear felling of forest in timber harvest, practice reduced impact logging and restore
harvested areas.
9.Increase advocacy and educate public on Community Forestry (CF).
10.Apply systems such as agro-forestry or aqua-forestry to establish CFs to ensure early incomes
for the users and thus, attract their participation.
11.Continue the annual free distribution of tree seedlings for roadside and urban greening and
consider incentives to ensure the survival of the planted trees.
12.Meet forest-related human needs.
13.Develop technologies for manufacturing superior quality end-use forest products for extended
use.
14.Encourage the increased use of wood in place of fossil-fuel intensive construction materials.
15.Strive for development and implementation of national land use plan to sustain permanent forest
estate.
16.Conduct EIA and thorough cost-benefit analysis prior to deciding any major land use change.
Adaptation Measures:
1.Enrich and sustain biodiversity.
2.Develop climate-resilient genetic strains.
3.Practice multi-culture and structurally complex forest ecosystems management.
4.Intensify mangrove re-afforestation in coastal zones.
5.Establish an efficient fire fighting mechanism.
6.Promote private and community forestry.
7.Enhance public awareness and participation in forest protection, conservation and development.
8.Educate public on climate change concerns.

In both inventories the forestry sector was found to
absorb CO2, amounting to 72,988 Gg in 1990 and
142, 221 Gg in 2000.

If the current annual deforestation rate estimated at
about 400,000 ha cannot be controlled, the
sequestration effect detected in the year 2000 will
disappear in the not very distant future.
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Table 9.9: CH4 emissions in the waste sector in years 1990 and 2000

Source: (1)Asian Least Cost GHGAbatement Strategy (ALGAS) Project 1997
(2) National GHG Inventory forMyanmar INC 2000

In thiscontext, thepolicymeasurespresented inTable
9.8havebeenidentifiedfor integrationinto thenational
and sectoral development plans and programs. The
vision is sustainable forest ecosystemmanagement to
be realized with understanding, cooperation and
coordinationofall relatedministriesandorganizations
and throughpublic participation.

Waste sector

Context
Since the inceptionof themarket-oriented economic
system in 1988, urbanization has accelerated in big
cities due mainly to enlarging employment
opportunities in the private sector.Thepopulationof
Yangon City increased from 2.5million in 1983 to
4.1 million in 2003-04, and in Mandalay from
532,949 in 1993 to 856,264 in 2003. To
accommodate the increasing urban population and
to relocate urban squatters, theGovernment created
many satellite towns throughout the country. The
increasingpopulation, improvedeconomyand rapid
industrialization have been causing increasedwaste
generationespeciallyin bigcities.

Awide range of chemicals, metals, fuels and other
materials used in industrial processes will generate
hazardous wastes. If not properly disposed and
treated theywillpolluteenvironment andcausehealth
hazards. Serious environmental pollution can occur
due to thedischargeofwasteandeffluent particularly
bychemical plants.

Waste collection and disposal are the responsibility
of thelocalmunicipal authorities inMyanmar. “InNay
Pyi Taw,Yangon andMandalay, autonomous City
DevelopmentCommitteesandtheirPollutionControl

andCleansingDepartments (PCCDs)withanetwork
of branches and sub-units are taskedwith solidwaste
managementwithintheirmunicipalareas. Inotherparts
of the countryTownshipDevelopment Committees
under the Department for Development Affairs
(DDA), Ministry of Progress of Border Area
Development andNationalRaces andDevelopment
Affairs(MPBND),managemunicipalwastecollection
and disposal. ThismakesDDA responsible for 323
outof325townships inMyanmar”(DraftEPAReport,
March 2006).

In spiteof the risingGDPin thecountry, theper capita
waste generation had decreased during the period
from 1983 to 2004 probably due to the waste
collection fees charged bywaste volume.Daily per
capitasolidwastegeneration inYangonhaddecreased
from 0.405 kg in 1983 to 0.287 kg in 2006/2007,
while it isconstantat0.53kginMandalay.Thevolume
of waste generated in other cities in the country
remains to be investigated.

Astudyconducted byYCDC in 2003has found that
solid waste contained 77% food refuse, 7% paper
and textile, 13% plastics and 3%other substances.
Dailywastegeneration inYangonincreasedthreefolds
from564 tons in 1990 to 1,324 tons in 2007.YCDC
stillneeds tocontrolandinvestigate theeffectsof liquid
waste disposed from26 chemical factories located
alongwater courseson thequalityof river andstream
waters.

Todateallwastes collected bythemunicipalitywere
dumped at the designated dumping sites.Although
solid waste collection and disposal have improved
considerablyparticularly inYangon andMandalay,
waste treatmentandrecyclinghasbeenverynegligible.

Source 1990 2000

Solidwaste (Gg) 108.92 133.31

Domestic andcommercial waste water (Gg) 0.978 1.198

Sludge (Gg) 0.0482 0.059

Total CH4 emission (Gg) 109.95 134.57

Total CO2e emission (Gg) 2,308.95 2,825.97

Source 1990 2000

Solidwaste (Gg) 108.92 133.31

Domestic andcommercial waste water (Gg) 0.978 1.198

Sludge (Gg) 0.0482 0.059

Total CH4Total CH4Total CH emission (Gg) 109.95 134.57

Total CO2Total CO2Total CO e emission (Gg) 2,308.95 2,825.97
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Although Myanmar does not have a specific policy
target on solid waste management, the country,
through its Pollution Control and Cleansing
Department has developed by-laws giving
considerable focus to waste managementYCDC.

A comparison of GHG emissions in the waste sector
as estimated by the 1990 and 2000 inventories is
presented in (Table 9.9). Both inventories estimated
CH4 emissions only.

As seen in the above table CH4 emission from waste
has increased byabout 140 GgCO2e in the ten years
from 1990 to 2000. The emission will certainly as-
sume an upward trend with the improving economy
coupledwith increasingindustrialization.

In order toaddress the issue ofpotentiallyrisingGHG
emissions in thesector, the policymeasureshavebeen
identified and presented in (Table 9.10).Theyshould
be integrated into the national and sectoral
development plans and programs.

Policies, Strategies and Actions:
Policies:
Strengthen “Green and Clean Country” campaign to make the country green and clean reducing
GHG emissions and environmental pollution.
Strategies:
1.Minimize per capita waste generation
2.Recycle waste
3.Generate heat and electricity from waste
4.Advocate self-cleanliness and public hygiene, and
5.Enforce “Polluter Pay System”
Actions:
Mitigation Measures:
1.Reduce the volume of waste per capita;
2.Categorize waste and dispose it properly at designated landfills;
3.Collect fees for waste disposal (polluter pay system);
4.Fine heavily those who throw wastes recklessly;
5.Eliminate the use of polyethylene bags;
6.Expand waste treatment facilities, i.e. for landfill, compost and burning;
7.Produce biogas for electricity generation at sewage treatment facilities;
8.Encourage waste recycle and waste reuse;
9.Promote market opportunities for recycled waste products;
10.Enforce regulations and standards for waste management to ensure environment free from pollution

Table 9.10: Policy measures to address rising GHG emissions in the waste sector
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Chapter 10
Information and Networking

10.1. Introduction

The availabilityanddissemination of appropriate and
up todate information on climatechange are essential
for promotingpublicawarenesson theclimate change
issues and for taking effective actions to address the
problems. In most of the developingcountries, onlya
few people and organizations have access to climate
change information technologyand communication
facilities. There is limited capacity to disseminate the
information that is available. There is also a lack of
coordination and net working among the various
stakeholders. Coordination and networking among
the government departments concerned are also
weak. Climate change problems cannot be tackled
by a few stakeholders or by a few government
departments. Climate change mitigation and
adaptation measures call for effective cooperation,
coordination and networking among all the
stakeholders.

10.2. Assessment and Enhancement
of Information Communication
Technologies

Information communication technologies (ICT), such
as internet, website and email is essential to ensure
efficient exchange and sharing of information both
within and outside the country. Some of the gaps that
are usually found in this respect include inadequate
quantityof computers, difficult access to internet and
inadequate information networking.

The ICT assessment survey conducted by the INC
project indicated the following:
Although there is a considerable number of desktop
computers, there are only a few laptops in most of
the government departments. Some organizations
have onlyone or two laptop computers. With respect
to communication facilities, some have internets but
not all the departments have websites. Email is used
to a considerable extent.
There are some restrictions in the use of internet and
website. The existing ICT facilities are not adequate

and there are onlya few experts in ICT in most of the
government departments and organizations. ICT
related trainings are given locally; but it is necessary
toprovidefurther trainingsonaregularbasis toupdate
andupgradethe local ICTexperts.Mostorganizations
need more computers, laptops, scanners, color
printers, plotters, climate change related software
programs, access to internets, and trainings.

It should be noted that in recent years there is a
considerableprogress in theuseof ICTinboth private
and the government sectors. Computers, e-mails and
internets are being increasingly used by private
companies and organizations as well as by many
individuals. Schools, colleges, universities are also
promoting the use of computers. Computers and
software companies and ICT related businesses such
as internet café have been graduallyexpanding in the
citiesespeciallyinYangon.PromotionofICThasbeen
undertaken jointly by the private computer
associations and the government.

However, therestill remainmanygapsanddrawbacks
in the development of ICT. Infrastructures and
administrativecapacitiesalsoneed tobestrengthened.

Thus, there is a great need to address these problems
to enhance ICT in Myanmar. Institutional
strengthening, includinghumanresourcedevelopment
related with ICT is needed in almost all the
governmentorganizations.

10.3. Establishment of Information
Networks

Climate change information network is essential as it
could promote theexchangeof important information
on climate change and enhance cooperation and
coordination among the stakeholders in addressing
climate change issues.

In order to promote networking among the INC
project teammembers, the internet facilitieshavebeen
provided to the project teams under the project.
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One of the important activities under the INC project
is the establishment of a climate change information
network.Theclimatechangeinformationnetworkhas
been officially established by the MOECAF with
twentyfive network members including focal points
nominated byvarious government departments such
asMeteorologyandHydrology, Forestry,Agriculture,
Irrigation, Fisheries, Energy, Electrical Power,
Industry, Livestock Breeding and Veterinary,
Education, Health, etc.

NGOs are also included in thenetwork. The network
members relayinformationrelating to climatechange
mitigation, adaptation and disaster preparedness
programsand activitiesundertakenbytheir respective
organizations.

The MOECAF has also established a website under
this project. Training relating to the use of website
had been conducted for the officers and staff of the
MOECAF by a local company.

Exchangeandsharingofinformationwithinternational,
regionalandsub-regional informationnetworkswould
be useful for Myanmar in developing appropriate
policy, plans and programs related with climate
change.

As approved by the government, the present INC
report as well as several other thematic reports
prepared by the project teams under the INC project
will be uploaded to the project website
www.myanmar-unfccc-nc.net.

It has been mentioned earlier that there are several
drawbacks in the use of internets and websites.
Restrictions in the use of these facilities, frequent
power failures and difficulties in accessing internets
could hindereffectiveandmeaningful participation in
and contribution to sub-regional, regional and
international climatechange information networks.

Nevertheless, it should be noted that essential
foundations have been laid under the INC project
which would enable Myanmar to enhance climate
changeinformationsharingandnetworkingbothinside
and outside the country.
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Chapter 11
Capacity Building

Capacity building with respect to climate change is
considered to be a process seeking to build, develop,
strengthen,enhanceandimproveexistingscientificand
technical skills, capabilitiesandinstitutions toprevent,
mitigate and adapt to climate change and its impacts.
According to the decision 2/CP. 7, capacitybuilding
is a continuous and progressive process, the
implementation of which should be based on the
priorities of the developing countries.

The developing countries are aware of the fact that
all Parties to the UNFCCC have common but
differentiated responsibilities to address climate
change.But, thedevelopingcountries,particularlythe
least developed countries have limited capacities in
terms of finance, technology, man-power and
institutiontoundertaketheenormoustaskofmitigating
climatechangeand adaptingto its impacts.Moreover,
there are numerous capacity gaps, constraints and
needs in meeting their obligations and commitments
to theUNFCCC including the preparationof national
communications.

Inorder tomeet theircommitments to the Convention
and to address the climate change and its impacts,
the developing countries need capacity building for
which they have to secure cooperation and support
of the international organizations and the developed
countries especially theAnnex II countries stated in
the UNFCCC.

11.1. Capacity Building Needs
Assessment

Being a least developed country, mitigating climate
change and adapting to its impacts are no easy tasks
for Myanmar. Capacitybuilding is greatlyneeded at
every level and in all aspects of addressing climate
change.Humanresourcesandscientific, technical and
institutional capacities must all be developed and
strengthened.

A capacity building needs assessment survey was
carried out under the present INC project with a view
to identifyingareas that are in criticalneed of capacity

building. The survey could not cover all the areas
identified in the “ Marrakesh Accords” such as
institutionalcapacity building;capacitybuildingunder
the CDM; development of human resources;
technology transfer; national communication;
adaptation; public awareness; coordination and
cooperation; and decision making improvement.
However, the needs assessments covered
human resources/manpower development training,
technology enhancement training, environmental
protection training and other trainings addressing
climate change issues.

The assessment survey was made by means of
“Capacity buildingneedsassessment”questionnaires
distributed to various government ministries and
departments, and local NGOs. The information
providedbythat surveyhasbeensummarized inTable
11.1.
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Technology capacitybuildingneeds

Specialized training General training (Needs for technology transfer)

Trainings on : - Trainings on : -

Cleaner productionof
cement; Sustainabilityof
bamboo for pulp andpaper
making; ReducingGHG
emission in textile
manufacturing; Pollution
control in foodprocessing

Industrial safety; Environment
conservation; Climate change
Issues; EST; Carbon trading

Trainings on : - Trainings on : -

NewandRenewable energy
and emission control; Energy
efficiency; Ozone Depleting
Substance (ODS
)management; Industrial
waste water treatment

Environmentalmanagement;
Industrial Standards andpollution
control;Environmental Impact
Assessment (EIA) for industry;
Carbon trading; Negotiation skills;
EST; Disaster management (Local
training)

Trainings on : - Trainings on : -

Large scale bio energy
production fromalgae
(Algenol); FuelCell; GIS
andFloodmapping; Self
cleaning concrete

EnvironmentalMonitoring
techniques; EIA

Trainings on : - Trainings on : -
Disaster proof designof
hydropower projects;
Installation andmaintenance
of power plants using coal

GlobalWarming andClimate
Change issues

Water, steamandenergy saving
technologies relatedwith the use of
boilers; Eco cement production
technology; Lowenergy cement
production technology

S.N. Ministries and
Organizations

Man-power trainingneeds (Human resources development)
Fellowship&scholarship for long term, short termand informal

training

1 Ministry of
Industry (1)

2 Ministry of
Industry (2)

Process control technology/
Automation; Ozone Depleting
Substances (ODS) substitutes
technology; Post harvest
technology; CNGandDual fuel
engine technology; Precision
Cleaning

3 Ministry of
Science and
Technology

Algae Taxonomy; FuelCell
Technology; Self cleaning concrete
technology/ Nano technology

4 Ministry of
Electrical
Power (1)

Technology for designing
environmentally friendly
hydropower project/ especially
flushing facilities, fish andaquatic
migration ladder, energydissipation
technologies; Technology for

5 Ministry of
Electrical
Power (2)

Trainings on : - Combined
cycle power plant;
Efficiency in electricity use

- CombinedCycle technology

S.N.

1

2

3

4

5

Technology capacitybuildingneeds

Specialized training

Man-power trainingneeds (Human resources development)
Fellowship&scholarship for long term, short termand informal

training

Ministries and
Organizations

General training (Needs for technology transfer)General training (Needs for technology transfer)

Water, steamandenergy saving
technologies relatedwith the use of
boilers; Eco cement production
technology; Lowenergy cement
production technology

Trainings on : -

Industrial safety; Environment
conservation; Climate change
Issues; EST; Carbon trading

Trainings on : -Ministry of
Industry (1)

Cleaner productionof
cement; Sustainabilityof
bamboo for pulp andpaper
making; ReducingGHG
emission in textile
manufacturing; Pollution
control in foodprocessing

Process control technology/
Automation; Ozone Depleting
Substances (ODS) substitutes
technology; Post harvest
technology; CNGandDual fuel
engine technology; Precision
Cleaning

Trainings on : -

Environmentalmanagement;
Industrial Standards andpollution
control;Environmental Impact
Assessment (EIA) for industry;
Carbon trading; Negotiation skills;
EST; Disaster management (Local
training)

Trainings on : -

NewandRenewable energy
and emission control; Energy
efficiency; Ozone Depleting
Substance (ODS
)management; Industrial
waste water treatment

Ministry of
Industry (2)

Algae Taxonomy; FuelCell
Technology; Self cleaning concrete
technology/ Nano technology

Trainings on : -

EnvironmentalMonitoring
techniques; EIA

Trainings on : -Ministry of
Science andScience and
Technology Large scale bio energy

production fromalgae
(Algenol); FuelCell; GIS
andFloodmapping; Self
cleaning concrete

Technology for designing
environmentally friendly
hydropower project/ especially
flushing facilities, fish andaquatic
migration ladder, energydissipation
technologies; Technology for

Trainings on : -
GlobalWarming andClimate
Change issues

Trainings on : -
Disaster proof designof
hydropower projects;
Installation andmaintenance
of power plants using coal

Ministry of
Electrical
Power (1)

Trainings on : - CombinedMinistry of
Electrical
Power (2)

cycle power plant;
Efficiency in electricity use

- CombinedCycle technology

Table 11.1 : Capacity building needs assessment
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Trainings on : - Trainings on : -

Recycling of minerals andmetals;
Treatment of miningwastes; Biomass
energy; post mining and land use
management; Reducing harmful gases in
the environment; Extraction of minerals
fromore; Treatment of acid drainage
rocks in the mining sector

Environmental
management;
Environmental
pollutionmonitoring

Trainings on : - Trainings on : -

Estimation of forest carbon by forest
inventory and satellite data

Climate change; EST;
carbon trading;
Negotiation skills;
Environmentally
friendlymethod of
teak extraction

Trainings on : - Trainings on : -

Preventing desertification in the Dry
Zone (Local training); EuroAsian
research and training in climate change
management (CLIMA);
Chlorofluorocarbon (CFC) recovery

Climate Change
issues; Negotiation
skills; Sustainable
agriculture

Trainings on : - Trainings on : -
Climate change & its impacts on rural
livelihood; Market-based instruments for
environmentalmanagement

Climate change issues

Trainings on : - Trainings on : -

Methane gas reduction fromlivestock
sector

Environmental
science; Waste
treatment; CDM;
Negotiation skills;
EST

Training on : - Technology for air quality
monitoring;

Environmental health risk assessment;
Air qualitymonitoring

Technology for measuring
GHGgases

10 Ministry of
Livestock and
Fisheries

Methane gas reduction
technology, Solidwaste and
waste water treatment
technology

11 Ministry of Health

8 Ministry of
Energy

GalileoTP for CFC recovery

9 Ministry of
Cooperatives

Recycling technology for
biologicalwastes such as
plant residues, food scraps
and paper products;

6 Ministry of Mines Technology for analysis of
toxic waste; Technology for
extraction of metals from
mineralwastes; Technology
for control blasting andDust
control system

7 Ministry of
Environmental
Conservation and
Forestry

Remote sensing and image
classification Equipments for
biomass measuring
(inventory) and carbon
detection

Trainings on : - Trainings on : -

Recycling of minerals andmetals;
Treatment of miningwastes; Biomass
energy; post mining and land use
management; Reducing harmful gases in
the environment; Extraction of minerals
fromore; Treatment of acid drainage
rocks in the mining sector

Environmental
management;
Environmental
pollutionmonitoring

Trainings on : - Trainings on : -

Estimation of forest carbon by forest
inventory and satellite data

Climate change; EST;
carbon trading;
Negotiation skills;
Environmentally
friendlymethod of
teak extraction

Trainings on : - Trainings on : -

Preventing desertification in the Dry
Zone (Local training); EuroAsian
research and training in climate change
management (CLIMA);
Chlorofluorocarbon (CFC) recovery

Climate Change
issues; Negotiation
skills; Sustainable
agriculture

Trainings on : - Trainings on : -
Climate change & its impacts on rural
livelihood; Market-based instruments for
environmentalmanagement

Climate change issues

Trainings on : - Trainings on : -

Methane gas reduction fromlivestock
sector

Environmental
science; Waste
treatment; CDM;
Negotiation skills;
EST

Training on : - Technology for air quality
monitoring;

Environmental health risk assessment;
Air qualitymonitoring

Technology for measuring
GHGgases

10 Ministry of
Livestock andLivestock and
Fisheries

Methane gas reduction
technology, Solidwaste and
waste water treatment
technology

11 Ministry of Health

8 Ministry of
EnergyEnergy

GalileoTP for CFC recovery

9 Ministry of
Cooperatives

Recycling technology for
biologicalwastes such as
plant residues, food scraps
and paper products;

6 Ministry of Mines Technology for analysis of
toxic waste; Technology for
extraction of metals from
mineralwastes; Technology
for control blasting andDust
control system

7 Ministry of
Environmental
Conservation and
Forestry

Remote sensing and image
classification Equipments for
biomass measuring
(inventory) and carbon
detection
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Trainings on:- Trainings on: -

FormulationofNationalLeast Cost
GHGAbatement Strategy;GHG
inventoryandmitigationoptions
analysis; Development andTransfer
ofEnvironmentallySound
Technologies (ESTs) inAgriculture;
Climate changemitigationthrough
sustainable agriculture; Climate
change impacts onagriculture sector

Climate change issues;
CDM&carbontrading;
ESTtraining

Myanmar engineering
Society(MES)

Trainingon:- Trainingon:-

Emissionreduction; EIA:EMS;
Cleaner production; Wastemanagement;
ISO14000series Laboratoryanalysis and

instrumentation
Trainingon:- Carbontrading;
Uplandfarmingsystem;Dryland
farmingsystem;Assessment of
Biodiversitycropresidue andits
effects onenvironment; Planting
techniques toadapt toclimate
change

Greenhouse gases ; Clean
environment; Project
formulation,
implementationon
Afforestationand
ReforestationunderCDM
(ARCDM)

BANCA Trainingon:-
(Biodiversityand
NatureConservation
Association)

Reductionof Emissionon
DeforestationandDegradation
(REDD)

16 Forest Resource,
Environment
Development&
Conservation
Association(FREDA)

All trainings relatedwithclimate
change

15 Negotiationskills Technologies relatedwithREDD

12 YezinAgricultural
University

Technologyformeasuringmethane
fluxinfloodedrice fields; Nutrient
management technology;
Technologyforminimizingpotential
harmfulN2Oemissionindifferent
agro-ecosystems; Technology for
producingBio-energyfrom
biomass

13 Technologyforwastewater
treatment

14 MyanmarAcademy
ofAgricultural,
Forestry,Livestock&
FisherySciences

Technologyformonitoringchanges
inFauna andFlora due toclimate
change; Selectionof plant species
that canadapt toclimate change;
TechnologyforUplandfarming
system; Technologyfor dryland
farmingsystem;Technologyfor
Bioenergyproductionand
utilization; Technologyfor animal

Trainings on:- Trainings on: -

FormulationofNationalLeast Cost
GHGAbatement Strategy;GHG
inventoryandmitigationoptions
analysis; Development andTransfer
ofEnvironmentallySound
Technologies (ESTs) inAgriculture;
Climate changemitigationthrough
sustainable agriculture; Climate
change impacts onagriculture sector

Climate change issues;
CDM&carbontrading;
ESTtraining

12 YezinAgricultural
University

Technologyformeasuringmethane
fluxinfloodedrice fields; Nutrient
management technology;
Technologyforminimizingpotential
harmfulN2harmfulN2harmfulNOemissionindifferent2Oemissionindifferent2

agro-ecosystems; Technology for
producingBio-energyfrom
biomass

Technologyforwastewater
treatment

Trainingon:-

EIA:EMS;
Wastemanagement;
Laboratoryanalysis and
instrumentation

Trainingon:-

Emissionreduction;
Cleaner production;
ISO14000series

Myanmar engineering
Society(MES)
13

Technologyformonitoringchanges
inFauna andFlora due toclimate
change; Selectionof plant species
that canadapt toclimate change;
TechnologyforUplandfarming
system; Technologyfor dryland
farmingsystem;Technologyfor
Bioenergyproductionand
utilization; Technologyfor animal

Carbontrading;Carbontrading;
Greenhouse gases ; Clean
environment; Project
formulation,
implementationon
Afforestationand
ReforestationunderCDM
(ARCDM)(ARCDM)

Trainingon:-MyanmarAcademyMyanmarAcademy
ofAgricultural,
Forestry,Livestock&
FisherySciences

14
Uplandfarmingsystem;Dryland
farmingsystem;Assessment of
Biodiversitycropresidue andits
effects onenvironment; Planting
techniques toadapt toclimate
change

Negotiationskills Technologies relatedwithREDDNegotiationskills Technologies relatedwithREDDBANCA Trainingon:-
Reductionof Emissionon
DeforestationandDegradation
(REDD)

BANCA Trainingon:-
(Biodiversityand
NatureConservation
Association)

15

All trainings relatedwithclimate
change

Forest Resource,
Environment
Development&
Conservation
Association(FREDA)

16

Table 11.1 : Capacity building needs assessment

Chapter 11 Capacity Building

Page 189



2012

The capacity building needs assessment high-lighted
theneedsof the institutionsandorganizations in terms
of man-power training, technologycapacity building,
and institutional capacitybuilding etc.

With regard to the development of human resources,
a largenumber of organizations are interested to have
general trainings on climate change issues in order to
promote awareness on climate change matters and
their impacts.Suchtrainingswoulddrawgreaterpublic
attentiononclimatechangeandcouldorganizepeople
and institutions to take necessarymeasures to prevent
and mitigate global warming and climate change and
adapt to their impacts. The trainings that the majority
of organizations proposed include: global warming
and climate change issues and their impacts;
environmental management including waste
management; environmentally sound technologies
(ESTs); clean development mechanism (CDM) and
carbon trading.

Alargenumberoforganizationsare interested insolar
power technologyand its related trainings.At thesame
time, bio-energy and bio-fuel technologies and the
related trainings are also requested.

There is an urgency to introduce cleaner boiler
technology and related trainings. Information and
trainings on environmentallysound technologies are
also essential.

Capacity building in terms of developing ICT and
R&Dwouldalsogreatlyfacilitateinaddressingclimate
change. Capacitybuilding and trainings related with
GHG inventory, Technology Needs Assessment
(TNA) and Vulnerability and Adaptation Needs
Assessment (V&A assessment) have also been
requested byseveral organizations and institutions.

The capacity building needs assessment has found
that there are different kinds of specific
capacity building needs from different organizations
and industries. For example, the Ministryof Industry
(1)needs technologiesaswell as trainings relatedwith
cleaner production of cement; efficient and cleaner
boilers; reduction of GHG emission in textile
manufacturing etc. The Ministry of Livestock and

Fisheries statedthat itneeds technologiesand trainings
on methane gas reduction from livestock sector. The
MinistryofHealthrequires technologiesand trainings
o air qualitymonitoring. The Biodiversityand Nature
Conservation Association (BANCA) needs
technologies and trainings related with Reduction of
EmissiononDeforestationandDegradation (REDD).

According to thecapacitybuildingneeds assessment,
it is found that there is a requirement for most of the
ministries to improvetheunderstandingandawareness
ontheirspecificcapacitybuildingneeds. It is important
that the capacitybuilding program in Myanmar aptly
addresses the gaps and needs of the country.
Moreover, the capacity building needs assessment
should be made periodically.

11.2. Capacity Building Strategy

Thefollowingapproachorstrategyhasbeen identified
for initiatingcapacity buildingprocess in Myanmar.
The strategy involves three steps. These are –

Step1. Capacity building needs assessment
Step2. Identification and formulation of priority

capacity buildingprojects
Step3. Mobilization of fundsandother resources

for implementing the Capacity building
projects

The capacity building needs assessment should
include: institutional capacity building; capacity
building under the CDM; development of human
resources; technology transfer; national
communication; adaptation; public awareness;
coordination and cooperation; and improvement in
decision- making.

The capacity building needs assessment would
indicate various kinds of capacity-building needs. In
prioritizing and identifying the capacity-building
projects the following factors maybe considered;
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Needs that are common or similar: Capacity
buildingneedsassessmentwillshowthat there
maybehigh, medium or low demand / needs
for certain kinds of capacity- building. It will
also show the kinds of capacity- building
needs that the majority of organizations
require. It is important to select and address
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Mobilization of resources including funding and
technical support is an important partof the capacity-
building strategy. The Global Environment Facility
(GEF) provides financial support through GEFTrust
Fund and the Special Climate Change Fund (SCCF).
The Least Developed Countries Fund (LDCF)
providesfundingsupport for theurgentandimmediate
needs of the least developed countries. The SCCF,
the LDCFand the GEFTrust Fund’s StrategyPriority
for Adaptation (SPA) provide funding under the
“capacitybuilding, coordinationandpolicy”category.

Projects can be proposed through one of the ten GEF
agencies. These are the UNDP, the UNEP, the World

11.3. Enhancement of International
Negotiation Skills

The developing countries especially the LDCs have
limited skills with respect to international climate
change negotiation. These countries have been
attendingthe internationalclimatechangeconferences
such as the Conference of the Parties (COP), regional
and sub-regional climate change conferences,
seminars, forums and workshops. However, they
have been unable to contribute much to the
international climate change negotiations. It could be
mainlydue to the lack of experience in negotiations,
lackofexpertiseonclimatechange, limitedknowledge
on climate change issues and language barriers. In
order to be able to actively participate in the climate
change negotiation conferences and to express their
problems and needs for addressing climate change
and adaptingto the climate change impacts, capacity-
buildings in these areasare greatlyneeded.This could
greatlybenefit the developing countries, particularly
the CLMV countries (Cambodia, Laos PDR,
Myanmar,Vietnam) in theASEAN region.

Aseminar on internationalnegotiationskillswasheld
in Yangon to enhance negotiation skills of the
departmental personnel concerned with climate
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thosecapacitybuildingneeds that themajority
of organizations prefer.

 Needs that are technically and financially
feasible: The capacitybuilding needs that the
majority preferred may not always be
technically or financially feasible. For
example, high-tech solar power or high-tech
air pollution monitoring stations. In this
respect, priority should be given to address
those needs that are appropriate technically
as well as financially.

 Needs that are urgent: Urgency of needs is
another important factor to be considered in
prioritizing capacity-building projects. For
example, there are many industries in
Myanmar with old boilers that are not only
polluting but with very low safetystandards
also. Therefore, there is an urgency to
introduce cleaner boiler technology and
related trainings.

 Formulation of pilot /demonstrationprojects:
Once the most appropriate and feasible
capacity building projects have been
identified and selected, formulation of these
projects can be done. Here, it is important
that the project proposals clearly
describe the capacity build-ing needs;
technology needs and related trainings;
funding needs; expertise; and the expected
tangible results. It is crucial that the capacity-
building projects provide an essential
foundationandsupportuponwhichnecessary
measures and actions can be developed to
address climate change.

Bank, the African Development Bank, the Asian
Development Bank, the European Bank for
ReconstructionandDevelopment, the Inter-American
Development Bank, the FAO, the IFAD and the
UNIDO. The UNEP mainly provides technical
support for the projects. Funding can also be sought
under various Kyoto Protocol mechanisms such as
CDM, Joint Implementation (JI) and also through
emissions trading.

Mobilization of technical resources/ support is also
essential. Consultancy, expert services and trainings
are the main components of the capacity-building
projects.

The Capacity building Strategy can be applied on a
national scale or on a sector-wise basis.As new and
better technologies are constantly being developed,
climate change related capacity building should be
carriedoutonacontinuousbasis inorder toeffectively
address global warming and climate change threats.
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change matters. A retired ambassador from the
MinistryofForeignAffairs with wideexperience and
knowledgeininternationalnegotiationskillsconducted
theseminar.Suchseminarsandworkshopsstrengthen
the technical capacityof the participants, and as such
theyshould be convened frequently.

Allpersonnelworkingin thefieldofclimateprotection
and resource conservation are needed to participate
actively in theinternationalclimatechangenegotiation
conferences.
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Chapter 12

Other information considered relevant to the achievement of the objective of the
Convention

12.1. Introduction

Apart from the programs and activities that are
required by the UNFCCC to be undertaken by a
party to the Convention, there are several other
environmental protection and conservation activities
carried out in Myanmar which could directly or
indirectly contribute towards addressing climate
changeandachievingtheobjectiveof theConvention.
It may be useful to mention some of the important
activities being undertaken in Myanmar, especially
those that are being implemented under some of the
UNenvironmental conventions towhich Myanmar is
a party.Additionally, there are other programs and
activities that are also relevant to the objective of the
UNFCCC. These include organizational
improvementssuchasemergenceofanenvironmental
committeeandlocalnon-governmentalenvironmental
organizations; internationalenvironmentalcooperation
including theconduct of air qualitysurveys supported
byUNEP and participation in manyof the UNFCCC
Conferencesof theParties (COP); andnaturaldisaster
preparedness programs. These activities are in many
ways complementary and supportive to those
programs thatareessential forachievingthe objective
of the Convention.

12.2. Programs and Activities
Undertaken under Various
UN environmental conventions
that are Relevant to the
Achievement of the UNFCCC

United Nations Convention to Combat
Desertification (UNCCD) related
programs and activities
In Myanmar, land degradation occurs inseveral areas
and this is due to various causes. Land degradation
in the central Myanmar known as the Dry Zone is
mainly caused by low rainfall, water shortage,
deforestation, improper method of cultivation and
over-grazing among others.

Myanmar acceded to the UNCCD in January 1997.
Even before acceding to the UNCCD, Myanmar has
been implementing several projects to combat
desertification and drought in the country especially
in the semi-arid areas of central Myanmar. In 1994,
theForestDepartment implementedaspecialgreening
project for the nine districts whichhave been affected
by drought, water shortages, and land degradation.
During the 3-year project period, 7,280 ha of forest
plantations were established in the degraded forests,
on denuded lands and in the vicinityof the villages to
stabilize environment, restore forest cover and meet
basic needsof the local communities.Theproject area
was extended to 13 districts in three Regions, namely
Mandalay, Sagaing and Magway, with the formation
of a new Dry Zone Greening Department in 1997.

The DryZone Greening Department plays a keyrole
incombatingdesertification inCentralMyanmarwith
special mandates to undertake intensive re-
afforestation, to protect, conserve and improve the
residual natural forests, to develop water resources,
and to develop and encourage use of wood fuel
substitutes. Forest plantations have been established
in the deforested and degraded areas. The total area
planted during the period 1994-1995 to 2005-2006
has reached 117,414 hectares. Currently, there are
140damsconstructed in theDryZonewithwatershed
areas of 4.5 million hectares.

The ForestDepartmenthas alsobeentakingmeasures
to upgrade the social and economic statusof the local
people by promoting the practice of community
forestry, agro-forestry, and proper grazing, and by
providing water supply and creating income
generationopportunities.Useofwoodfuel substitutes
hasbeenencouragedthroughdistributionofbriquettes
and energyefficient cook stoves.

Rehabilitationandreforestationofmangrovesarealso
beingcarriedout in theAyeyarwadydelta where large
areas of mangrove forests have disappeared due to
over-exploitation. These activities have been
intensified in thewake of the CycloneNargis not only
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bythe Forest Department but also bythe local NGOs
together with the cooperation and contributions from
the international NGOs.

A 30-year comprehensive Master Plan for the period
from 2001-2002 to 2030-2031 is being
implemented.At its end the following tasks will be
accomplished in the DryZone:

 Forestplantations forvillagefirewoodsupply,
watershed protection, research and other
purposes will have been established on 0.42
million hectares (1.05 million acres);

 The remaining degraded forests on 0.73
million hectares (1.8million acres) will have
been rehabilitated and conserved;

 1.5 million energyefficient stoves, about 400
million briquettes,and210tonsofagricultural
residues as substitutes for firewood will have
been distributed; and

 6,400 ponds, 150 artisan wells, and 150
water pumping stations will have been
constructed.

Myanmar has also formulated the NationalAction
Program (NAP) to combat desertification. Five
projects have been proposed in the NAP to be
implemented to combatdesertification in thecountry,
particularly in the Dry Zone. Theyare -

1/ Mitigation of land degradation project,
2/ Drought mitigation project,
3/ Capacitybuilding project,
4/ Rural development project, and
5/ Land use planning project.

It is evident that environmental issues and problems
are all related and thus interactive. Deforestation,
desertification, localorglobalwarming, localorglobal
climate change are inter-related. Thus, in addressing
globalwarmingandclimate change, coordinationand
synergy of activities of various environmental
conventions are essential. In case of Myanmar, both
deforestationanddesertificationproblemsarehandled
mainlybytheMinistryof Forestry,but to successfully
combat them it needs close cooperation and
coordination of the related line ministries.

The Dry Zone has now started to benefit from the
greeningactivitieswithimprovedvegetation,improved
water supply, improved soil and better climatic
conditions. Thus, the project activities undertaken

under the UNCCD have greatly supported and
complemented the efforts to achieve the objective of
the UNFCCC.

Vienna Convention and Montreal protocol
related programs and activities
Myanmar acceded to the Vienna Convention for the
Protection of the Ozone Layer and the Montreal
Protocol in November 1993.

Thepreparationof aCountryProgramwascompleted
during 1998 and 1999. The Country Program was
supported by the UNEP and coordinated by the
NationalCommissionfor EnvironmentalAffairs
( NCEA ). Now by MOECAF).

The program contains an analysis of the current
situation with regard to the production and
consumptionof OzoneDepletingSubstances (ODS),
together with a strategy and a plan of action to be
undertaken by the government. The approval of the
Country Program is a precondition for financial
assistance from the Multilateral Fund for investment
projects and InstitutionalStrengtheningprojects. The
Program was approved in November 1999 and
funding was made available to Myanmar for the
InstitutionalStrengtheningproject.Duetosomedelays
the project could start only in September 2004. The
project implementation was due to be completed in
2008. However, it was extended to 2010. The
Institutional StrengtheningprojectPhase 2 will begin
in 2010 when its Phase 1 terminates.

Refrigeration Management Plan (RMP) was
formulated in 2002 and approved bythe Multilateral
Fund in 2005. The RMP is to provide support to
Myanmar to phase out ODS in the refrigeration and
airconditioningsector.TheRMPiscomposedof three
components: (a) Preparation of ozone regulations for
control of ODS; (b) Monitoring implementation of
RMP activities; and (c) Establishing conversion
practice of domestic refrigeration.AMemorandum
of Understanding (MOU) on the Preparation on
ozone regulations for the control of ODS, and
Monitoring implementation of the RMP was signed
in 2008. The MOU on provision of services and data
collection for the formulation of the
Hydrochlorofluorocarbons (HCFCs) Phase out
Management Plan (HPMP) has also been signed.
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Today, Myanmar has successfully phased out CFC
consumption in all sectors. Awareness promotion
activities on protection of the ozone layer, training
programsforrefrigerationandairconditioningservice
technicians, and training programs for enforcement
officers have also been conducted.

Measures takenbyMyanmar to implement theVienna
Convention and the Montreal Protocol are important
activities that will help reduce the emissionsof ODS ,
save the ozone layer and at the same time make
positive contribution towards addressing global
warming andclimate change.

Convention on Biological Diversity (CBD)
related programs and activities
All over the world, there is an increasing loss of
biological diversity due to increasing social and
economic pressures. Today, climate change is also
posing threats to the biological resources.
Conservation of biological diversity has therefore
become a big challenge for all nations around the
globe. The CBD can play an important role in
addressing the loss of biodiversity.

The efforts to conserve biological diversity have
positive impacts on addressing climate change. For
example, establishment of protected areas, forest
reserves and natural parks to protect wildlife and
habitats help conserve forests which constitute sinks
and reservoirs of carbon dioxide.

Myanmar’s efforts for the conservation of biological
diversityaresummarized as follows:

The “Protection of Wildlife and Wild plants and
Conservation of Natural Areas Law” was
promulgated in 1994 in order to protect endangered
species of wild flora and fauna and their habitats.

MyanmarForestPolicy(1995)wasformulatedmainly
for safeguarding soil, water catchments, ecosystems,
biodiversity, and plant and animal genetic resources,
scenic reserves and natural heritage sites.
Myanmar ratified the CBD in November 1994.

Myanmar acceded to the Convention onInternational
Trade in Endangered Species of wild flora and fauna
(CITES) in 1997.

Myanmar’s first national report was prepared in
accordance with the CBD guidelines for the third
national report and was submitted to the CBD
secretariat in 2005. Its second national report was
submitted in 2009. It was prepared in line with the
CBD guidelines for the fourth national report.

Myanmar ratified the Cartagena Protocol on
Biosafety in 2008. National BiosafetyFramework is
now being drafted.
Within the Bali Strategic Plan for CapacityBuilding
and Technical Support, the NCEAis now initiating
thedevelopmentofNationalBiodiversityStrategyand
Action Plan (NBSAP) with technical support from
UNEP Regional Office for Asia and the Pacific
(UNEP-ROAP).

Conservation of biodiversity calls for protection of
the habitats mainly forests, so that by implementing
the CBD, forests are being protected and conserved.

In Myanmar, the protected areas have increased
rapidly since becoming a party to the CBD. By the
year 2009, about 4.35% of the countryarea has been
notified as protected areas against its 2010 target of
5% . To date, 34 protected areas, 3 zoological
gardens, 1botanical gardenand anationalherbalpark
have been established across the country.

Forests playan important role incarbon sequestration
and climate stabilization. Thus, it is clear that the
implementationofCBDissupportive toachievingthe
objective of the UNFCCC.

12.3 Additional Information
Considered Relevement of the
Achievement of the Objective
of the UNFCCC

Organizational improvement
Additional to NCEA which was formed in 1990 as a
main policy body for environmental protection, to
coordinate environmental matters in the country to
act as the national focal point for environmental
relations with other countries and international
organizations, the Environmental Conservation
Committee (ECC) was formed in 2004 to effectively
and systematically carry out environmental
conservation activitieswithin the country.
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The chairman of the NCEA alsochairs ECC. Deputy
Ministers from seven related ministries act as the
committee members and as heads of the seven
workingcommittees responsible for seven States and
seven Regions. These working committees make
assessments of the environmental situations in their
respective regions and take necessary measures to
address environmental problems.The National
EnvironmentalConservationCommittee (NECC)has
beenreformedin2011asafull flash focalorganization
for theenvironment sector throughout thecountryand
the NCEAwas abolished. Moreover, to speed up its
environmental protection measures the Ministry of
Forestrywas renamed to Ministryof Environmental
Conservation and Forestry (MOECAF) in 2011.

In recent years, there has been a substantial
developmentof thenon-governmental environmental
organizations such as Forest Resources Environment
Development and Conservation Association
(FREDA), Biodiversity and Nature Conservation
Association (BANCA),EcosystemConservation and
Community Development Initiative (ECCDI),
Economically Progressive and Ecological
Development (ECODEV) and Renewable Energy
Association Myanmar (REAM), Wildlife
Conservation Society(WCS) (countryprogram) and
several others. These NGOs have been rehabilitating
forests and conserving the environment and are
activelyinvolved in theclimatechangemitigationand
adaptation activities.

FREDAwassetupin1996 with theaimofconserving
forest resources, environment and promoting
sustainable development in the country. These
activities are being promoted through community
development and participation of the local people.
FREDA is now actively promoting mangrove
rehabilitation in theAyeyarwadydelta area.

BANCA wasfounded in 2004 toconserve the nature,
primarilybiological diversitythough actionsbasedon
research and survey, advocacy, partnership, network
building, education, people’sparticipation and public
awareness.

ECCDI was established in 2006 with the main
objective forensuringsustained environment through
enrichment of biodiversity by conserving and

improving natural ecosystem.ECCDIis now actively
engaged in environmental restorationand community
development activities for securing food, water and
sanitation as well as village electrification from solar
power and biogas.

ECODEV was set up in 1999 with the objective of
promoting environmental governance through
improving community access to environmental
informationandbuildinglocalcapacityforcommunity
forestrymanagement. ECODEVhas also involved in
the implementation of the INC project, particularly in
promoting education, training and public awareness
raisingon climate change.

REAM was founded in 1993. It is actively engaged
in promoting alternative energy in several rural areas
across the country.At present, REAM is undertaking
aproject for installingsolar pumpingsystemandother
communitydevelopment activities in delta area.

WCS local program started in 1996. The main
activities includepromotion of theprotectedareas and
conservation of keystone species such as tiger and
elephant in Myanmar.

International cooperation for addressing climate
change
After signingtheUNFCCCin1992,Myanmar ratified
the convention in 1994. Myanmar was one of the 12
participating countries in the Asia Least Cost
Greenhouse Gas Abatement Strategy (ALGAS)
project supported by UNDP/GEF and executed by
the ADB from 1995 to 2000. The project made an
assessment of GHG sources and sinks in the energy,
forestry and land use change, and agriculture sectors
setting 1990 as the base year. Myanmar ratified the
Kyoto Protocol in 2003.

RegardingCDM projects, there has been cooperation
between Myanmar and Japan mainly in the form of
feasibility studies and demonstration projects to be
undertakenunder theCDMprogram. TheDesignated
National Authority (DNA) of Myanmar was
established in 2006 for approving proposed CDM
projects and toprovide information onCDM projects.

With support from UNEP, MOECAF carried out air
qualitysurveys inYangon and Mandalayin 2007 and
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its subsidiary bodies. COPs and all climate change
related meetings had been attended mainly by
representatives from MOECAF, Ministryof Foreign
Affairs, Department of Meteorologyand Hydrology,
and from some other related ministries.

In order to make Myanmar safer and more resilient
to natural hazards after the countryhad suffered from
a disastrous cyclone Nargis in 2008 which claimed
more than 138,000 lives and affected 2.4 million
people, the National Disaster Preparedness Central
Committee (NDPCC) was formed in the same year
The Committee is chaired by the Prime Minister and
has 38 members. It is the highest body for disaster
management in Myanmar.

MyanmarAction Plan on Disaster Risk Reduction
(MAPDRR) 2009-2015 has been prepared. It was
preparedbyan inter-ministerial task force comprising
thirteen government ministries, Myanmar Red Cross
Society (MRCS), UNDP, UNOCHA,ASEAN, and
Asian Disaster Preparedness Center (ADPC). The
Plan has identified projects and activities which are
necessary to meet the Hyogo Framework forAction
(HFA) and ASEAN Agreement on Disaster
Management and Emergency Response
Commitments.

As theimpactsofglobalwarmingandclimatechange
are being increasingly felt in the country, and public
awareness on climate change is growing rapidly in
recent years, there is no doubt that there will be more
programs and activities in Myanmar for addressing
climate change in the years to come.
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cooperation with the Ministry of Health and City
Development Committees ofYangon and Mandalay.

Myanmar participated regularly in the Conferences
of the Parties of the UNFCCC and in the meetings of
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Chapter 13
Constraints and Gaps, and Related Financial, Technical and Capacity Needs

13.1. Introduction

Myanmar has several variant climate zones ranging
from the temperate region of the north to the dryzone
in the central part and the monsoonal belts in the
northwest, west and south.As it is located mainly in
the tropical region, Myanmar has a tropical monsoon
climate with three seasons: the hot, the monsoon or
rainy and the cool.

The country’s topographyhas an important effect on
theclimate.Themountains to thenorthandeast shield
Myanmar from the much colder climate that prevails
in Tibet and western China. Elsewhere the Northern
and Western Hills cause heavy rainfall along their
western slopes. On the eastern slopes, there is far
less rainfall.Temperature records from 1901 to 1996
indicateageneralwarmingtrend,especiallysince1979
and in the coastal areas, though the northeastern part
of the countrymayhave a tendencyfor cooling. The
average temperature is 0.7 °C higher than the average
recorded temperature over the last two decades in
most towns and cities of Myanmar.

Myanmar lies in a climate zone, which is frequently
subjected to cyclones and river flooding. Flooding,
sometimes caused by cyclones, but more often by
excessive precipitation in mountainous watersheds,
is a regular feature of Myanmar’s extensive riverine
plains.Muchof Upper Myanmar liesona tectonically
active zone. In most parts of the country, earthquakes
are common and occasionallydevastating.

13.2. Development of National
GHG Inventory

Present efforts in national greenhouse gases
inventory
Apart from the preliminarygreenhouse gases (GHG)
inventory and mitigation options assessment
undertaken in the ALGAS-study based on some
limited 1990 data, very limited activities on climate
change havebeenundertaken in Myanmar. Myanmar
was one of the 12 participatory countries in the

ALGAS project implemented by UNDP/ GEF and
executed byADB from 1995 to 2000. The project
aimed at improving the understanding and the
estimates of the sources and sinksof GHG emissions,
and to better assess the cost-effective mitigation
options based on common and verifiable
methodologies.

The ALGAS project undertook a national GHG-
inventory for carbon dioxide (CO2), methane (CH4)
and nitrous oxide (N2O) for the base year 1990 in
five source categories, namely:

(1)Energyi.e. fuel combustion, energy
industries; transport: commercial institution
only (residential was not considered), and
others,

(2) Industrial Processes,

(3) Agriculture (i.e., enteric fermentation from
domestic livestock); manure management
and rice cultivation (CH4 emission only):
agricultural soils (N2O emission only),
prescribed burning of savannas and field
burning of agricultural residues (CH4 and
N2O emissions only).

(4) Land use changes and Forestry i.e.,
changes in forest and other woody biomass
stock; forest and grassland conversion;
abandonment of managed lands; and on-
site burning of forest (CH4 and N2O
emissions only) and

(5) Waste, CH4 emission only for solid waste
disposal on land; waste water treatment;
others, using the IPCC- methodologies
(both ReferenceApproach and Detailed or
Bottom-UpApproach).

Based on this inventory,projectionsofnationalGHG-
emissions to 2020 had been made, and the options
for mitigation of GHG-emissions identified for the
energy, land use change and forestry, and agriculture
sectors.
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Myanmar is preparing to receive some proposed
projects for the financial assistance and technical
support from the developed world as well as from
the United Nations and international donor agencies.

Under the INC project, national GHG Inventory for
direct greenhouse gases namely carbon dioxide
(CO2), methane (CH4) and nitrous oxide (N2O) and
for indirect greenhouse gases namely carbon
monoxide (CO), nitrogen oxides (NOx) and non-
methane volatile organic compounds (NMVOC), as
well as sulphur dioxide (SO2), was undertaken for
the year 2000. While the database for CO2, CH4
and N2O of theALGAS project was updated, a new
database for NOx, CO, NMVOC, SO2, HFCs,
PFCs, SF6 (where available) was established.

Relevantglobaland/orregionalcirculationmodelsmay
be used to generate climate change scenarios for the
region that includes Myanmar. Detailed climate
scenarios for Myanmar up to the year 2100 based
on “downscaling” of the outputs provided by these
models will be developed to assess the vulnerability
of the keysocio-economic sectors to climate change.
In collaboration with relevant university research
groups, it is proposed to undertake the following
research activities:

(a) Assessmentoftheeffectsofclimatevariability,
aswellas the impactsof increasedprobability
of extreme weather events (flood, drought,
typhoon) associated with climate change on
the keysocio-economic sectors;

(b) Trend analysis on precipitation patterns in
Myanmar based on the best available data;

(c) Assessment of existing water resources,
including underground water resources, and
its implications for socio-economic
development;

(d) The trends of El Nino and its impacts in
Myanmar;

(e) There seems to be a decreasing trend of the
frequency of storms and depressions that
formed annually in the Bay of Bengal and
Andaman Sea since the late 1960s. Further
analysis on this aspect is needed;

(f) Assessment of the impacts of climate change
on oceanographic processes and ocean
productivity;

(g) Assessment of the marine ecosystems; i.e.,
the reef systems, for better management of
reef resources which are one of the main
sources of protein (food security);

(h) Developmentandconstructionofvulnerability
maps for keysocio-economic sectors and in
key areas which are most vulnerable under
various climatic scenarios;

(i) Climatechangeand sustainabledevelopment
inMyanmar.

Cooperative efforts of the United Nations
organizations, such as IPCC, UNEP, INGOs and
LNGOs are important to address the climate change
issues and research activities. Public awareness and
education on climate change issues have to be
enhanced from the verybasic levels.

Information and technologyofclimate change related
issues have to be translated into Myanmar language
and disseminated to schools, universities, public
libraries and government agencies. Posters, banners,
leaflets and other information materials should be
distributed on special occasions or events.
Broadcasting of climate change information on
Myanma Radio and Television Programs will be
effective for publicawareness.Workshops, seminars,
public education and essaycontests, aswell as public
participation programs on environment and climate
change issueswill be necessarytodevelop adaptation
measures.

Climate change could have significant effects on
sustainable development. Climate change will
adversely affect Myanmar agriculture and fishery
sectors, which are vital for food securityand income
generation. Public health will also be threatened by
climate change. It is predicted that the incidence of
malaria, dengue fever and diarrhea will increase.
Performance can be assessed against national
objectivesand international commitments such as the
United Nations Framework Convention on Climate
Change (UNFCCC).

Environmental pollution and environmental hazards
arisefromindustrializationandincreasedurbanization.
GHG inventoryand mitigation option analysis team
(GHG study team), established under this INC
project in January 2008, has successfully
accomplished national GHG inventories for the year
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2000 in energy, industrial processesand product use,
agriculture, forestry and other land use, and waste
sectors. GHG inventory in different sectors would be
a particular initiative in the context of improving and
updating the reliable data on GHG emission/
absorption in Myanmar.

Data availability constraints
Identificationandremovalofbarriers totheapplication
of ESTsare still needed.Accessibilityof user-friendly
databaseonESTs, includingendogenous technologies
is an example of such constraints. Improvement of
climate data bank should be enhanced. Climate
change related papers are very few. Data and case
studies have some gaps, and data on climate
fluctuation and frequencyof extreme anomalies are
not fully available. There are no forecasts of ENSO
(El Nino - Southern Oscillation) events in Myanmar.
One major barrier for water resource planning is the
unavailability of sufficient information and data on
watershed resources. The methods used for the
development of vulnerabilityindices and maps need
to be elaborated. Information supports from various
sectors are still required.

Needs for GHG inventory on a continuous basis
Report the desired data on a continuous basis.
Institutionalnetworkingandcoordinationplayacritical
role to establish new data frameworks and report
formats in various sectors.

Energy and industrial processes sectors constraints
and needs
Theenergysector is usuallythemost important sector
in greenhouse gas emission inventories. In energy
sector, GHGs are emitted from combustion of fuel
and fugitive emission from fossil fuel production.
During combustion, the carbon and hydrogen of the
fossil fuels are converted mainly into carbon dioxide
(CO2) and water (H2O), releasingthechemical energy
in the fuel as heat. Greenhouse gas inventory for
energy sector includes carbon dioxide and nitrous
oxideemissionsfromfossil fuelcombustions,methane
emissions from fugitivecoal miningand post-mining
activities, fugitiveoilandnaturalgassystem,NMVOC
fromfuelcombustion.

Since there are insufficient country-specific emission
factors in Myanmar for emission assessment, default
values suggested byIPCC guidelines are used either

in net calorific value estimation or in CO2 emission
studiesorinfractionsofcarbonoxidization.Emissions
fromtheuse of fossil fuels from international bunkers
are excluded in thecurrentnationalGHGestimations.
Therefore,CO2 emissions fromaviationandmaritime
fuel burning are not accounted for in the National
Inventory.

A wide variety of industrial activities produces
greenhouse gases. GHG emissions from industrial
processes are related to chemical and physical
transformations of materials.During these processes,
many different greenhouse gases, including carbon
dioxide (CO2), methane (CH4), nitrous oxide (N2O),
hydrofluorocarbons (HFCs)andsulphurhexafluoride
(SF6), can be produced as by-products of manynon-
energyrelated activities and use of greenhouse gases
in products.

Keyemission sources of carbon dioxide include the
production processes of cement, lime, urea, iron and
steel, and calcium carbide used in acetylene
production. These are the major sources of
greenhouse gas emissions from industrial processes
in Myanmar. The total CO2 emissions from the
industrial processes in Myanmar were estimated at
248.59 Gg in 2000.

Therestof the emissions arosefromglass production,
urea production and carbide used for acetylene
production. CO2 emissions from cement production
had a dominant share at 82 percent, the production
of lime, iron&steelandproductionofglassandothers
contributed 12 percent, 2 percent, 1 percent, 3
percent, respectively.

Agriculture sector constraints and needs
Chemical-based,conventionalsystemsofagricultural
production have created many sources of pollution
that cancontribute to degradation of the environment
and destructionof natural resource base.The misuses
andexcessiveuseofchemical fertilizersandpesticides
have often adversely affected the environment and
created many problems associated with (a) food
securityandqualityand (b) humanand animal health.
Furthermore, the production of methane from paddy
fields and ruminant animals and of CO2 from the
burningoffossilsfuels, landclearingandorganicmatter
decomposition have been linked to global warming
as ‘GHG’ (e.g., CH4, N2O, and CO2).

Chapter 13 Constraints and Gaps, and Related Financial,
Technical and Capacity Needs

Page 200



2012

The major challenge is to promote a balanced and
efficient use of plant nutrients from both organic and
inorganic sources at farm and community levels to
intensifyagriculture insustainablemanner.

Livestock sector constraints and needs
Amongdomesticated livestock, ruminantanimalsare
the majoremitters of methane becauseof theirunique
digestive system. Ruminantanimals possess a rumen
or large fore-stomach in which bacteria reside and
enteric fermentation occurs. As part of this
fermentation, the microbes break down the feed into
volatile fattyacidsandotherproducts that theruminant
animals canabsorband use tomaintain bodyfunction
and grow. This process enables ruminants to digest
coarse plant materials that non-ruminants including
humans, cannot digest. Because of this rumen
fermentation, ruminant animals have the highest
methane emissions amongall animal types.

Based on data availabilityand the importance of the
emission sources, methods were determined for
calculatingmethaneandnitrousoxideemissions from
animal manure management systems. IPCC-tier 1
method was adopted for swine, cattle, goat/sheep,
and chicken. IPCC-tier 2 method was used for the
other emission sources. For the emissions inventory
from the livestock sector, the Tier 1 method of 2006
IPCC guidelines was used for the calculation of
emissions from cattle, buffalo and swine. Since there
were no emissions factors developed in Myanmar,
the default emission factors of the 2006-IPCC
guidelines were applied.

Waste sector constraints and needs
GHG inventory for the waste sector mainly
includes methane emissions from Municipal Solid
Waste (MSW) and domestic & industrial
wastewater. In rural areas and small towns, there
is no systematic collection of waste and it is
unexpected (haphazard).As anaerobic conditions
do not develop, no methane is generated in these
areas. However, in urban towns, solid waste is
disposed by land filling in low-lying areas located

in sub-urban areas. Due to filling of waste over
the years, anaerobic conditions develop and hence
these dumping sites generate large amount of
methane.
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In most developing countries , industrial waste is
included in MSW stream, it is difficult to obtain
data of the industrial wastes separately. Only a
small number of countries has comprehensive
waste data covering all waste types and treatment
techniques .Also very few countries have data on
historical waste disposal late several decades. In
Myanmar , such data cannot be achieved and so
default data has to be used.

Land use, land use change and
forestry sector constraints and needs
Extensive environmental damages resulting mainly
from both over-logging and land use change have
been frequentlyobserved in Myanmar, and virtually
very few forested hilltops remain in the region.
Deforestation on hilltops causes severe soil erosion,
which again, makes the siltation and sedimentation
happen in the lowland areas, e.g. in the reservoirs,
dams and delta regions, through downstream flow.
Improper land uses, such as cultivation on steep
slopes, shifting cultivation without proper fallow
periods and overgrazing have led to the degradation
of forests. Besides, commercial oil palm and rubber
plantationsareoneof themaincausesofdeforestation
in some parts of Myanmar.

In situations in which population pressure leads to
reduce fallow period cycles, shifting cultivation can
become a major cause of forest depletion and
degradation threateningthesustainabilityof the forest
estate and forest resources. The changes in land use
take place in response to various underlying factors,
includingpopulationgrowth,economicdevelopment
and poverty.The deforestation problem arises partly
from the expansion of human activities in forested
areas and partly from land use mismanagement.
Firewoodcollectioncontributesmuchto thedepletion
of treecover, especiallyin localities,whichare lightly
wooded. According to FAO/UNEP-estimation
(1981), fuel wood, including wood for charcoal,
accounts for 88% of the round wood removal in
tropicalAsia.
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Table 13.1: Carbon emissions from forest and
grassland conversion during 1990

Overgrazing is another important factor in the
degradation of forests, mainly of open forests. The
problem is particularly acute in areas where forests
are often the only places where livestock can find
vegetation forgrazing. Inaddition to thedamagedone
to the vegetation cover, trampling by livestock
hardens the soils, prevents wood regeneration and
promotes soil erosion.

Shiftingcultivationpractice, inwhichoriginal forests
are cut and burnt, emits carbon into the atmosphere.

MyanmarSelectionSystemoffers a great advantage
inreducingcarbonemissionbecauseit limitsminimum
girths for teak and hardwood for harvest preventing
severe destruction and losses of existing primary
forests that serve as natural carbon sink.

Countrywide, annual deforestation has been
estimatedapproximatelyat 0.3%,onlyslightlyabove
the global average. Forest losses are greatest in the
mangrove forests of theAyeyarwadydelta,where as
much as 20% of mangrove forests disappeared in
only 10 years.Agricultural expansion is driven by
human population growth, and its effects on natural
habitats areexacerbatedbythe lackofcomprehensive
land use policies and planning. Themost important
types of changes in land use to record are in the
balance between forest, dry land agriculture, and
irrigatedagriculture.Rain-fedagriculture,grazingand
degradedlandsarelikelytohavelargerlevelsofrainfall

runoff thanirrigated land,whichgenerallyhas inward-
sloping terraces that accumulate water. Likewise,
well-managed forests reducepeak flowsat themicro-
and lowermeso-scale.

The expansionofagriculture, forest exploitation and
population growth are causingmuch environmental
degradation.Within uplandwatersheds and below,
landslides and floods inflict much loss of life and
damage to property and infrastructure. Dam
constructioncan inundateriverinehabitats up-stream,
and alter seasonal flow regimes and natural
sedimentation processes downstream.Mining for
gold,gemsandotherminerals is anothermajor source
ofpollution inMyanmar.

Very few studies on carbon absorption capacity of
natural forest havebeen conducted. Species-specific
and ecological zone-specific data are still lacking.
There are some reliable data of carbon absorption
capacity of forest plantations in Myanmar. Most
conventional inventory data emphasized on the
commercial volume of the timber species
(dbh>20cm). Thus, the drymatter (biomass)-based
inventories forplanted species shouldbe carriedout.

Substantial areaof deforestationwas encountered in
Myanmar but the deforested area bydifferent causes
and land use change pattern cannot be traced.
Inventoryactivitieswith newapproaches to address
the deforestation, its causes and land use changes
shouldbe conducted. Forest fires are common indry
seasonofMyanmar.However,most are surface fires
and the litter (leaves and small twigs) are consumed
duringforest fires.Actualbiomassburningtakesplace
during land use change (shifting cultivation, land
clearing, etc.). Reliable data on types of fire, actual
areaburnt annuallyandemissionofgreenhousegases
are still lacking.

Satellite images and related skills are essential for
inventories. Different sectors and stakeholders
(Forestry,Agriculture,Mining)havebeenconducting
many inventory activities, but information sharing
between different sectors is crucial to make the
national GHG inventory comprehensive and
coordinated.

Source/Sink ktC

Quantity of biomass burned on
site and off site (Total)

on site 7,916

off site 7,416

Carbon released from decay of
above ground biomass 1,184

Carbon released from soil 8,240

Total annual carbon release
from the forest and

grassland conversion
17,340
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13.3. Financial Needs

Financial resources for climate change outreach
programs and activities are needed in Myanmar at
present.As a developing country, Myanmar needs
adequateandcontinuousfinancial assistancefromthe
developed nations for long-term research projects
on climate change. Myanmar’s contribution to the
mitigation ofand adaptation to global climate change
certainly depends to a great extent on transfer of
technologies and capacity building, as well as on
funding support from international governments,
NGOs and donor agencies.

Developing countries require substantial financial
assistancefor adaptation, technologycooperation and
mitigation. It is crucial to simplify access to the
diversity of international funding sources, vertical
funds, and investment opportunities, which pose a
heavyburdenondevelopingcountries thatareseeking
toenhancenationaldevelopment throughinternational
financing.

Due to financial resources so far, not much has been
done in Myanmar to raise the public awareness on
climate change issues.

Addressing climate change will require significant
changes in the patterns of investment and financial
flows. It mayneed to redirect investments and flows
from all sources to more sustainable climate-friendly
alternatives suchas scaling-upof internationalprivate
and public finance dedicated to investment in
mitigationoradaptationactivitiesor technologies, and
optimizing the allocation of the funds available by
spreading the risk across privateandpublic investors.
The UN system has an important role to play in
supporting and enabling developing countries to
participate in the carbon market and benefit from its
enormous potential as well as prepare for future
funding opportunities to catalyze climate action.
Myanmar should tryto get financial support from the
UN to address climate change in a number of critical
areas includingthe following.

Support for access to financing by
developing countries

Strengtheningnationalcapacityindeveloping
countries to assess investment and financial

flows to address climate change; creating an
online interface to assist developers of
adaptationprograms in screening, identifying
andaccessingadaptationfunding;casestudies
to help emerging economies assess the costs
and benefits of less carbon-intensive options,
examine financing sources and mechanisms
and identifycandidateprojectsandprograms;
case studies to help developing countries
particularly vulnerable to climate change,
assess the risks posed by climate change,
design better strategies to adapt and
understand the cost involved; development
of technical methodologies/tools and data
collection for specific sectors that facilitate
developing countries’ access to financial
resources byhelpingthem to meet eligibility/
verification criteria of financial mechanisms
(e.g. agriculture andforestry, energyoptions);
assistance to countries in combining/
sequencingGEF resources for policychange
and leveraging new sources of finance.

Support for development and access to
carbon markets

Developing the capacity of low-income
countries to access the CDM through the
Nairobi Framework; assisting developing
countries in leveraging carbon finance for
clean energy development and sustainable
land use practices; exploring a number of
avenues to deepen the reach of carbon
finance tosupport long-term,climate-friendly
investments (CarbonPartnershipFacility)and
harnessnewcarbonfinancepotentials (Forest
Carbon Partnership Facility); linking large-
scale ongoing tree planting and afforestation
programs in developing countries to carbon
credit schemes.

Support to leverage private sector
investment in activities addressing
climate change

Facilitating finance sector engagement in
climate mitigation by building financier
capacity and awareness, lowering the costs
and barriers of initial transactions, and
supporting the development of new financial
products that accelerate adoption of climate
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technologies and markets; equipping
financiers with the tools, support, and global
network; workingwith municipalities, small
and medium enterprises and other local
stakeholders to broaden public- private
partnerships and engage new actors.

Support to leverage finance for energy
efficiency and renewable energy

Mobilizing funds for greater energy access
and security, energy efficiency and clean
energy development projects in over 100
countries; improvingeffectiveness of public
financing in catalysing sustainable energy
sector growth; facilitating regional
cooperation on energyefficiencyfor climate
changemitigation.

Support to pilot innovative sources of
finance and market mechanisms

Development of a voluntary global
financial mechanism/portfolio approach/forest
financing framework for all types of forests
to support the implementation of the Non-
Legally Binding Instrument onAll Types of
Forests and the achievement of the Global
Objectives on Forests; support of efforts to
customize new insurance and re-insurance
products for catastrophic and climate-related
risks and expand their reach; promotion of
Payment for Environmental Services as an
incentive forcarbon sequestration/mitigation
at thecommunitylevel.

Mobilize new and innovative
concessional finance

A new Climate Investment Funds (CIF)
portfoliowithanexpectedcapitalizationofabout
US$ 6 billion, to build on progress made by
many of the developing countries, with the
objectives of scaling up investments in low-
carbon technologies, and supporting various
programs to test innovative approaches to
climateaction,includingforadaptation,forestry
andrenewableenergy.

Project concept notes on GHG mitigation and
adaptation projects for financing
Myanmar, as a developing country, is under no
obligation to quantified reduction or limitation of
greenhouse gas emission. However, Myanmar has
made positive contributions to relieving the increase
of greenhouse gas emission and protecting global
climatebyadjustingitseconomicstructure, improving
its energy efficiency, developing and using
hydropower and other renewable energy.

Myanmar’s forest sector plays an important role in
GHG emission/reduction processes - partlybecause
the forests can be carbon sinks if properlymanaged,
and partlybecause the forests can be source of GHG
emissionsdue todeforestation.Developedmitigation
strategies aim at reducing carbon emission and
increasingcarbon sequestration in the forestrysector
of Myanmar. Both short-term and long-term
considerations are taken into account to determine
the effective mitigation strategies to achieve the
sustainablecarbonsequestrationandsocio-economic
responses.

Diverting unwanted agricultural residues to become
energy resource supplements for use in agricultural
production would reduce demand pressures on
energysources available in the country.

Most of the livestock farmers only focus on low-
profile feedingstrategies, and the nutritional status of
livestock especiallyfor dairycattle are usuallygiven
only sub-maintenance ration when they are in dry
period.

Expandingurbanizationand growth in thenumberof
private vehicles have degraded air quality due to
smokeandgasemissions, includingoxidesofnitrogen
and carbon. Knowledge of different options in the
energy balance within the transport sector and their
relationship to the overall energy balance in the
countrywill assist in the formulation of policies and
strategies for achieving sustainable energy
development. The most important actions tomitigate
GHG emissions during the period (2000-2030) are
economic and effective use of energy and use of
renewable energy.
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In Myanmar,most of the municipal waste was buried
in landfills and some amount of landfills increased to
create urban land. Allocation of waste treatment
expenses to the waste producers (volume-based
wastefeesystem),efficientmanagementoffoodwaste
and food waste policies for minimizing waste are
needed.

Since the national inventories of GHGs indicate that
the energy, forestry, land-use and agriculture sectors
dominate the GHG emissions in Myanmar, the
identification and analyses of mitigation options and
abatement projects are focused on these sectors.
Based on the year 2000 GHG inventory, fifteen
abatement project profiles on GHG mitigation and
adaptation are identified in Myanmar. (seeAnnex I)

13.4. Technical Needs: Mitigation &
Adaptation

Technology needs for mitigation of climate
change

Updated and improved cost-effective mitigation
options assessment for CO2, N2O, CH4, and new
assessment of mitigation options for CO, NOx,
NMVC(Non-Methane Volatile Compound), SO2,
HFCs, PFCs and SF6 for the year 2000, including
appropriatemitigation technologies,are needed.Lack
of legal and economic instruments for mitigation
measures, lack of a national strategy for GHG
mitigation,andlackoftechnicalcapacityinquantitative
mitigation options analysis, including application of
relevant methodologies as well as capacity-building
are undoubtedly obvious. Technical capacity to
effectivelyintegrate V&A assessment and mitigation
options analysis into sustainable development
programs, and hence to develop national adaptation
andmitigationprogramsofactionisstill lacking.Under
theALGAS project, a number of mitigation options
have been identified for GHG emission reduction in
the followingsectors: energy,agriculture and landuse
and forestry,but largelyina rather qualitative manner.

Technology needs for adaptation to climate
change
Lack of cost-effective analysis of various adaptation
options, including adaptation technologies, lack of

national strategy and action plan for adaptation to
climate change and its related disaster prevention,
preparedness and management and lack of local
expertise in the field of vulnerabilityand adaptation
(V&A) assessment and integrated assessment
(including assessment modeling) are the same as in
themitigation.StudiesonthevulnerabilityofMyanmar
toclimatechangehadnotbeenundertakenpreviously,
and hence adaptation strategy or action plans had
not been developed.

RecognizingthatlittleworkhasbeendoneinMyanmar
toconductvulnerabilityassessment,allselectedpriority
areaswill requireparticipatoryrapidappraisals (PRAs)
withtheaimofcollectinginformationonvulnerabilities
to climatechange, copingmeasures currentlyin place
andpossibleadaptationmeasures.Theobjectiveof the
PRA will be to identifyvulnerabilityto the impacts of
climate change, coping measures and adaptation to
climatechangeandcriteriaforselectingprioritycoping
andadaptationactivities, specificallyon thefollowing
sectors: water resources, coastal zones, agriculture,
forests,biodiversity,energy,transport,industryandpublic
health.

Adaptation measures that can be considered include
installationofbetterstoragefacilities,drought resistant
crops, effective pest and disease control programs,
and generally improved agronomic practices. Other
coping options that maybe appropriate for Myanmar
are: improvedirrigationefficiency;cropdiversification,
improvement in agricultural extension services; and
research and development on new drought-resistant
crops. Cost-effective technological and policy
adaptation measures that are appropriate to Myanmar
should be identified. The barriers for the adoption
and implementationof these measures shouldalso be
highlighted.

Policies onclimate change adaptation arestill needed
to be addressed. Progress in the field of climate
change related assessments is insufficient to obtain
up-to-date situation in many aspects. There is an
inadequateanalysisof existingdata bylocal expertise,
such as climate variation due to ENSO event.
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Inadequate computersandinternet access, inadequate
informationnetworking, limited internet facility(both
withinandoutsidethecountry), limitedclimatechange
related information to function as a clearing house,
and limited practice of sharing information among
departmentalpersonnel aremost commonlyobvious.
Insufficient training, informationandlackofexperience
on ESTIS (EnvironmentallySoundTechnologies on
InformationSystem)arealsoconstraints inthis regard.

The hydro-meteorological data sets provide a long-
term baseline against which the impact of change in
land use and land management on water qualityand
quantitycanbe measured. This is an important source
of information for understanding the impact of
processes and of changes in these processes. This
information reinforcesmuchof theknowledgealready
available on the intensityand distribution of rainfall.
Such information is useful for other researchers, in
particular, for understanding issues related to global
climate change.

Assessment on the development and transfer of
environmentallysound technologies (ESTs) has been
initiated in Myanmar and the assessment on the
Research and Systematic Observation should be
promoted.

Traditional water management system can no longer
meet the requirements of the market economy.Thus,
watermanagementsystem,includingtheestablishment
of a high-level national agency for water resources
management has alreadybeen formed. The available
information on adverse effects of climate change in
Myanmar could be compiled, synthesized and
analyzed, including trendanalysis in temperature and
precipitation patterns as well as sea-level rise and
frequency of extreme weather events.

Research by the Department of Meteorology and
Hydrology shows that climate change has affected
the onset and the duration of monsoon rainfall, and
this wouldhave significant implications for the water
resources of Myanmar. In addition, the melting of
Himalayan glaciers would affect the future water
supply to the rivers: Ayeyarwady, Chindwin and
Thanlwin. The impacts of climate change on water
resources and its associated impacts should be

assessedinanintegratedmanner.Adaptationmeasures
for water scarcity and drought include water supply
and demand management, improved watershed
management, water conservation and increased
storage of water. The proposed NAPAwill review
recommended adaptation measures and suggest
priorityoptions for near-term implementation.

To enhance the systematic observation and research
activities, technical/ financial/ expertise support will
be certainly necessary from various international/
regionalorganizations.

Myanmar needs to replace the existing conventional
instrumentswiththeautomatic/digitaloneswhichwill
significantlyreducemanualoperation, andassessment
of data will be carried out and transmitted to targeted
pointsoncontrolbuttons.Humancapacitydevelopment
needs simultaneous undertaking so that the usual
informationofWMO/IPCCstandardmaybefollowed
innotime.Climatechangeinformationnetworkshould
bestrengthenednationally/regionallyandinternationally.
Thismaybeachieved phase byphase.

Researchworksof climatechangewillbe particularly
focused on El Nino–Southern Oscillation (ENSO),
tropical stormsandassociatedhazardsanddroughts in
Myanmar. Cross-cutting issues of climate impacts on
various key national economic sectors, such as
agriculture, forest, health, fisheries, energy, transport,
universitiesandrelatedagenciesnecessitatestrengthening
humanresourcesin theseareas.

Myanmarhassignedsome30internationalandregional
environmental treaties andconventions, including the
following:

(i) Vienna Convention for the Protection of the
Ozone Layer (1985) (ratified on 24
November 1993);

(ii) Montreal Protocol on Substances that
Deplete the Ozone Layer (1987) (ratified on
24 November 1993) and its London
Amendment (1990) (ratified on 24
November 1993);

(iii) United Nations Framework Convention on
Climate Change (UNFCCC) (ratified on 25
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agreements, includingtheUNFCCC,areprominent
barriers.

Human capacity and climate change information
network shouldbe strengthened nationally/regionally
and internationally. Capacity development in the
Department of Meteorology and Hydrology,
universities and related institutions in the context of
climate change is urgentlyneeded.

Training needs for the development of
greenhouse gases inventory
Capacitybuilding in IPCC- methodologies for GHG-
inventoryis still verymuch needed. It is also urgently
needed in V&A assessment, including training on
relevant methodologies. Limited human and
institutional capacities in assessing, evaluating and
verifyingESTs,andinadequatehumanandinstitutional
capacities inclimatedatamonitoringareevident.Apart
from some experiences gained from the participation
in the ALGAS project on GHG-inventory and
mitigationoptionsanalysis,Myanmarhasverylimited
human, scientific, technical, technological,
organizational, institutional and resource capabilities
that the countryrequires to fulfill its commitments to
the Convention.

The following needs for capacitybuildinghave been
identified during the informal stakeholders’
consultationmeeting:

 There is a need for a continuing training and
capacitybuilding program that covers all
major aspects relating to climate change at
educational, scientific, technical,
technological (mitigation &adaptation),
legal and policylevels, both nationallyand
locally;

 Regular participation in regional and
international forumsto share information
and experiences;

 Training inV&Aassessment in the
followingsectors: coastal zone(including
tidal movement and sea level
measurements), marine resources and coral
reefs, forestry, agriculture and waste
management;

 Capacitybuildingin identifying, evaluating
and verifying appropriate and
environmentallysound technologies;

November 1994) and its Kyoto Protocol
(acceded on 13August 2003);

(iv) Convention on Biological Diversity (CBD)
(ratifiedon25November1994)andBiosafety
Protocol (signed on 11 May2001);

(v) United Nations Convention to Combat
Desertification(UNCCD)(ratifiedon2January
1997);

(vi) StockholmConventiononPersistentOrganic
Pollutants (accededon18April2004);

(vii)Convention for International Trade in
Endangered Species ofWild Fauna andFlora
(acceded on 13 June 1997);

(viii)TheConventionfortheProtectionoftheWorld
Culture and Natural Heritage (1972) (ratified
on 29April 1994);

(ix) UnitedNationsConventionon the Lawof the
Sea (ratified on 21 May1996);

(x) InternationalTropicalTimberAgreement(ITTA)
(ratifiedon31January1996);

(xi) ASEANAgreementonTransboundaryHaze
Pollution (ratified on 13 March 2003) (the
Agreemententeredintoforceon25November
2003); Myanmar has participated in the
National Performance Assessment and
Strategic Environment Framework (SEF II)
of Greater Mekong Subregion (GMS)project
incollaborationwithADB,GEF,UNEP,IGES
andNIES.TheSEFIIproject, initiatedin2003,
aimstopromotesustainabledevelopmentinthe
GMS through the creation of national and
subregional environmental performance
assessment system,aswell asdevelopmentof
national and subregional capacities for
implementingsuchassessment.

13.5. Needs for Capacity Building

An overview of capacity needs
Limitedcapacityatalllevels(human,scientific,technical,
technological,organizational, institutionalandresource
capabilities) relating toclimate change issues, limited
capacity in climatechangenegotiation,limitedcapacity
in preparation of climate change projects for bilateral
andmultilateralfunding,limitedcapacityinassessingthe
impacts ofboth technological and policymeasures for
mitigationandadaptation,andlimitedcapacityineffective
implementationofvariousmultilateral environmental
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 Capacitybuilding in assessment of the
impacts of both technological and policy
measures for mitigation and adaptation;

 Training of legal officers and policymakers;
 Improvementininternationalnegotiationskills;

Initiating programs of school education and
public awareness on climate change
There are a few of outreach materials (especially in
Myanmar language) on climate change issues for
different target groups (general public, community,
especially for children and young people, policy-
makers and private sector). The need to introduce or
strengthen climate change science at the primary,
secondary and post- secondary levels and through
non-formalpubliceducation.Inschool leveleducation,
it is preferable to integrate environmental issues into
existingsubjects inthecurricula, ratherthanattempting
to introduce environment as a separate subject.

Diagrams and illustrations should be considerably
improved, both in qualityand quantity, especially in
the text books prescribed for the primary and lower
secondary levels. Learning materials other than text
books, such as handbooks, supplementary readers’
and audio-visual aids need to be prepared for school
teaching programs. Findings of climate change
researchcarriedout inuniversitiesandotherinstitutions
need to be continuallymade available in appropriate
form for use byschoolteachers.

It isdesirable for practical activitiesonclimatechange
and environmental studies to be based as far as
possible on traditional conservation practices, and to
involve interaction of schoolchildren with local
villagers so that theycan understand the issues.Public
education, awareness, and training programs need to
be conducted on a large scale throughout the country
with particular emphasis on areas of critical concern
such as pollution, natural resources depletion and
global climate change.

Formulation of the communication network
among researchers, institutions and policy
makers
Climatechangepolicy, strategyand programs,as well
as the integration of this policy and strategy into
sustainabledevelopmentareneeded.Althoughthereare

some public awareness activities on climate change
issues,includingclimate-induceddisasterpreparedness,
itisaneedtostrengthencommunityeducationonclimate
change anddisasterpreparedness.

Enforcement of policymeasures to integrate climate
change concerns into national long-term socio-
economic and environmental planning is imperative.
The ex-sectoral policyconflicts often occur because
of inadequate consultation between responsible
agencies although these policies have significant
interfaces. Adequate consultation between the
concerned sectors for the harmonization of ex-
sectoralpolicies iscritical.Admittedly,communication
network among researchers, various institutions and
policymakers is essential.

There is also a lack of a need-based working system
as a strong and demanding unit which could ensure
linkages between land use capability, land carrying
capacities, resource production, forest industries and
marketing and integration of the forestrysector with
allother relatedsectorsof theeconomyso that forestry
planning would contribute effectively to the overall
planning process of the Government. Institutional
weaknessesneedingpriorityattention includestrategic
planning and policyanalysis, resource management,
environmental impact assessment, biological and
economic research, forestry extension and
establishment of inter-sectoral linkages.

Buildingupofacriticalmassofhumanresourceswith
required skills, therefore, is a basic need for any
progressintheinstitutionalframework.Theformulated
NationalEnvironmentalPolicyhaselevated theprofile
of environmental consideration in the country. The
Policy calls for harmony and balance between
environmentanddevelopment throughthe integration
of environmental considerations into development
process and it forms the basis for developing
environmental strategies, programs and plans.
Moreover,MyanmarhaspromulgatedEnvironmental
Conservation Law in 2012.

Climate change is a sustainable development issue
that links to all socio-economic and environmental
sectors. Myanmar has undertaken a few activities
relating to other Multilateral Environmental
Agreements (MEAs). Although Myanmar has
prepared its national Agenda 21, the issue on the
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integrationofclimatechangeconcerns intosustainable
development plans and programs still remains to be
addressed effectively. Indeed, the public awareness
on climate change in the country is low at all levels.
Access toand the use of information technologysuch
asinternetwillbeessential toensureefficientexchange
and sharing of information both within and outside
the country. Information networking is an important
activity in anyproject cycle.

13.6. Activities for Overcoming Gaps

Attemptshavebeenmade toestimateGHGemissions
from slash and burn, especially in rural areas for the
year 2000. Both the reference and the sectoral
(bottom-up) approaches were used to estimate CO2
fuel combustion emissions as recommended by the
Guidelines.

The activity data of hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs) and sulphur hexafluoride
(SF6 ), which are controlled by the Kyoto Protocol,
have also been collected for the same base year
whereavailable.An improvedfactorofCO2 emission/
sink from/to soils in Land-Use Change and Forestry
in the region with similar conditions to Myanmar has
been assessed and identified, as well as methane
emission factor from rice fields andagricultural soils,
withaviewtoreducingtheuncertaintiesandenhancing
the data quality in these sources and sinks.

As far as capacity-building is concerned, it would be
appropriate to maximize the synergies for
implementing the United Nations Framework
Convention on Climate Change (UNFCCC) and
other global environmental agreements, such as
ConventiononBiologicalDiversity(CBD)andUnited
Nations Convention to Combat Desertification
(UNCCD). The National Capacity Needs Self-
Assessment for Global Environmental management
(NCSA) project would provide a good basis for such
synergies. In addition, a Capacity-Building Strategy
thathighlights the prioritiesand options, including the
development of South-South capacity building
programs,willbedeveloped.
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Chapter 14

Conclusions and Recommendations

Systematic observations of the climatic and
hydrological data collected at 162 observatory
stations set up across the country by DMH have
disclosedthat theclimatechangehasbecomeapparent
in Myanmar since year 1977: the areas with higher
latitudes in northern and central parts of the country
have experienced a trend of change from warming to
cooling starting from 1977; there has been a general
warming trend of mean annual temperatures in the
whole countrysince 1979; the annual precipitations
in most of the Regions and States have decreasing
trend; coastal areas have been hit bycyclones every
year since 2002 (except 2005); onset of southwest
monsoon has become late and its withdrawal early.
In consequence, the country has been facing
increasingly the adverse impacts of climate change
year by year.

Myanmar is still rich in natural resources. However,
manyhave been depleting, due to exploitation in an
unsustainable manner. To make the situation worse,
the adverse impacts of the climate change speed up
the resource depletion and disrupt the livelihoods of
the grassroots poor, farmers in particular, who are
dependent on agriculture, fisheries, livestock and
forestry all of which are very vulnerable to climate
extremes. The Cyclone Nargis in 2008 has verywell
demonstrated how vulnerable the country and the
people are to the effects of the climate change.

Myanmar has proved more than being a carbon sink
nation, with a net removal of 67,863 Gg CO2e in
2000, which had been made possible by the vast
forest resources. Thus, it is of vital importance that
the forest resources, the only source of carbon sink
and reservoir, are sustainably managed in order not
to reverse the current trend of the carbon flow.

During the recent decades, in the process of
developing national economyfollowing the market-
oriented economic system, the Government of
Myanmar has accomplished a sizeable number of
measures contributing tomitigationof andadaptation
toclimate change, like promoting re-afforestation and
forest conservation programs, encouraging
conservation agriculture, improving livestock
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management , fuel switchingfrompetroleumtoCNG,
rapidly developing renewable energy sources such
as hydro-, solar- and wind- powers. Still, a lot more
remain to be done in the face of the changing climate.
To successfullyaddress this issue thereare limitations
toovercomein termsof finance,facilities, institutions,
human capacities, public education and awareness.

To ensure the national socio-economic development
continueundisturbed, the followingrecommendation
have been identified, based on the findings of the
thematicgroupsinvolvedin theINCproject, for timely
implementation inorder toaddress theclimatechange
concerns that are happening and projected to happen
in the Republic of the Union of Myanmar:

Energy and Transport

1. Energy efficiency and conservation, and
increaseduseoflessenergyintensiveproducts
should be promoted.

2. Environmentalstandardsforenergyefficiency
should be set and efficiency grades labeled
on products.

3. Development of renewable energyresources
such as hydropower, biomass, and wind and
solar powers should be encouraged.

4. To reduce GHG emission from the transport
sector, maintenance of good road networks
and fuel switching from petroleum to CNG
should be expedited and CNG pipelines and
stations expanded.

5. Gasification from rice husk, saw dust,
agricultural residues and wastes should be
encouraged.

6. Development of alternative fuels and
increased use of energy efficient cooking
stoves are to be highly prioritized to reduce
the need for wood-fuel.
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7. Tap all potential power sources including
renewable energy for increased power
generationandutilization.

8. Bio-energy production from all available
sources should be promoted without
compromising food securityand viabilityof
forests and soils.

9. Upgrade existing power-generation and
transmissionsystems.

10. Improve roads and road networks, traffic
demand management and all transport
modes.

11. Makeallpublic transportsmoreattractiveand
affordable.

12. Light-emitting diodesshould be increasingly
usedfor traffic lighting.

13. Energyaudit should be performed

14. Raise public awareness on GHG emission
reduction and energyconservation.

15. Buildinstitutionalcapacitytomonitorambient
air quality.

Industrial processes

1. Power supply from the national grid should
be continuous and reliable.

2. Industrial zones should introduce GHG
emission reduction measures such as
installationofindividualorcentralwastewater
treatment system, replacement of fossil-fuel
engines with low-carbon fuel engines in
transportation vehicles.

3. Industries should have improved access to
updated EST information so as to help the
industries identifythetechnologiesmostsuited
to them

4. Theboilers,ventilationsystem, factorylayout
and waste disposablesystem in manyfactory
and plants should be substantiallyupgraded.

5. Renewable energyresources, efficiencyand
conservation in energyuse, fuel switching to
CNG, cost-effective EST and good house-
keeping practices in industries and buildings
are to be improved.

6. Eco-housing and eco-transportation to save
energy and raw materials initiated by the
private sector should be encouraged.

7. Sethighenergyefficiencyandenvironmental
standards. Conduct at each industry
EfficiencyAudit andprovidegreen labelsand
tax benefitsto the industry and the product
that meet the set standards.

8. Further promote the use of CNG, LPG and
renewable energies byproviding incentives.

9. Introduce energy-saving and process-
specific technologies.

10. Initiate the development of carbon capture
and storage for energy-intensive plants.

11. Implement energy-saving regulations and
improved energymanagement systems.

12. Construct buildings with designs to increase
cross ventilation, prevent direct sunlight in
the afternoon and reduce heat gains with
shade covers.

13. Advocateextensivelyconservationof energy
and utilizationof cleaner energy.

Agriculture and Livestock

Agriculture

1. In rice cultivation , intermitted irrigation with
intervals should be conducted rather than
continuous flooding.

2. Sulfur-containing fertilizers, slow release
nitrogenfertilizers,nitrification inhibitorsand
gypsum should be used instead of urea to
mitigate CH4 emission without affecting
yields.
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3. The selection of high yielding rice cultivars
with low CH4emission potential could be a
promisingstrategyto mitigate CH4 emission.

4. Compost making and organic agriculture
should be encouraged to reduce GHG
emissions frombiomassburningin the fields.

5. Tillage should be reduced and crop rotation
practiced in rice fields.

6. “Conservation Agriculture”, “Sloping
Agricultural Land Technology” and other
climatefriendlyadvancedtechnologiesshould
be promoted.

7. Water, crop and crop residue management
should be improved.

8. Organic farmingandbio-fertilizer use should
be promoted and the use of chemical
fertilizers reduced.

9. Fertilizers and pesticides must be applied
properly.

10.Farm management including post-harvest,
processing and storage needs improvement.

11. High-quality and stress-resistant plant
varieties shouldbeused and climate-resilient
agriculture ensured.

12. Water impoundment systems should be
expanded through clusters of smaller dams,
ponds, lakes and rain water collections.

13. Dry-land agricultural technologies should be
promoted.

14. More investment is recommended to
strengthen climate risk reduction measures.

Livestock

1. Livestock extension services need to be
strengthened.

2. Supplementary feeding of urea molasses
blocks and treatment of straw with urea to

dairy cattle should be promoted to reduce
CH4 emissions from enteric fermentation.

3. Access to advanced livestock breeding
technologies is to be improved.

4. Improved nutritive value and digestibilityof
diet and provision of correct “energy to
protein” ratio in the diet should be ensured in
order to reduce methane emission from
enteric fermentation.

5. Recycling of manure for biogas production
and makingcompost from manure should be
promoted.

6. Improvedgeneticvarietiesandimprovedfeed
conversionefficiencyshouldbegiven priority
in livestock farming.

7. Pasture, grassland, and forage and its quality
should be improved.

8. The use and management of animal waste to
harvest producer gas and to use gasification

9. Fermentation-controlmedicine, fermentation
stabilizers and micro-organism repressors
should be added to animal diets.

Land use change and forestry

1. Re-afforestation programs should be
strengthened and the forest ecosystems
managed in a sustainable manner.

2. Private sector involvement in establishment
of forest plantation should be encouraged
to enhance forest restoration and restore
environmentalbalance.

3. Natural forest conservation and management
with the participation of the private sector
should be strengthened.

4. Communityforestryshould be widely
advocated and expanded.
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5. Activities based on CDM, REDD+ projects
and LULUCF projects could be introduced
as mitigation measures.

6. EIA and cost-benefit analysis should be
conducted prior to anymajor forest land use
changes.

7. Forest fire management should be
strengthened.

8. Environmental awareness on forest
conservation and utilization should be
promoted.

9. Integrated land use practice among the
relevant sectors should be enhanced.

10. Forest laws and regulations should be
enforced more effectively.

Waste

1. Open-dumping sites need to be properly
designed so that emergence of anaerobic
condition will be checked.

2. Controlled incineration should be encouraged.

3. Toxic and hazardous wastewater from
industries should be treated properlyto avoid
environmentalpollution.

4. Waste-to-Energy power plants for waste
combustion in the major cities should be
installed and operated.

5. Producerresponsibilitysystem,volume-based
waste fee system or polluter pay system
should be exercised.

6. Recyclable and reusable materials should be
used for packaging.

7. The practice of reducing, recycling and
reusing of various items of waste should be
encouraged.

8. A database onwaste generation, disposal and
treatment forbothsolidwasteandwastewater
should be created.

9. Biological treatment of organic solid waste
should be promoted.

10. Waste should be categorized and disposed
properlyat designated landfills.

11. The use of polyethylene plastic bags must be
discouraged.

12. Waste treatment facilities, e.g. landfill,
composting and controlled incinerating
burning, should be expanded.

13. Market opportunities for recycled waste
products should be promoted.

14. Public awareness on proper waste
management (generation and disposal)
should be raised.

Meteorology and Hydrology

1. The possible extent of water stress and its
likely impact on water availabilityand use
should be studied.

2. The possible impacts of rising temperature
onhumanhealth,agriculture,water resources,
etc. should be observed and investigated.

3. Preparation and distribution of user friendly
public informationon extreme weather
events should be improved both
qualitativelyandquantitatively.

4. More observing stations should be opened
toensureevendistributionalloverthecountry
and to enable to observe climate in remote
and hilly areas. The stations should be
equipped with digital sensors andAWOS.

5. Preventive measures against heat stress and
water stress should be undertaken not only
in El Nino years but also in the preceding and
following years of El Nino events.
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6. Multi-hazard Early Warning Center under
DMH must be upgraded to ensure the timely
issuance of hazard warnings and bulletins as
required.

7. Disaster risk reduction should be prioritized
as Myanmar is vulnerable to climate change-
related natural disasters.

8. Daily and seasonal weather forecasting
should be strengthened.

Environmentally Sound Technologies

1. Informationonpollutionproblemsarisingfrom
gaseous wastes, waste water and solid
wastes are to be made available through
regularmonitoring.

2. Awareness raisingcampaignsonESTsshould
be increasingly conducted for industries in
both public and private sectors.

3. Theestablishmentofa user friendlydata base
for EST is essential for the development and
transfer of ESTs to Myanmar public.

4. EST Information System (ESTIS) should be
installed. Capacity building for ESTIS,
particularly on-the-job training must be
strengthended.

Capacity Building

1. Capacities in MOECAF, DMH, universities
and related institutions concerning climate
change should be enhanced.

2. Human resource development in key
economic sectors should be promoted to
manage climate-related cross cutting issues
and their impacts.

3. Training of trainers in the context of climate
change should be carried out from time to
time.

4. New generations of climatologists and
meteorologists, agro-meteorologists,

hydrologists, environmentalists, biologists,
etc., should be developed.

5. Various environmental organizations should
be given opportunities for capacitybuilding
to ensure competency to cope with climate
change issues.

6. Public awareness campaigns on climate
change and adaptation strategies should be
launchedfromtimeto time,andNGOsshould
also be involved in such campaigns.

7. Technical andtechnologicalcapabilities in the
use of ICT should be strengthened in tackling
the climate change issues, and ICT trainings
shouldbe increasinglyorganized on a regular
basis to update and upgrade the local ICT
experts.

8. Climate-oriented conferences, seminars,
workshops and networking as well as
negotiation skills for securing necessary
financial and technical support for addressing
climate change issues should be promoted.

9. Technologies and related trainings on global
warming and climate change issues, such as
clean development mechanism (CDM),
power generation from renewable energy
resources should be identified as the priority
capacity-building needs.

Institution

1. Basicinfrastructure inindustriesofbothpublic
and private should be improved.

2. The existing conventional instruments at the
DMH stations must be replaced with
automatic/ digital ones.

3. In order to avoid data loss, it is essential to
establish a centre for data archiving.

4. Data sources on which to base GHG
inventoryshouldbestrengthened inorder that
the GHG estimates are more reliable.
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5. A new ministry should be established to
manage the environmental affairs more
efficientlyandeffectively.

6. A fund raisingmechanism should be created
for mitigation and adaptation of climate
change issues.

Research and development

1. Demonstration projects and R&D on
technological innovationshouldbepromoted.

2. Research works on ESTs and alternative
fossil fuel -saving technologies should be
promoted with greater investment.

3. Research and development relating to
vulnerabilityandadaptation(V&A)toclimate
change has been initiated in the agriculture,
livestock, fisheries and health sectors. R&D
in these sectors should be promoted.

4. Research activities on climate matters are to
be encouraged and networking should be
established among higher education
institutions.

5. Climate researchshouldparticularlyfocuson
theareasofclimatevariability,climatechange,
tropical storms,droughtsandEl Nino, ENSO
and La Nina in Myanmar.

6. Myanmar should participate in the
development of regional systematic
observation system.

7. Participation of Myanmar researchers and
field staff, including station managers, in
regionalandinternational trainingworkshops,
seminars, forumsandother relevantmeetings
should be further promoted.

8. A climate change research centre or a
research division under a research institute
or attached to a government department
should be established to continuously
generate competent scientists, conduct
national GHG inventories, monitor climate

changeandsuggestmitigationandadaptation
measures.

Legal framework

1. GHGmitigationstrategiesshouldnothaveany
negative effectson energysecurityandon the
advancement of socio-economic
development of the country.

2. While financial andtechnical support, aswell
as incentives will be needed for the wider
application of the ESTs in the industries, an
environmental policymayhelp promote the
transfer and application of the ESTs.

3. A National strategic plan of Research and
SystematicObservationwithspecial focuson
climate change, tropical storm and drought
should be developed.

4. Institutional capacity, clear policyguidance,
investment strategy and incentive system
shouldbeenhancedtomitigateGHGemission
from all sectors.

5. National Land UsePlan should be developed
and implemented as a priority.

6. EIA rules and regulations should be enacted
as matters of urgency.

Finance

1. Financial support for technologyand human
resource development is in need of
strengthening.

2. To enhance the systematic observation and
research activities, technical and financial
support will be necessary from various
international andregional organizations.

3. Financial and technical resources used for
promotingclimatechangeinformationsharing
and networking should be considered as
promisinginvestments.

4. Regional and internationalsupports shouldbe
mobilizedtofinanceclimatechangemitigation
and adaptation measures.

2011
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5. Payment for environmental services system
as well as polluter pay system should be
developed.

Networking

1. Networking within the country and with
relevant regional and international
organizations shouldbe further strengthened.

2. Information exchange among departmental
personnel needs to be enhanced.

3. Cooperation with regional, international and
UN organizations on climate change matters
should be promoted.

4. Climate change information networks, being
essential for promoting climate change
informationexchangeaswellasforenhancing
cooperation and coordination among the
stakeholders, should be established at all
levels.

MOECAF

1. MOECAF is well placed to undertake the
task of coordinating line ministries and
ensuring the integration of climate change
concerns into the national and sectoral
development plans and programs.

2. MOECAF should be strengthened to be able
tocoordinateandcooperateamongministries
and agencies for the integration of
environment and developmentat all levels.

3. MOECAF should coordinate and manage
the EIAprocess in Myanmar. Therefore, it
should be restructured and significantly
strengthened in order to be able to carry
out this task.

4. MOECAF should be empowered to ensure
theintegrationandmonitortheimplementation
at all levels and in all localities relating to
environmentalaffairs.
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Abatement Project Profiles on GHG mitigation and adaptation in Myanmar

Project No 1

Project Title: Rural Electrification Through Bio-energy

Project Brief/ Introduction: The proposal is a request for project development support. Funds from the
grant will be used to conduct the necessary pro-investment activities to develop a pilot bioelectricity project.
The expected outputs of the project development activities are:
(i)an evaluation of resource availability, demand for energy, and manpower availability;
(ii)identification of location and size of the pilot project;
(iii)assessment of the project GHGs abatement potential;
(iv)estimation of both the incremental costs and the total budget for the project;
(v)identification of sourcesof baseline funding;
(vi)developmentoftheinstitutionalandorganizationalstructuresforplanning,design,implementation,management
and monitoring of the project;
(vii)participation of local community, private, and public sector; and
(viii)identification of barriers to bio-energyand measures to overcome them.Based on the results of the project
development activities, a pilot project will be detailed for implementation. It intends to cover five villages in the
Kachin State ofnorthern Myanmar with a total population of 20,000.The pilot project will contain the following
major components:
(i)Design and installation of a 1MW bioelectricitysystem.
(ii)Formulation of the organizational and institutional arrangements for the operation and management of the
system.
(iii)Monitoringand verificationofGHGs emissions.
(iv)Development of the necessary institutional arrangements for the large-scale dissemination of bioelectricity
technology.
(v)Development of sustainable biomass feedstock production.

Project Baseline: The baseline involves the use of diesel oil for power generation and the use of kerosene for
residential lighting.

Project Objectives: The principal goals of the project are to:(i)achieve large scale dissemination of bio-
energy technologyfor rural electrification,(ii)reduce GHGs emissions,(iii)install as pilot project a 1 MW bio-
energysystem, and(iv)demonstrate the operational and functional viabilityof a bio-energysystem.

Global Environmental Benefits: It is estimated that 1 MWh of bioelectricity substituting for 1 MWh of
electricitygenerated from a diesel-fired power plant leads to carbon emissions reduction of 0.88-1.3 tonnes of
CO2. Therefore, a 1 MW capacity biomass gasifier system, if operated at 75 percent capacity, can mitigate
4,404 – 6,606 tonnes of CO2 annually, and from 132,120 – 198,180 tonnes of CO2 over the expected 30
year lifetime of the pilot project. The mitigation potential of bioelectricity as a substitute for kerosene home
lighting has not been estimated.
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OtherSocialandEnvironmental Impacts:Additionalenvironmentalbenefitsoftheprojectare the reclamation
of degraded land, the protection of valuablewatershed zones, and the conservationof biodiversity. Furthermore,
significant employment opportunities will be generated to assist in growingand processing wood, as well as in
the operation and maintenance of the system.

Implementation Plan/ Duration:With project development support, a pilot bioelectricity project will be
designed for implementation in the Kachin State of Myanmar. With lessons learned from the pilot project and
the establishment of institutional arrangements, a program maybe developed to disseminate the bioelectricity
technology on a large-scale.

Agency: Ministryof Environmental Conservation and Forestry

Cost: US $ 120,000 for project development support

Source:ALGAS Project Report

Project No 2

Project Title: Dissemination of Biogas Technology for GHGs Emissions Reduction

Project Brief/ Introduction:The full project will promote the use of biogas in rice growing areas of Shan
State byinstalling 1,000 biogas plants as a demonstration project in selected villages. The project development
activitieswill include:
(i)Identification of exact locations for the 1,000 biogas plants that will be constructed.
(ii)Preparation ofa technical design packagefor each biogas plant, cookinggas system andelectricitygeneration
system.
(iii)Formulationofaninstitutionalarrangementforproject implementation,operation,managementandmonitoring.
(iv)Creation of awareness and training programs for village community members and other potential players
such as NGOs and government staff.
(v)Preparation of a detailed budget byactivity for the full project and estimation of the incremental costs.
(vi)Organization of meetings to bring biogas plant builders and manufacturers together.
(vii)Formation of a well defined project proposal for international funding.

Project Baseline:The base line for the biogas project is the continued use of unfermented manure as fertilizer
for rice production, kerosene for lighting, and firewood for cooking.

Project Objectives:The main objectives of the project are to:
(i)Demonstrate theadvantageofbiogassludgefertilizerhasoverunfermentedorganicmanurefor riceproduction
and methaneemissions reduction.
(ii)Substitute fuelwood with biogas as a cooking fuel in order to help reduce deforestation.
(iii)Provide decentralized biogas electricity to village communities, substituting for kerosene, thus providing a
reliable source of electricityand improving the living standards of village people.
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Global environmental benefits: The greenhousegas mitigation potential of biogas sludge fertilizer compared
to unfermented organic fertilizer is 0.072 tonne of methane per ha per year or 1.5 tonnes of CO2 equivalent per
ha per year.The 1,000 biogas plants will produce biogas sludge fertilizer for 6,000 ha, resulting in 430 tonnes
of methane emissions reduction per year or 9,000 tonnes of CO2 equivalent reduction per year. Furthermore,
if 70 percent of the biogas generated is used for cooking and 30 percent for lighting, the biogas will replace 22
tonnes of fuelwood and 1,500 liters of kerosene per year. This will also lead to carbon emissions reduction by
reducing the use of fuelwood and kerosene, as well as conserving forest sinks.

OtherSocialandEnvironmental Impacts: Theuseofbiogaswillbringaboutvarioussocialandenvironmental
benefits.
(i)It will savevaluable foreign exchange for the countryas asubstitute for imported urea fertilizer for agriculture
and fossil fuels for cooking and electricity.
(ii)It will improve the living standards of rural inhabitants, especiallywomen, due to a shift from fuelwood and
kerosene lamps.
(iii)Biogas for lightingwill lead tosavings for village communities as it costs less than fossil fuels.
(iv)Forests and biodiversity will be conserved due to reduced extraction of fuelwood.
(v)Farmers will experience an increase in rice yields and profits.
(vi)Local employment will be generated as the biogas industrygrows.

ImplementationPlan/Duration:Adetailedplan includingtheinstitutionalarrangements for theimplementation
of 1,000 biogas plants will be developed during the project development phase. With lesson learned from the
initial biogasplants, a full programfor further dissemination ofbiogas plants in Myanmar maybe implemented.
6 months for project development activities 3 years for installation of 1,000 biogas plant.

Agencies: Ministryof Environmental Conservation and Forestry& MinistryofAgriculture and Irrigation

Cost: US$ 0.2 million for project development support
US$ 9.0 million for installation of 1,000 biogas plants

Source: ALGAS Project Report

Project No 3

Project Title: Developing Institutions And Capacity for Inventory of GHGs In Myanmar

ProjectBrief/ Introduction: Theprojectwill form thebasisof anational institutional frameworkforaddressing
the issues of climate change. It will also allow Myanmar to develop the technical and analytical capacity to
explore various least-cost options for reduction of GHGs emissions and to assemble policies aimedat reducing
future growth in emissions. Most importantly, it will help Myanmar to carry out periodic GHGs emissions
inventories and enable it to report findings to the United Nations Framework Convention on Climate Change
(UNFCCC). The proposed project includes the following activities:
(i)Creation of an institution for monitoringGHGs inventory.
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(ii)Procurement of equipment necessary to carryout monitoring activities.
(iii)Trainingof localstaff inmonitoringpractices.
(iv)Procurement of external assistance for training purposes.
(v)Publishing of inventoryresults on a periodic basis.
(vi)Conducting awareness buildingprograms targeting policymakers and the general public.

Project Baseline:The proposed project is a capacitybuilding project, thus establishment of a GHGs emissions
baseline is not relevant.

Project Objectives: The main goals of the project are to:
(i)develop an institution for monitoringand verification of GHGs inventory, and
(ii)create the capacity in Myanmar to conduct long-term monitoring and inventoryof GHGs.
Further, the specific transport sector goals relating to GHGs inventoryare to:
(i)develop the capacity to define and establish motor vehicle emission standards,
(ii)improve air qualitystandards in metropolitan cities, and
(iii)reduce emissions from vehicles.

Global Environmental Benefits: The CO2 abatement potential of this project is not quantified. Once the
necessary institutions and capacity to measure GHGs are in place, the benefits will be realized in future GHGs
mitigationprojects.

Other Social and Environmental Impacts:Successful execution of the project will increase the awareness
of the general public and policymakers about the importance of climate change. The project will also act as a
demonstration for other capacitybuilding endeavors in Myanmar.

Implementation Plan/ Duration: The project will establish an international frame work for updating the
GHGs inventory.Atraining program will also be conducted to further increase the technical and institutional
capacity in the country for development of accurate GHGs inventories. Three years for capacity building
activities and establishment of institutions to address the issues of climate change.

Agency: Ministryof Environmental Conservation and Forestry

Cost: US $ 250,000

Source:ALAGAS Project Report

Project No 4

Project Title: Fuel-Efficient Cook stoves And Participatory Forestry for Carbon Emissions Reduction
Project Brief/ Introduction: The program consists of three main components:
(i)Dissemination of 400,000 improved cookstoves. This component has three parts to its successful
implementation: (i) a marketing and promotion program; (ii) an information, educational and communication
(IEC) program and; (iii) institutional support for government agencies and private sector participants.
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(ii)Reforestation of 20,000ha through communityforestry.Thiscomponent has four parts to its implementation:
(i)designofa fuelwoodsupplymasterplan; (ii)preparationofforestmanagementplans invillages; (iii) launching
of the information and education campaign program in villages and; (iv) reforestation of 20,000 ha of land.

(iii)Forest monitoring and assessment of forest vegetation status. This component intends to build the capacity
to monitor the status of targeted forests.

Project Baseline: The baseline options for the proposed program components are: (i) the continued
consumption of 1.4 and 2.5 tonnes of wood a year in inefficient cook stoves in urban and rural households,
respectively (Domestic home cooking constitutes approximately 99% of total fuelwood use in the country);
and (ii) continued current forestry practices that have led to an average deforestation rate of 220,000 ha per
annum (Average deforestation rate in Myanmar from 1975 to 1989).

Project Objectives: The main goal of the program is to achieve forest and forest carbon sink conservation
through adoption of improved furl-efficient stoves, as well as instituting a more participatory approach to the
reforestation of degraded forests than has traditionally been promoted.

Global Environmental Benefits: The estimated abatement potential of the cook stoves component is 1.25
million tonnes of carbon in 5 years due to a reduction in the amount of fuelwood needed for the more efficient
stoves. The mitigation potential of the forestry component of the program has not yet been estimated.

Other Social and Environmental Impacts: The implementation of program will provide a number of local
environmental and socioeconomic benefits. The local benefits are:
(i)improvement in the qualityof lifeof rural women;
(ii)generationofruralemploymentfromreforestationactivities,andthemanufactureanddisseminationofimproved
cooking stoves;
(iii)conservation of biodiversity due to reduced pressure on forest;
(iv)reclamation degraded land; and
(v)strengthening of the capacityof rural communities to better manage natural resources.

Implementation Plan/ Duration: With project development support, the program proposal will be further
developed. The program mayalso include a pilot project and a monitoring program in the initial stage prior to
implementationof thefullprogram.Fiveyears forcapacitybuildingactivities,disseminationof400,000 improved
cook stoves, and reforestation of 20,000 ha of degraded forest.

Agencies: Ministryof Environmental Conservation and Forestry

Cost:US $ 10 million

Source:ALGAS Project Report
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Project No 5

Project Title: Promotion of Liquefied Petroleum Gas Cookers to Replace Electric Cookers

Project Brief/ Introduction: The pilot project is designed to help remove the barriers to LPG cookers in
Myanmar through the dissemination of 100,000 LPG cookers. The pilot project will establish a primary LPG
storage station andseveral distribution facilities. The project will also train a corps of personnel in technical and
management activities. Further,public awareness and advertisingcampaigns to promote the technologywill be
conducted as well.

Project Baseline: The baseline scenario for the project is continued use of electric cookers in the targeted
areas.

Project Objectives: The principal goals of the pilot project are to:
(i)remove the implementation barriers for the use of LPG as a cooking fuel;
(ii)conserve electricityand hence natural gas used in its generation; and
(iii)save on resources needed for electricity generation, transmission and distribution facilities and to divert
those resources to other needy sectors of society.

Global Environmental Benefits: It is estimated for every electric cooker replaced by an LPG cooker,
approximately 0.24 tonnes of CO2 are abated annually; thus the use 100,000 LPG cookstoves will avoid
24,000 tonnes of CO2 emissions per year.

Other Social and Environmental Impacts: Local social and environmental benefits of the use of LPG
cookers are; (i)less degradation of the local environment due to reduced requirement for power generation;
and
(ii)conservation of resources usuallyneeded for electricitygeneration and transmission and distribution.

Implementation Plan/ Duration:Amonitoring and evaluation program will be included in the institutional
arrangement of the pilot project.With lessons learned from the dissemination of initial 100,000 LPG cookers,
a full program maybe developed to mainstream LPG cookers in the residential sector. 4 year for dissemination
of 100,000 LPG cooker.

Agency: Ministryof Environmental Conservation and Forestry

Cost: US $ 225,000 for pilot project

Source:ALGAS Project Report

Project No 6
Project Title: Green House Gas (GHGs) mitigation of bio-energy potential to improve the livelihood
and to attain the energy security of rural communities in Myanmar
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Project Brief/ Introduction:Myanmar, traditionallyagricultural country,basicallyrelied on agricultural sector
has total land areas of 67.65 million hectares (ha), of which 6 million ha (8.84%) is still available to expand for
different crops. Manyfarming systems as crop production produce GHGs mainlyCH4 because of continuous
flooding in rice growing, CO2 due to organic matter decomposition and N2O owing to nitrogen fertilizer
application. The project will consist of:

(i)Evaluate the users’ acceptable bio energyproduction technologies in target areas.
(ii)Make awareness of GHGs mitigation measures through participating in bio energy production and
utilization along with the effective use of biomass material which is easily available to respective target
regions byorganizingtraining and public demonstration.
(iii)Foster national agricultural research and extension system (NARES) and farmers’ perceiving capacity
in bio energyproduction and utilization with GHGs mitigation option.

Project Baseline: The baseline involves the use of diesel oil and gasoline for power generation and rural
energy.

Project Objectives: The overall goal of the project is to improve the livelihood of rural communities through
effective use ofubiquitous biomass materials in accord with bio energyproduction and to attain the rural energy
securityunder adverse environmental scenario due to climate change. The main objectives are:
(i)to identify the most feasible bio energy (bio-fuel, bio-gas, bio-mass) production technologies to enhance
rural energysecurity.
(ii)to foster the capacitybuilding of partners (farmers, researchers, and extension agencies) from institutional
level, and from private sector involved.

Global Environmental Benefits: One of the function of major global warming potential (GWP) accounted
as 25% is brought about by increased facilities of regional mobility.As a consequences, such kinds of GHGs
contributors, the climate change impacts could be subjected to impinge on sustainable development of rural
communities.

Other Social and Environmental Impacts: Improving public awareness of opportunities associated with
bio-energyviaeducationsystem.Allbio-fuelusers, researcherandextensionistwill be trained inGHGsmitigation
relatedbio-fuelproductionandutilization technologies.Reductionincostof firewoodandlightinginfrastructure.
Improvingrecyclingofbiomasssoasenhancingpersonalandenvironmentalhygienicandprotectingdeforestation.
Reducing GHGs emission and relativelysource rural energysupply.

Implementation Plan/ Duration: 3 years

Agency: Department ofAgriculture Research, MinistryofAgricultural and Irrigation

Cost: US $ 300,000

Source: INC Project GHG Team Report
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Project No 7

Project Title: Bamboo Bio-ethanol production and utilization in rural area

ProjectBrief/ Introduction:Bamboomaterial isorganic matterof high polymer, composed ofcellsof different
shapes and properties. Myanmar has over 100 species, falling under about 17 genera, covering an area of
nearly (7000 sq. miles) 18000 sq. kilometres. Bamboo grows mixed with tree species. Bio ethanol is one kind
of the clean energy. Young bamboo (1-3 years) are used as the bio ethanol production raw material. The bio
ethanol/ clean energy production and utilization technology will be disseminated to the 3 village in Sagaing,
Pegu and MandalayDivision which are located near bamboo forest.

Project Baseline:The baseline involves the use of diesel oil and firewood for rural energy.

Project Objectives:To reduce the carbon emission and perform the clean environment through the production
and utilization of bamboo bio ethanol in rural area especially for the area near bamboo forests.

Global Environmental Benefits:Byproduction and utilization of bamboo bio ethanol, it can reduce carbon
dioxide emission and can perform the clean environment.

Other Social and Environmental Impacts:Bamboo is rich in starch and cellulose content. Bio ethanol can
be produced from the starch and cellulose rich raw materials. Bamboo is one of the most important forest
products next to timber and has long been utilized bythe human being.

Implementation Plan/ Duration:Duration will be 1 year.

Agency:Forest Research Institute, Ministryof Environmental Conservation and Forestry

Cost: US $ 14,900

Source: INC Project GHG Team Report
Project No 8
Project Title: Low Cost Plastic Bio-digester Proposal
Project Brief/ Introduction:The project description will consist of:
(i)Identificationofvillages;
(ii)Awareness raising among the local village community on the advantages of biogas plant in cooking, time
savingforcollectionof fuelwood,usingsludgeas the fertilizerandimprovingthequalityof lifeandenvironment;
(iii)ConductingTraining for installation of biogas digesters;
(iv)Planning and procumbent of biogas digesters;
(v)Installation of biogas digesters;
(vi)Operation and maintenance of biogas digesters;
(vii)Monitoring and evaluation of the effectiveness of the program.
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Project Baseline:The baseline for the plastic bio-digester project is the continued use of unfermented manure
as fertilizer in agriculture sector and fuelwoodfor cooking.

Project Objectives:The biogas digester will be installed in Dryzone and Shan State of Myanmar. Fuel wood
for cooking will be conserved byusing biogas for cooking. Biogas digester producing sludge which can use as
fertilizer inAgriculture sector.

Global Environmental Benefits: It will improve air quality, reduce ground water pollution and green house
gas emissions and reduce deforestation and resulting soil erosion.

Other Social and Environmental impacts: The use of low cost plastic biogas digester will bring about
various social and environmental benefits. It will improve health and reduce respiratory elements. It will be
better managementof animal dungandhuman excrement.The slurryprovidesan excellent fertilizerand thereby
increases crop production, or can be sold to generate income.

Implementation Plan/ Duration: The following institutions will be involved in planning, implementation,
operation and monitoring.
(i)Ministryof Livestock and Fisheries;
(ii)Field implementation, Livestock BreedingandVeterinaryDepartment;
(iii)Monitoring MyanmarTechnical Expert, Livestock BreedingandVeterinaryDepartment;
(iv)Project Coordination and Management, LivestockBreedingandVeterinaryDepartment.Durationfor50,000
low cost plastic biogas digester will be installed in 4 years period.

Agency:Livestock Breeding and VeterinaryDepartment, Ministryof Livestock and Fisheries

Cost: US $ 210,000

Source: INC Project GHG Team Report

Project No 9

Project Title: Dissemination of A-1 Fuelwood Improved Cookstoves for GHGs Emission Reduction

Project Brief/ Introduction: The full project will promote the use ofA-1 fuelwood improved cookstoves in
dry zones and other regions where fuelwood is scare by distributing 100,000 A-1 cookstoves in selected
villages.
The project developmentactivities will include:
(i)Identification of exact locations for theA-1 cookstoves manufacturing factories that will be established.
(ii)Preparation of a technical design package for each factory.
(iii)Creation for awareness for saving of fuelwood and training programs for makingA-1 cook stoves for
village communitymembers and other potential players such as NGOs and government staff.
(iv)Preparation of a detailed budget byactivity for the full project and estimation of the incremental costs.
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(v)Formation of a well-defined project proposal for international funding.
Project Baseline:The baseline for the project is the continued use of inefficient wood stoves and the resulting
high demand for fuelwood from natural forest. Dissemination ofA-1 cookstoves are alreadyaccepted bymost
of the fuelwood users.
Project Objectives: The main objectives of the project are to:
(i)EstablishA-1 cookstoves manufacturing factories at proper places.
(ii)DistributeA-1 fuelwood cookstove at free of charge to the villages where fuelwood is scare.
(iii)Demonstrate the proper usage and maintenance ofA-1 cookstove in order to extend the service life (life-
span) ofA-1 cookstoves.
(iv)Give trainings on makingA-1 cookstoves to local potters who are well-versed in pottery.

Global Environmental Benefits: The greenhouse gases (GHGs) mitigation potential of 100,000 A-1
cookstoves compared to traditional open-fire stove is 120,736 tonnes CO2 yr-1. Taking the average service-
life ofA-1 stove as 3 years, total amount of CO2 which can be reduced by using 100,000A-1 cookstoves will
be about 362,208 tonnes CO2.

Other Social and Environmental Impacts:The saved fuelwood from improved cook stoves will reduce
anthropogentic impact on forest resources and the time required by the rural population especiallywomen and
girls in the collection of fuelwood. The local environmental benefits are:
(i)improvement in the qualityof lifeof rural women;
(ii)generation of rural employment from manufacture and dissemination of improved cookingstoves;
(iii) conservation of biodiversitydue to reduced forest degradation of the local environment.

Implementation Plan/ Duration:Duration will be 3 years.

Agency:Forest Research Institute, Ministry of Environmental Conservation and Forestry

Cost: US $ 200,000

Source: INC Project GHG Team Report

Project No 10

Project Title: Agricultural Opportunities for Green House Gas (GHGs) mitigation in Myanmar

Project Brief/ Introduction: Owing to an agricultural country,Myanmar basicallyrelied on agricultural sector
has total land area of 67.65 million hectares, of which 16% is net sown areas.Among the diverse crops grown
as rice, oil seed, pulses, cereals, industrial and culinary crops, rice occupied as largest as 41% while others as
upland crops are accounted as 59% of total sown areas. Total population of the country is 58.38 million in
2009 with 15%growth rate and projected to be 60 million in2012, Energetic effort to increased crop production
will have been engagingas ever-lasting activities. Methane, N2O and CO2 are long lived in the atmosphere and
are themajorcontributor topositive increase in radiative forces, resultingclimatechange.Noreliable information
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is available regarding quantifying GHG emission and its impact, and planned effective mitigation measures so
far inMyanmar, low land aswell as up land crop production will have been existing for increasingpopulation as
historic task. The project will consist of:

(i)Identify integrated crop management technologies evaluated and adopted in target region.
(ii)About 5000 farmers involved in rice production were made aware of effective mitigation measures
through trainingand field days.

(iii)Enhance NARES and farmers perceiving capacityin rice production with mitigation aspect.

Project Baseline:Agricultural activities are significant producers of Green House Gas (GHGs), mainlyconsist
of CH4, N2O and CO2.

Project Objectives: The overall goal of the project is to improve the farmers, researchers and extension
agencies to achieve better livelihoods through sustainable crop production bymeans of utilizing mitigation and
adaptation measures. The main objectives are:
(i)To evaluate the rice production technologies to enhance food security, soils fertilitywith reducingGHG but
without decliningcrop yields.
(ii)To strengthen the capacity building of partners (farmers, researchers and extension agencies) with rice
production technologies that mitigate the GHG .

Global Environmental Benefits: Increased cropproduction across the country tomeet domestic consumption
and export.At least 10% yield increase in rice productivity for export.

Other Social and Environmental Impacts: Farmers income will increase by20% (through saving fertilizer
cost, labor cost and yield increase) and the cost of cultivation will reduce 5000 farmers and all researchers and
extensionist in target regions will be trained in environment friendlycropmanagement technologies associated
withclimatechangemitigation.

Implementation Plan/ Duration: 3 years

Agency: Department ofAgriculture Research, MinistryofAgricultural and Irrigation

Cost: US $ 300,000

Source: INC Project GHG Team Report

Project No 11

Project Title: Mitigation of CH4 Emission from Rice fields by Fertilizer Management Practices

Project Brief/ Introduction:Rice grows well in all States and Divisions of Myanmar. Most rice farmers apply
organic fertilizers in the form of residue from the previous rice crop, which is left standing, ploughed, and
integrated into the soils. Being an agricultural country, Myanmar’s economy largely relies on the agricultural
sector.To uplift its economy, agricultural production must have been increasing, includingrice production.The
intensification of rice cultivationbyincreasing irrigationwill cause fields to befloodedmore often andfor longer
duration, thus enhancing CH4 emission. The total amount of CH4 released depends primarilyon the amount of
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organicsubstrateavailable.Theapplicationofsyntheticfertilizershasalsobeenfound to influenceCH4 emissions.
Theexperimental setupwillbecarriedout forCH4 emissionmeasurementfromthericefieldsatYezinagricultural
UniversityFarm. The experiment sites will be selected as sandy loam soil and rice cultivar is Manawthuka, a
high yielding varietywith 120-130 days of maturity, representing the most agro-ecosystems of the Pyinmana
Township, over the entire rice cropping seasons. The experiment will be 0.5 ac (0.2 ha) in a split plot design
with 4 replicates.

Project Baseline:The baseline is the continued current practice of traditional rice cultivation which produces
a relativelyhigh rate of methane emission.

Project Objectives:To generate an appropriate method (fertilizer management) for reducing CH4 emission
from rice fields of different ecosystems of central Myanmar.

Global Environmental Benefits: The knowledge and experience from the research project can improve the
assessment of GHG abatement options and formulation of least cost strategies.

Other Social and Environmental Impacts: The experimental results will contribute to accelerate the
improvement of GHG inventory as a key to mitigation actions in a measurable, reportable and verifiable
manner.

Implementation Plan/ Duration:The experiments will be conducted for 2 different agro-ecosystems under
irrigated and rain-fed farming system. Duration will be 2 crops in successive seasons.

Agency:YezinAgricultural University, MinistryofAgriculture and Irrigation

Cost: US $ 12,320

Source: INC Project GHG Team Report

Project No 12

Project Title: Mitigation of CH4 Emission from Rice fields by Water Management Practices

Project Brief/ Introduction: Flooded rice fields serve as an important source of CH4 emission. Most of the
rice in all States and Divisions in Myanmar (more than 90%) are grown in flooded fields as wet-land rice. The
water management system under which rice is grown is one of the most important factors affecting CH4

emissions. In Myanmar, about 70% of rice is grown under rain fed condition in monsoon season, while about
30% is under irrigated in pre-monsoon and monsoon seasons and all are continuously intermitted flooded
conditions. The experimental set up will be carried out for CH4 emission measurement from the rice fields at
YezinAgricultural UniversityFarm.The experiment siteswill be selected as sandyloam soil andrice cultivar is
Mnanwthuka, a high yielding varietywith 120-130 days of maturity, representing the most agro-ecosystems of
the PyinmanaTownship, over the entire rice cropping seasons. The experiment will be 0.5 ac (0.2 ha) with and
Randomized Complete Block design and 3 replications.

Project Baseline:The baseline is the continued current practice of traditional rice cultivation which produces
a relativelyhigh rate of methane emission.
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Project Objectives: To generate an appropriate method (water management) for reducing CH4 emission
from rice fields of different ecosystems of central Myanmar.

Global Environmental Benefits: The knowledge and experience form the research project can improve the
assessment of GHG abatement options and formulation of least and strategies.

Other Social and Environmental Impacts: The experimental results will contribute to accelerate the
improvement of GHG inventory as a key to mitigation actions in a measurable, reportable and verifiable
manner.

Implementation Plan/ Duration:The experiments will be carried out for 2 times in pre-monsoon seasons of
successive years.

Agency:YezinAgricultrual University, MinistryofAgriculture and Irrigation

Cost: US $ 11,480

Source: INC Project GHG Team Report

Project No 13

Project Title: Mitigation of N2O Emission from Lowland Paddy field by Organic Manuring and
Water Management

ProjectBrief/ Introduction:Rice(OryzasativaL.)paddysoilshave thepotential toemitbothof thegreenhouse
gases methane (CH4) and nitrous oxide (N2O), depending on redox potential. Manyresearchers reported that
CH4 emission is mitigated bywater management treatments that decrease the length of flooding time, however,
emission occurs most prominentlywhen floodwater disappears. N2O emission is aggravated by inorganic N
fertilizer application. Nitrous oxide emissionhas higher impact (310 times of CO2) to global warmingpotential
compared to CH4. Paddy production is one of the most important economic sector of Myanmar for won
consumption as staple food and export earning.Flooded rice cultivation with improper water management and
fertilization may cause the higher N2O gas emission as well as CH4.Afield study will be carried out atYezin
Agricultural UniversityFarm for N2O emissionmeasurement with inorganic and organic fertilizationand water
management. Rice (Oryza sativa L.) varietyManathuka (Myanmar a high yielding varietyalreadywell adapted
in Myanmar) will be used as a test crop. Total experimental site will be 0.5 acre (0.2 ha) and the area had been
under lowland rice cultivation for manyyears.

Project Baseline:The baseline is the continued current practice of traditional rice cultivation which produces
a relativelyhigh rate of nitrous oxide emission.

Project Objective:To establish a suitable management practice for mitigation of N2O emission from paddy
fields usingorganicmanuring and water management.

Global Environmental Benefits: The knowledge and experience form the research project can improve the
assessment of GHG abatement options and formulation of least cost strategies.
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Other Social and Environmental Impacts: The experimental results will contribute to accelerate the
improvement of GHG inventory as a key to mitigation actions in a measurable, reportable and verifiable
manner.

ImplementationPlan/Duration: Theexperimentwill beconducted for2seasons in irrigatedriceandmonsoon
rice (May to September and November to February).

Agency:YezinAgricultural University, MinistryofAgriculture and Irrigation

Cost: US $ 17,000

Source: INC Project GHG Team Report

Project No 14

Project Title: Effect of Integrated Nutrient Management and Method of Fertilizer Application on
N2O Emission from Commercial Cabbage Production in Myanmar

Project Brief/ Introduction:Cabbages are grown in a commercial scale in Shan States and a few areas in
central Myanmar. N2O emissions duringboth oxidations of NH4 and denitrification are increased byN fertilizer
applications to soils. N2O emissions from agricultural lands are also likely to increase in Myanmar in future
because of increase in both the extentof cultivated land and fertilizer input. Consumption of N fertilizer inAsia
will increaseapproximately50% by2030 which will most likelybe accomplished byaproportional increase in
N2O emission. Vegetables growers can be recommended for the proper method of application and integrated
fertilizermanagement toreduce theN2Oemissionfromsoilwithoutaffectingtheircropyields.Afieldexperiment
will be carried out at two experimental sites (YezinAgricultural UniversityFarm and grower’s field at Nweyit
village in Tatkone Township) in post-monsoon season 2011.

Project Baseline:The baseline is the continued current practice of other crop cultivation which produces a
relativelyhigh rate of nitrous oxide emission.

Project Objectives: The main objectives of the project are:
(i)To investigate the effect of integrated nutrient management system using organic manure, with and without
inorganic N fertilizer on cabbage production and N2O emission from soil;
(ii)To study the application methods of chemical fertilizers on N2O emission form soil.

Global Environmental Benefits: The knowledge and experience from the research project can improve the
assessment of GHG abatement options and formulation of least cost strategies.

Other Social and Environmental Impacts: The experimental results will contribute to accelerate the
improvement of GHG inventoryas a keyto mitigate actions in a measurable, reportable and verifiable manner.

Implementation Plan/ Duration: The experiment will be conducted for 2 seasons (winter and monsoon).

Agency:YezinAgricultural University, MinistryofAgriculture and Irrigation
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Cost: US $ 10,200

Source: INC Project GHG Team Report

Project No 15

Project Title: Small Scale Reforestation Pilot Project in Ayeyarwady Delta, Myanmar

Project Brief/ Introduction: The Ayeyarwady delta is one of the areas where most serious deforestation
took place during this period. The proposed project activities are aimed at demonstrating the applicability of
the CDM process to rehabilitate mangroves on such degraded croplands and grasslands. The proposed project
area will be in the southern part ofAyeyarwady Delta. It is proposed to establish the CDMAR plantation on
five strips of lands that have been identified asA, B, C, D and E with the GPS locations. The nature of project
area is croplands degraded due to repeated incursion of sea water with a smaller extent of similarly degraded
grass lands and an insignificant part of the inter-tidal lands.

Project Baseline: The baseline for the project consists of minimal afforestation efforts with no mechanisms to
determine appropriate tree species or provide other support services. The carbon sequestration potential of
the baseline iscurrentlyunknown. The lossof mangrove forests resulted from charcoal production, aquaculture,
fuelwood extraction under mangroves has decreased to less than 40% of that recorded in the 1920s.

Project Objectives: Demonstration of the possibilities of rehabilitation of Mangroves on theAyeyarwady
Delta Coastline to protect communities from cyclone usingA/R CDM process thereby mitigation climate
change, conservingbiodiversity, and enhancing incomes of local community.

Global Environmental Benefits: The project shall result in netAnthropogenic removal of 8000 tonnes of
CO2 per year.Atotal estimated 185258.664 metric ton of net anthropogenic GHG removals by mangrove tree
plantation is envisaged throughout 20 years period.

Social and Environmental Impacts:The project will positivelyimpact to the socioeconomic or livelihood of
local people by to be achieved CER and spin off benefits from project.

ImplementationPlan/ Duration:Theproject activitieswill be implemented in theAyeyarwadyDelta.Duration
will be 5 years.

Agency:Forest Department, Ministry of Environmental Conservation and Forestry

Cost: US $ 350,000

Source: INC Project GHG Team Report
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PROJECTONINITIALNATIONALCOMMUNICATION
Repot on

Research on ENSO Impact on climate fluctuation and frequency of extreme climate anomalies in
the region and inMyanmar
By

RESEARCHANDSYSTEMATICOBSERVATIONGROUP(DepartmentofMeteorologyandHydrology)
January, 2010

ENSO

Thewestward spread ofwarm sea current from south east Pacific, off coast ofPeru has some impact on global
weather and climate.Myanmar is no exception.During the period 1900 to 2008, strongElNino has occurred
in 1901-02, 1913-15, 1918-20, 1972-73, 1986-88, 1991-92 and very strong El Nino occurred in 1940-41,
1957-58, 1982-83, and 1997-98. The El Nino in 1997-98 is known to the strongest followed by that of
1982-83.

When the ElNino year is takingplace simultaneouslywith the SouthernOscillation of the near global scale
atmospheric circulation in the south Pacific and the IndianOceans, the climateofMyanmarwasmore rampant
and adverse extremeweather prevailed in the country in such years as 1982/83 and 1997/98.

Maximumhighest temperatures recordswere set in 1998 ENSOyear inMandalayDivision, Rakhine State
,Shan state,Magway, Bago,Yangon,Ayeyawady andTaninthayi Divisions, Kayah,Mon andKayin States
which is almost thewhole countryexcept SagaingDivision,Kachin, andChinStates.

Maximum temperature records in 1997-98 ENSOyears inMyanmar are shown inTable (1). Eleven out of
fourteenStates andDivisions experienced the ever recorded heat. In 1998,MaximumRecordTemperature of
Hpaanwas 43.6°Cwhich is 2.6°Chigher than the lastmaximum in 1988.

(°C) (d-m-y) (°C ) (d-m)

Meiktila 42.4 - -5-66 43 5-Oct
Pyinmana 42 1-5-80 43.5 9-5

Shan Lashio 40 26-4-97 40 4-5
Rakhine Thandwe 39 12-5-80 40.4 4-5
Magwe Minbu 45.2 17-4-73 45.8 9-5

Taungoo 42.2 10-5- 59 42.9 8-5
Tharawady 42 14-3-63 43.6 9-5
Mingaladon 41.7 25-4-58 42 8-5
Kaba-Aye 41.3 27-4-83 42 8-5
Pathein 41 27-4-83 41 8-5
Hinthada 42.9 30-4-95 43.6 9-5
Mawlamyine 40 21-4-95 40.2 8-5
Thaton 40 16-4-75 41 8-5

Kayah Loikaw 37 17-4-83 38 14-4
Kayin Hpa-an 41 25-5-88 43.6 6-5

Dawei 38.5 11-4-98 38.9 6-5
Myeik 38 4-5-83 38 6-5
Kawthaung 38 3-4-98 38.5 6-5

Mon

Taninthayi

StationState/Region Last Record 1998 Record

Mandalay

Bago

Yangon

Ayeyawady

(°C) (d-m-y) (°C ) (d-m)

Meiktila 42.4 - -5-66 43 5-Oct
Pyinmana 42 1-5-80 43.5 9-5

Shan Lashio 40 26-4-97 40 4-5
Rakhine Thandwe 39 12-5-80 40.4 4-5
Magwe Minbu 45.2 17-4-73 45.8 9-5

Taungoo 42.2 10-5- 59 42.9 8-5
Tharawady 42 14-3-63 43.6 9-5
Mingaladon 41.7 25-4-58 42 8-5
Kaba-Aye 41.3 27-4-83 42 8-5
Pathein 41 27-4-83 41 8-5
Hinthada 42.9 30-4-95 43.6 9-5
Mawlamyine 40 21-4-95 40.2 8-5
Thaton 40 16-4-75 41 8-5

Kayah Loikaw 37 17-4-83 38 14-4
Kayin Hpa-an 41 25-5-88 43.6 6-5

Dawei 38.5 11-4-98 38.9 6-5
Myeik 38 4-5-83 38 6-5
Kawthaung 38 3-4-98 38.5 6-5

Mon

Taninthayi

StationState/Region Last Record 1998 Record

Mandalay

Bago

Yangon

Ayeyawady

Table (1) -The highestmaximum temperature records in 1998 inMyanmar
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( Tun Lwin, 2007 ; El Nino of 1997-98. Agirl named LaNina and collection of natural disaster related
articles,Myanmarheritage,Yangon, p-260.)

In 1998, ENSO set new lowest records in Shan, Kayah, Kayin and Mon States, Bago, Ayeyawady and
TaninthayiDivisions.The lowest annual rainfallswere recorded in 1991ElNino year in Shan state Sagaing,
Mandalay,Bago andKayah states.The lowest annual rainfalls ever recorded in 1998were shown inTable (2).
The data period is from1902 to2003with some yearsmissingparticularlyaround theWorldWars.Themost
significantly low annual rainfall occurred inTaungoo ofBagoDivision in1998with 1366mmwhich is 19%
less than the former record of 1682mm in 1989.

Table (2)- Least annual rainfalls (mm) recorded in 1998 ENSOyear*

*(TunLwin, 2007; El Nino of 1997-98. Agirl named LaNina and collection of
natural disaster related articles,Myanmar heritage,Yangon, pp-260.)

In 1998, themost extensive heat wave is found to cover 156,250 sqmiles or 60% of the country. It may be
noted that the year is theENSOyearwhen ElNino and SouthernOscillationwere both active.

El Nino : During theElNinoyears, the southwestmonsoonwasnegativelyaffectedonseveral features.
Monsoononset andwithdrawal:- Themonsoononset dates are late and thewithdrawal earlier
inElNoyears in general compared to the normal and this pattern is particularly true for the precedingyears of
the episode. Thus the rainyseason have shorter duration in theElNinoyears. Recently, ElNinowas strong in
1991-92 and very strong in 1997-98. Themonsoon onset in the countrywas late by12 days in 1991 and 16
days late in 1998.Monsoonwithdrawalwas earlyby16 days and 21 days in 1991 and in 1998. The length of
monsoon durationwas reduced by24 days in 1991 and by36 days in 1998. Strongmonsoon days decreased
in 1991 and 1998 by 17 days and 28 days.
Monsoon intensity:- There is weak relationship between the latemonsoon intensity and
theElNinoevent though there is likelihoodof rather aweakmonsoon intensityparticularlyin thepreceding the
peak El Nino event. Thus themonsoon intensity as awhole ismore likely to be normal during themajor El
Nino years with a possibility of 80%based on the last six events during the last 48 years i.e., 1951 to 1998.
Though the relationship between the earlymonsoon intensity and theEl Nino event does not performwell,
below normal to normal monsoon intensities aremore likely during the earlymonsoon periods of both the
preceding and the following years of the peakElNino events.More than 50%of the intensity

State/Region Station Data Period Old record (Year) 1998 Record
1903-1941
1950-2003

Magwe Magwe 1971-2003 445 (1972) 442
1903-1930
1946-2003
1903-1937
1951-2003
1902-1937
1961-2003
1907-1937
1952-2003

1366

Bago 2596 (1987) 2373

Kayah Loikaw 770 (1993) 751

Shan Taunggyi 1208 (1976) 992

Bago

Pyay 816 (1972) 798

Taungoo 1682 (1989)

State/Region Station Data Period Old record (Year) 1998 Record
1903-1941
1950-2003

Magwe Magwe 1971-2003 445 (1972) 442
1903-1930
1946-2003
1903-1937
1951-2003
1902-1937
1961-2003

1366

Bago 2596 (1987) 2373

Shan Taunggyi 1208 (1976) 992

Bago

Pyay 816 (1972) 798

Taungoo 1682 (1989)

751770 (1993)
1907-1937

LoikawKayah 1952-2003
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of peakmonsoon during El Nino events could experience failure or weakening of monsoon comparing to
normal condition.This is particularly true for the precedingyear of the episode.

During the southwest monsoon peak season, there was a normal occurrence of inactive monsoon period
commonlyknown as“MonsoonBreak”. It was almost totally absent inmost of the years through 1989 to
1997. This is particularly true in 1993 to 1996.However a veryprolongedmonsoonbreak condition returned
in 1998. The 1990smarked thewarmest decade ofMyanmar in the 20th century.

 Frequency of storms:- The relationship between the El Nino events and the frequency of
storms in the Bay of Bengal has been a controversial for long time. However the storm frequency is below
normal in the preceding year and it is below normal to normal in the following year of the peak of El Nino
events.

 Temperature andRainfall:- The impacts of the El Nino are also observed upon the general
climate ofMyanmar during thepreceding year aswell as during the following year of theElNino. About
70%(precedingyear) to 85%(followingyear) of theElNino events, themaximum temperature inmost parts
of the countrywerehigher than normalduring thedrymonthsofApril andMay. In 70%(precedingyear) to 85
%(followingyear) of theElNino events, both theannual rainfall andmonsoon rainfall are belownormal in the
country.

La Nina

During the last twodecades, the temperatures have been risingbydayand bynight inmost part of the country.
However record lowminimum temperatures were observed in cool season of 1999-2000 which is the La
Nina year, in many parts of the country. The lowest minimum temperatures of some selected stations in
different states and divisions, observed in 2000LaNina year are shown inTable (3).

Table (3) - Lowestminimum temperatures records of the capitals of states andRegions

State/Region Station
Lowest
MinTem(C )

Date Remark

Kachin Myitkyina 5 2/1/1963 La Nina
Chin Haka -6 30-12-91
Upper Sagaing Homalin 3 8/2/1980 None
Lower Sagaing Monywa 6.7 31-1-64 La Nina
Mandalay Mandalay 7.2 31-1-64 La Nina
Northern Shan Lashio -2.2 16-1-89 La Nina
Eastern Shan Kyineton 1.7 27-1-53 El Nino
Southern Shan Taunggyi 0.3 20-1-74 None
Magwe Magwe 5 26-1-93
Rakhine Sittwe 8.9 21-1-70 La Nina
Kayah Loikaw 0 27-1-53 El Nino
Northwest Bago Pyay 7.2 17-1-54
Northeast Bago Taungoo 8 30-12-75
South Bago Bago 7 11/2/1997 El Nino
North Ayeyawady Hinthada 7 29-12-97 El Nino
South Ayeyawady Pathein 10 30-12-75 La Nina
Yangon Yangon 9.1 9/2/1997 El Nino
Karen Paan 9.4 1/1/1974 None
Mon Mawlamyine 10.8 2/1/1976 El Nino
Taninthayi Dawei 5.5 26-12-99 La Nina

State/Region Station
Lowest
MinTem(C )

Date Remark

Kachin Myitkyina 5 2/1/1963 La Nina
Chin Haka -6 30-12-91
Upper Sagaing Homalin 3 8/2/1980 None
Lower Sagaing Monywa 6.7 31-1-64 La Nina
Mandalay Mandalay 7.2 31-1-64 La Nina
Northern Shan Lashio -2.2 16-1-89 La Nina
Eastern Shan Kyineton 1.7 27-1-53 El Nino
Southern Shan Taunggyi 0.3 20-1-74 None
Magwe Magwe 5 26-1-93
Rakhine Sittwe 8.9 21-1-70 La Nina
Kayah Loikaw 0 27-1-53 El Nino
Northwest Bago Pyay 7.2 17-1-54
Northeast Bago Taungoo 8 30-12-75
South Bago Bago 7 11/2/1997 El Nino
North Ayeyawady Hinthada 7 29-12-97 El Nino
South Ayeyawady Pathein 10 30-12-75 La Nina
Yangon Yangon 9.1 9/2/1997 El Nino
Karen Paan 9.4 1/1/1974 None
Mon Mawlamyine 10.8 2/1/1976 El Nino
Taninthayi Dawei 5.5 26-12-99 La Nina
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SomeLaNina either develop just prior to or following theElNino event are shown inTable (4).

Table (4) - LaNina years preceded or followed byEl Nino years during 1950-1989.

Myanmar, belonging to thenon-Annex I, invites supports from international/regional organization/institutes.

La Nina El Nino El Nino La Nina

1950 1951 1953 1954

1955-56 1957-58 1963 1964

1964 1965 1969 1970

1967-68 1969 1972 1973

1970-71 1972 1982-83 1984-85

1975 1976 1987-88 1988-89

La Nina followed by El Nino La Nina preceded by El Nino

La Nina El Nino El Nino La Nina

1950 1951 1953 1954

1955-56 1957-58 1963 1964

1964 1965 1969 1970

1967-68 1969 1972 1973

1970-71 1972 1982-83 1984-85

1975 1976 1987-88 1988-89

La Nina followed by El Nino La Nina preceded by El Nino
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Estimation of CH4 Emission from Rice Cultivation in Myanmar
Field Survey Research Paper

1. Introduction
Due to the specific conditions in water availabilityand constraints in cultivation, rice ecosystems in Myanmar
are generallycategorized into five categories: Regular / favourable rainfed lowland, Drought-prone rainfed
lowland, DeepWater Rice, Submerged and SaltAffected Rice and Upland Rice. Rice grows well in all regions
and 20 - 30% is irrigated and the rest are under rain-fed condition.According to its cropping patterns and
agro-ecological regions, ricevarieties used and the agronomic management practices such as water and nutrient
management considerablyvaryamong the different regions of Myanmar. Rice is mostlygrown in flooded fields
under anaerobic conditions and it has been recognized that significant amounts of CH4 are released to the
atmosphere and consequentlycontributing to global warming more than anyother crops.

The level of emissions varies with soil conditions, climate and production practices. Intensification of rice
cultivation by increasing irrigation will cause fields to be flooded more often and for longer duration, thus
enhancing CH4 emission. Based on the scientific research findings, several cultivation practices such as use of
chemical fertilizer (urea) and organic fertilizer (cow dung) have shown to increase methane emission from rice
fields. Crop management practices like water management and weed management also have impacts on CH4
emission. Different rice varieties have different durations as well as different morphological and anatomical
characteristics. These are also influencing factors on CH4 emission. Rice –based cropping patterns of rotation
of upland crops (pulses, oilseed crops) after rice were found to produce less CH4 than rice after rice cropping
pattern.All these factors which have significant influences on the rate of CH4 emission from rice fields should be
taken into account for the estimation CH4 emission.For the implementationof Initial Communication Inventory
of Myanmar, it is, therefore, necessary to study the conditions of rice cultivation for obtaining the activitydata
as precise as possible.

2. Methodology
Being a developing country, Myanmar is weak in agricultural statistical data, particularly in the availabilityof
activitydata related to the estimation of GHG emission. Moreover, official statistical data do not include such
kind of agronomic practices essential for estimation of CH4 emission.

2.1 Survey Research Period:
Alarge number of sample surveys across the country were carried out fromApril 2009 to December

2009.
2.2 Survey Sites:
ThesurveysiteswereMaubinTownship(AyeyarwaddyDivision,Delta),BogalayTownship(Ayeyarwaddy

Division, Delta), Kalaw andAungban Townships (High land, Southern Shan State), Kyaukme Township (for
upland rice and Taung-yar farming), Pyinmana andYamethin Townships (Central Myanmar) and Nyaung-u,
Mandalay and Magwe Townships (Central Dry Zone).

2.3 Data Collection:
Methods such as sample survey and on-site observation were used to obtain the information necessary

forpreparingtheGHGinventory.Farmers interviewwithquestionnaireandgroupdiscussionwerealsoconducted.
The data collected were rice varieties used (duration and plant type), water management practices (rain-fed,
intermitted irrigation or single irrigation), and nutrient management practices (type and amount of chemical
fertilizers and organic manure, time and method of application.), etc.
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2.4 Survey Research Team:
1. Dr. Khin Lay Swe: Team Leader, Pro-rector (AcademicAffairs),YAU
2. Dr. Nang Sang Hom: Member,Associate Professor,Agricultural BotanyDepartment,
3. Dr. Kyaw Kyaw Win: Member,Associate Professor,Agronomy Department,YAU
4. U KyiToe, Member, Lecturer,Agricultural Botany Department,YAU
5. Dr. Thanda Min: Member, Lecturer,AgronomyDepartment,YAU

3. Survey Research Finding

In the INC report, Tier 1 method, IPCC 2006, was used for the estimation of CH4 emission from flooded rice
fields. Default emission factors and scaling factors together with activitydata for harvested area and cultivation
period was calculated based on the survey results and secondary data collected from Myanmar agriculture
Service and Settlement and Land Record Department of respective townships. The following assumptions are
the examples of calculating the CH4 emission.

For determining the value of SFp(default CH4 emission scalingfactors for water regimesbefore the cultivation
period), water management pre-season and rice cultivation period were noted.

1. Under irrigation: EarlyRice and Late rice of double rice cropping
Non-flooded pre-season < 180 days: SFp = 1

2. Regular Rainfed Rice : Single Rice Cropping (May/ June to Oct./Dec.)
Non-flooded pre-season > 180 days: SFp = 0.68

3. Drought-prone Rainfed Rice:
Non-flooded pre-season > 180 days: SFp = 0.68

4. Deep Water Rice:
Non-flooded pre-season < 180 days: SFp = 1

For the assumption for organic amendments and determination of the value of CFOA (default conversion
factor for different types of organic amendment), the survey findings were taken into account.

Straw are incorporated shortly (<30 days) before cultivation CFOAi = 1
Farm yard manure CFOAi = 0.14
Annually, amount of straw (Rice stubbles) incorporated into the field = 1 ton / ha (Straw production = 4 -
5 ton/ ha of rice field, ¼ left in the field)
Amount of cow dung (Farmyard manure) added to the field = 1.5 ton/ ha
(Average application is 3 bullock-carts / acre = approx. 0.6 ton/acre)
For the assumption of cultivation period of rice (tijk) for different rice ecosystems, the most common rice
varieties used in various regions were recorded.

1. Irrigated rice: Early duration varieties = 110 days (110-120)
2. Regular Refined Rice: Medium duration varieties = 140 days (135-145)
3. Drought-prone Refined Rice: Medium duration varieties = 130 days (125-135)

4. Deep water Rice: Traditional varieties = 170 days (160-180)
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4. Survey Research Budget

5. Survey Research Outcome
For the INC report and thenationalGHG inventory, the agriculture sector includes the following categories.
1. CH4 emission from flooded rice fields,
2.N2Oemission fromagricultural soils and
3.GHGemissions from field burningof agricultural residues

In the survey trips the data concerningwith all these categorieswere recorded.As an example, for theN2O
emission fromagricultural soils, the inputs of chemical fertilizer (Urea) andorganicmanure (cowdung) to the
upland agriculture forcereals (rice,wheat,maize), oilseed crops (sesame, groundnut, sunflower), pulses, fruits,
vegetables, andkitchencropswere taken intoaccount.Therefore, theamountsofureaandcowdungapplication
to the cropswere recorded from different regions.Moreover, the use of previous crop residues for the next
cropwas also an influencing factor to this category. In the regionswhere thecattle feeds andhousehold fuel are
scarce, especially in dry zone areas ofMyanmar, the residues of pulses, rice and corn are used for cattle and
stem residues of sesame, pigeon pea, and cotton are used for fuel. Therefore, no significant amounts of crop
residues are applied to the field.

The farmers’practicesof fieldburningofagricultural residues differ fromregions to regions aswell as fromplot
toplot. It varies according to their croppingsystems,economy,available labour, topographyandetc.Concerning
with rice stem residues, field burning canbe seen in some fields of the double rice cropping system (summer
rice—monsoon rice). It is because the harvest time of summer rice coincides

No. Particulars Amount (FEC)
March 2009: Field surveys to Ayeyarwady, Bago and
Yangon Divisions - 3 persons x10 days
Traveling costs, meals and accommodations

April 2009: Field surveys to Mandalay and Magwe
Divisions - 3 persons x5 days
Traveling costs, meals and accommodations

Sept. 2009: Field surveys to Kalaw and Aungban
Townships, Southern Shan State - 5 persons x5 days
Traveling costs, meals and accommodations

Oct. 2009: Field surveys s to Kyaukme and Lashio
Township (Northern Shan State) - 3 persons x7 days
Traveling costs, meals and accommodations

Daily Subsistence Allowance / Honorarium

150 FEC x6 persons

6 Laboratory soil analysis for five different rice growing
regions

200

7 Cost of materials (questionnaires survey forms,
photographs, labour charges, etc.)

100

8 Data analysis and paper writing 200

Total 2,500

4 300

5 900

1 300

2 200

3 300

No. Particulars Amount (FEC)
March 2009: Field surveys to Ayeyarwady, Bago and
Yangon Divisions - 3 persons x10 days
Traveling costs, meals and accommodations

April 2009: Field surveys to Mandalay and Magwe
Divisions - 3 persons x5 days
Traveling costs, meals and accommodations

Sept. 2009: Field surveys to Kalaw and Aungban
Townships, Southern Shan State - 5 persons x5 days
Traveling costs, meals and accommodations

Oct. 2009: Field surveys s to Kyaukme and Lashio
Township (Northern Shan State) - 3 persons x7 days
Traveling costs, meals and accommodations

Daily Subsistence Allowance / Honorarium

150 FEC x6 persons

6 Laboratory soil analysis for five different rice growing
regions

200

7 Cost of materials (questionnaires survey forms,
photographs, labour charges, etc.)

100

8 Data analysis and paper writing 200

Total 2,500

4 300

5 900

1 300

2 200

3 300
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with the monsoon rains, the wetted rice straws are not suitable for cattle feed and they were burnt down for
clearing. Theresidues left in the field, such as sugarcane, wheat, corn and riceare burnt with the purpose mainly
for landclearingofnext crop. Questionnaire for farmer’spracticeofresidueburningwerealsoused in interviews
with local farmers.

The surveyresults will provide more accuratedata for the assumption of activitydata and scalingfactors for the
national GHG inventory.The surveyresults will contribute to accelerate the improvement of GHG inventoryas
in a measurable, reportable and verifiable (MRV) manner. The knowledge and experience from the research
project can also be used as a base line data for the assessment of GHG abatement options and formulation of

mitigationstrategies,andconsequentlyithelps inthefulfillmentofMyanmar’scommitmentsunder theUNFCCC.
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Draft National Climate Change Policy, Strategies and Actions

1. Introduction
Thedraftnationalclimatechangepolicyaddressesclimate-relatedissuesresultingfromGHGemissionsoriginating
in the energy, industrial processes, agriculture and livestock, land use change and forestry, and waste sectors.

In developed countries the energy and the industry sectors used to be the largest GHG sources, while in the
developingcountries,whichare less industrialized, agriculture, landusechangeandforestry,andwasteproduction
contribute most to global warming.

In this perspective, the 1997 GHG inventory conducted for the first time in Myanmar, under the ALGAS
project attempted to describe the state of GHGs emitted in 1990 from the above-mentionedsectors of economy.
The GHG inventoryhad indicated that Myanmar was a net sequester of CO2 with 5,910 Gg in 1990. But, with
emissions of CH4, N2O, NOx and CO the countryemitted a total of 41,500 Gg of CO2 e which included 6,086
Gg of CO2e (14.67%) from Energy, 180.44 Gg of CO2e (0.43%) from Industrial Processes, 39,203 Gg of
CO2e (94.47%) from Agriculture & Livestock, -6,656 Gg of CO2e (-16.04%) from Land use change and
Forestry, and 2,686 Gg of CO2e (6.47%) from Waste sectors. It is evident therefore that agriculture had been
the biggest contributor of GHGs in 1990 followed sequentially by energy, waste and industrial processes.
Land use change and forestryremoved GHGs more than it emitted bya verybig margin which made Myanmar
a net sequester in 1990 in terms of CO2 emissions.

In the agriculture & livestock sector, net CO2 e emissions dropped to 25,342 Gg in 2000 from 39,203 Gg in
1990 contributing approximately 57.41% to the total net CO2e emissions in Myanmar. Notwithstanding the
vast amount of methane emissions, rice cultivation has to be and been being increased yearly by expanding
cropping area and enhancing per unit area production. Furthermore, the increased populations of the cattle and
buffalos, compounded the problem, but for Myanmar, theyare the inevitable in agricultural development.

Energyhas two-wayeffectson social,educational andeconomicdevelopment ina country.For thedevelopment,
energy is a driving force. Myanmar has been promoting resource-based industries, and as a result net CO2e
emissions in both energyand industrial processes sectors had increased enormously. The net CO2e emissions
of 6,086 Gg in 1990 had increased to 45,140 Gg in 2000 in the all energysector, while that of 180 Gg in 1990
had increased to 3,014 Gg in 2000 in the industrial processes. The continuing economic development will
certainly lead to increased GHG emissions beyond limits if not properlyplanned and effectivelycontrolled.

Thanks to the land use change and forestry, Myanmar again became a net sequester of CO2 gases in 2000.
However, with the estimated annual deforestation rate of about 400,000 hectares, the currently estimated
sequestration effect may have disappeared by the turn of the new millennium as commented in the EPA
(Environmental PerformanceAssessment) report, March 2006.

Adverse impacts of climate change will lead to forest depletion, degradation and complete destruction over
time if no appropriate responsive measures are undertaken in time. It is extremely necessary to enlarge and
conserve forests to reduce global warming.Additionally, people need forests to survive and prosper in a livable
environment. In view of this, sustainable forest ecosystem management, together with private forestry and
communityforestryis to be highlyprioritized for climate change mitigation and adaptation.
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In the waste sector, the net CO2 e emissions had increased by 140 Gg only - from a net total of 2,686 Gg CO2
equivalents in 1990 to 2,826 Gg CO2 equivalents in 2000. In this case, reduction of per capita waste generation,
waste treatment and recycling are the main strategies.

This draft national climate change policy is not fullycomprehensive in terms of scope since it covers only five
priorityeconomic sectors.On the other hand, it is considered agood and inevitable initiativefor futureexpansion
and improvement to base upon.

2. Goal and Objectives of the Policy
Goal:
To progressivelydevelop national economyin a stable and environmentallysound climate

Objectives:
To stabilize greenhouse gas (GHG) concentrations in the atmosphere below dangerous levels without
compromising national economic growth; To mitigate climate change and its adverse impacts by limiting or
reducing anthropogenic GHG emissions in various economic sectors and sources.

1. To preserve and enhance GHG reservoirs and sinks.
2. To enable adaptationmeasures to immediatelycope with the impacts of changingclimate and minimize

the damages.
3. To ensure that food production is not disrupted enabling national socio-economic development to

proceed in a sustainable manner.

3. Priority Sectors identified for Climate Change Concerns
FiveeconomicsectorsnamelyEnergy, Industrial Processes,Agriculture and Livestock, Land Use Change and
Forestry, and Waste sectors havebeen identifiedaspriorityareas in thecontextofclimate change in Myanmar-

4. Climate Change Concerns
Both causes and effects or impacts of climate change are climate change concerns.Although not exhaustive,
they are identified sector-wise and presented in the following table.
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Causes Effects

 Fossil fuel combustion emitt ing CO2  Reduced hydroelectric power supply due to inadequate water resources
result ing from shortened monsoon period and intense drought

 Fugitive emission from oil and natural gas
systems and coal mining, contributing CH4

 Increased consumption of electricity due to rising ambient air
temperature

 Transport (mobile combustion of all

kinds of fuel) emitt ing CO2, CH4, N 2O, CO,

NMVOC. SO2, PM, NOx

 Increased expenditures to replace energy inefficient equipment, vehicles
and machineries with more efficient ones

 Fugitive emission from fuel inefficient
old vehicles, poor roads, road network,
traffic jams producing various GHGs

 Increased investments to improve roads, road networks, and
transportation facilit ies

 Loss of old, outdated and energy inefficient vehicles and machineries

Industrial  Production of construction materials such
as cement, glass, iron and steel etc. and of
foods and drinks producing CO2, CH4,

NMVOC.

 Increased investment for development and use of energy efficient and
environment friendly technologies

Processes  Product use such as refrigerators, air
conditioners, electrical appliances emitt ing

CO2, CFC, HFC, PFC, SF6

 Increased investment to develop and deploy new energy technologies
including GHG capture, storage and utilization for power generation in
industrial processes

 The technical and regulatory need involving probably heavy financial
investment to implement environmental standards for energy efficient use and
for constructing GHG-efficient infrastructures.

Agriculture  Rice cultivation emitt ing CH4  Change in growth rates of crops

and  Land clearing emitt ing CO2, CH4, N20  Water stress in some regions due to frequent and intense droughts

Livestock  Application of chemical fert ilizers and
pesticides producing N2O, NOx, etc.

 Water excess and flooding in some regions due to fluctuations in rainfall

 Managed soils contribut ing CO2,N2O  Changes in crop productivity (increased or decreased yields of some
major crops due to increased warming)

 Enteric fermentation of ruminant
livestock and manure management, leading

to CH4 emission

 Decline in food quality due to increased CO2 concentration in the

atmosphere

 Farming of swine and its manure

management, leading to CH4 emission
 Increase of agricultural pests and diseases due to rise in temperature

 Animals directly emitt ing N2O  Increased vulnerability of some crop strains to climate extremes

 Animal waste management producing
CH4, and N2O

 Loss of arable lands due to drought, floods, salt water intrusion and sea
level rise

 Heat stress on livestock including aquaculture

 Increased incidence of animal pest and diseases due to fluctuations in
rainfall

Land Use  Deforestation contribut ing CO2, CO,

CH4, N2O, NOx

 Shifts in the ranges of trees and animals

Change and  Forest degradation contributing CO2  Change of species composition

Forestry  Forest fires contributing CO2, CO, CH4,

N2O, NOx

 Effect of sea level rise on the distribution and abundance of mangroves.

 Burning after forest clearing contributing

CO2. CO, CH4, N2O, NOx

 Forests becoming drier

 Soil disturbance emitt ing CO2, NOx  Risk of extinction of rare or geographically restricted species

 Increases in the frequency & severity of forest fires, and the lengthening
of fire season

 Increase in pests and diseases.

 Change in growth rates and yields

 Solid waste emitt ing CH4, N20 and other

GHGs
 Environmental pollution

 Domestic and industrial waste water
emitt ing CH4

 Loss of aesthetic values

 Spread of various diseases

Sector

Energy

Waste

Causes Effects

 Fossil fuel combustion emitt ing CO2  Reduced hydroelectric power supply due to inadequate water resources
result ing from shortened monsoon period and intense drought

 Fugitive emission from oil and natural gas
systems and coal mining, contributing CH4

 Increased consumption of electricity due to rising ambient air
temperature

 Transport (mobile combustion of all

kinds of fuel) emitt ing CO2, CH4, N 2O, CO,2O, CO,2

NMVOC. SO2, PM, NOx

 Increased expenditures to replace energy inefficient equipment, vehicles
and machineries with more efficient ones

 Fugitive emission from fuel inefficient
old vehicles, poor roads, road network,
traffic jams producing various GHGs

 Increased investments to improve roads, road networks, and
transportation facilit ies

 Loss of old, outdated and energy inefficient vehicles and machineries

Industrial  Production of construction materials such
as cement, glass, iron and steel etc. and of
foods and drinks producing CO2, CH4,

NMVOC.

 Increased investment for development and use of energy efficient and
environment friendly technologies

Processes  Product use such as refrigerators, air
conditioners, electrical appliances emitt ing

CO2, CFC, HFC, PFC, SF6

 Increased investment to develop and deploy new energy technologies
including GHG capture, storage and utilization for power generation in
industrial processes

 The technical and regulatory need involving probably heavy financial
investment to implement environmental standards for energy efficient use and
for constructing GHG-efficient infrastructures.

Agriculture  Rice cultivation emitt ing CH4  Change in growth rates of crops

and  Land clearing emitt ing CO2, CH4, N20  Water stress in some regions due to frequent and intense droughts

Livestock  Application of chemical fert ilizers and
pesticides producing N2O, NOx, etc.

 Water excess and flooding in some regions due to fluctuations in rainfall

 Managed soils contribut ing CO2,N2O  Changes in crop productivity (increased or decreased yields of some
major crops due to increased warming)

 Enteric fermentation of ruminant
livestock and manure management, leading

to CH4 emission

 Decline in food quality due to increased CO2 concentration in the

atmosphere

 Farming of swine and its manure

management, leading to CH4 emission
 Increase of agricultural pests and diseases due to rise in temperature

 Animals directly emitt ing N2O  Increased vulnerability of some crop strains to climate extremes

 Animal waste management producing
CH4, and N2O

 Loss of arable lands due to drought, floods, salt water intrusion and sea
level rise

 Heat stress on livestock including aquaculture

 Increased incidence of animal pest and diseases due to fluctuations in
rainfall

Land Use  Deforestation contribut ing CO2, CO,

CH4, N2O, NOx

 Shifts in the ranges of trees and animals

Change and  Forest degradation contributing CO2  Change of species composition

Forestry  Forest fires contributing CO2, CO, CH4,

N2O, NOx

 Effect of sea level rise on the distribution and abundance of mangroves.

 Burning after forest clearing contributing

CO2. CO, CH4, N2O, NOx

 Forests becoming drier

 Soil disturbance emitt ing CO2, NOx  Risk of extinction of rare or geographically restricted species

 Increases in the frequency & severity of forest fires, and the lengthening
of fire season

 Increase in pests and diseases.

 Change in growth rates and yields

Sector

Energy

Waste
 Environmental pollution

 Solid waste emitt ing CH4, N20 and other

GHGs

 Domestic and industrial waste water
emitt ing CH4

 Loss of aesthetic values

 Spread of various diseases
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5. Basic Principles

The national climate change policy will be founded on the following basic principles:
 The Climate Change Policy (CCP) shall enable key economic sectors climate-adaptive and resilient

while securingcontinued progress of national economic growth.

 CCP shall be committed to promoting low-carbon economy

 CCP shall be country-specific, scientific-based, technologydriven and cost effective in implementing
climate change mitigation and adaptation measures.

 CCP shall contribute to global efforts of stabilizing atmospheric CO2e concentrations under dangerous
level through enhanced carbon sequestration, reduced GHG emissions and efficient energysupplyand
demand

 CCPrecognizesthatdisasterriskreductionisstronglylinkedwithclimatechangemitigationandadaptation
efforts.

 CCP recognizes that innovation, transfer, deployment and dissemination of ecologically sound
technologies, and research and development (R & D) are the keys to address the challenges of climate
change, particularly in the long run.

 CCP recognizing the climate change as a global issue shall encourage cooperation and collaboration
with all state and non-state actors globally.

6. Objectives, Policies, Strategies and Actions

6.1 Energy Sector
6.1.1 Objective
ToreduceGHGemissionsfromalltypesofproduction,distributionandutilizationofenergy,andfromtransportation
6.1.2 Policies
To improve energyconservation and efficiency, to enhance energy production and ensure energy security, to
promote efficiency in transportation, and to regulate imports of second-hand vehicles

6.1.3 Strategies
To perform energy audit, to tap all possible potential power sources to accelerate energy production, to
encourage generation and utilization of renewable energy, to improve traffic control and public conveyance
system, andto establish national ambient air quality standards

6.1.4Actions
Mitigation measures - Demand Side:

1. Set energyefficiencystandards and label efficiencygrades on the products
2. Providefinancialsupportandtaxbenefitsforenergy-efficientproducts
3. Provide energy advices and inspection, and encourage the use of energy-efficient appliances and

equipment, and energy-saving compact fluorescent lamps
4. Capture fugitive gaseous emissions at fuel service stations.
5. Eliminate the behavior of usingstand-bysettings inall energy-consuming appliances
6. Develop voluntary agreements with incentive measures for increased use of highly energy-efficient

electrical equipment and appliances
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Mitigation measures - SupplySide:
1. Invest more in the exploration and utilization of natural gas
2. Construct hydro-electric facilities further where EIA permits
3. Promote the production of cleaner fuels and wind and solar power
4. Implementnuclearpowergenerationproject tomeet increasingdemandforelectricity
5. Remove or upgrade existing inefficient power generation systems
6. Upgrade coal-burning industrial boilers through the use of qualitycoal
7. Extract coal-bed methane to reduce methane emission from coal mining
8. Improve power transmission and distribution system to reduce power loss
9. Promote combined heat and power generation at commercial buildings
10. Promoteproductionofbio-energyfromagriculturalresiduesand,humanandanimalwasteswithoutadversely

affectingfoodsecurity, soil statusandforest resources

Mitigation measures -Transport:
1. Accelerate converting gasoline or diesel vehicles to CNG.
2. ConstructCNGpipelines and CNG stationsacross the country
3. Improve energyefficiencythrough retrofittingandmanaging vehicle usage
4. Implement stringent standards for reducing CO2 emissions from vehicles
5. Improve railwayand waterway systems for increased containerized freight transport
6. Improve roads and road networks, and construct road detours
7. Increase the installation of light-emittingdiodes in traffic lighting
8. Undertake land use, urban and transport planning to improve traffic management, transport systems,

includingnon-motorized transport (cycling, walking)

Adaptation measures
1. Construct buildings with designs to improve cross ventilation, prevent direct sunlight in the afternoon,

and reduce heat gains with shading covers
2. Developandimplementenvironmentalstandardsforefficientuseofenergy

3. Discouragetheimportandtheuseofoutdatedandfuel- inefficientmotorvehicles
4. Impose heavy taxes on the imported luxury cars and encourage car pools
5. Make public road, rail and water transports more comfortable and affordable
6. Buildinstitutionalcapacitytomonitorambientairqualityandairpollutionregularly
7. Raise theawarenessof thepubliconthevaluesofenergyconservationandreduced GHG emissions, and

their uncontrolled impacts

6.2 Industrial Processes Sector
6.2.1 Objective
To realize energysaving, conservation and efficiencythrough improved management systems, increased use of
cleaner energy, energy-efficient technologies and equipment, and adoption of environmental regulations and
standards.

6.2.2 Policies
Toadoptenergyefficiencystandards and labelingsystem, toprohibitmanufacture and importofGHGinefficient
products, and to promote energyefficiencyand emission control technologies

6.2.3 Strategies
To practice Green Certification Program, to promote clean technologies and cleaner production
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6.2.4Actions
Mitigationmeasures

1. Sethighenergyefficiencyandenvironmentalstandardsforefficientuseofenergy
2. Conduct at each industryEfficiencyAudit and label the industryand the product, if theysatisfy the set

standards, forexample,GreenIndustry, andHighEfficiencyProductrespectively.
3. Support such industries byproviding tax benefits.
4. Encourage use of renewable energies such as solar and wind by providing incentives.
5. FurtherpromoteuseofCNGandLPGinindustrialprocessingthroughsubsidies.

Adaptation measures

1. Encourage the use of more energy efficient boilers, motors, and furnaces
2. Introduce energy-saving, process-specific technologies
3. Initiate the development of carbon capture and storage for energy-intensive plants
4. Implement measures to capture nitrous oxide from industrial processes.
5. Implement energy-savingregulations, standards and improved management systems
6. Provide energyefficiency-related information services such as handbooks and educational talks, and

conduct advocacy extensively for energy conservation and use of clean energy through all available
media

6.3 Agriculture and Livestock Sector
6.3.1 Objectives

1. To reduce GHG emissions from the agricultural sector while increasing food production that secures
self sufficiencyand surplus for export.

2. To keep CH4 emission under control in enhancing paddyproduction
3. To limit the emission of CH4 and N2O from livestock through improved management.

6.3.2. Policies
Follow “Code of GoodAgricultural Practice” strictly, ensure increased food production in a climate friendly
manner, and improve livestock management so as to mitigate GHG emissions.

6.3.3. Strategies
Improve rice cultivation method and water management, promote organic farming,research and develop on
climate-resilient crop varieties, breed genetically improved strainsof animals and regulate their population, and
improve animal feed with qualityforageand mineral supplements.

6.3.4Actions
Mitigationmeasures

1. Reduce tillage in rice fields, and improve water and crop management, select rice varieties properly,
practice crop rotation, and promote climatefriendlytechnologies such asConservationAgriculture and
SlopingAgriculturalLandTechnology(SALT).

2. Applyherbicides to inhibit nitrification and de-nitrification to reduce N2O emission.
3. Practice intermittent irrigation technique in rice fields to reduce CH4 emission.
4. Reduceuseofmineralfertilizers,usephosphor-gypsumincombinationwithureatoreduceCH4 emission,

and apply slow release fertilizers to reduce N2O emission.
5. Promoteorganic farmingwith increaseduseofbio-fertilizersandvia improvedcropresiduemanagement

and manage properly the application of fertilizers and pesticides.
6. Introduce straw mulching with zero tillage in deep-water rice fields
7. Produce high qualityforage, avoid over-grazing, and improve pastoral management.
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8. Improve manure management, and Store manure in lagoons to use as bio-fertilizer
9. Use mineral supplements to reduce feeding amount, and supplement poor qualityroughage with urea

molasses, legume and/or low-cost agricultural by-products.
10. Store manure in anaerobic lagoons to use as bio-fertilizer bydeep application

11. Collect CH4 emitted from manure and use as fuel for heating and lighting

Adaptation measures
1. Adjust agricultural cropping systems such ascrop diversification, and multiple, mixed, inter-cropping,

and improve management measures, such as water saving, optimized fertilization, soil and water
conservation, and increased use of bio-fertilizers.

2. Promote stress-resistant genetic strains of crops, encourage the increased use of high-quality stress-
resistant plant varieties, bio-fertilizers and eco-friendlypesticides.

3. Developincentive/disincentivemeasuresandpracticecrop-mixandorganicfarmingtoensureagricultural
ecosystem to adjust better and resilient to climate change effects.

4. Increase and expand water impoundment systems throughponds, dams, lakes andrain water collection
facilities, and improve water use conservation and efficiency

5. Upgrade and enhance dissemination of weather-related earlywarning system
6. Improve post-harvest treatment and use better storage facilities

7. Identify and integrate climate risk reduction measures into agriculture, and ensure human resources,
budget and advanced technologyfor implementing these measures.

8. Promote dry-land agriculture, and preserve soil moisture and fertility in the DryZone
9. Protect pastures against wild fires, man-made burning, over-grazing, and soil erosion.
10.Supplement ruminant fermentation-controlmedicine in livestock diets.
11. Add fermentation stabilizers and micro-organism repressors to animal diets
12.Breed high-qualityvarieties to increase productivityand total production with optimized number of

animals, and protect livestock against heat stress
13.Establishlivestockfarmingzonestofacilitatethelivestockmanagementwithjointundertakings, including

installation of common manure disposal, among others.

6.4. Land Use Change and Forestry
6.4.1 Objectives

1. Preserve and enhance forest carbon reservoir and sink to help combat climate change
2. To minimizeGHG emissions from landuse change

6.4.2 Policies
Promote carbon sequestration through sustainable forest ecosystem development, and cause change of land
use to be preceded by EIA in accord with broad National Land Use Plan

6.4.3 Strategies
Introduce private forestry, manage state (or public) and non-state forests in a sustainable manner, intensify re-
afforestation programmes, promote community forestry and urban tree plantings, encourage manufacture of
long lasting value added forest products, develop national land use plan, and let EIA precede anymajor land
use change

6.4.4Actions
Mitigationmeasures

1. Protect existing forests, expand forest extent, and increase forest densityand growth
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2. Expand ProtectedAreas System, conserve biological diversityand productivity, recover endangered
species, and maintain structural diversityof forest and species mixture

3. Avoid clear felling of forest in timber harvest, practice“reduced impact loggingsystem”, andrestore or
replant harvested areas, depleted areas and degraded forests

4. Increase advocacy and educate public about community forestry (CF)
5. Applyagro-forestryor aqua-forestrysystems, as appropriate, to establish CFs in order to generate early

financialbenefitsandthusensurecommunityparticipation
6. ContinueForestDepartment’sprogramof freedistributionofseedlingsfor roadsideand urban greening,

and consider incentives to ensure the survival of the planted trees
7. Develop technologies of manufacturing superior quality forest products to extend the lives of wood

end uses, and meet forest related human needs
8. Promote the use of wood products in place of energy-intensive construction materials.
9. Developandimplementnational landuseplan tosustainpermanent forest estate
10. Conduct EIA and cost-benefit analysis prior to deciding any major land use change.

Adaptation measures
1. Enrich and sustain biodiversity, and develop stress-resilient genetic strains
2. Practice multi-culture and structurallycomplex forest ecosystems management
3. Promote private and community forestry, and intensifymangrove re-afforestation
4. Conduct research and encourage planting drought- and fire- resistant tree species
5. Establishanefficient forest fire fightingmechanism
6. Raise public awareness and participation in forest management and development.

6.5. Waste Sector
6.5.1 Objectives
To reduce GHG emissions through improved waste management and energy recovery from waste, to make
both urban and rural areas free from environmental pollution and health hazards, and to enhance aesthetic
appreciation of cities

6.5.2 Policies
Strengthen “Greenand Clean Country” campaign tomake the countrygreen and clean reducingGHG emissions
andenvironmentalpollution.

6.5.3 Strategies
Minimizepercapitawastegeneration, recyclewaste,generateheat and electricityfromwaste treatment, advocate
self-cleanliness and public hygiene, practice “Polluter PaySystem”

6.5.4Actions
Mitigationmeasures

1. Reduce the volume of waste per capita, and educate the public on waste management.

2. Categorize waste and dispose it properly at designated landfills, expand waste storage and treatment
facilities, and generateelectricityusing landfill gas

3. Encourage waste recycle and promote market opportunities for recycled products
4. Eliminate the use of polyethylene plastic bags.
5. Enforce regulations, standards, and “polluter paysystem” for waste management
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EST Database on Emission Reduction Projects

1. GHG Emission reduction(EST) projects proposed under theALGAS project in 1998.
The proposed projectsbased on GHG emission reduction under theAsia Least-costGreenhouse GasAbatement
Strategy-Myanmar(ALGAS-Myanmar) project implemented by National Commission for Environmental
Affairs(NCEA) in cooperation with GEF,ADB and UNEPin 1998 are as follows:-

(1) Developing Institutions and Capacity for Inventoryof GHGs in Myanmar.
(2) Rural Electrification through Bioenergy.
(3) LPG cookers to replace electric cookers.

(4) Dissemination of BiogasTechnologyfor GHGs Emission Reduction in Shan State.

(5) Fuel-Efficient Cookstoves and Participatory Forestry for Carbon Emissions Reduction in Shan State
of Myanmar.

2. Emission reduction(EST) projects identified for Myanmar in 2005 to be selected as CDM
project.

Taking advantage of the Projects on needs assessment on TechnologyTransfer to Mitigate the effect of Global
Warming in Myanmar, implemented in 2005 bythe National Commission for EnvironmentalAffairs(NCEA),
Myanmar in cooperation with NEDO, KRI., Inc, Japan. The following 33 ESTs were identified for Myanmar
to be selected as CDM projects.

The Outlineof 33 EnvironmentallySoundTechnologies identified for Myanmar to be selected asCDM projects
are shown inAppendix (A).

The most preferred technologies of various ministries concerned are as follows-
1. Generation of wind power, waste power and solar power
2. Utilization ofenergyfrommethane fermentation
4. Rehabilitation of dye-works, introduction of energysaving equipments
5. Making boiler plants more energyefficient
6. Spread of low-pollution vehicles, clean energyautomobiles
7. Modal shift
8. Rehabilitation ofpetrochemical plants
9. Introduction of energy-saving equipment
10. Fuel conversion
11. Promoting increased use of biodegradable plastics
12. Rehabilitation of refineries, introduction of energysavingequipment
13. Introduction of new transportation systems (dual-mode bus system, etc)

CDM related projects undertaken in cooperation with NEDO, Japan 1998-2004
CDM related projects based on emission reduction under the Kyoto Protocol have been implemented by
various ministries in Myanmar in cooperation with NEDO, Japan ( 1998 to 2004). The status of these
projects are shown inAppendix (B).
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1. Proposed emission reduction(EST) projects under UNFCCC-INC in 2010

The proposed projects based on GHG emission reduction under the Preparation of the INC under
the UNFCCC Project implemented by NCEA in cooperation with UNEP in 2008-2010 are as
follows:-
1) Green House Gas (GHGs) Mitigation of Bio-energy Potential to Improve the Livelihood and

toAttain the EnergySecurityof Rural Communities in Myanmar.
2) Bamboo Bio- ethanol Production and Utilization in RuralArea.
3) Low cost plastic Biodigester Proposal.
4) Dissemination ofA-1 Fuel-wood Improved Cook-stoves for GHGs Emission

Reduction Project.

5) Agricultural opportunities for Green House Gas (GHGs) mitigation in Myanmar.

6) Mitigation of CH4 Emission from Rice Fields byFertilizer Management Practices

7) Mitigation of CH4 Emission from Rice Fields byWater Management Practices
8) Mitigation of N2O Emission from Lowland PaddyField byOrganic Manuring and Water

Management
9) Effect of Integrated Nutrient Management and Method of FertilizerApplication on N2O

Emission from Commercial Cabbage Production in Myanmar.
10) Project Proposal for Small Scale Reforestation Pilot Project inAyeyarwady Delta.

11) Wind power generation.
12) Waste power generation.
13) Utilization ofenergyfrom methane fermentation.
14) Rehabilitation of dye-works, introduction of energysaving equipments.
15) Making boiler plants more energyefficient.
16) Spread of low-pollution vehicles, clean energyautomobiles.
17) Modal shift.
18) Solar power generation.
19) Rehabilitation of petrochemicalplants, introduction of energy-saving
20) Equipment
21) Fuel conversion.
22) Promoting increased use of biodegradable plastics.
23) Rehabilitation of refineries, introduction of energysaving equipment.
24) Introduction of new transportation systems (dual-mode bus system, etc).
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Annex V

Sr.
No
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- Combined power generation
system by gas and steamed
turbines

-650-10,000 kWh

-Suitable for heat
consumption facilities

-Generation efficiency ,
45%
existing gas turbine; 20-
25%
(assumed)

- Reduction of transmission - Replace or rehabilitation
of

losses of electric power transmission facilities
-Reduction of power (transmission loss in

Japan ; 6-9%)
transmission system
- Rehabilitation of heat
supply

-CO2 reduction ; 10-20%

facilities or boiler house -Improving energy
consumption

-Fuel switching fromheavy
oil or
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-Low liquid ratio
dyeing machine

-Energy saving 40-60% - Nearly M$ 0.2/ 1 unit

system -Water saving 30-50% (200ton/y)

-Waste heat
recovery
equipment
- GHGreduction
fromwaste-

- Heat pump

water or waste
disposal

-Coefficient of Performance

-High efficiency
boiler, reduction

(COP): 1-3

heat losss and
switching fuels

- Heat efficiency 90-95% - Nearly M$ 0.02/ 1 unit

-Various scale 100 kg/h – 10
ton/h

(1.5ton/h

- Usage of CNG - Remodeling cost $ 8,000/ 1

-CO2 reduction- 30% vehicle

-NOxreduction- 95% -Construction of CNG

station M$ 1

-Reduction of CO2 - Improvement of energy

- to 1/5 by Railway
transport

consumption efficiency

- to ¼ by Sea transport

-Provide drivers
road and traffic
information

-Support drivers
to choose the

best route

-Reduction of
energy
consumption
-Emissions of
GHG
accompanied
- GHGreduction
in Urban Area
-Bus runs in
economical
speed
on the
exclusive road
-Improvement of
convenience of
bus

24 Use of ITS

25 Introduction of new
transportation
systems( Dual-
mode bus system,
etc.)

22 Spread of low-
pollution vehicles,
clean energy
automobiles

-CNGvehicle

23 Modal shift - Long-distance
transport

19 Rehabilitation of
dye-works,
introduction of
energy-saving
equipment

20 Rehabilitation of
food factories,
introduction of
energy-saving
equipment

21 Making boiler
plants more energy-
efficient
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-Utilization energy
efficiently
-Introducing
cogeneration into
private facilities

- Hospitals

- Hotels

- Office
buildings
- Shopping
Centers etc.
- Lower standby
electricity of

- Standby electricity requirement

home electronics accounts for 105 of all power

consumption

-Videocassette recorders(VCR)

-Gas-burning water heaters

-Audio appliances

-Telephone with FAX

-Television

-Making of lighting Fluorescent

lamp

-LED Traffic lights:

-power consumption is about

1/5 of the lamp types

- Reducing the
power

- Introduction of energy

consumption consumption technique into

Buildings or Hotels

- Introducing
inverter-controlled

- Reduction of power

systems consumption(Effect of 30% or
more

- Effective Use of
incineration

- Performance equal with general

Ash, sewage plant
sludg

cement

- Recycle food
waste to composts

- Making of food waste loss in

or feeds weigh

- Reduction of CO2 - Material Cost: Three
times

-Plastics of biomass origin general plastics

-Resolve by microorganism in soil

32 Utilization of
Recycled food
waste

33 Promoting
increased use of
biodegradable
plastics

- Carbon neutral

30 Making water
and sewage
treatment plants
more energy--

- M$ 1.5-3 / 100kW

31 Promoting
increased use of
Eco-cement and
Ready-mixed

- Manufacturing cost :
$250/ton (Capacity
110,000ton/year)

28 Introduction of
high-efficiency
lighting

-Reducing the
power
consumption

-Two times general Lamp

29 Making
buildings more
energy--efficient

26 Adoption of co-
generation by
businesses

- M$ 5,000-7,000 /55MW

27 Making electric
household
appliances more
energy-efficient
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Sr.
No.

Project Name Counterpart Agency Implementation
Site

Duration of
Project

1 Demonstrative Research on Prediction
Method of Average W ind Speed

Minis try of Electric
Power(MOEP)

Nationwide 1999

2 Wind power and Photovoltaic Energy
Assessment by Numerical Weather
Method

Department of Meteorology
and Hydrology

Nationwide 1999

3 Feas ibility Studies for Research
Cooperation on Photovoltaic Power
Generation Sys tem

Minis try of Electric Power
Enterprise(MEPE)

Nationwide 1998

4 Cooperative Research Project on Water
and Wastewater ; Small Equipment
Adaptation by Photovoltaic Power
Generation Sys tem Utilization

Kownship Development
Affairs

Kyaukse
Township

2001

Minis try of Energy(MOE),

Petrochemical
Enterprise(MPE)

1999

6 Feas ibility Studies for the Model Project
for High Efficiency Gas Turbine
Technology

Minis try of Electric
Power(MOEP)

DPE, MOEP,
Ywama Power
Plant

2001

7 Bas ic Research Project for Efficient
Energy consumption and Cooperation
Project for Energy consumption
Seminar

Foreign Economic Relations
Department(FERD), Minis try
of Energy

Yangon 1999

8 Survey on Adaptation of Energy
conservation Equipment for a Pulp Plant

Minis try of Indus try No.(1) Myanmar Paper
and Chemicals
Enterprise,
Sittaung Paper
Mill

2001

9 The Adaptation of Pipeline in the Crude
Oil Unloading Sys tem at Thanlyin
Refinery

MOE, MPE,
Thanlyin
Refinery

2001

10 Feas ibility Studies for Greenhouse
Gases Reductions by Ins talling Modem
Refinery Facilities at Thanlyin Refinery

MOE, MPE,
Thanlyin
Refinery

2000

11 The rehabilitation Project as CDM
Aimed at Reducing Emiss ions of GHG

Tharkayta Gas
Turbine Power
Plant, owned by
the Myanma
Electric Power
Enterprise(MEPE)

2000

12 Project for Reduction of Integrated Loss
from Supply and Demand/ Thermal
Power Generation

Bago, Magwe
and Mandalay

1999

13 Demonstrative Research on a Grid-
Connected Photovoltaic power
Generation Sys tem

Department of electric
Power, Minis try of Electric
power

Chaungthar,
Ayeyarwady
Divis ion

1999-2004

14 The Model Project on High-Efficiency
Gas Turbine Technology

Minis try of electric Power Myanmar electric
Power Enterprise,
Yangon

2002-2004

15 The Model Project for Energy
Conservation in Fertilizer Plant

Myanmar Petrochemical
enterprise(MPE), minis try of
energy

No. 3 Kyaw Zwa
Fertilizer Factory,
MPE

2000-2002

5 Feas ibility Studies for the Model Project
Implementation Saving Energy in
Fertilizer Plant

MOE, MPE, No. 3
Kyaw Zwa
Fertilizer Factory
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Acronyms

A
AAC AnnualAllowable Cut
A1TMES Reference Scenario of Climate Secnarios ofVarious Climatic Elements
ADORC Acid Deposition and Oxidant Research Center
ADPC Asian Disaster Preparedness Center
AL Affected Level
ALGAS Asia Least Cost Greenhouse GasAbatement Strategy
AR Afforestation/Reforestation
ASCMG ASEAN Subcommittee on Meteorologyand Geophysics
AWOS Automatic Weather Observing Systems

B
BANCA Biodiversityand Nature ConservationAssociation
BBIMSTEC Bayof Bengal Initiatives for Multi-Sectoral Technical and Economic Cooperation
BEHS Basic Education High School
BEMS Basic Education Middle School
BEPS Basic Education PrimarySchool
BMD Burma Meteorological Department
BOD Boichemical OxygenDemand
BSS Burma Selection System

C
CBD ConventiononBiological Diversity
CBO CommunityBased Organization
CCC Climate Change Concern
CCR Coastal CommunityResilience
CDM Clean Development Mechanism
CDMA Code Division MultipleAccess
CFC Chlorofluorocarbon
CFI CommunityForestryInstructions
CGAP Code of GoodAgriculture Practice
CH4 Methane
CIC Climate Information Center
CIF Climate Investment Funds
CITES Convention on International Trade in Endangered Species of wild flora and fauna
CL Confidence Level
CLICOM CLImat COMputing
CLMV Cambodia, Laos PDR, Myanmar, Vietnam
CMA ChinaMeteorologicalAdministration
C/N Carbon/Nitrogen ratio
CNG Compress Natural Gas
CO Carbon Monoxide
CO2 Carbon Dioxide
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CONOPS Concept of Operations
COP Conferences of the Parties
CPU Catch Per Unit
CSIRO Commonwealth Scientific andIndustrial Research Organization
CSO Central Statistical Organization

D
DDA Department for DevelopmentAffairs
DFN Departure From Normal
DMH Department of Meteorologyand Hydrology
DNA Designated NationalAuthority
DoF Department of Fisheries
DO Dissolved Oxygen
DZGD DryZone Greening Department

E
EANET Acid Deposition Monitoring Network in EastAsia
ECC Environmental Conservation Committee
ECCDI Ecosystem Conservation andCommunityDevelopment Initiative
EIA Environmental ImpactAssessment
EEZ Exclusive EconomicZone
ENSO El NinoSouthern Oscillation
EPA Myanmar National Environmental PerformanceAssessment
EST EnvironmentallySoundTechnology
ESTIS EnvironmentallySoundTechnologiesInformationSystem
ETPA Education, Training and PublicAwareness on climate change

F
FAO Food andAgriculture Organization
FCR Crop Residue Fertilizer
FD Forest Department
FON Organic Nitrogen Fertilizer
FPRP False Positive Report Probability(Genetics)
FRA Forest ResourceAssessment
FREDA Forest Resources Environment DevelopmentAssociation
FSN Synthetic Nitrogen Fertilizers

G
GDP Gross Domestic Product
GFDL Geophysical Fluid Dynamics Laboratory
GEF GlobalEnvironmentFacility
GHG Greenhouse gas
GLOSS Global Observing Sea Stations
GMS Greater Mekong Subregion
GPG Good Practice Guidance
GSM Global System for Mobile Communication
GSN Global Surface Network
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H
HCFC Hydrocholrofluorocarbon
HFA Hyogo Framework forAction
HFC Hydrofluorocarbon
HPMP Hydrofluorocarbon Phase out Management Plan
HWP Harvested wood products

I
ICS Incident Command System
ICT InformationCommunicationTechnologies
IEC InformationEducation and Communication
IETC International EnvironmentalTechnologyCentre
IFAD International FundforAgricultural Development
IIT Indian InstituteofTechnology
IMO International Meteorological Organization
INC InitialNationalCommunication
IndOOS Indian Ocean Observing System
INGO International Non Government Organization
IOC Intergovernmental Oceanographic Commission
IPCC Inter-governmental Panel on Climate Change
ITTA InternationalTropicalTimberAgreement
IUCN International Union for Conservation of Nature
IWRM Integrated Water Resources Management
IWT Inland Water Transport

J
JAXA JapanAerospace ExplorationAgency
JCOMM Joint WMO/IOCTechnical Commission for Oceanographyand Marine

Meteorology
JI Joint Implementation
JICA Japan International CooperationAgency
JIFPRO Japan International ForestryPromotion and Cooperation Center
JMA Japan MeteorologicalAgency

K
KOICA Korea International CooperationAgency

L
LBVD Livestock Breeding andVeterinaryDepartment
LDCF Least Developed Countries Fund
LNGO Local Non Government Organization
LPG Liquefied Petrolium Gas
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M
MAGICC/SCENG-EN Model for theAssessmentofGreenhousegasInducedClimateChange/

SCENario GENerator Scenariogenerator is thesoftware tospecifically
desigened to allow simulation of whole health and social care systems

MAPDRR MyanmarAction Plan on Disaster Risk Reduction
MDG MillenniumDevelopmentGoal
MEA . MultilateralEnvironmentalAgreement
MESSAGE Model for EnergySupplyStrategyAlternatives and their General

Environmental impact
MFPTMA Myanmar Forest Products and Timber Merchants’Association
MIAT MultidisciplinaryIntegratedAssessmentTeam
MOECAF MinistryofEnvironmentalConservationandForestry
MOF MinistryofForestry
MOGE Myanmar Oil and Gas Enterprise
MOMSEI Monsoon Onset Monitoring and Its Social & Ecosystem Impacts
MOU Memorandum of Understanding
MPA Myanmar PortAuthority
MPBND Ministryof Progressof BorderArea Development and National Races

and DevelopmentAffairs
MPCI Myanmar Paper and Chemical Industries
MRCS Myanmar Red Cross Society
MSS Myanmar Selection System
MSW Municipal solid waste
MSY MaximumSustainableYield
MTE MyanmarTimber Enterprise
MV Modern Varieties

N
NAP NationalAction Program
NAPA NationalAdaptation Programmes ofAction
NMVC Non-Methane Volatile Compound
NBSAP National BiodiversityStrategyandAction Plan
NCCC National Climate Change Committee
NCEA NationalCommissionfor EnvironmentalAffairs
NCSA National CapacityNeeds Self-Assessment
NCV Net CalorificValues
NDPCC National Disaster Preparedness Central Committee
NECC National EnvironmentalConservation Committee
NEDO New Energyand industrial technologyDevelopment Organization
NFC Northern Forest Complex
NFMP National Forest Management Plan
NGO Non Government Organization
NIOT National Institute of Ocean Technology
NMS National Meteorological Center
NMHS National Meteorological
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NMVC Non-Methane Volatile Carbon
NMVOC Non-Methane Volatile Organic Carbon
NPP Net PrimaryProduction
NR Natural Regeneration
NST National StudyTeam
NTWCs NationalTsunamiWarning Centres

O
ODS Ozone Depleting Substances
ODU Ozone Depleting Unite

P
PAS ProtectedArea System
PCCDs Pollution Control and Cleansing Departments
PFC Perfluorocarbon
PFE Permanent Forest Estate
PMT Project Management Team
PRA ParticipatoryRapidAppraisal
PRECIS Regional Climate Impact Studies
PTC Panel onTropical Cyclones
PV Photovoltaic

R
RC Regional Centre
RDF Refuse-Derived Fuel
REAM Renewable EnergyAssociation Myanmar
REDD Reduction of Emission on Deforestation and Degradation
RIMES Regional Integrated Multi-hazard EarlyWarning System
RMP Refrigeration Management Plan
ROAP Regional Office forAsia and the Pacific
RSO Research Systematic Observation
RTF Round-trip Paddling Fermenter

S
SCCF Special Climate Change Fund
SEA South EastAsia
SEASTART RC South EastAsia SysTemAnalysis Research andTraining Regional

Centre
SEAFDEC SoutheastAsian Fisheries Development Center
SEAGOOS South EastAsia-Global Observing System
SF6 Sulphurhexafluoride
SM Mean Score
SME Small andMedium Enterprises
SPA StrategyPriorityforAdaptation
SRES Special Report on Emission Scenarios
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SSB Single Side Band
SST Sea Surface Temperature
START SysTemAnalysis Research andTraining
SWDS Solid Waste Disposal to Site

T
TARNS TsunamiAlertRapid Notification System
TCP Tropical Cyclone Programme
TICA Thailand International Development CooperationAgency
TNA TechnologyNeedsAssessment
TNA TechnologyNeedsAssessment
TRS Tropical RevolvingStorm

U
UKHadCM3 UK Hadley Centre Coupled Model version 3
UKHadGEM1 UK Meteorological Office Hadleycentre Global Enviroment model
UMMB Urea Molasses Mineral Block
UNCCD United Nations Convention to Combat Desertification
UNCED United Nations Conference on Environment and Development
UNDP United Nations Development Programme
UNEP United Nations Environment Programme
UNEP-ROAP UNEPRegional Office forAsia and the Pacific
UNESCAP United Nations Economic and Social Commission forAsia and the

Pacific
UNESCO United Nations Educational, Scientific and Cultural Organization
UNFCCC United Nations Framework Convention on Climate Change
UNIDO United Nations Industrial Development Organization
UNOCHA United Nations Office f or The Coordination of Humanitarian affairs
USAID United StatesAgencyfor International Development

V
V&A VulnerabilityandAdaptation
VI VulnerabilityIndex
VL VulnerabilityLevel
VSS Vital Statistic System

W
WCP World Climate Programme
WCS Wildlife Conservation Society
WESTPAC Western Pacific
WHO World Health Organization
WLL Wireless Local Loop
WMO World Meteorological Organization
WWW World Weather Watch

Y
YCDC Yangon autonomous CityDevelopment Committees
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