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EXECUTIVE SUMMARY

NATIONAL CIRCUMSTANCES

The Republic of the Union of Myanmar issituated
between latitudes 9°55" and 28° 15"north and
between longitudes92° 10" and 101° 10" east, with
a total land area of 676,577 Km2. Myanmar
constitutes 15 States and Regions. According to
2008 estimation, thereare about 57.5 million people
inwhichatota of 135 ethnic groupsarelivinginthe
country. Most of the population are Buddhist and
thereisasoarich mix of religionssuch as Christian,
Hindu, MudimandAnimist.

Myanmar hastropical monsoon weather with three
distinct seasons; hot, rainy and cool seasons. Rainfal
isinfluenced by monsoonsand also by thelocality.
Annud rainfall of the coasta regionshasabout 5000
mm whilethecentral dry zone areashavelessthan
750 mm. Myanmar hasatemperaturefrom 10°Cto
32°Cwithanaveragemeanvadue 21°Cinthenorthern
low lands, sometimesdroppingto-1°C or 0°Cinthe
high landsand 32°C in the coastal area. During the
hot seasons, temperature sometimesreach 40°C and
over incentral dry zoneareas.

Myanmar land surface slopes gradually with
undulating mountain ranges, hillsand valleysfrom
northto south. Khakabo-razi, the highest mountain
in South East Asa, withitspesk of 5881misfoundin
Northern Part of Myanmar. Running parallel from
north to south, are4 mountain ranges, the Chinhills,
the Rakhine Yoma, the Bago Yoma and the Shan
Plateau. Thereare5 mainriverscalled Chindwin,
Ayeyarwady, Thanlwin, Sittaung, and Mekong
rivers. Wetlands, water springs, tubewd s, degp tube
wells, pondsandirrigated water systems contributed
towater supply in many aress.

Thecomposition and distribution of Myanmar’sland
resourcesin 2000 were described asreserved forests
(18.7%) and other forests (31.5%), fallow land
(1.8%), cultivated areas (13.5%), cultivablewastd and
(11.7%) and others (22.6%).

Myanmar al so possessesamplemineral resources,
such asrubies, sapphire, jadesand diamonds.

Theenvironmentd condition of Myanmar seawaters
aredtill in pristinecondition together with abundant
aguatic resources.

Education system in Myanmar is built upon broad
streams:. such asgenerd, professional, technica and
vocationd .

Medica careand health of the peoplearetop of the
national priority list. Transport and communication
facilities have been extended and upgraded
considerably comparedto previousdays.

NATIONAL GREENHOUSE GAS INVENTORY

Myanmar ratified UNFCCC on 25 November, 1994
as a non-Annex | Party. Article 12.5 of the
UNFCCC requiresnon-Annex | Partiesto maketheir
initial national communications. Thus, Myanmar
sought Globa Environment Facility (GEF) fundingin
2006 to fulfil its commitments and obligationsfor
preparing and reporting itsINC. Accordingly, the
NCEA (hereafter referred to as Ministry of
Environmental Conservation and Forestry -
MOECAF) of Myanmar launched an INC-project
in 2008 with the financia assistance from GEF/
UNEP.

Energy sector Thenationa GHG inventory inenergy
sector coversthree mgjor GHGs: CO,, CH,, N,O.
Themain sourcesof GHG emissionsexamined are
fossil fuel combustion, traditional biomass fuel
combustion, fugitive emissions from coal mining
activities, and oil & naturd gassystem. Thetotd GHG
emissions from energy sector of Myanmar were
estimated to be 7,863.47 Gg CO,e most of which
comefromfoss| fue combustion.

I ndustrial processesand product use sector GHG
emissionsfrom varioustypesof industria processes
arenon-energy uerdaedemissons. Theseemissons
arerelated to physical and chemica transformation
of materids, inwhichGHGssuchasCO,, CH,,N.,O

and other gases arerel eased.

Atotal of 463.29 Gg of CO, equivalent and 4.57
Gg of NMVOC isestimated to have been emitted
during theyear 2000 from theindustrial processes
and product use.

Agriculture sector Seventy percent of the
population reside in rura areas and are mainly

engaged inagriculture, livestock andfishery for their
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livelihood. Thenet sownareawas10.12 million ha
Most farmers traditionally grow rice as a single
cropping system under the rain-fed condition.
However with the construction of dams and
reservoirsby the Government,thetotd ricesownarea
reached 6,302,306 ha out of which 1,852,691 ha
(29.4 % of thetota riceland in Myanmar) were
irrigated.

CH,emissionsyr* by irrigatedrice, regular rain-fed
rice, drought pronerain-fed rice and deep water rice
were estimated to be 220.46, 134.62, 34.75 and
117.40 Gg yr*respectively. Thetotal emission of
N,O in the year 2000 was estimated to be 8.2 Gg
yrt. Useof crop residuesfor animal feed and fuel
wood are common for the smallholder farmersin
Myanmar. Only afew portionsburnt for land clearing.
Total GHG emission of crop residues from field
burning were 1.61 Gg CO, e.

Total GHG emissions from agriculture and
livestock in 2000 Total GHG emissions from the

agriculturd sector of Myanmar for theyear 2000 were
estimated to be 13,195.41 Gg CO,e. Thetrend of
CH, and N,O emissions during 2000-2005 shows
arising trend because of increased agricultural land
and moreinputsof fertilizers Amongthedomesticated
livestock, ruminant animals, such ascattle, buffalos
arethe major emitters of CH, dueto their unique
digestivesystem. Thetotal CH,emissionfromthe
livestock sector was 456.50 Gg. A considerable
amount of N,O was produced from the manure
management systems. Because of the increased
number of livestock, both CH, & N,O wererising
during 2000-2005.

Land usechange and forestry sector Forests, if
properly managed, are the main carbon sinks. On
the other hand, deforestation and forest degradation
processes becamethe source of carbon emissions.
The forest resource assessment (FRA - 2000)
conducted by the Food and Agriculture Organi zation
(FAO) in cooperation with the Forest Department
(FD) of Myanmar hasindi cated that Myanmar istill
endowed with aforest cover areaof about 52 % of
the country’stotal land areaof 676,577 km?.

Annual Increase in Biomass Carbon Socks The
annual increasesin biomass carbon stocksintheland

use changeand forestry sector were calculated for
thenatural forests, forest plantations, home garden
treesand roadsidetrees. The CO, removal in 2000
from the natural forests, forest plantations, home
garden treesand roadside treeswere: 129,839 Gg,
11,750 Gg, 470 Gg, and162 Gg of CO, respectively.

Annual decreasein biomasscarbon stocks Losses
of carbon stocksduetowood remova and fudwood
removal were estimated for 2000 to be 2,176,888
tCyr! and 26,936,418 tCyr! respectively, while
thosedueto site preparation for forest plantations,
shifting cultivation and deforestation were estimated
to be 1,863,207 tons of CO,g, 1,200,674 tons of
CO_eand 37,340,974 tons of CO erespectively.

Therefore, the greenhouse gas emissions in the
forestry sector for the year 2000 hasbeen estimated
to be at 40,404.855 Gg CO.e.

Net CO, emissions/removals for the year 2000
Tota annual increasein biomass carbon stocksin
the forestry sector was estimated to be 38,787.61
Gg of carbon, or 142,221.19 Gg of CO,. Onthe
other hand, total carbon loss by wood removal,
fuelwood removal and Harvested Wood Products
(HWP) accountedfor 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
CO.e. Therefore, the net annual CO, removals of
theland use change and forestry sector of Myanmar
for the year 2000 was estimated to be 101,816.38
Ggof COge.

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

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 dataissued. Itis
assumed that solid waste disposal to site (SWDYS)
which generated 1,514.12 Gg and municipa solid
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waste (MSW) to sitewas about 1,211.9 Gginthe
year 2000. The dumping of this amount of solid
wastesrel eased about 133.31 Ggof CH,,, equivalent
to emitting around 2,799.51Gg of CO, into the
amosphere.

Waste water  In year 2000, urban population is
taken as approximately 30% of thetotal country’s
population, whichis15.3million. By expert estimate,

net methaneemissionfrom domesticand commercid

wastewater is1.257 Gg.

Emission of Methane from waste sector in 2000
Thetota methane emissionfrom theWaste Sector in
theyear 2000 in Myanmar isaltogether 134.57 Gg.
Thetrendin thisstudy clearly showsthat CH,and
CO, emissionsinthis sector areincreasing dueto
theincrease of total population especially inurban
aress.

GHG emissionsin Myanmar for the year 2000
Thetotal GHG emission in Myanmar for the year
2000 wasestimated tobe -67,820.1 Gg CO,e. Totd
CO, emission in Myanmar for the year 2000 was
estimated to be 41,563.75 Gg, while CH, emission
accounted for 1,248.62 Gg. CO, N,O and NOx
emissionswereestimated at 2,216.18 Gg, 12.94 Gg
and 34.1 Gg respectively.

Emissonsfrom energy sector amountedto 7,863.47
GgCO,e. Emissonsfromtraditiona biomassburned
for energy accounted for 28, 297.82 Gg CO.e.

However, these emissions are not included in the
calculation of national totalssincethey arefar less
than thetotal net emissionsand within therange of
sudanability.

Most CH, emissionswereobserved in agriculture
sector with 963.73 Gg when combined with livestock.
Forestry sector showed themost GHG emissionswith
thevalue of 40,404.73 Gg CO.e.

GHG removals in Myanmar for the year 2000
Dueto thebiomassgrowth in natural forests, forest
plantations, road side treesand home garden trees,
land use change and forestry sector isthe only sector
that can absorb 142,221.20 Gg of CO,. Therefore,
thecountry’snet emissonfiguresturn out to beminus
67,820.10 Gg CO,e, whichmeans67.8 milliontons
of CO, are being absorbed by forestry sector in
Myanmar in 2000.

The Trend of GHG emissionsin Myanmar The
trends for CH, and N,O emissions in agriculture
sector clearly highlighted asharp increase during
2000-2005. Waste sector showed an increase in
CH, emissionsdueto the population growth. Land
use change andforestry sector isasoa mgor source
of GHG emissonsmainly dueto deforestation, shifting
cultivation andland clearing. Moreover, totd annud
CO, removas by natural forests are gradually
declining duetothedecrease of natura forest aress.

GHG emissionsand removals in M yanmar for theyear 2000

Source/ Snk CO2 CO2 CO CHa N2O Nox COz Equ. | COz Equ.Net
Removal | Emission Total Emission
Emission

Ener gy Sector 7,658.65 562 0.28 7,863.47 7,863.47
Industry Sector 24859 463.29* 463.29
Agriculture 0.81 963.75 84 0.022| 22,843.67 22,843.67
Sector

(Agriculture 081 507.25 82 0.022| 1319517 13,195.17

(b)Livestock 4565 0.2 9648.5 96485
Forestry 142.221.20| 3365651 221537 144.85 426 34.08| 40404.73| -101,816.50
Sector
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 gasesNMVOC, ODS and SF6 amounted to 214.7 Gg CO2e.
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VULNERABILITY AND ADAPTATION
ASSESSMENT

Agriculture, water resources, public hedlth, forestry,
coastal zonesand biodiversity sectorsarethe most
vulnerableareasto climate changein Myanmar.

Climate change scenarios

The MAGICC/SCENGEN mode resultson climate
scenario were: (1) Thetemperaturefor 2001-2020
shows 0.5-0.7°C increase during thewholeyear in
lower partsof Myanmar and record high maximum
temperature may be expected. Thereisanincrease
in precipitation of about 4% during March-
November inthewholecountry. (2) Thetemperature
for 2021-2050 shows 1.4-1.7°C increase in the
months June-November inthewholecountry. From
March to November thereisan indication of about
10% increase of precipitation inthewholecountry.
(3) The temperature for 2051-2100 shows the
warming trend throughout theyear especidlyinthe
cool season. Thewholecountry will generdly receive
about 10% increase of precipitation during Marchto
November and deficient rain of upto 80% islikely
during thecool monthsfrom December to February.

The PRECISmode resultson climate scenario were:
(2) Thestandard deviation of mean temperaturefor
2001-2020 isgeneraly lessthan 0.5°Cinthewhole
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, thereisanincreasingtrend intemperaturefrom
1°Cto 1.4°Cat Yangon, Pathein, Myitkyina, Sittway,
Dawei, Kengtung, and Mandalay. A large standard
deviation at Sittway indicated 1,130 mm, compared
t0 891 mmin 1971-2000. (3) For 2051-2100, the
scenarioindicatesincreasesof 2.8°Cto3.5°Cinmany
places from 1971-2000 baseline data due to
decreasing cloudinesscoverage. Periodsof drought
arelikely at Myitkyina, Mandal ay, Sittway, Pathein
and Yangon wherethe standard deviation of mean
temperatureisgenerally about 0.9°C.

Vulnerability and Adaptation (V & A) assessment
Myanmar issituated under the high potential hazard
levels. Cyclone and strong winds, flood and storm
surge, intenserain, extremeday temperature, drought,

v

and sealevd risearethesix natura hazardsidentified
inMyanmar.

Vulnerability Indices (VI) and maps“ Using the
specified equation of the Vulnerability Index (V1),
Sector scores (S) and their Mean score (SM) were
worked out for al Regions and States . For In
Myanmar, the highest sector scorefor Vulnerability
isin public health sector, followed by biodiversity,
water resources, forestry, coastal zoneand agriculture
sectors.

The Public Health sector score is maximum in
Ayeyarwady Region followed by Rakhine State,
Tanintharyi Region, BagoRegionand in Mon State.
[tisminimum in Chin State.

In Biodiversity sector, scoreismaximumin Sagaing
Region followed by Rakhine State, Bago,
Ayeyarwady and Tanintharyi Regions, and in Mon
Stateand minimuminYangon Region.

In Water Resources sector, maximum score was
observed in Mandal ay and Bago Regionswhilethe
minimumwasfound in Kachinand Rakhine States.

In Forestry sector, scoreis maximum in Magway
Region followed by Mandalay, Bago and
Ayeyarwady Regionsand Kayah State. Itisminimum
inTanintharyi Region.

In Coastal zone sector, score is maximum in
Ayeyarwady Region followed by Rakhine State,
Yangon and Bago Region and Mon State. It is
minimum in Tanintharyi Region. Thereisnoscorein
theeight inland Statesand Regions.

In Agriculture sector, Ayeyarwady Region hasthe
maximum score followed by Bago, Sagaing,
Mandalay and Magway Regionswhile Chin State
hasthe minimum.

Vulnerability index ismaximum inAyeyarwady Region
andminimum in Chin State. Theindex isrelatively
high in Ayeyarwady and Yangon Regionsfollowed
by Mandaay Region, Mon Stateand Bago Region.
Itisrelatively low in Sagaing Region and Rakhine
State and it is lowest in the remaining States and
RegionwithminimuminChin State.



EXECUTIVE SUMMARY

Targeted researches Research programs in the
areasof (i) Climatevariability, (ii) Climate change,
(ii1) Tropica storms, (iv) Drought and precipitation
trendsand (v) Extremeclimatesinrelaionto El Nino,
among others, areto betargeted.

The policy options for adequate adaptation and
response strategies are to improve socioeconomic
conditionsacrossthe country in accordancewith the
nationa economic objectives.

MITIGATION OPTIONS ASSESSMENT AND
STRATEGIES

Myanmar isunder no obligationto quantify reduction
of greenhousegas(GHG) emission. However, GHG
emission mitigation optionsassessment wasmadeand
strategieswere devel oped for thekey socio-economic
sectors.

Energy sector - CO, emission reduction fromthe
energy sector can be focused on (i) energy
conservation and efficiency, (ii) replacing carbon-
intensiveenergy sourceswith lessintensive sources,
and (iii) promoting new and renewabl e sources of
energy. In Myanmar, it can be done by increased
utilization of hydropower, increased use of solar
power, useof dectricvehicle recydingof used engine
oil through refining, and by recovering and recycling
of HFCs. For transportation, primary mitigation
options will include road maintenance, and fuel
switching from petroleumto CNG

Agricultureand livestock sector - GHG emission
mitigation in agriculture can be effected through (i)
mitigation of CO, emissionsfrom croplands, biomass,
crop residuesand by-products, (ii) mitigationof CH,
emissions through fertilizer management, water
management, and selection of high yielding rice
cultivars, (iii) mitigation of NO, 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 by reducing field burning
of crop residues viacompost making and organic
agriculture. Mitigation of methaneemissionsfrom
livestock could be done by decreasing the number of
ruminant animals, by improving manurehandling, and

by improving entericfermentation processin ruminant
animals

Land usechangeandforestry - Forestry mitigation
measuresinclude forest protection, afforestation,
reforestation, improvement of treepeciesand sands,
natural regeneration, conservation of natural forests,
community forestry, agroforestry, dissemination of
improved cooking stovesand use of forest products
onsustained basis.

Waste sector - In Myanmar, approaches such as
wadtedisposa, wasterecycling, and wastereduction
are being employed in managing waste. Under the
current domestic sewage system, waste water is
discharged into sewer using hugeamount of trestment
water.

National strategiesfor GHG emission reduction
Energy sector - Emissionsfrom the energy sector
are not significant at present. Energy efficiency,
reduced use of non-renewable energy resources,
promotion of renewable energy and increased
productionlevel of energy areamongtheimperatives
of energy policy laid down by theMinistry of Energy.
InMyanmar, energy produced from hydropower and
biomass shares about 67 percent of total energy
consumption.

Agriculture and livestock sector - Ammonia
emissonistheprimary lossof nitrogenfromricefieds,
which arefertilized with anima wastedurry. Kesping
theflooded water table about 10cm high at thetime
of ADSapplication, anmoniavoldilizationfromADS
treated paddy soil will besignificantly reduced. It
could a so be suppressed by adding organic waste
andwood vinegar for neutralization.

Use of genetically improved breeds, reduction of
livestock numbers, increasein animal productivity,
improved higher forage quality, and better nutrient
composition are the mitigation options, currently
feasibleat thefarm level in Myanmar. Use of urea
molasses mineral blocks (UMM B) wasintroduced
by some projectsin cooperation with international
organizations.
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Land use change and forestry - In forestry sector,
themitigeation strategiesareusual ly not aimed & only
to reduce carbon emission but dsoincreasing carbon
sequestration. Forest mitigation optionswill include
mai nstreaming climate change concernsinto forest
policy and legid ations, improved forest management,
habitat management for wildlifeand wild plants, forest
protection, afforestation and reforestation, and
reduced firewood cutting. Promoting carbon trading
isaso apromising mitigation strategy.

Waste sector

Development of industries in Myanmar - In
Myanmar, both municipa wasteand industrid waste
have been increasing rapidly. By 2002, 83 main
industriesand 61 sub-industriesunder the 6 branches
of theMinistry of Industry No.1 are producing 542
kinds of variousgoodsincluding textiles, garments,
foodstuffs, etc. Thereare9 mgor factoriesunder
theMinistry of Industry No.2in2002. Thefactories
ared so producing variouskindsof goods, including
tiresand tubes, trucks, light vehicles, bicycles, etc.
There are also several co-operatives and private-
owned industriesof various scales. Moreover, the
government hasestablished 27 industrial zonesinyear
2000. Thetota number of factoriesestablished was
60,513 in2006. Mingitry of industry No. 1 and No.
2 arecombined to Ministry of Industry in 2011.

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

Appropriate mitigation strategies for municipal
solid waste- Devel opment with zero emission has
been agrowing concept of global acceptance. Use
of “wasteto energy” plantsisaso 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-Derived Fue (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 proposalsand oneistoinvestigate
the effect of nutrient management on N, O emission
from commercia cabbagecropping.

DEVELOPMENT AND TRANSFER OF
ENVIRONMENTALLY SOUND TECHNOLOGIES

Technology NeedsAssessment Inorder to identify
ESTsneed for mitigation of, and adaptation to climate
change, Technology NeedsA ssessment (TNA) was
carried out by the NCEA (MOECAF) under theINC
project.

It was observed that |arge segment of theindustrial
community in Myanmar arenot avareof theindustry
related environmenta problemsand many factories
aredtill usngold machines, obsol etetechnologiesand
old trucksthat mostly emit smokeand exhaust gases.
Many factories have to keep and use power
generators which emit hazardous gasesdueto lack
of constant electric power supply. Waste water
treatment and systematic waste disposal systemsare
lackinginmostindustrid zones.

The survey reved ed that there are many industries
that have muchinterest in securing ESTs. Most of
them mentioned that they required 3Rs, incineration
and final disposal technologies. Most private and
government owned industriesdo not have separate
or specid fundsfor environmental programs.

From the TNA carried out under the present INC
andthepilot TNA conductedin cooperation with the
New Energy and Industria Technology Devel opment
Organization (NEDO) of Japanin 2005, it wasfound
that most preferred technol ogies of the Government
minigriesand departmentsinclude renewableenergy
technologies, energy saving technologies, energy
efficient technol ogiesand 4cleaner technol ogies.

Based on the concern of theministriesand industries,
EST needs havea so beenidentified. Fromthe TNA
survey, itisobviousthat thereisagreet needfor ESTs
in Myanmar for both mitigation and adaptation
purposes. Supportsfrom thegovernment aswell as
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fromthemultilatera and bilateral sourcesare much
needed for thetransfer of ESTsto Myanmar.

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

RESEARCH AND SYSTEMATIC OBSERVATION

Department of Meteorology and Hydrology (DMH),
Myanmar has been taking meteorological,
hydrologica and saismol ogica observetionssincethe
late 19" century.

Climate/Hydrological reviews Currently, DMH
has 161 observatory stations across the country.
According to the data collected since late 19th
century, thelong-term averageannual rainfallswere
5011 mmin Sittwe, (to be checked in spelling) 912
mminMandalay, 2629 mminYangonand 4137 mm
inMyeik.

For the period 1991-2000, annual mean
temperaturesin Sagaing, Magwe, Bago and Yangon
Regions had decreased by arange of 0.2°C-0.8°C
while those of the rest of the States/Regions had
increased by arange of 0.1°C-0.6°C. The areas
with higher latitudesin northern and central parts
experienceatrend of changefromwarmingto cooling
starting from 1977. Annua meanrainfallsof Shan
State, Sagaing and Bago Regions had decreased by
58 mm, 6 mm and 65 mm respectively, and those of
therest of the States/Regions had decreased within
therangeof 2to 339 mm.

Research on Climate Change

Region-wise annual mean temperature Thelowest
annua mean temperature of Myanmar is15.8°Cin
Chin Statefollowed by 19.1°C in Eastern Shan State,
27.4°CinYangon Region and the highest 27.5°Cin
Magway Regionfor the WM O normal period 1961-
1990. Thereisthegeneral warming trend of mean

annual temperaturesin thewhole country sincethe
year 1979.

For the longer term of 1951-2007, the highest
warming rate per decadewas 0.32°C in Kayin State,
and cooling trends of -0.23°C and -0.16°C per
decade wereobserved at Magway and Bago Regions
respectively.

Region-wise extreme mean temperature During
1951-2000, annual mean frequency of heat wave
occurrencein Myanmar was 15. Themost extensive
hest wave covering up to 60% of the country occurred
in 1998, the ENSO year.

Region-wise annual mean rainfalls The lowest
mean annud rainfal of 768 mmisobservedin Lower
Sagaing. Itincreases 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. Uptill 2007, increasingrainfall trendswere
observed in many regions of the country, but
decreasing rainfal trendsobservedin some.

Extreme rainfalls Over the period 1991-2004,
high extremerainfalswith maximum frequenciesof 5
yearsoccurred at Nyaung-U station andlow extremes
occurred at Monywawith maximum frequenciesof 5
years. Thegtationswith maximum frequenciesof low
tolower extremeswereobserved inthe Dry Zone.
During 1961-1990, about 94% of 24-hour heaviest
ranfadlsoccurredinthe” early to pesk monsoon (mid-
May toAugust)”.

Cyclones During 1887-2005, there were 1248
tropical cyclonesintheBay of Bengd. Of these, 80
cyclones crossed Myanmar coast, i.e. about one
every other year. But, Myanmar coast was hit by
cyclonesevery year after 2002 except for 2005. Low
lying areasa ongtheriversaresubject to normd floods
during monsoon and multiple floods occur when
monsoon isintensified at itspeak. Dry Zone aso
experiences catastrophic floodswhen heavy rains
occur for days.

Southwest monsoon The onset of southwest
monsoon into the country isbecoming lateand its
withdrawal isadvancing earlier. For 1988-2000, the
monsoon duration was shortened by threeweeksin

Vi
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Northern Myanmar and one week in other parts
compared to 1951-2000 average. But post-monsoon
rains can occur due to the influence of cyclonic
disturbancesin the South ChinaSea.

Drought can occur inanumber of areasinthecountry.
In the Dry Zone, 1954, 1957, 1961, 1972, 1979
and 1991 arethe year most affected by drought.

ENSO, El Nino and La Nina Over the past 40
years, dl ENSOyearsresultedinlargedeficent rainfall
inMyanmar. Recently, the ENSO yearsin Myanmar
were 1982- 83 and 1997- 98. Maximum highest
temperaturerecordswere setin 1998 ENSO year in
amost thewhol e country except Sagaing Region and
Kachin and Chin States.

In general, monsoon onsets are late and the
withdrawalsareearlier in El Nino years, compared
tothenormal. There have been records of highest
maximum temperaturesand lowest annud rainfalsin
El Ninoyears.

The 1950, 1956, 1964, 1970, 1975, 1989 and 1999
were the La Ninayears. Despite the widespread
occurrenceof temperatureriseinthelast two decades,
record |ow minimum temperatures occurred at many
stationsin thecool season of 1999, aLaNinayear.

Warning systemson natural disasters Cyclones
intheBay of Bengal usually accompanied by strong
winds, heavy rainfall, floods and storm surges, can
causelossof livesand destruction of property and
infrastructure. DMH has established five
Meteorologica and Early Warning Centersfor the
issuance of various hazard warnings as required.
Myanmar isabletoissuewarningson storms, flood
and tsunami inadvance of 5-7 days, 2-3daysand a
few hoursrespectively.

Networking Myanmar has been working with a
number of organizations such as WMO, IPCC,
UNFCCC, UNEP, UNESCAP, UNESCO, JICA,
etc. tojointly undertakeawiderange of projectsand
programs. Myanmar has also been studying and
investigating important issues on air pollution,
oceanography, marine meteorology and climate

viil

change in cooperation with ASEAN, BIMSTEC,
India, China, KoreaRepublic, Thailand and US.

National strategiesfor promoting RSO National
strategiesfor promoting RSO areidentified and they
are: (i) to strengthen climate changeresearch, (ii) to
upgradefacilitiesand technol ogieswith theincreased
useof automation systemand digitization, and (iii) to
enhance capacity building.

Research on climate change Climate research
will particularly focusontheareasof dimatevariahility,
climate change, tropica storms, droughtsand El Nino
inMyanmar. Technologica andfinancid support and
human resources development are in need of
strengthening. Theneed for information networking
a dl levesisimminent.

REPORT OF EDUCATION, TRAINING AND
PUBLIC AWARENESS ON CLIMATE CHANGE

Myanmar Agenda21 (1997) hasidentified activities
which are to be implemented to strengthen
environmental education and awareness programs.
Duringtheperiod of 2008-2010, anumber of activities
for Education, Training and Public Awareness on
Climate Change (ETPA) were implemented
accordingly.

For strengthening education and training, three
activitieswereundertaken:

(i) Development of information, education and
communication (IEC) materials:

Under this activity, amanual of WHO on climate
changewastrandated into Myanmar versionto 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 aca culation sheet for salf-examination
of ecologica footprint was produced.

(i) Training of government officials on climate
change:

A six-day course, participated by 29 officials
representing relevant but different government
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agenciesfromvariousregionsacrossthe country was
organized.

(i) Training on environmental journalism and
climate change communication:

Thetraining was organized for local mediagroups,
and follow-oninformation-sharing meetings between
the ETPA team and trained journalistshad occurred,
resulting in increased number of climate-related
articlesinweekly journaslocaly published.

For public awarenessraising, four activitieswere
undertaken:

(i) Public awareness survey:

One page self-administered questionnaire was
prepared and circulated to the public and NGOsvia
local media throughout the country. The survey
indicated the need for establishing more of social
networks to enhance the effectiveness in public
awarenessraising.

(i) Sakehol der awarenessraising workshops:
Two stakehol der workshopswere organizedtoraise
theawarenessof private bus nesssector, civil society
and NGOsthrough consultative process. Asaresullt,
UNDPformed atri-partite steering committeefor
setting up asmall grant scheme, under which NGOs
and CBOs could initiate grassroots-level climate
change adaptation programs.

(i1i) Nation-wide public awareness raising
campaigns.

Public awarenessraising campaignswere organized
at township, district and state/Region level sacross
the nation, and the target audiences were loca
authority, government officials, non-state actorsand
community leaders at each level. During each
campaign, participatory group discussonsweremade
to analyze greenhouse gas emissions and extreme
wesgther events.

(iv) Climate I nformation Center :

Nearly 500 information materia son 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

Yangon. Thecollected materidsweremadeavailable
todl stakeholders.

INTEGRATION OF CLIMATE CHANGE
CONCERNS INTO DEVELOPMENT PLANS AND
PROGRAMMES

Integration of climate change concerns (CCCs) into
deve opment plansand programsisof vitd importance
to Myanmar in view of further enhancing itslow-
carbon economy and reducing its vulnerability to
climatechangechdlenge. Myanmar hasproved more
than being anet carbon sink nation, withaCQO, net
remova of (-) 67,863 Gg CO,ein 2000.

Inorder to mitigatethe GHG emissionsand adapt to
theincreased warming, policy measures have been
identified for integration into the nationa and sectord
development plansand programsasfollows:

Energy sector

Thefourth 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
crudeoil and natural ges.

Policies. (i) To enhance energy conservation,
efficiency and production and ensure energy security,
and (ii) to promoteefficiency of nationa transportetion
system, regulation of imports of second-hand motor
vehides

Strategies: (i) Perform energy audit, (ii) tap all
potential power sourcesincluding renewableenergy,
(iii) improvetraffic demand management, and (iv)
establish national ambient air quality standards

Actions:

Mitigation measures. Set energy efficiency sandards
and label efficiency grades on products; Provide
advices, ingpection, incentivesfor energy conservetion
and efficiency; Capturefugitive gaseousemissions,
Devel op voluntary agreementsfor increased use of
energy efficient products; Invest moreonand promote
the use of cleaner and zero-emission energies,
Construct more hydropower facilitieswhere 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 forestsand soils; Further promote and
expand CNG-used vehiclesand CNG pipelinesand
stations; Improve al transport modes and traffic
demand management, including cycling and
containerized freight transport; Install morelight-
emitting diodesfor trafficlighting.

Adaptation measures: Adopt environmental
standardsfor energy efficiency; construct buildings
with designstoincrease cross ventilation, prevent
direct sunlight in the afternoon and reduce heat gains
with shade covers; increasethe use of fuel-efficient
motor vehicles; make all public transports more
atractiveand affordabl e; raise public awarenesson
GHG emission reduction and energy conservation;
build institutional capacity to monitor ambient air

qulity.

Industrial processes and product use sector
Intheindustrial sector, Ministry of Industry 1 and
Ministry of Industry 2 are producing various kinds of
goods. Thesector hassomejoint ventureswith foreign
companies. Between 1995-96 and 2005-2006, 18
industrial zoneswere established and about 9,849
factoriesand millsare operatinginthem.

Policies (i) To adopt energy efficiency standardsand
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,
(i) introduce clean and green technol ogies, and (iii)
promote cleaner production.

Actions:

Mitigation measures. Set high energy efficiency
and environmenta standards, conduct at eechindudtry,
Efficiency Audit and provide green label s and tax
benefitsto theindustry and product that meet the set
standards, further promotetheuseof CNG LPG and
renewabl e energiesby providingincentives.

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

electrical equipment; introduce energy-saving,
process-specific technol ogies; initiatethedeve opment
of carbon capture and storagefor energy-intensive
plants; implement energy-saving regulations and
improved energy management systems; provide
energy efficiency-related information services;
conduct advocacy extensively on conservation of
energy and utilization of cleaner energy.

Agricultureand livestock sector During 1988 to
2000, 116 irrigation projects were completed.
Irrigation coverage increased from 12.5%in 1987-
8810 29.4% of thetotal riceland intheyear 2000.
Summer rice cultivation has been introduced since
1992 andrrice productionincreased from 21 million
tonsin 2000-2001 to over 31 milliontonsin 2007-
2008. Ingeneradl, cattleand buffaloes constitutea
part of Myanmar farming system. However, feed
resources are scarce and of poor quality especially
during thedry season, resultinginlow productivity.
Emissonsof CH,and N, O arelikely toincreasedue
to the expansion of agriculturewith morefertilizer
inputsand increasing livestock population.

Palicies: (i) To follow Code of Good Agricultural
Practice (CGAP), (ii) to ensure increased food
productionin climatefriendly and resilient manner,
and (iii) to improve livestock management and
livestock feed.

Strategies (i) Toimprove ricecropping systemsand
water management, (ii) to promote organic farming,
(ii1) todo research and devel opment on crop varieties
adaptableto climatechange, (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 minera
supplements.

Actions:

Mitigation measures Reducetillage and practice
intermittent irrigation, proper sdection of ricevarieties
and croprotationinricefidds, promote” Conservetion
Agriculture’,* Soping Land Agriculturd Technology”
and other climatefriendly technologies; improve
water, crop and crop residue management; promote
organic farming and bio-fertilizer use, and reduce
theuseof chemical fertilizers; apply slow release
fertilizer; improveand expand pastures, grasdands
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and forage and its quality; improve the use and
management of anima wasteto harvest producer gas
and to use gasification effluent as bio-fertilizer;
supplement poor qudity roughagewith minerds, urea
mol asses, legume or other agricultura bi-products.

Adaptation measures Adjust cropping systems,
improve farm management including post-harvest

technology ; use stress-resistant plant varietiesand
ensuredimate-resilient agriculture; promotewater use
conservation and efficiency; expand water
impoundment systemsthrough clusters of smaller
dams, ponds, etc.; promote organic farmingand use
of bio-fertilizers; popularize dry-land agricultura
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 466,420 haduring
1989-1998. To check or reversethistrend of forest
depl etion and degradation, protection of remaining
natura forestsand reforestation have been sped up.
Locd communities, privatecompaniesandindividuds
havebeen actively establishing forest plantations. Both
GHG inventories conducted in 1990 and 2000 had
testified that Myanmar wasanet CO, sequester.

Palicies (i) To promotecarbon sequestration through
sudtainableforest ecosystem devel opment, (i) Change
of land use to be preceded by EIA in accord with
broad National Land Use Plan.

Strategies (i) Tointroduce privateforestry, (ii) To
manage state and non-state forest ecosystemsin a
sustainablemanner, (iii) Tointengfy reforestation 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 nationa land use plan; (vi)

Tolet EIA precede 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; restoreforests; expand

Protected Areas System; avoid clear felling of forest
intimber harvest, practicereduced 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; continuetheannud freedistribution of
tree seedlingsfor roadside and urban greening and
set upincentivesto ensurethesurviva of the planted
trees, develop technologiesfor manufacturing end-
use forest products for extended use; strive for
devel opment and implementation of nationd land use
plan to sustain permanent forest estate; conduct EIA
and thorough cost-benefit analysis prior to deciding
any mgjor land use change.

Adaptation measures. Conserve, enrichand sustain
biodiversity; encourageclimate-resilient speciesin
reforestation and afforestation program; practice
multi-culture and structurally complex forest
ecosystems management; intensify mangrove
reforestation and afforestation in coastal zones;
establish an effectivemechanism for fire protection
and fire fighting; enhance public awareness and
participationin managing theforests; educate public
on climate change concerns.

Waste sector

Sincetheinception of the market-oriented economic
Systemin 1988, urbanization andindudridization have
accelerated inthecountry. Daily wastegenerationin
Yangon increased three foldswithin 1990 to 2007.
Emissonfromthewaste sector will assumean upward
trend with the improving economy coupled with
increesingindudtridization.

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

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

Actions:

Mitigation measures: Reducethevolume of waste
per capita; categorize waste and disposeit properly
at designated landfills; collect feesforwastedigposd;
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fine heavily those who throw wastes recklessly;
eliminatetheuseof polyethylenebags, expand waste
treatment facilities; produce biogasfor e ectricity
generation at sewagetreatment facilities; encourage
waste recycle and waste reuse; promote market
opportunitiesfor recycled waste products; enforce
regulations and standards for waste management;
raise public awareness on waste generation and

disposa.
INFORMATION AND NETWORKING

Assessment and enhancement of Information
Communication Technologies Theexisting ICT
toolsand communication facilitiesare not adequate
in most of the government departments and other
relevant organizations. Only afew expertsinICT
areavailable, and more ICT trainings are needed.
The promotion of ICT has been undertaken jointly
by the private computer associations and the
government inrecent years. However, many gapsand
congraintssuch asfinancia and technical difficulties,
and poor infrastructure and frequent power failures
dill reman. Inditutiond strengtheningindudinghuman
resource devel opment and skillsand expertiseon ICT
areto befurther enhancedindmog dl thegovernment
organizetions.

Establishment of information networks The
climate changeinformation network hasnow been
officially established at MOECAF with initial 25
membersfrom variousgovernment departmentsand
locd NGOs. Theproject hasd soestablisheditsown
website www.myanmar-unfcec-nc.net.  Training
relating to the use of website hasbeen provided for
MOECAF by aloca company. In effect, Myanmar
haslaid downfirm foundation for promoting climate
changeinformation sharingand networkingwithin and
outsidethe country.

CAPACITY BUILDING

Myanmar needs capacity building to be able to
addressclimate changeand itsimpactsandtofulfil its
commitmentsto the Convention.

Capacity building needs assessment - Myanmar

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

Xi

technology capacity building. The assessment
highlighted the needs of the institutions and
organizationsfor man-power training, technol ogy
transfer and dissemination.

Regarding human resources: Many organizations
areinterested to have trainings on climate change

issues, GHG inventory, vulnerability and adaptation
assessment, technology needs assessment,
environmenta management and clean development
mechanism (CDM) and carbon trading.
Regarding technologies: A large number of
organizationsareinterested in ESTsand renewable
energy technol ogies. Cleaner production of cement,
efficient and deaner CH, gasreduction fromlivestock,
air quality monitoring, reduction of emission from
deforestation and forest degradation (REDD) are of
interest to some specific organizations.

Capacity building strategy Thestrategy involves
three steps namely; capacity-building needs
assessment, identification and formulation of priority
capacity building projects, and mobilization of
resources for implementing the projects. Capacity
building strategy could begpplied onthenationd scae
or on sector-wisebasis. But implementation should
be made on acontinuousbasis.

Enhancement of international negotiation skills
Capacity building to enhancethe negotiation skillsis
largely needed in devel oping countriesdueto limited
experience, limited expertise and knowledge and
language barrier. Inthisrespect, more seminarsand
workshopson climate change with the participation
of relevant specidigsand expertsareto beorganized.

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 severa other
environmenta protection and conservation activities
carried out in Myanmar which could directly or
indirectly contribute towards addressing climate
change and achieving the objectiveof the Convention.
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United Nations Convention to Combat
Desertification (UNCCD) related programsand
activities- Myanmar acceded to the United Nations
Convention to Combat Desertification (UNCCD) in
January 1997. Even beforeaccedingtothe UNCCD,
the Forest Department had implemented a special
greening project for theninedistrictsin 1994. The
project areawas extended to 13 districts with the
formation of anew Dry Zone Greening Department
in1997. Currently, thereare 140 dams constructed
inthe Dry Zonewith water shed areasof 4.5 million
hectares. Rehabilitation and reforestation of
mangrovesisaso being carried out intheAyeyarwady
deltaregion wherelarge areas of mangroveforests
had disappeared dueto over-exploitation. Myanmar
has also formulated aNational Action Programme
(NAP) to combat desertification with 5 proposed
projectsparticularly inthe Dry Zone. TheDry Zone
hasnow started to benefit fromthegreening activities
thereby, achieving the obj ective 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) wasformulated in 2002
and was gpproved by theMultilateral Fundin 2005.
A Memorandum of Understanding (MOU) onthe
Preparation of ozone regulationsfor the control of
ODS, and monitoringimplementation of theRMPwas
signed in 2008. The MOU on Provision of services
and data collection for the formulation of the
Hydrochlorofluorocarbons (HCFCs) Phase out
Management Plan (HPM P) hasa so been signed.

Today, Myanmar has successfully phased out CFC
consumption in all sectors. Awareness promotion
activitieson protection of the ozonelayer, training
programsfor refrigeration and air conditioning service
technicians, and training programsfor enforcement
officershave aso been conducted.

Convention on Biological Diversity (CBD)
related programsand activities Thereisalossof
biological diversity due to socia and economic

pressuresall over theworld. 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. Myanmar ismaking effortsfor theconservation
of biological diversity by, promulgating aProtection
of Wildlife and Wild plants and Conservation of
Natural AreasLaw in 1994, formulating Myanmar
Forest Policy in 1995, ratifying CBD in 1994,
acceding to the Convention on Internationa Trade
on Endangered Species of wild flora and fauna
(CITES) in 1997 and ratifying the CartagenaProtocol
on bio-safety in 2008. MOECAF isnow initiating
thedevelopment of Nationd Biodiversty Strategy and
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 habitatsmainly forests, so that
by implementingthe CBD, forestsarebeing protected
and conserved. 1n 2009, about 4.35% of the country
areahasbeen notified as protected area. Moreover,
34 protected areas, 3 zoologica gardens, 1 botanical
garden and a national herbal park have been
established.

Organizational improvement In addition to the
NCEA which wasformed in 1990 to manage and
coordinate environmenta mattersin the country, and
to act asthe national focal point for environmental
relations with other countries and international
organizations, the Environmental Conservation
Committee (ECC) wasformedin 2004 to effectively
carry out environmenta conservation activitieswithin
thecountry. TheNationa Environmenta Conservation
Committee (NECC) hasbeenreformedin 2011 asa
full flashfoca organization for theenvironment sector
throughout the country and the NCEA wasabolished.
Moreover, to speed up itsenvironmenta protection
measuresthe Ministry of Forestry wasrenamed to
Ministry of Environmenta Conservationand Forestry
(MOECAF) in2011. Inrecent years, there hasbeen
asubstantia development intheformeation of thenon-
governmental environmental organizationssuch as
Forest Resources Environment Devel opment and
ConservaionAssocdiation (FREDA), Biodiversity and
Nature ConsarvationAssociation (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 Energy Association Myanmar (REAM)
etc; that aredoing environmenta promotion matters
including climate change mitigation and adaptation
related Programs.

International cooperation for addressing
climate change After signing the UNFCCC in
1992, Myanmear ratified the conventionin 1994. The
country regularly participated in the COPs of the
UNFCCC anditssubsidiary bodiesmeetings. Itwas
oneof the 12 participating countriesintheALGAS
project, and ratified the Kyoto Protocol in 2003.

Regarding CDM projects, there has been some
cooperation between Myanmar and Japan. The
Designated Nationa Authority (DNA) of Myanmar
wasestablishedin 2006 for approving and providing
information on proposed CDM projects. Inorder to
make Myanmar safer and moreresilient to natural
hazards after the country suffered from adisastrous
cyclone Nargis in 2008, the National Disaster
Preparedness Central Committee (NDPCC) was
formedinthesameyear. The Committeeischaired
by the Prime Minister and has 38 members.
Myanmar Action Plan on Disaster Risk Reduction
(MAPDRR) 2009-2015 has been prepared. The
Plan hasidentified projectsand activitieswhich are
necessary to meet the Hyogo Framework for Action
(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 activitieson climate change
have been carried out in Myanmar apart from the
preliminary greenhouse gases (GHG) inventory and
mitigation options assessment undertaken in the
ALGAS-study in 1996. Cooperative effortsof the
United Nations, e.g. IPCC, UNEP, international
organizations and Non-Government Organizations,
areimportant to addressthe climate change issues
andresearch activities.

Data availability congtraints Limited user-friendly
database on ESTS, including endogenoustechnologies
is an example of such constraints. There are no
forecastsof EI Nino Southern Oscillation (ENSO)
events in Myanmar. The methods used for the
development of Vulnerability indices& mapsneedto
be el aborated.

Needs for GHG-inventory on a continuous basis
CO,, CH, and N,O data need to be updated and
extended based on the COP-8 Guiddines. Capacity
building of Individual researchersin various sectors
should be promoted, and GHG-inventory needsto
be conducted on acontinuousbasis.

Constraints and needs

Energy and industrial processes sectors
Greenhouse gasinventory for energy sector include
CO, andN, O emissonsfromfossil fue combustions,
CH, emissionsfromfugitive coa mining activities,
fugitiveail and naturd gassystem, and NMV OC from
fue combugtion. Awidevariety of indudtrid activities
produces greenhouse gases as a by-product. The
tot CO, emissonsfromthe energy andindustrial
processesin Myanmar were estimated at 8,326.76
Ggin 2000.

Agriculturesector  Theinjudicious useof chemica
fertilizersand pesticides, the production of CH, from
paddy fieldsand ruminant animals, and of CO, from
theburning of , crop residuesfor land clearing have
often adversdly affected theenvironment and created
many problems. Promotion of abaanced and efficient
plant and anima management systemsto intensify
agriculturein asustainablemanner isneeded.

Wastesector GHG inventory for the waste sector
mainly includes CH, emissions from MSW and
domestic & industrial wastewater. In rural areas
and smal 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 CH,.

Land Use, Land Use Changeand Forestry sector
Countrywide, the annual deforestation was 0.3%,
which is only dlightly above the global average.
Population growth anditseffectson natural habitats
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are exacerbated by thelack of comprehensiveland
use policies and planning. Species-specific and
ecological zone-specificdataare till lacking. The
dry matter (biomass)-based inventoriesfor planted
speciesshould becarried out. Inventory activities
with new approachesto address deforestation, its
causes and land use changes should be conducted.
Rdiabledataontypesof fire, actud areaburnt annudly
and greenhouse gasesemission aretill lacking.

Financial needs

Financial resources for climate change outreach
programs and activitiesare needed in Myanmar at
present. Myanmar’scontribution to themitigation of
and adaptationto global climate change dependsto
agreat extent ontransfer of technol ogiesand capacity
building, aswell ason funding support. Dueto the
limited financid resources, only afew activitieshave
been donein Myanmear to raisethe public awareness
on climate change issues. The UN system hasan
important roleto play in supporting and enabling
devel oping countries to participate in the carbon
market and preparefor future funding opportunities
to catalyzeclimateaction.

Technical needs

Technology needsfor mitigation of climate change
Updated and improved cost-effective mitigation
options assessment for CO,, N,O, CH,, and new
assessment of mitigation optionsfor CO, NOx, Non-
MethaneVolatile Compound (NMVC), SO,, HFCs,
PFCs and SF, for the year 2000, including
appropriate mitigation technologies, are needed.
Lack of legd and economicingrumentsfor mitigation
measures, lack of a national strategy for GHG
mitigation, andlack of technical capacity inquantitetive
mitigation optionsandyss, areundoubtedly obvious.
Technical capacity to effectively integrate V& A
assessment and mitigation options analysis into
sustainable development programs, and to develop
nationd adaptation and mitigation programsof action
isaredtill lacking.

Technology needs for adaptation to climate
change No previousstudiesonthevulnerability of
Myanmar to climate change have been undertaken,
and hence no adaptation strategy or action plan has
beendeveoped. Thus, al sdected priority areaswill
require participatory rapid appraisals (PRAS) with

theaim of collecting information onvulnerabilitiesto
climate change. Cost-effectivetechnological and
policy adaptation measuresthat are appropriateto
Myanmar should beidentified. Policieson 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
Stuation inmany aspects.

Systematic observation and research on climate
system |nadequate computersand internet access,
limited dlimate changerd ated informationto function
asaclearing house, and limited practice of sharing
information among departmentd personnel aremost
commonly obvious. Lack of training, informationand
experience on Environmentally Sound Technologies
Information System (ESTIS) area so constraintsin
this regard. The hydro-meteorological data sets
provideal ong-term basdineaga nst whichtheimpact
of changeinland useand land management on water
quality and quantity can be measured. Such
informationisuseful for other researchers, inparticular,
for understanding issuesregarding global climate
change. Traditiond water management system needs
to be strengthened to meet the future requirements.
Adaptation measuresfor water scarcity and drought
include water supply and demand management,
improved watershed management, water conservetion
and increased storage of water.

To enhance the systemati c observation and research
activities, technica/ financia/ expertise support will
certainly be necessary from variousinternational/
regional organizations. Research worksof climate
change will be particularly focused on EI Nino,
ENSO, tropical stormsand associated hazardsand
droughtsin Myanmar.

Myanmar has signed some 30 international and
regional environmental treatiesand conventions.

Needs for capacity building

Limited capacities at all levelsrelating to climate
changeissues, namdy (i) climate changenegotiation,
(ii) preparation of climatechangeprojectsfor bilaterd
and multilatera funding, (iii) assessingtheimpactsof
both technologica and policy measuresfor mitigation
and adaptation, and (V) effectiveimplementation of
various multilateral environmental agreements,
including the UNFCCC, are prominent barriers.
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Climate change information network should be
strengthened nationaly/regiondly and internationdly.
Capacity development in DMH, universities and
related institutionsis al so another areaof gap inthe
country.

Training needs Capacity building for GHG-
inventory and V& A assessment areurgently needed.
Limited humanandingtitutiona capacity inassessng,
eva uating and verifying ESTS, andinadequate human
and ingtitutiona capacity in climate datamonitoring
aregapsto bebridged.

[ nitiating programs of school education and public
awareness on climate change There are few
outreach materias, especially in Myanmar language
on climate changeissuesfor different target groups.
Inschool level education, itispreferabletointegrate
environmental issues into existing subjectsin the
curricula, rather than attempting to introduce
environment asaseparaesubject. Findingsof climate
changeresearch in universitiesand other institutions
need to be continually madeavailablein appropriate
form for use by schoolteachers. It isdesirablefor
precticd activitiesondimatechangeand environmenta
studies to be based on traditional conservation
practices, and toinvolveinteraction 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 emphasison
pollution, natural resources depletion and global
climatechange.

Formulation of the communication network
among researchers, ingtitutions and policy-makers
Climatechangepalicy, Strategy and programs, aswell
as the integration of this policy and strategy into
sustainable development areneeded. Thereisadsoa
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 and environmenta planning. Buildingupa
cons derable massof human resourceswith required
kills, isabascneed for any progressintheinditutiona
framework. Theformulated National Environmental

i

Policy calls for harmony and balance between
environment and devel opment through theintegration
of environmental considerationsinto devel opment
process and it forms the basis for developing
environmental strategies, programs and plans.
Moreover, Myanmar haspromul gated environmental
conservationin 2012.

Myanmar hasundertaken afew activitiesrelating to
other Multilaterd Environmental Agreements(MEAS).
Although Myanmar hasprepared itsnationa Agenda
21, theissue on the integration of climate change
concerns into sustai nable development plans and
programs has not yet been addressed.

Activities for overcoming gaps -

Effortswill bemadeto overcomethedatacongraints
and gapin GHG Inventory. Country specificemission
factorsshould bedeved oped e g.emissonfactorsfrom
forest fire, and CH, emissionfromricefields.

Asfar ascapacitybuildingisconcerned, 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 provideagood
basisfor such synergies. In addition, a Capacity-
Building Strategy that highlightsthe prioritiesand
options, including the devel opment of South-South

capacity building programs, will be devel oped.
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Introduction

Myanmar liesmainly inthetropic and theclimatein
the country is greatly influenced by the tropical
monsoon through the north-east and south-west
monsoon winds. The country enjoysthreedistinct
seasons namely, hot, rainy and cool seasons.
However, it isalso frequently subjected to cyclones
and river flooding. During the last four decades,
Myanmar had six major cyclones: Sittway Cyclone
in 1968, Pathein Cyclonein 1975, GwaCyclonein
1982, Maungdaw Cyclonein 1994, CycloneMaa
in 2006 and Cyclone Nargisin 2008. Floodingis
sometimes caused by cyclones, but more often by
€eXCess Ve preci pitation in mountai nous watersheds.
Much of Upper Myanmar liesonatectonicaly active
zone. Earthquakesare common and occasionally
devagtating.

Theincidence of deforestation, desertification, water
shortage, pollution, saltwater intrusion and other
adverseenvironmental conditionshaveincreasedin
Myanmar dueto development activities. Povertyis
adsoprevaentinrura areasand among large segments
of the urban population. However, it has great
potentia for economic devel opment because of its
wedthinnatural resources.

Ontheother hand, the socio-economi ¢ devel opment
andindustridization processesthat have been repidly
taking momentum, coupled with the increasing
population, havebeen dwindlingthecountry’s natura
resources. Itiscriticaly urgent, therefore, that the
climate changeconcernsareintegratedintoal future
nationd and sectord development plansand programs
in order to bring about economic development in
social harmony and ecological integrity. Myanmar
Agenda 21 hasoutlined very comprehensively the
process of integration of environment and
development in decision-making. This should be
taken astheguidelinefor integrating climate change
concerns into national development plans and
programsto ensureeconomic development inparallel
with environmenta protection.

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

development, the National Commission for
Environmenta Affairs(NCEA) wasestablishedin
1990. It wasset up at theMinistry of ForeignAffairs,
chaired by Minister for Foreign Affairs. NCEA
operatesdirectly under the guidance of the Cabinet
and comprisesachairman, asecretary, and ajoint-
secretary. It hasthefollowing four committees:

1. Committeeon Pollution Control

2. Committeeon Natural Resources
Consarvation

3. Committeeon Training, Research &
Education, and

4, CommitteeonInternationa Rdations

NCEA had devel oped Nationd Environmenta Policy
which was adopted in December 1994, formul ated
Myanmar Agenda21 (MA21) in 1997 and drafted
theNationa Environmenta Protection Law (NEPL)
in 2000. NCEA wastransferred to the Ministry of
Forestry to be chaired by theminister for Forestry in
2005 and abolishedin 2011. Nationd Environmenta
Conservation Committee (NECC) wasformed in
2004 and reformedin 2011. Moreover, Ministry of
Forestry wasrenamed to Ministry of Environmental
Conservation and Forestry (MOECAF). (Here after
NCEA wasreferedto asMOECAF)

A specific aim of MAZ21 is to facilitate the
incorporation of environmental and sustainable
devel opment policy considerationsintothedecison-
making and policy formulation processes of the
government in theeconomic and socia sectors.

The National Environment Policy underlines the
Government’scommitment to establish sound policies
intheutilization of weter, land, forests minerds marine
and other natural resourcesin order to conservethe
environment and prevent itsdegradation.

The current process of national development and
planning in Myanmar doesnot provideasystematic
meansfor theintegration of environmenta dimensons
(MA 21). Climate change is one of the hottest
environmental issuestoday and MOECAF iswell
placed to undertake the task of coordinating line
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ministries and ensuring the integration of climate
change concerns into the national and sectoral
development plansand programs.

Myanmar ectively participated at the UNCED inRio
deJaneiroand sgnedtheUN Framework Convention
on Climate Changein June 1992. It hasembarked
asoneof the 12 participating countriesontheAsian
Least Cost Greenhouse Gas Abatement Strategy
(ALGAS) Regiona Project whichwasimplemented
by UNDP/GEF and executed by ADB from 1995to
2000.

Myanmar ratified UNFCCC on 25 November, 1994
as a non-Annex | Party. Article 12.5 of the
UNFCCC requiresnon-Annex | Partiestomaketheir
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, guidelinesfor the preparation of INC for
non-Annex | Parties were adopted by the Second
Conference of the Parties (COP). The Global
Environment Facility (GEF) provides financia
assistance to non-Annex | Partiesto prepare their
national communications under the guidance of the
COP8. Many countrieshaved ready submitted their
Initia National Communicationsreports. Somehave
submitted their reports as early as in 1997, e.g.
Argentina, Jordon, Mexico, Macronesia, Senegd, and
Uruguay. A few more countrieshave submitted their
Second National Communication reportswhereas
Mexico has even submitted their fourth National
Communication reports.

Myanmar sought Globa Environment Fecility (GEF)
funding in 2006 to fulfill its commitments and
obligations for preparing and reporting its Initial
National Communication (INC) according to the
recommended guiddinesand operationd procedures.
Inthiscontext, MOECAF of Myanmar launched an
INC-project in2008 withthefinancid ass sancefrom
GEF/UNEP. Although thisreport isthefirst INC
report for Myanmar, it is prepared with components
that cover mogt of the contentsof the Second Nationdl
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Communication. Theproject proposa wasformulated
in accordancewith theguiddinesadopted at COP 8
(Decision 17/CP.8) in 2002 and the GEF
Operational Procedures for the Expedited
Financing of National Communicationsfromnon-
Annex | Parties (November 2003).

In order to facilitate the preparation of thisproject
proposal, an informal stakeholder’s consultation
meeting wasorganized by MOECAF on 13 January
2006. A Project Management Team (PMT) anda
National Study Team (NST) were established under
the auspi ces of the MOECAF in consultation with
other rlevant government departments, private sector
and NGOs. A Nationd Climate Change Committee
(NCCC) to be chaired by the Director-General of
MOECAF will also be established to provide
guidancetothePMT. TheNST iscoordinated by a
Project Coordinator. The Project Coordinator,
together with the leader of each Working Group,
formedthe PMT.

The NST, which is the backbone of the project
comprised working groupsthat deal with (i) GHG
Inventory and Mitigation Option Analysis; (ii)
Vulnerability and Adaptation Assessment; (iii)
Deve opment and Transfer of Environmenta ly Sound
Technologies; (iv) Research and Systematic
Observation; (v) Education, Training and Public
Awareness, and (vi) Compilation of the National
Communication. Eachworking groupiscomposed
of anumber of expertsdrawn from both the public
and the private sectors, including NGOs. Each
working group prepared the respective related
chaptersthat congtitutethisreport.

Tointegrateenvironment and devel opment, 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. Theseeconomic sectorsare;

Energy,

Industria processes,
Agricultureinduding livestock,
Land use changeand forestry, and
Waste.

agrowODNE
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Although Myanmar issubmitting itsINC report only
now, the country haslong been making effortsfor the
positive contributions to the mitigation of GHG
emission and protecting global climate by making
mitigation optionsassessment and Srategiesinthekey
economic sectors of the country. The following
mitigation options are being implemented and

encouraged:

(i) Hydro power project - Myanmar with many rivers
isendowed naturally with abundant hydropower
resources. Myanmar hasalready identified 267
siteswiththetotal capacity of 39,624 MW.

(i) Solar electric panel to replace diesel generator
- Today’s electricity supply in Myanmar is
generated by fuel generatorsand hydroel ectric
power plants. Solar energy isnow availableall
over the country. Photovoltaics (PVs) arethe
most attractive among renewableenergy options
that arenow beingused. Itisreliable, clean, and
environmentaly friendly.

(iii) LED street lighting - LED street lightings are
being used in most of thebig citiesin Myanmar.
Thisisalso one of the optionsto save electric
power generation.

(iv)Electric vehicle - An e ectric carisan automobile
that usesan eectricmotor for propulsion, inplace
of morecommon propulsion methodssuch asthe
internal combustion engine. In Myanmar, some
electric vehiclesarenow being produced and are
being used in the areas, such as hotel zones,
zoological gardens, parks, golf clubs, etc.

(v) Waste engine oil recycling - Theenginelubricant
industry isabig businessin Myanmar, with an
annua consumption of about 4.5 milliongallons
(20.24m liters) and turnover ranging from US$
25to 40 million. Small amount of lubricant oil is
lost during useand therest arereleased into the
environment. It can also be used as refinery
feedstock to becomepart of crudeoil. Used oils
arebeing refined again and again after blending
with suitable additives and with no compromise
onqudity.

1 Introduction

(vi) HFCs recycling - Recovery and recycling of
HFCs help decrease HFC emissions during
equipment serviceand disposal. The approach
involvesthe use of arefrigerant recovery device
that transfersrefrigerant into an externa storage
contai ner prior to serviding of theequipment. Once
therecovery processand source operationsare
complete, therefrigerantscontainedinthestorage
container are recharged back into the equipment,
cleaned through the use of recycling devices, sent
toareclamationfacility to bepurified.

(vii) Transport - Astransport sector isthe largest
consumer of foss | fuds, mitigation optionsinthis
sector aregiven duecongderation. Recent trends
infuel switching from gasolineto Compressed
Natural Gas (CNG) in motor vehicles have
dready helpedto reduce GHG emissionsinthis
sector. Theprimary mitigation optionsidentified
for GHG emission mitigation in the transport
sector arei-
ad Road maintenance
b) Modal shift fromroadtorail (passenger &

freighnt)

c) CNGvehiclesandeectricvehicles(Interms
of CO, mitigation potential, the most
attractive optioninthetransport sector isfue
switchingto CNG for Myanmar.)

(viii) Recycling of waste - Recycling of waste paper,
rubber goods, broken glass wares, steel and
various metals, broken plastic and stedl pipes,
etc. isbeing donein Myanmar long before 3Rs
concept hasbeenintroduced globally.

(ix) Forestry - Myanmar hasbeen managingitsnaturd
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 increesethesink
and will compensate the emissionsfrom other
sectorsaswell asfrom other forestry activities.

In addition, reafforestation programs have been
intensified andforest andwildlife protectionlawsand
regulationsarebeing increas ngly enforced.

The 2000 GHG inventory hasvery well testified that
Myanmar isstill abig net carbon sink country.
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2.1. Natural Conditions and
Resources

Location, territory and administrative regions

Myanmar issituated between north | atitudes 9° 53"
and 28°25" and east longitudes 92°10' and 101°10'.
Myanmar sharesaborder lineterritory of 2,192 km
with China, 224 km with Laos and 2,096 km with
Thailandintheeast. It sharesalso 1,331 km border
linewith Indiaand 256 km with Bangladesh inthe
west. It hasalong seacoast facing the Bay of Benga
inthewest, continuessouth-ward facingtheAndaman
Seainthesouth and southwest. Thewholecoast line
measures 2,832 kminlength.

Myanmar hasatotal land areaof 676,577 kn. The
width from east to west is 936 km and the length
from north to southis2,051 km (including 1,200 km
long peninsular in the south east). (Seelocation map,
Figure2.1).

F |

Figure2.2: Hkakaborazi Mountain

Seven Statesand seven Regions congtitutethe Union
of Myanmar. The seven States are Kachin, Kayah,
Kayin, Chin, Mon, Shan and Rakhine, the seven
Regionsbeing Magway, Mandal ay, Sagaing, Bago,
Tanintharyi, Ayeyarwady and Yangon. (Figure2.1)

Nay Pyi Taw, therecently created new capita city of

Myanmear |ocated in the southern part of the Mandd ay
Region representsanew administrative Region.
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Climate change and disaster

Climate of Myanmar

The climate of Myanmar isinfluenced by tropical
monsoon winds, which are the south-west monsoon
and the north-east monsoon. Myanmar has three
distinct seasonsnamely, therainy season, thewinter,
and the summer. The rainy season starts with the
ondaught of the south west monsoonwindsin early
May and endin October followed by thewinter which
normally startsfrom November and endsin February.
The summer beginsin March and continuesto the
end of April. During therainy season thewesather is
humid, wet and warm, typical of thetropics. During
thewinter and the summer seasonsrain-showersoccur
occasiondly.

During thewinter and summer seasonsthe north-east
monsoon winds blow from the north-east. During
these seasons northern parts of Myanmar and hilly
regions have pronounced cold weather with
occasiond ranfdls, whileother partsaremoderately
cold.

Rainfal isinfluenced by the monsoonsand also by
thelocality. The coastal regions have about 5,000
mm of annual rainfall but the central dry zoneareas
havelessthan 750 mm.

Thehighest averagerainfall 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 actud rainfall for 2006 was
recorded at Thantwein Rakhine State as 6,821mm
and thelowest for that year wasrecorded at Nyaung
OoinMandday Region as697mm.

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

Theactud mean maximum temperaturefor 2006 was
recorded at Monywain Sagaing Region as 34.6°C
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and thelowest wasrecorded at Hakhain Chin State
as 21.8°C, and mean minimum temperature was
recorded at the same placeas 10.6°C.

The averagemean relative humidity for the period
from 1997 to 2006 wasthe highest at Bagoin Bago
Region being 81% and the lowest at Nyaung Ooin
Manda ay Regionwith 62%.

InMyanmar thetemperaturesgeneraly vary between
10°C and 32°C with the average mean temperature
of 21°Cinthenorthernlow lands, sinking sometimes
to -1°C or 0°C in the high lands and 32°C in the
coastal area. During the hot seasons, temperatures
sometimesreach 40°C and over incentral dry zone.
(The records of the past few years showed the
temperaturesranging between 10.7°C and 34.3°C)

Climate change

Climate disasters

Duringthelast four decades, Myanmar had Six mgor
cyclones. Sittway Cyclonein 1968, Pathein Cyclone
in 1975, GwaCyclonein 1982, Maungdaw Cyclone
in 1994, CycloneMalain 2006 and CycloneNargis
in 2008. “The Nargis” which severely struck
Ayeyarwady delta and eastern part of Yangon in
Yangon Region with thewind speed of over 160 mph
(approx. 258 km/h) and the resultant associated
floods had caused massive physical destructionsof
mangroves, agricultural fields, houses and utility
infrastructures in addition to the deaths of over
100,000 peopleincluding traumafor children of the
younger age. Furthermore, flooding especidly of salt
water into the agricultural lands and freshwaters,
caused further economic, socia and environmental
damagesextensvely.

Other types of disasters also used to occur in the
central Myanmar. Thereare streamswhich aredry
andfilledwithsandin summer, but, intherainy season,
and occasionally in summer, which happen to be
flooded suddenly by heavy showers in the upper
watershed regionsresultingin the devastating effects
such asdrowning people and animal sand destroying
infrastructures.

Figure2.3: Oneof thenumerousdisaster
scenesduetothe tremendous devastating
impact of theCycloneNargis

Myanmar environment policy

Thewedlth of the country isitspeople, itscultural
heritage, itsenvironment and its natural resources.
Theobjectivesof Myanmar’sEnvironment policyam
at achieving harmony and balance between these
characterigticsthroughintegration of environmentd
considerations into the development process to
enhancethequdity of lifeof itscitizens(ALGAS,
1998).

Myanmear isstill richin natural resources. Myanmar
natural ecosystemsarestill in good shape, athough
they have been disrupted by man to some extent.

Physical feature and topography

Myanmar’s land surface slopes gradually with
undulating mountain ranges, hillsand valleysfrom
north to south. The Khakaborazi with its peak
elevated to 5,881mislocated in Kachin Stateonthe
border with Tibetan China. Itisthe highest mountain
not only in Myanmar but a so inthewhol e of South
East Asa. Themountain rangesinthenortherntip of
Myanmar are high, some of them reaching the
elevation of over 3,700 m and they are continuations
of Hima ayan mountain range. From north to south
therearethe Chin Hillssomeof which have pegksof
3,400m in height continuing southwardstojointhe
Rakhine Yoma (Rakhine mountain range) in the
western part of Myanmar.

The Bago Yomawith some peaksreaching600 min

height stretchesfrom north to south inthe middle of
Myanmar toliteraly endinYangon.

Page 6
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The Shan Yomaor the Shan Plateau inthe east, has
peaks ashigh as2,800m.

Theriversflow through mostly betweenthemountain
ranges from north to south. Chindwin River which
haswater sourcein northern KachinHillsand Chin
Hillsis960kmlong. ltsso called Chindwinbasinlies
between Kachin Stateand the Chin Hills, and onits
coursetothe south Chindwin River joinsAyeyarwady
River inthemiddleof thecountry. Ayeyarwady River
sourced inthenorthernmost hilly regionintheKachin
State hastwo tributaries namely the Mekhaand the
Mélikha, theconfluenceof whichisabove Myitkyina,
thecapitd city of Kachin State.

Ayeyarwady River whichis2,170kmlongrunsaong
the western aspects of Bago Yoma southwards to
theAyeyarwady Ddlta, andinto the Gulf of Moattama.
It isthe most navigable and socio-economically most
important river inthe country sinceit passesthrough
many big citiessuch asMyitkyina, Bhamo, Sagaing,
Mandalay, Myingyan, Pyay, Hinthada, Yangon and
Petheinintheddta

Than Lwin River with its sourcein the Himalayan
mountainsis 2,800 km long and snow fed. It flows
through China, and passing Shan, Kayah and Kayin
Statesin Myanmar entresthe Gulf of Moattama. Itis
navigableonly in someplacesinitslower regions.

Sittaung River, whichis100 kmlong, isashort river
fed by streesmsmostof which having originatedinthe
Bago Yomain Yamethin and PyinmanaDistricts of
Mandalay Region and in Toungoo District of Bago
Region. Sittaung valey isawidevaley between Bago
Yomaand lower hillsof Kayin State.

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

Infact, all thebigriversexcept Sittaung havetheir
sourcesin Himal ayan mountains.

Thereared so numeroussmadler riversand big streams
flowing crisscrossthroughout Myanmar, which are
important to their respective Statesand Regionsfor
navigation, communication, fishing and weter resource.
TheTanintharyi peninsular on itswestern coast has
201 idandsof which 112 idandsareinhabited.
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The geological formation of the Bago Yomaregion
consistsmainly of fol ded tertiary sedimentary rocks.
Themainfoldsrunfrom northto south. Itishilly and
characterized by brokenridges. The outcropshavea
steep scarp slope on one side and gentle dip slope
on the other. The direction of the dip controlsthe
drainage and, along with soils, influencesthe type of
foredt.

TheRakhineYomarangeismadeup of abdt of ancient
rocksincluding gneissthat occursinanarrow strip
forming thecoreof the northern part. Inthe southern
part of theeasternfoothillsof RakhineYomathefolds
run roughly from north to south, with long narrow
outcropsof dternating sandstones, forming hillsand
clays, forming valleys. From Pakokku District
northwards beds of coarse sandsarecommon. The
foldsrun asointhenorthto south direction. Bands
of mottled claysarecommon withinterbedded shales
and sandstones. Inthe north Mu-Chindwin Divide
volcanicrocksoccur. Inthe Mu-Ayeyarwady Divide
inthefurther north, therocks and soilscombineto
some extent. Inthe upper Ayeyarwady valley, large
stretches of |oose sands occur, resulting in swampy
areasthat are dlightly clayey. Considerabl e areas of
crystallinerocksalso occur.

Inthe Rakhine coastal regionstherocksdo not vary
greatly from those of Bago Yoma, but are more
thoroughly lithified.

Thewhole Shan Plateau, Karen State, Kayah Sate,
Mon State and Tanintharyi Region which constitute
the eastern part of Myanmar, areformed by theold
hard rocks. This area is bound on the west by a
reaively narrow bt of old gneiss. Inthenorth, much
of the Shan Plateau isformed of alternating bands of
gneissand limestone. Inthe south, old sedimentary
rocks cover most of the country and of these plateau
limestoneisthe most wide spread. Inthe massifs of
the Shan Statethereare also oldfilled basinswhich
providerichdluvid tractsgradinginto marchesinthe
centre.

There are mud vol canoes and one extinct vol cano
called Mount Popawhich issituated in the central
part of Myanmar. From north to souththerearefaults:
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the Chindwin fault, and the Sagaing fault down to
Ayeyarwady delta.

Water resources

Myanmar hasamplewater resourcesalthough water
availability isnot even over thewholecountry. Inthe
dry zone of central Myanmar, for example, where
thelandissemi-aridintherain shadow areaof Rakhine
Yomaand the ChinHillswater isvery scarce: access
to fresh water is a big problem facing the local
communities. Throughout thelength of Myanmar, the
valeysand basinsof thethreebigriversthe Chindwin,
theAyeyarwady and the Than-Lwin, thereisvirtualy
an amplesupply of water. Sittaung River hasitsown
moist andfertilevaley aswell.

Now, in someplacesinthedry zone, thefarmersare
being provided with water for agriculture and
househol d use by pumping the River Ayeyarwady.

Thesouthwest monsoonwindsannudly bringrainfor
agricultura landsin many partsof

Myanmar, especialy in the Ayeyarwady Delta,
Yangon Region, Sagaing Region, and Bago Region.
Myanmar now possesses more than 200 damsand
reservoirs constructed throughout the country to
support theirrigation and the water resources.

The wetlands with big lakes and marshlands also
congtitute amechanismto regul ate storage and flow

of water inthe country.

Figure2.4: Taungtaman lakein Mandalay
region

Groundwater pumped up manualy and mechanically
provides morewater to thevillagesthat have ponds
withwater gathered during rainy season. Inthehigh
mountain ranges and forest there used to be many
water springs. Mountain springs provide water to
villagersway downthehills.

ThelnleLakewithitsscenic beauty and traditional
cultura attractionisshrinking dueto soil erosionin
the surrounding areabecause of forest depletion and
degradation and environmentally hostileagricultural
practices. Similar situations have a so been taking
place in many other placesin Myanmar. Indawgyi
Lakein Kachin Stateisal so shrinking. Someof the
tributaries of somebigriversare contaminated with
chemicdsduetodl sortsof mining activitiesinther
watersheds.

The percentage of people covered by safewater and
sanitationisdtill very low inthecountry by thegloba
standard; it is even lower compared to a few
neighboring countries.

Itisobviousthat the traditional water management
system can no longer meet the requirements of the
market economy. Inthis context itisurgently needed
to reform the present system of water management
by establishingahighlevel nationa agency for water

resource management.

Land resources

Theareaof Myanmar classified by typeof landinthe
year 2005-2006 isasshown in thefollowing table
(Table2.1).

Table2.1: Areaby typeof land in 2005-2006

Sr.no Type ofland |Area % of total
{000’ ha)
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 6,279.10 9.28
other than
fallows
6 Others 16,552.84 24.47
Total 67,657.70 100

Source: Satistical Yearbook, 2006, CSO
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The total area of 676,577 km? of Myanmar is di-
vided by land types asreserved forest, other wood-
land, current fallows, net areasown, cultivablewaste
other thanfalowsand others.

Asseenintheabovetableforest covered areaisabout
50%, the net sown areapresentsabout 11 million ha
(including fallow land) and the cultivablewasteland
about 7.9 million hain the financial year 2005-
2006.Theland areacan bedivided into mountainous
and plateau, plainsand river valleys. Theareas occu-

pied by mountai n ranges and the plateau are bigger
thantheplains, river basins, and valeys. Thetrend of
increasing agricultural areaagainst theforestlandis
obvious(Table2.2).

Cultivablefalow land and wasteland are granted to
privateindividuas, State Economic Enterprises, Joint
Ventures and Cooperative societiesin order to en-
courage the devel opment of agriculture, livestock
breeding and related activities.

Table2.2: Changesof land classesin Myanmar (Thousand hectares, percentage)

%
Classes 1990 2000 Change 2005 % %
(1990- Change Change
Extent Shar e Extent Share Extent Share |(2000-2005) | (1990-2005)

Closed For ests 28,114.70 | 41.6 25,841 38.2 -8.1 24,704.20 36.5 -4.4 -12.1
Open For est 9,755.80 14.4 9,426.90 13.9 -3.4 9,262.40 13.7 -1.7 -5.1
Total Forest 37,870.50 56 35,267.90 52.1 -6.9 33,966.60 50.2 -3.7 -10.3
Other wooded 10,405.80 | 15.4 11,435.30 16.9 9.9 11,950 17.7 45 14.8
L and
Other Land
(Including water | 1938140 | 28.6 20,954.50 31 8.1 21,741.10 321 3.7 12.2
bodi es)
Total Land Area |67,657.70| 100 |[67,657.70 100 0 67,657.70 | 100 Q0 0

Source: FAO (2006)
Forest resources

Myanmar isrichinvast varietiesof natura resources,
both renewabl e and non-renewable. Among them,
forest resourceisoneof themost critical suppliers
not only for thelivelihood of the peoplebut for the
national economy aswell.

It has very diverse ecosystems and accordingly
different forest typesfrom high alpineforeststo sea
level tidal forestshavebeenidentified.

Theareaunder different forest typesare presentedin
(Teble2.3).

Table2.3: Major forest types

No. Forest Types Area (ha) % of total
forest area

1. |Tidal Forest

5 |Beach and Dune Forest 1,382,160 4

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

g |Hill and Temperate Evergreen Forest 8,984,040 26

Total Forest Area 34,554,000 100

Planning and Statistic Division, Forest Department, Myanmar, 2000

Theflorarecorded sofar in Myanmar includes 273
plant families, 2,371 genera, 11,800 speciesof which
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2,300 species are trees, 97 bamboo species, 26
species of rattan (cane), and 841 speciesof orchids.
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Figure2.5: Mangroveforest inthedelta
Forestry

Forest cover

Accordingtotheandysisof 1989 Landsat imageries,
closed forests occupied 293,269 km?or 43.34%,
degraded forests 50,963 kv or 7.53% and forests
affected by shifting cultivation 154,389 knvor 22.8%
of thetota land areaas shownin (Table 2.4 )below.

Table2.4: Forest cover in Myanmar

3 Percent of
Sr. No. Forest cover |Area(km’)
country area

1 Closed forest 293,269 433
5 Degraded

forest 50,963 7.5

Forest affected
g by shifting 154,389 228

cultivation

Total 498,621 73.6

Source: Forestry in Myanmar, June 2000
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 (Table2.5)
Table2.5: Change of forest coversbetween
1925 and 1999

Year % of total land | Average annual
area change %
1925 65.8 -

1958 57.2 0.253 (-)

1975 52.7 0.237 (-}

1989 50.8 0.127 (-)

1999 52.3 0.136 (+)
Average annual change

frori 1925 to 1999g 0.180 ()

Sour ce: National Forest Master Plan (2001-2002 to 2030-2031)

The forest cover of the country had decreased
continuoudly from 1925 (65.8%) to 1989 (50.8%),
adecreaseof 15% in 65 years. From 1989t started
to increase to reach 52.3% in 1999, indicating an
increase of 1.5% during the period. However, the
areaunder closed forests had decreased from 43.3%
to 37.4%. The average annual loss of forest cover
over theperiod of 75 yearshad been approximately
0.18% of thetotd land areaor 0.274% of theforested
land.

Permanent forest estate

Reserved forests(RF), protected public forests (PPF)
and protected areas system (PAS) constitute
permanent forest estate (PFE). The statusof PFE as
of 31 March 2001 isshownin (Table2.6).

Table2.6: Statusof permanent forest estate
in Myanmar (31 March 2001)

Catencr 5 Per cent of total land
egory Area(km) ar ea
RF and PPF 129,445 19.13
PAS 15,276 2.26
Total PFE 144,721 21.39

Source: PSD (Planning & Statistics Division), FD

Thetotd areaof thereserved forestsand the protected
public forests has reached 129,445 kn? congtituting
19.13% of thetota area of the country, and that of
Protected Areas System 15,276 km? or 2.26% of the
total land area. Thus, by theend of thefinancid year
2000-01 thetota areaof the Permanent Forest Estate
has become 144,721 km? covering approximately
21.39% of the country.

During 1988-2001 the Myanmar Forest Department
had been ableto extend theareaof reserved forestsand
the protected publicforestsby 29,425 km? and had to
disforest 579 knv?. Thus, on 31 March 2001, thetotal
RF and PPF area stood at about 129,445 knv
condtituting 19.13% of thetota areacf Myanmar. The
annua growth of permanent forest areg, exduding PAS,
had been 2,220 km2 Myanmar Forest Policy has
envisagedincreas ngtotal PFE to 30% of thetotal land
area.
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Myanmar hasbeenlogngitsclosed forestsat therateof
0.64% annually. The problem of forest depl etion had
been evengreater withthemangrovesintheAyeyarwady
dedlta; they had depleted at theratetwicethenational
average. Of a number of causa factors of forest
degradation and depl etion, agricultura expansion has
dwaysbeentheman cause

Timber resource

Myanmar flora, so far recorded, consists of 1,347
speciesof bigtrees, 741 speciesof small trees, 1,696
speciesof shrubs, 96 speciesof bamboos, 36 species

of rattansand 841 speciesof orchids. Out of 2,088tree
species, 85 have been recognized and accepted as
producing multiple-usetimber of premiumaudity.

It has been estimated that closed broad-leaved,
mangroveand coniferousforestsof thecountry taken
together contain about 2.25 billion cubic meters of
gandingtimber (Table2.7), whilethetotd annud growth
of dosed broad-leaved forestsisestimated a 31 million
cubic metersbased on an estimated annua growth of
1.5m?¥haof dl treesof dbh (diameter at breast height)
20cmand up.

Table2.7: Estimated volume of standing timber in Myanmar

) Pr oductive for est Unproductivefor est Grandtotal
Type of vegetation Total (mil.m®) | wha(m) | Total (mil.m®) | vha(m®) |  (mil.m®
Closed broad-leaved 1,859 Q0 357 30 2,216
Mangrove 2 206 4 16 16
Conifers 16 141.6 - 16
Total 1,887 361 2,248

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

Dengty of Myanmar naturd forestsisvery low having
only 90 n?® per hain the closed broad-leaved forests
and 30.6 m?3 in themangroves. Coniferousforests
with agrowing stock of about 142 m?/haare best
stocked inthecountry.

Forest management

Myanmar Sdection Sysem (M SS) hasbeenthemain
slvicultural system practiced in the management of
practically al thenatura forestsinthe country. Clear
felling, smple coppice and coppice with standards
sysemsaregppliedinlocd supply forestsand fud wood
plantations.

Forest plantations

Egtablishment of forest plantationsstartedinMyanmar
asearly asinthelate 1850's. Forest resourcesbeing
abundant inthosedays, the plantation policy had been
only to enrich the existing natural forests. In
conseguence, the annua planting target had never
exceeded 700 hauntil 1960. However, thelast threeto
four decadeshad seen arapidrateof deforestationand
degradation of natura forestsasaresult of shifting
cultivation, excessivefud wood cutting, and expansion
of agricultura landsand devel opment of infrastructure.

Inthiscontext, extens ve block-wiseplanting schemes
have been called upon since early 1970'sin order to
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rehabilitatethe degraded forests, restorethelost forest
area, supplement theyield fromthenatura forestsand
improve environment. FD and Dry Zone Greening
Department (DZGD) havenow been planting around
45,000 haannualy.

Inaddition, aspecid tesk plantation project wasstarted
in1998withthemain objectiveof increasingtesk yidd
and reducing pressureonthenatural forests. Planting
20,000 ha each year, a 40- year rotation has been
envisagedinorder to beableto harvest afind yidd of
about 1.8 millioncubic metersevery year.

Attheend of theyear 2000, totd areaof variousforest
plantationsexceeded 675,000 ha(Table2.8and 2.9).
Commercia plantations constituted 55% of thetotal
planted area, and teak constituted 42% of al the
planted species.
Table2.8: Statusof forest plantationsat the
end of Year 2000 by typeof plantation

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

Total

675,743 100

Source: PSD, FD
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Table2.9: Satusof forest plantations
at theend of Year 2000 by species

Sr.No |Treespecies | Area(ha) %
1 Teak 281,190 42
2 Pyinkado | 52219 8
g Padauk 15,539
4 Pine 15,899
5 Eucalypt 74,682 11
6 Others 236,214 25
Total 675,743 100
Source: PSD, FD
Private plantations

In 2008, the Government started grantinglong term
leasesto privateindividua sand companiesto establish
forest plantations. Private establishment of plantations
in 2008 was 8,892 haout of which 2,454 hawere
teak and 10,571 hawere other hardwoods.

Mineral resource

Myanmar has extensive mineral resources. The
Ministry of Mines is responsible to explore and
devel op them. One State Enterpriseisresponsible
for the production of metalic minera sand the other
for dealing withindustrial mineralsaswell assteel
andiron products. The production of preciousstones
such as rubies, sapphire, jades and diamonds are
handled by another State Enterprise. Themainminera
products are refined lead, refined silver, zinc
concentrates, copper concentrates, refinedtinandtin
concentrate, tin-wolfram-sheelite concentrate, and
gold. Industrid minera productsincludecod, gypsum,
byrate, limestone, dolomite, bentonite chromite,
fireclay, fluoride, graniteand other items.

Marine resources

Myanmar has about 2,832 km long coast line and
morethan 800 islandsin Myeik Archipelago. Itis
very richin both pdagicfishand demersd fish.

Myanmar coastd regionwiththetotal areaof swamp
of about 0.5 million haservesas spawning, nursery
and breeding ground for aquatic and near shore and
brackish water fishes. The continental shelf covers
228,751 square kilometers.

Myanmar marinefishery watersincludeterritorial sea
and exclusiveeconomic zone (EEZ). Theterritorid
seaof Myanmar extends 12 nautical milesfromthe
baselinetowardsthe seaand EEZ istheareawhich
coversal areasof theterritoria seaand extends 200
nautical milesfrom the baseline. Thetotal areaof
Myanmar fishery waters, including EEZ is486,000
sguarekilometers.

According to marine Fishery Resource Survey and
Exploratory Fishing Project conducted by fishery
expertsonemillion metrictonsof pdagicfishand 0.85
millionmetrictonsof demersa fishexistin Myanmar
marine waters. The Maximum Sustainable Yield
(MSY) from Myanmar Waterswasestimated at about
1.05millionmetrictons. Sincetheearly 1960s, trawl
fishing hasbeen introduced in Myanmar watersand
later more advanced technologies of fishingsuch as
bottom trawl net, purse seine net, etc are used.
Landing data from marine fisheries showed that
exploitation rate of marinefish hasincreased year by
year and now it nearly equalstheM SY.

Myanmar scientists collaboratewith scientistsfrom
ASEAN member countries and had conducted
researchesinthehigh seaareaswhichindicated that
environmenta conditionsof Myanmar seawatersare
still in good shape and the aquati c resources such as
Tuna, Deep Sea Squids, Deep Sealobster and other
pel agic fishesare more abundant than inthewaters
of theneighbouring countries.

Biodiversity

Myanmar can claim as possessing arich biodiversity
distributed in different types of forests. Besides,
complex arraysof plainsalongwiththemgor rivers
and plateau running paralel to each other with unique
ecosystems support numerousliveformsinteracting
between varying climate and geo-physical
componentsinthe entire country. Biodiversityisa
vital resourcefor the sustainable devel opment of the
nation. Biodiversity in Myanmar can bedifferentiated
asshown below:

() MountainBiodiversty

(i) Forest Biodiversity

(iii) Dry and Sub-humidland Biodiversity
(iv) Inland Weater Biodiversity

Page 12
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(v)  Agriculturd Biodiversity

(vi) Marineand Coastdl Water Biodiversity
and

(vii) Small IdandsBiodiversty

Status of biodiversity

Variousforest typesof Myanmar areinhabited by a
vast array of plantsand wildlifespecieswhereasriver
systems and tidal forests serve as breeding places
for awiderange of aquatic species. Conservation of
thesebiological resourceshasbeenincorporatedin
thebroader scopeof natureand wildlife conservation
whichisregarded asone of thenationd prioritiesin
Myanmar.

Protection of soil, water, wildlife, biodiversity and
theentireenvironment isidentified asan important
imperativeinthe 1995 Myanmar Forest Policy.

Thereare 11,800 plant speci es under angiosperms
and gymnospermsincluding 841 medicina plant
species, 96 bamboo speciesand 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 sdlamander. Thereare 310 fresh water fish pecies,
and 465 marinewater fish speciesrecorded sofarin
Myanmar.

Protected Areas System

Theprotected areassystem (PAS) iswdl | established
with the set-up of parksand sanctuaries. Myanmar
iscommitted to sustainable devel opment of forests
and biologica resources through accession to a
number of internationa conventionsand agreements.
Ineffect, forestry in Myanmar hasbeenwell inplace,
maintaining a balance between environment,
development and socid needs.

Diverseforest ecosystemsin Myanmar haveadiverse
faunaandflora. Sofar, 23 sanctuariesand five parks
constituting about 2.26% (15,270 km?) of thetota
land areaof the country have been established. Itis
stipulated in the Myanmar Forest Policy that the
coverageof thePASwill beincreasedto 5%inthe
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short term. Inthelong termit isintended to increase
up to 10%.

Threats to biodiversity

Myanmar withitstopography festuring high mountain
ranges, riversandlakesand valeysand along coasta
regions making up of different ecosystems, diversed
life forms of flora and fauna are found all over
Myanmar. Biodiversity of different typesaredescribed
above. They haved so common and different threets.
Commonthreatstothebiodiversty comefromhuman
interferences whether high on the mountain slopes,
orintheforests, along theriversandinthevalleys.
Taungyacuttings, illegal felling of treesand plants,
poaching and hunting for saleof wildlifeproductsare
themajor threatsin the mountai n ecosystem. Forest
fires, eroson and landdidesarea so threatsinthese
areas. Intheforest 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. lllegd felling of treesand over exploitation,
cutting of trees for making household products,
charcoa burning for sale and household fuel wood
utilization arethe mgjor threatsto forest degradation,
deforestation and loss of biodiversity. Forest
fragmentationscausehabitat lossspecieslossand loss
of geneticresources.

In the dry and sem-humid areas in Myanmar, the
devel opment of tradesand cottageindusiry isgrowing
withtheincreasein popul ation, and demand for forest
products and firewood is great threatening
surrounding dry forests. Theincreasing temperature,
verylow ranfal, soil deteriorationand reducingwater
holding capacity are additional threats. Wetland
regionsin Myanmar consisting of bigrivers,and smdll
riversstreamsand small lakeshavediversity of fresh
water fishes. The threats are deforestation in
catchment areas, erosonand siltation, legd andillegd
settlements|eading to pol lution, eutrophi cation due
toresiduesof fertilizersin catchment areas, panning
for gold leading to water poisoning and destructive
illegal and over 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 theyear 2005-2006 popul ation of 56.52
million, registeringagrowthrateof 2.02 percent. The
total population was 56,515,000 which included
28,097,000 males and 28,418,000 females.
Myanmear isinhabited by over 100 ethnic nationdities.
Bamar wasthelargest group constituting about 69
percent of thetota.

About 70 percent of Myanmar’s population livein
rural and remote areas and about 30%in townsand
cities Themost populouscitiesare Yangon, theformer
capital, and Mandalay, the ancient capital of
Myanmar. According tothe statistical dataending year
2000, the most populated Regions are Mandal ay,
Ayeyarwady and Yangon.

Myanmar supports a diversity of ethnic groups,
officially listed as 135 national racesclassifiedinto
eight groupsnamely Bamar, Chin, Kachin, Kayah,
Kayin, Mon, Rakhine and Shan. Theethnic groups
like Kachin, Kayin, Kayah, Chin, Rakhine, Shan, and
MonliveinKachin State, Kayin State, Kayah State,
Chin State, Rakhine State, Shan Stateand Mon State
respectively. The peopleliving inthe Regionsare
mostly Bamars.

The peopleof Myanmar aremostly Buddhists, but a
richmix of religionscan befound, incdluding Chrigtian,
Hindu, Mudimand Animist. Theethnic groupshave
their own traditionsand societal structures.

Employment

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

government |abour offices.

Theresultsof thelabour force survey conducted in
1990 by the Department of Labour are shown in
(Table 2.11) together with the 1973 and 1983
population censuses. Thetable presentsiabour force,

unemployment ratesand visible underemployment

rates. “Unemployed” refersto personswho arenot
employed but areavailablefor or seeking paid work.
Visibleunderemployment isprimarily a statistical
concept directly measurabl e by |abor forceand other
surveysreflecting aninsufficiency in thevolume of
employment. It occurswhen apersonisinemployment
of lessthan normal duration and isseeking or would
accept additional work. Thetable presented below
has used thetime utilization approach aswell asthe
usua statusapproach to estimatetherateof visible
underemployment in Myanmar (Statistical Yearbook,
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 Collegeand
University of distanceeducation. Under Technical
andvocationa streamsisincluded Teacher’sTraining
Program (Basi c Educationand Technicd, Agriculturd
and Vocation Education).

Basic education

TheBad c Education comprisesprimary grade, middle
grade and higher grade. It is also classified as
preschool (kindergarten), primary school (fromgrade
onetofour), middleschool (from gradefiveto saeven)
and high school (from grade eight toten) 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 educationisoffered
inIngtitutesand Universities.

Higher education

After passing the BEHS examination and university
entrance examinations, students enter various
universities, ingtitutes, degree collegesand technical/
vocationd trainingingtitutes, accordingtotheir merit
and choice. There are altogether 102 institutions
including universities, technol ogical institutes, and
degree and diplomacollegesin Myanmar.

The number of schools constructed in States and
Regionsin 2007 a one amounted to 2,360.
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Table2.10: Distribution of population by Sateand Region

Sr. States/ Regions Land areakm? Population Density per km’
number
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 2,997,543 258
6 Rakhine State 35,483.47 3,183,330 Q0
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 9c
11 [Magway Region 43,244.85 5,392,446 125
12 Mandal ay 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

Source; Statistical Yearbook, 2006
Monastic education schools

With the aim of providing the needy children and
peoplelivinginvarious partsof the country with the
bead ceducationin conjuctionwith Buddhigticteachings
1,313 Monastic Education Schools have been
opened in 249 townships. Altogether more than
200,000 boysand girlsexcluding nunsand novices
of therespective monasteriesarelearningin these
schoolsat present.

Medical care and health

In 1979, the Ministry of Healthintroduced the Vital
Statistics Collection System (VSS) inrura areas of

Myanmar. By theyear 2006 it covered all rurd areas
of 291 townships and rura population of 42.49
million representing 100% of the total rural
popul ationof the township that were surveyed.

According to 2005 statisticsinfant mortality ratewas
44.9 per 1,000, and the age specificmortdity rateis
givenin(Figure2.6).

Toprovidehedlth ass stancein dl placesof Myanmar,
hospita shave beenincreasingly congtructed. In 1988
therewereonly 361 hospitalsin Myanmar but now
thenumber hasincreased to 846. To enhance capacity

Table2.11: Labor force, unemployment rates

1973 1983
S.N Category Popuation | Popuation 1930
Census Census LFSL/ LFS2/
L. Total Labour Force (in million) 9.37 12.2 11.35 16.52
1 Employed 9.2 12 10.66 15.82
2. Unenployed 0.17 0.2 0.69 0.69
II. Unemployment Rate (%)
(a) Both sexes 181 164 6.08 4.18
(b) Male 2.08 1.92 4.63 3.69
(c) Female 0.97 114 834 4.79

Note: LFS = Labour Force Survey
Page 15
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and educationinmedica sector many morelngtitutes
of Medicine have been opened. In 1988, therewere
only 3Ingtitutesof Medicineand one Dentd College,
but at present there are 4 Institutes of Medicine, 2
Dentd Calleges, 2Nursang Colleges, 2 Pharmaceutical
Colleges, 2Medicd Indtitutes of Technology, and one
Ingtitute of Public Hedlth. Previoudy therewereonly
7 nursetraining schoolswhich havenow increased to
23.

To promoteand upgradethe standard of medica care
intownshipsand digtricts, specidistsand physicians
areassgnedtotownsand districtsall over thecountry.

Withaview to encouraging the practice of traditiona
medicine, the government hasestablished aUniversity
of Traditional Medicine and traditional medicine
hospita sand clinicsthroughout the country.

80 4.

a
2

AGE SPECIFIC MORTALITY RATE , PER 1000 POPULATION
-
=5

Age in years

Figure2.6: Agespecific mortality rate (Urban),
2006
(per 1000 population in each agegroup)

2.3. Economic Development

Level of economic development

From 1988 onwards Myanmar has moved toamore
liberalized economic policy based on market oriented
system, promoted therole of private sector and open
uptoforeigninvestments. To stabilizetheeconomic
development and also provide safety nets for the

vulnerablegroupsduring thetransition, thefollowing
laws have been enacted: Foreign Investment Law,
New Central Bank of Myanmar Laws, Financial
Ingtitution of Myanmar Law and Myanmar Tourism
Laws. And the Chambers of Commerce has been
transformed and reectivated asthe Union of Myanmar
Chambersof Commerceand Industry.

The positive GDP growth has beenrecorded highin
certain sectorsof theeconomy. However, neither the
rateof socid declineandinequity nor thedeterioration
of natura resourcesand environmental degradation
associated with economic growth has been
satisfactorily studied or surveyed and reported. For
the continued economic growth, the country will have
tofacetheimpending challengesincluding themacro-
economic instability, volatility of foreign exchange
earning and unstable exchangerates, low level of
savings, large deficits, distortion in the price and
insertions system, indiscriminate land uses and
ecosystemingability. (Myanmar AgendaZ2l)

ThePlanning Department of theMinistry of Nationd
Panning and Economic Development isresponsible
for collection andissuing of statistical dataon gross
domestic products, consumption, investment and
nationa income, which are calculated both at current
pricesand constant prices. Since2006-2007 thetotal
va ueof net output and services(GDP) are cal cul ated
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 investmentsfor 2006-2007 show
8.3 percent for forestry, 8.6 percent in agricultural
sector and 12.2 percent inlivestock and fishery sector.
Overal per capita GDP has increased by 10.5
percent (Table2.12).
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Table2.12: Annual Growth Ratesof GrossDomestic Product, consumption and investment

| |coops 22 26| 67| 14 106] 106 135 131 138 121

1 [Agiaiture 22l 2| 5 11| 81 47] 93 102 107 86

2 |Livetockand Fishary 2| 06| 3| 189 126] 14| 53] 155 188 122

3 |Foesry 01| 83 45| 33 77 62 64 =59 4 8z

4 ey zo| 76| 89 1 69 5] 103 83 104 =

5 |Mining 29| 185 273 4 4 79 B4 I a9

6 [Processngand Mafeduring 29| o1 76| | 28] =7 2 27 29 221

7 |BedricPoner 54 5| 66 153 78 221 15 73 192] 95

8 |Construdion 08 8 272] 4 24 05| 197 15 1] 152

11| SERVICES 41] 42 o3 126] 188 23] 174] 177 152 157
L [Transpat 15] 35 64| 225 195 258 209 165 162 16

2 |Communicatione 12| 39 246] 20| 03] 808 35 516 185 207

3 |Finendd Ingtitutions 61 167 48| 163] 249] 455 104] 274 517 12

4 |wddadAdmnisraiveSavioss | 64] 42| 62] 43] 135 135 107] 149 84 9

5 |Rental and Other Sarvices 21 35 63 59 186] 20 141] 144 12| 143

111] TRADE VALUE 371 24 57| 141] 106] 105 133 128 121] 127
V| GROSSDOMESTIC PRODUCT 29| 28 69 137 1m13] 12 138] 136 136 127
V/|PER CAPITA GDF o9] o9 5| ms[ o1l e8] 116] 13 113 105
VI |[PER CAPITA CONSUMPTION 02 1| 44 55/ 103 98] 103 95| 88 o2
VIl [PER CAPITA INVESTMENT 04 8 57 a8 7 4 262 193] 271] 219

Source: Statistical Year Book, CSO, Myanmar (2008)

AsMyanmar isan agrarian country, theagriculture
sector comprising agriculture, livestock, fishery, and
forestry contributesto morethan 50% of thenational
GDPand about 30% of theexport earnings. Although
forestry sector’scontribution to the national GDPis
lessthan 1 percent, timber export alone contributes
about 10 percent of the total export. Like other
devel oping countries, Myanmar’sexterna tradehas
alsotorely on exportsof primary productsfromthe
natural resources.

Thereisaprospect for net earningsfrom forest through
carboninitiative proposed by acodition of developing
countriesat theUN Climate Talksin Kenyain 2006.
Under the proposed carbon finance initiative,
Myanmar could earn from $128 millionto over $1.8
billion from industrial countries through forest
conservation fundsif the country mitigated 32-93
megatons of CO, which are being emitted due to
deforestation of 466,000 hectares per year in
Myanmar (M ongaban 2006). The estimation stated
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that carbon finance could boost per capitaGDPin
Myanmar from 5to 20 percent.

Economic structure

Myanmar isinitsinitia stageof development. Thus,
it has to rely on primary sectors such as resource
extraction and export. Thecountry isat thetrangtiond
period of market-oriented economic system and
industriaization. Upto recent daysthe structure of
Myanmar economy hasnot significantly changed with
high domination of primary sectors comprising
agriculture, livestock and fishery, and forestry, energy
and mining. Secondary sector includesprocessingand
manufacturing, electric power and construction.
Tertiary sector consists of transportation,
communication, finance, social and administration,
rentalsand other servicesplustrade. Theproportion
of indugtrid sectorin Myanmar dightly increased from
15% in 1985-86 to 16 percent in 2005-2006. The
shareof agricultureand other primary sectorsdeclined
from 61%1t049%, and that of servicesector incressed
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from 23 to 35% for the same period. Higher
contribution of service sector was due to rapid
expansion of internationd tradewith theinitiation of
the market economy (Figure 2.7).
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Figure2.7. Structureof Myanmar economy

Foreign trade
Export commoditiesinclude

1. Agricultura products: riceandrice

products, pulses, maize, oilcakes, raw

rubber, raw cotton, raw jute and other

agricultura products;

Anima products;

Marineproducts such asfish, prawns, and

other marine products;

4. Timber such asteak and hardwoods,

5. Basemetalsand ores;

6. Preciousand semi-preciousmaterialssuch
asslver, preciousstonesand pearls,

7. Gas,and

8. Gaments.

wmn

Export commodities for 2006-07 valued 30,026
million kyatsintotal. Riceisexported to South-east
Asanand afew other Asian countries, Middle East,
America, Europe, Africaand Oceania.

Timber isexported mostly toASEAN and other Asian
countries, Middle East, Americas, Europe, Africaand
Oceania
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Figure2.8: Valueof foreigntrade
Foreign investments

Foreigninvestorscan set up thelr businessin Myanmar
ether intheform of onehundred percent foreignin-
vestment or asajoint venture with any partner (an
individua, aprivate company, acooperative, asoci-
ety or astate-owned enterprise). Inal joint ventures,
the minimum shareof theforeign party is 35 percent
of thetotal equity capital.

(Figure2.8 and 2.9) show foreign investment of Per-
mitted Enterprises from 1990 to 2007, number of
Enterprisesand Foreign Investmentsinmillion USS.

B wo.or e

B roreian investment in uss million

Mo, of Enterprises US § Million
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1995-19%
2000-2001
2001.2002
2002-2003
20032004 1
1004-200!

Figure2.9: Foreign investment of per mitted
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 Fisheriesand Forestry. A brief account
of each of these sectorsispresented bel ow.

Energy

Myanmar isrichly endowed with renewableand non-
renewabl e energy resourcesthat are being exploited
by the state sector with the participation of local and
foreigninvestors. The exploitation, devel opment,
production and trangportation of crudeoil and naturd
gasaretheresponsibility of Myanmar Oil and Gas
Enterprise (MOGE) which operatesoil andgasfields
both onland and offshore.

Oil producing fieldsaremostly located inthe central
part of Myanmar and in Pyay District. Myanaung oil
fidd producescrudeoil and naturd gas, whilein Pyay
oil field some new discoveries have been madefrom

thesub thrust zone. M OGE has discovered more gas
pools near Aphyauk, a small village in Taikkyi
TownshipinYangon Region. The Aphyaukoil fiddis
now providing natural gasfor power generation and
industrial uses in Yangon and Pyay. Since 1989
MOGE hassigned agreementson production sharing
contractswith multinationa oil companiesto explore
and produce petroleum in several onshore and
offshoreareas. Potentid sfor further exploration and
deve opment exis inHukaung Basin, ChindwinBasin,
Shwebo-Monywa Plains, Salin Basin, Central
Myanmar Basin, Rakhine Coastal Plain and the
Sittaung Basin.

In respect of offshore exploration of oil and gas,
severa foreign companieshave beendrillingfor oil
and gaslike Yadana Offshore Oil Company inthe
Gulf of Moattamaoffshorearea, ShweOil Enterprise
in Rakhineoffshorearea, the Yetagun Oil Company
inTanintharyi Offshorearea

The development of the energy sector during the
period from 1988 to 2009 has been as shown in
(Table2.13and 2.14).

Table2.13: Development of ener gy sector of thewhole nation from 1988 to 2009

Sr State/Region Unit 1988 2009 |Progress
1. Qil Field Exploration
(A) QOil Field (Onshore) Field 19 31 12
(B) Qil 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 W ater) 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 Bbhl - 3,044,414 3,044,414
Total Bbhl 6,165,641| 6,279,880(1,14,239
4, Natural Gas Production
(A) Offshore mmscf |- 348,131 348,131

Industries and factories

In 2008, thetotal number of factories (industries)
was 14 including 3 crude oil refineries, 5 chemical
fertilizer factories, 1 methanol factory. 1 tar factory
and 1 carbon dioxidefactory.
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Electric power

In 1988 e ectric power supply for thewhole country
was273millionKwhbut itincreasedto 7,508 million
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Table2.14: Energy exploration of statesand regionsin Myanmar
(Comparison between 1988 and 2009)

Sr State/Region Unit 1988 2009
1 Taninthayi Region
-Crude Oil Production bbl - 3,044,414
(offshore)
-Natural Gas Production mmscf - 141,807
(Offshore -
2 M agway Region
-Oil Field{(Onshore) field 10 20
3 Yangon Region
-Crude Oil Production bbl - 2,823
{Onshore)
-Natural Gas Production mmscf = 865.96
HIHI3
4 Ayeyarwady Region
-Crude Qil Production bbl 178,435 220,271
{Onshore)
-Natural Gas Production mmscf 15,972.23 22,523.20
(Onshore) —
-Natural Gas Production mmscf - 206,342
(Offshore) mnt
Note:  mmscf = million standard cubit feet bbl = barrel

Kwhin 2008. It was dueto the construction of 4,115
hydroelectric power stations of various sizes
throughout the country. At present, 23 projectsare
on-going while another 23 stations have been
programmed for future construction.

Table2.15: Production of electric power (1985-86 to 2006-07)

Thefollowing (Table 2.15) showsthe progressin
electric power production from 1985/86 to 2006/

2007.

Production {(Million Kwh)

S.N. Year Generation Unit loss Departrental Net Production Cost of Production Unit Cost
Use {000 Kyats) (Pya)
1 1885-1986 2118.37 630.86 28.98 1459.53 385195 26.39
2 1990-1991 2543.05 934.28 33.57 1675.20 812897 48 53
3 1985-1996 3762.33 1437.21 6275 2262 37 1771341 78.30
9 Z000-2001 5117 .64 174784 101.86 3267.94 22610627 691.89
5 2001-2002 4588.98 1519.67 98.51 2040.90 16166237 531.63
6 2002-2003 5067.95 1491.67 92.19 3484.08 10261.249 294.52
7 2003-2004 5425.88 1488.18 (r} 78.04 (r) 3849.66 11600728 (r) 301.34
8 2004-2005 5608.24 1618.68 80.38 3908.18 9648221 246 8%
9 2005-2006 B064.16 1593.79 118.21 4352.66 13336809 306.41
10 2006-2007 6164.15 1.726.81 82.35 4354.99 09163940 2277.02
Mote : Kyat 1 — 100 Pyas
Sources : 1. Myanma Electric Power Enterprise

2. Electricity Supply Enterprise.
3. Yangon Electricity Supply Board.

4. Hydropower Generation Enterprise.

Page 20



Chapter 2 National Circumstances

Transport and communication

Trangport and communicationincludearways, inland
waterways, railways, road transport, seaand coastal
shipping, Yangon city transport and post and
telecommunication.

Public transport

Publictransport iscarried out by meansof air planes,
buses of different categories, railways, ships, boats
and motor-cycles. All thevehiclesarerun either by
government, government/private joint ventures,
private and private companies. Railway transportis
soldy run by the State.

Air-ways

Theairlinesin Myanmar are operated both by the
government and the private. The Myanmar Airways
Internationd isrun by thegovernment. Privateairlines
include Air Bagan Ltd., Air Mandalay Ltd., and
YangonAirways.

There are altogether 69 Airportsin Myanmar. Jet
airplanescan land at 37 airports. Theinternational
arplaneslandat Nay Pyi Taw, Yangon and Mandalay
Internationd Airports.

Railways

Railway transportisthemost used after road transport
inMyanmar. Myanmar Rallways started even before
the Second World War under the British Colonial
Rule. The system was and is still avery efficient
trangport system. Out of 14 Statesand Regions, only
Chin Statesdoesn’'t have railway transport. In the
year 2008, thetotal length of railwaysinthe country
hasreached 5,155 km. Themaintrunk lineisbetween
Yangon and Manda ay. Just inthemiddle of Yangon
Mandalay railway islocated the new capital city of
Myanmar, the Nay Pyi Taw. Now therailway lines
havefanned out from Nay Pyi Tawinall directions.
The second trunk line is between Mandalay and
Myitkyinawhichisthecapita of Kachin Stateinthe
north. Thefollowingtables(Tables2.16,2.17, and
2.18) show overview of railway sector, rallwaysunder
construction and upcoming projects.
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Table2.16: Rail transportation sector

Sr. Particular 1988 | 2008 |Progress
1. |Passenger trains (run) 243 412 168
2. |Cargotrain (run) 18 21 3
3. |Engine (unit) 239 319 &
4. |Railroads (km) 3181 5321 2,140
5. |Rail track (km) 4,497 7,087 250
6. |Railway station (unit) 487 8340 353
7. |Rail bridge (unit) 5650 | 10627 | 4977
8. |Number of passengers
- 48.8 67 182

{(million per year)
9. |Tonnage of

transported goods 15 3 15

(million per year)

Table2.17: New railroadsunder construction

Sr. Railroad section Kilometer
1. Thayet-Kyunchaung 295
2. Katha-Bhamo 158
3 Mongnhai-Kengyun 364
4. Pyawbwe-Natmauk- 153
Kanpya-M agway
5. Dawei-Myeik 213
6. Yechanpyin-An-Minbu 395
7. Pathein (Begayet)- 140
Nyaungdon-Yangon
(Hlinethaya)
8. Pyay (Shwedaga)- 162
Toungoo (Kyetaw) -
Nay Pyi Taw
9. Hinthada—Nyaungdon 77
Total (km) 1,988

Table2.18: New railroadsprojecttobe

implemented
Sr. Road section Kilometer
1. Bago-Kayan-Thonegwa- 108
Thanlyin (Okkphosu)
2. Lashio-M use 233
3. Kalay-Tamu 136
Total (km) 477
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Roads

Road constructionworks were apparently speed up
during the period between 1988 and 2008. 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,
crisscrossed dl over the country enabling accesseven
to very remote places in the country. Improved
access bility ismost evident intheAyeyarwady Delta
whichwasformerly accessibleonly by inland water
transport. It is now accessible by means of road
transport through many bridgesacrossriversand big
streamsconstructed from 1988to 2008. Asof 2008,
total bridges over 55minlength number 233 while
bridges under 55m number 2,913.

Table2.19: Thelist of bridgesbuilt from

1988-2008
Sr. [State/ Region Under (55m) |Over (55m)
{number) (number)

1. |Kachin State 413 18
2. |Kayah State 24 1
3. |Kayin State 187
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
14. [Shan State (South) 185 5
15. [Shan State (North) 80
16. |Ayeyarwady 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. Thetransport system functionsin al
the navigabl eriversand streams. The Ayeyarwady
river systemisdtill animportant waterway. Passenger
boats, cargo boats, etc. run up and down Ayeyarwady
River between Yangon and Mandal ay. Ayeyarwady

deltariver transport system still is very important
regardless of bridgesand improved road transport.
Agriculturd producesuchasrice, fruits, and vegetables
and a sofish and fish productsare daily transported
by water to Yangon and other townsin the country.

Inthe Rakhine, Deltaand Tanintharyi coastal regions
thetransport is provided by small shipsand Ocean
linersrunning up and down along the coasts

Post and telecommunication

Post and Tel ecommuni cation Department under the
Post and Communication Enterprise render the
telecommuni cation servicesfor the whole country.
Currently, the automati c tel ephone exchange system,
thecdlular mobilete ephonesystem, theCodeRegion
MultipleAccess (CDMA) mobiletel ephone system
and the Global System for M obile Communication
(GSM) system are being applied in the country.
Myanmar Post and Tel ecommunication Enterprisehas
a so been providing internet and email servicestothe
public sinceMarch 1998.

Agriculture, livestock and fishery sector

Agriculture

“Development of agricultureasthebaseand al- round
devel opment of other sectorsof theeconomy aswell
“isoneof themain economic objectivesof thenation.
Thus, theagriculturesector isthemainstay of Myanmar
€conomy.

About 60 different crops can begrown ranging from
typical tropical speciesto moderatetemperatevarieties
including cerealssuch asrice, whesat, maize, millets,
beans, pulsesand oilseeds, and industrial cropssuch
as cotton, jute, rubber, sugarcane, toddy palms,
coconut palms, tobacco and spices and many other
ediblesand non-edibles.

In 1988 agriculturd land areawas 9.63 million haand
thefallow land arealeft was 10.56 m ha. At that time
theareaunder ricecultivationwas4.78 mhaandthe
descending trend of rice production was estimated at
13.15 million metric tonsapproximately.

Increasein population growth required increasein
cultivation of agricultural crops. In 1992-93 a
revol utionary gpproach waslaid downinAgricultura
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Sectorarl plansand imperativetasksto develop the
sector werelaunched.

Agricultural research has devel oped new improved
varietiesof rice, Starting from year 2008-2009, high
grade varieties and hybrid varieties are under
cultivation.

Among theextended production of various peasand
bean export, varieties such asgreen gram, mug pea,
pigeon pea, cow pea, kidney bean, etc., areincluded.
The area planted with various peas and beans
increased to 4,119,444 ha. The area under good
yielding varietieshasincreased to 2,482,558 ha. New
varieties of beans such as green gram, pigeon pea
and mug pea aregrownin placeof old poor varieties.

Upto 1988 therewere only 138 dams, andirrigated
cultivation wasonly 0.53 million ha. Multiple crop
acreagewas 1.54 m haonly. During theperiod of 20
years (from 1988-2008) the number of dams and

reservoirsincreased by 217. Artisan wells, surface
wells and small dams were constructed in places
whereirrigation channel scould not reach.

There are 322 river water pumping stations
congtructed inorder toirrigatetheland which canbe
cultivated. Multiplecrop system hasincreased to 8.05
m ha. Monsoon paddy cultivation hasincreased to
nearly 6.88 million haand summer paddy to 364,217
ha totaling more than 7.24 million ha making
Myanmar aricebowl of Asia. Theproduction of rice
hasincreased from 1,000 million basketsto 1,230
million baskets in 2008-09. Therice productionin
Myanmar hasincreased to theextent that somestates
and regions have now ample supply of rice.
Furthermore, the production and export of industria
crops, oil seeds, peas and beans have increased
since 2008-09.

Theincreasein cultivated areaand production of
paddy isshown in (Table2.20 and Figure 2.10).

Table2.20: Agricultural development in Myanmar

Type Unit 1988 |31-12-2008| I ncrease/Decrease (-)
Land Resources
1. Sown Aresa Hectare 9,639,943 21,534,006 11,894,063
2. Uncultivated area Hectare 11415638| 5914914 (-)5,500,724
——Sewn Livestock and Fishery

Praduction

Sown Acreaga P
32,200 32,200

29,500

27,600

25300 - gtz 35300

k i '
23,000 s t 23.000

20,700 4 7 . 4 20,700

18,400 . 1 A 18.400
16,100 4 | : = — - - 16,000
13,800 17 £ i Lo e 13,400
11,500 +— 7] o L 11,500

9,200+ | | [ eow

1985-1956
oa.1991
n03-2004
004-2005

: 2 1 3
Source: Statistical Year Book, CSO2006
Figure2.10: Sown acreageand production of
paddy
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Myanmar possesses a huge amount of marineand
fresh water resources such asfish, crabs, prawns,
etc. Water and land pollutionisminimd cregtingample
breeding grounds and high popul ation growth of the
fauna Ayeyarwady, Chindwin, ThanLwin Riversand
their tributaries make up 8.2 million ha of water
surface. Annual water covered areais6 million ha
and reservoirsand | akesirrigation system coversabout
1.8millionha

Livestock industry isadministered by theMinistry of
Livestock and Fisheries, establishing commercial
standard of livestock farms in Myanmar. Major
livestock in Myanmar includewater buffal oes, catle,
sheep, goats, pigs, chicken, ducks, turkeys, Muscovy
ducksand quails. Thereisamarked increaseinthe
number of livestock from 1988 to 2008.

The production of fish and prawns also increased
during 1998 to 2008.
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Thelivestock and fishery sector isoneof the most
productive sectors and it holds vast potentia for
further expansion and exports of the products.

Livestock breeding of pedigree stock of cattle,
buffado, pig, sheep, goat, poultry, etcformsanintegra
part of therura economy. Ownership of thelivestock
ischaracterized by small individua herdsand flocks.
Cattleand buffaloesarereared primarily for usein
cultivation of agricultural cropswhilepigsand poultry
areraised for household consumption.

Fishery sector isdividedinto fresh weter fisheriesand
marinefisheries. Fresh water fisheries make use of
natura water, whileflood fisheriesaremadepossible
through vast river syslemsand heavy rainfal. There
ared 0l easablefisherieswhich cover vast aress. Fish
culture operations are presently being undertaken
extensively in ponds, |akesand reservoirs.

Myanmar’s continental shelf covers 228,781 knv
whilethe exclusive economic zoneis 486,000 kn?
wide. Itsmaximum sustaingbleyidd (MSY) inmarine

fisheriesisestimated at 1.05 million tons per year,
andisdtill underexploited.

Forest industry

Timber harvesting, milling and marketing
Thehardwoodindustry was nationalized on 1 October
1963. At present, MTE (MyanmaTimber Enterprise)
issolely responsiblefor the extraction of both teak
and other hardwoods. MTE extensively uses
el ephants (about 3,000) and buffal oes (about 1,200)
for sumping and skidding of logs. Mechanizedlogging
isminima becauseof difficult terrainand low per unit
areayied under the selection system.

Wbod and wood products

Myanmar producesawide range of wood and wood
products, ranging from firewood to high class
furniture. Export of teak and hardwood isincreasing,
but that of value-added products still needsto be
promoted. Supply and demand situation of wood and
wood productsisshownin (Table2.21).

Table2.21: Supply and demand of wood and wood products

= ~~ ~ —
s_ | 8- | 8~ |EE%|E8%| 8L
S S on e 4 8 e 8 L 8 g9
= o = 9 < O = 8 2D © 5 w =
. T £ o s * L2 s &5 5 SR
Particulars| 5 o = S 8 a2 ~ASB| 5858
S B 7 B 2B | T 2 E8| 2832
S| 2| 22 |2 7|7 F
= = 3 g,
Production| 37560 4.19% 1,056 15 42 118
Consumpti
on 37,560 2720 781 16 %) 63
Export 0 1476 275 0 0) 54
(Import) 0 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 devel op wood-based industries, Myanmar
Forest Productsand Timber Merchants Association

(MFPTMA) was formed on 11 May 1993. The
Associ ation encouragestimber merchantsto produce
vaue-added wood productsby providing themwith
technical know-how and market information. Under
themotivation of MFPTMA, 1,207 entrepreneurs
from production, manufacturing and marketing
enterprises have been registered as of 2007. More
than 100 wood-based i ndustries have already been
establishedinYangonand Mandday industrial zones.
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Wood-based industries produce and export mostly
furnitureand parts, parquet, doorsand door frames,
and four sidesplains ($4S). Asordered by foreign
customers, curving chair, garden furnitureand indoor
furniture are also made. Among the value-added
wood-based products, finger joint pand isaproduct
which saves wastes. Although Myanmar
entrepreneurs’ efforts are to be highly regarded,
Improvement seemsunsatisfactory asyet. According
to MFPTMA, Myanmar produces 1.4 million tons
of teak and hardwood annually, exports about 0.8
milliontonsand earnsUS$ 400 million. A breskdown
of typesof industry in Myanmar isshown in (Table
2.22).

Table 2.22: Types of wood-based industriesin
Myanmar

No. Type of Number of Factory
Factay | private | MTE Total

1. Rywood 1 5 6

o Finger 1 - 1
Joint

3 Particle - 1 1
Board

4, Molding - 3 K

5. Furniture | 1,588 * 5 1593

6. Pencil 1 1

7. Match

8. Saw Mill 228 il 318
Grand 1,819 105 1924
Total

Source: MFPTMA
Notes: * small-scale home industries

Upto now, round logs, especially teak logs, arethe
main export item among wood and wood products
athough Myanmar Industrid Devel opment Plan has
envisaged to gradually reduceround log exportsand
increase supply to domestic wood-based industries.

Morethan 95 percent of Myanmar timber isexported
to Asian countrieswhich include about 80 percent
exported tofivemgor trading partnersnamely India,
Thailand, China, Singaporeand Malaysia. Except
Singapore, which mostly re-exports to other
countries, other countries use Myanmar timber
domedticaly.
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Figure2.11: Transit of round logstoforeign
countries.
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Chapter 3

National Greenhouse Gas Inventory

3.1. Introduction

TheNationd Commissionfor Environmenta Affairs
(NCEA) of Myanmar launched an INC-project in
2008 withthefinancid ass stancefrom GEF/UNEP.
Greenhouse Gas (GHG) inventory and mitigation
option analysisteam (GHG study team), established
inJanuary 2008 isoneof thesix expert groupswho
areworking for INC preparation under thisproject.
GHG study team successfully accomplished nationa
GHG inventories for 2000 in energy, industria
processes and product use, agriculture, forestry and
other land use, and waste sectors. Theteeammadea
particular initiativein the context of improving and
updating the reliable data on GHG emission/
absorptionin Myanmar.

Theinventory chapter highlightsonly themain festures
of Myanmar’sGHG inventory, which identifiesthe
potential GHG sources and sinks and provides
estimatesof mgor GHGsin Myanmar for year 2000.
The GHG inventories on emissions by sources and
removals by sinks covers carbon dioxide (CO),
methane (CH,) and Nitrous Oxide (N, O), and Non-
M ethane Vol atile Organic Carbon (NMV OC).

GHG study team conducted the national inventory
on GHGs by setting the year 2000 asthe base year,
and prepared the database for each sector and
predicted the GHG emission/reductionininventoried
sectors. In estimating GHG emissionsfor theyear
2000, theexperts used the published information on
GHG sourcesand sinksto agreat extent. However,
research and studies concerning the climate change
issuesarelimited and the country specificemission
factors/default valuesarenot availablein Myanmar.
Therefore, the GHG inventory in thisstudy mostly
used the emission factors and default values as
described in IPCC 2006 Guidelines.

3.2. Energy Sector

Thenational GHG inventory in energy sector covers
threemajor GHGs: carbon dioxide (CO,), methane

(CH,) and nitrous oxide (N,,0). Themain sources of
GHG emissionsexamined arefossil fud combustion,
treditiond biomassfud combustion, fugitiveemissions
from coal mining activities, and oil and natural gas
sysem.

Methodology for GHG

The methodologies provided by the IPCC 2006
Guiddinesfor nationd GHG Inventoriesweregpplied
inthisinventory. Based ontheactual conditionsin
Myanmar, analysiswas madefor the applicability of
the |PCC methodsto Myanmar and the appropriate
approaches were selected. In the calculating CO2
equivaent, Globa Warming Potentia S(GWPs) used
were CO=1,CH4=21,N20=310 and NOx=5.

inventory

Sincethereareno country specific emission factors
inMyanmar for emission assessment, default values
suggested by IPCC 2006 guidelines were used
whether innet calorific value estimation or in CO,
emissongudiesor infractionsof carbon oxidization.
Emissonsfromtheuseof foss| fudsfrominternationa
bunkersare excluded in the current national GHG
estimations. Therefore, CO, emissions from
international aviationfuel burning are not accounted
forinthenationa inventory.

For estimating GHG emissions, the IPCC 2006
Guidelines, Tier 1 and Tier 2 were used depending
on the quality and availability of activity dataand
emissi on coefficients asrequired by each approach.
Theinventory s multaneously adopted thereference
approach and sectoral approach based on detailed
information on technol ogiesasrecommended by the
IPCC Guiddlines. The sectoral approach wasused
asthebasisfor thecurrent inventory. Thedassfication
of sectorsand fuel typesarebasically thesameasthe
classificationinthe IPCC Guideinesinwhich the
transport sector is defined as the transport of the
wholesociety.

In the case of natural gas consumption in energy
industries sector, Tier 1 approach was applied. In

Page 26



Chapter 3 National Greenhouse Gas Inventory

Another mgor sector contributingto GHG emissons
was transportation. The transport sector was
segregated into road, rail, aviation and navigation.
CO, emissionfor all these sectorswas estimated by
using Tier 1 method and asfor CH, andN,O emission
for road and air sub sector, Tier 2 method was
employed.

Inthelight of Myanmar’s specific circumstancesand
data availability, the IPCC Tier 1 was adopted to
esdimatemethaneemissonsfrom cod miningsuchas
surface and underground mining activitiesand also
the fugitive methane emissions from oil and gas
gystemsin Myanmar.

GHG Emissions from fuel combustion

Thecurrentinventory of GHG emissionsfrom energy
consumptiontook into account dl emissonsfromfoss|
fue combustion.

Fossil fuel combustion

Fuel combustion, oneof thelargest contributorsto
GHG emissions in Myanmar, can be broadly

categorized into four groupsfor emission assessment,
I.e. energy industries, manufacturing industriesand
construction, transport and other sectors having
emissionsfromenergy consumption.

Myanmar’scommercial energy resourcesdepended
amost fully on hydropower and fossil fuels. The
emission sourcesin the sector of electric power and
heat supply were defined to bethe power generation
and heat supply of Myanmar’stherma power utilities
whiletheemissionsfrom auxiliary power plantsand
other sources of heat supply were reported in the
relevant sectors. M achineriesand equipmentsfor foss|
fuel combustion composed of gas turbines and
combined cycle power plants, power generating
boilers, industrial boilers, industria kilns, household
cooking ovens, farmimplements, power-generation
internal-combustion engines, different kindsof aviation
vehicles, road transport vehicles, railway transport
vehicles, shipping transport vehicles, etc. GHG
emission by fossil fuel combustionin Myanmar for
theyear 2000 wasestimated tobe 7,755.11 Gg CO, e
(Table 3.1) inwhich energy industry and transport
sectors shared thelargest contributions.

Table3.1: GHGemissionsfrom fossi| fuel combustion in Myanmar in 2000 (Gg)

Categories CO, CH4 N2O Total COz €
Ener gy Industry 2,323.02 2,32302
Industry & Construction 784.83 0.08 809.62
Transport 2,129.98 0.46 0.1 217064
Commer cial & Institutional 888.55 888.55
Residential 42.87 - 4287
Agricultur e/For estry/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

It mainly cons stsof fud-wood consumed for domestic
home cooking. About 95 percent of the rura
househol ds usesfuel-wood for their home cooking.
Some urban househol dsuse saw mill 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 m?3, 418,517 m* and 254,800 m?
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convertedtotota biomasshy multiplyingitbyitsbasic
density. Theaverage basic densities of woodsand
timbers and charcoal were taken as 0.595 ton m
and 0.425 ton m respectively.
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GHG emissionsfrom theabove mentioned fue swere
calculated by the Net Ca orific Values(NCV) and
default emission factorsfor stationary combustionin
theenergy indudtriesgivenin IPCC 2006 Guiddines.
Tota CO, emission, totd CH, emissonandtota N,O
emission for fuel-wood and wood-waste were
estimated tobe 27,475.3 Gg, 7.3595 Gg and 0.9813

Gg, respectively.

Similarly, total emissionsof CO,, CH,and N,Ofor
charcoa amounted to 357.79 Gg, 0.0958 Gg and
0.0128 Gg respectively.

Findly, totd CO, equivaent emissionsfromtraditiond
biomassburned for energy wasca culated andit was
found to be28,297.82 Gg CO,e.

Accordingto IPCC 2006 Guiddines, thetotd GHG
emissonsfromtraditiona biomassburned for energy
were included neither in the energy sector nor in
the nationd totals.

Fugitive emissions from oil and natural gas
systems

Only methaneemissonswerecd culated fromoil and
natura gassystems. Methaneemissionsfromoil and
natural gas systemswere estimated to be 4.63 Gg
(97.23Gg CO.g).

Fugitive emissions from coal mining activities

Only methane emissionswere cal culated from coal
mining activities of Myanmar. Methane emissions
from underground mining and surface mining were
estimated at 0.53 Gg (11.13 Gg CO.g) (Table 3.2).

Table3.2: Estimated CH, emissionsfrom coal miningin 2000

Exploited Methane

Type of mining coal Emission Conversion emission
(ton) |coefficient| coefficient (Go)
Under ground mining | 36,650 18 0.67 0.44
Surface mining 109,900 12 0.67 0.09
Total 0.53

Total GHG emissions from energy sector for the
year 2000

Totd GHG emissonsfrom energy sector of Myanmar
were estimated to be 7,863.47 Gg CO,e most of

which came from fossil fuel combustion. CO,

emissonsaccountedfor 97 % of totdl emissonswhile
CH,and N,O emissions shared only 2% and 1%
respectively (Table 3.3). GHG emissonshy different
sub-sectorsare presentedin Figure 3.1.

Table3.3: Total GHG emissionsfrom energy sector in 2000 (Gg)

No. Emission sour ces COz CHa N20 Total COz €
1|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 fr om coa 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

*Not included in national GHG inventory calculations.
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Fugitive emission

from Fuel
Exploration 1%

Agriculture/
Forestry/Fishery
B% \

" Residential 1%

®  Commercial &/
Institutional 11%

Industry &
Construction 100

Figure3.1: Proportionsof GHG emission
(CO,- equivalent) from varioussourcesin
energy sector

Database for energy sector

Databasefor fud 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 | .

Databasefor GHG emissionsin energy sector during
2001-2005 indicated that GHG emissionin each sub-
sector depended ontheannud target of the concerned
sub-sector. CO, 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
(Table3.4).

Trend of GHG emissions in energy sector

CO2 emissionsdepend on the type and amount of
energy consumed, and energy consumptionisclosey
linked to the socio-economic development of a
country. Hence, projection of COzemissionsfrom
the energy sector isbased mainly on projections of
the popul ation and economic growth of acountry over
aspecificperiodinthefuture. Besides, other GHGs
area so emitted from anumber of activitiesthat use
energy such asresidential and commercia cooking,
gpaceheating, industrid processes, trangportation and
soon. Energy usein Myanmar isincreasing faster in
the transportation sector than in any other sector.
Increase in transportation energy use is a clear

Table 3.4: Emissionsfrom Ener gy Sector (Gg)

| 2000 | 2001 | 2002 | 2003 | 2004 | 2005
Ener gy and tr ansfor mation industries
CO2 | 232302 | 211825 | 243094 | 2756.17 | 373413 | 3050.16
Industry
COz 78483 | 86539 | 88992 | 86607 | 96144 | 69502
NFe) 0.08 0.06 0.07 0.07 0.06 0.06
Transpor t
CO:z 212998 | 198012 | 248663 | 260835 | 250492 | 243282
CHa4 0.46 042 0.48 0.54 0.55 0.67
N2O 0.1 0.09 0.12 0.12 0.12 0.11
Small combustion
CO:z 152830 | 142830 | 1,417.08 | 140697 | 117710 | 133394
NzO 0.1 0.08 0.08 0.07 0.07 0.07
Traditional biomass burnedfor ener gy* (not included in calcul ations)
CO:z 27,833.00 | 2854525 | 29,177.07 | 30,12550 | 30,204.63 | 30,801.48
CH34 7.46 7.65 7.82 8.07 8.09 8.25
N20 0.99 1.02 1.04 1.08 1.08 11
Fugitive emissions from fuels
CHa4 053 | 03 | o042 | oe1 | o8 | o
Oil and natur al gas
CH4 | 463 | 48 | 512 | 541 | 63 | &7
Others
CO:z 8252 | 36382 311 42592 | 24853 454.2
Total COz e 786347 | 694415 | 776579 | 8281.84 | 8870.99 | 8,212.01
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indication of alarge amount of carbon emissions
becausevirtudly dl energy requirementsof thissector
areintheform of petroleum products. Thegrowing
popul ation, incressed urbanizationandindudtridization
areaccd arating thegrowth inthe ownership of motor
vehicles, refrigeration and air conditioning and various
energy intensive products. These are some of the
main factors underlying the rapidly increasing
greenhouse gases.

Therelaively low per capitaCO, emissonsfromthe
energy sector isdueto thefact that Myanmar relies
predominantly on hydropower generators for
indugtrid, resdentid and commercia uses. Electricity
generation by hydroelectric power plants was
1,248.45 million KWh. Thiswas approximately 47
percent of thetotal generationin 1990. In year 2005
€l ectricity generation by hydroel ectric power plants
increased to 2,407.75 GWh. With this rate of
hydropower devel opment, the emissionsfrom the
energy and transformation industries subsectorswill
not increasesignificantly. Fluctuationsinthetrend are
largely driven by emissonfromenergy industry. This
category can show year to year fluctul ations because
of the use of thermal stations to supplement the
hydroel ectric generation. CO,emissionsarefound
toincreasesgnificantly withthediversification of the
country’senergy base, therma power plantsthat have
become absol utely necessary with the declinein the
output of hydropower generation as a result of
decreasing precipitationsin the catchment aress.
3.3. Industrial Processes and Product
Use Sector

GHG emissions from various types of industrial
processesarenot energy-usereated emissons. These
emissions are related to physical and chemical
transformationsof materials, inwhich GHGssuchas
CO,, CH,, N,O and other gases are released. The
preparation of theindustrid processesinventorieswas
basi cally based on the IPCC methodol ogy.

Industrid production processesproducevarioustypes
of GHGsagpart from energy combustioninindustries.
These processesinvolvethe chemical or physical
transformation of raw materiasinto intermediate or
fina products. GHG emissionswereworked out for
industriesnamely, cement, lime, ironand sted, glass,

urea, calcium carbide used in acetylene, food and
beverages.

Cement production

CO, emission during the production of cementisone
of themost important GHG emission sourcesfrom
the industrial sector in Myanmar. All the cement
factoriesin Myanmar useitsown clinker to produce
cement. Thereare noimportsor exports of clinker.
Twotypesof cement are produced in Myanmar. The
maj ority of the cement produced isPortland cement
of which the productionisover 99 percent. Theraw
mixtureisinitialy findy ground andfed intoakilnin
order to obtain thermal stationsto supplement the
hydroel ectric generation.

Thedinker isthereafter ground with gypsumin order
to obtain finished cement. High temperaturesin
cement kiln chemicdly changeraw materid limeinto
cement dinker and thereby emit carbondioxide. CO2
emissionfromcement productionisobtainedby using
anemissionfactor expressedintonsof CO, released
per ton of cement produced.

Lime production

For [ime production, theinventory was conducted
using the activity data of mineral production.
Limestonesare exploited by mining activitiesrather
than production industry in Myanmar. Therefore,
fugitiveemissonscould have occurred, but no proper
dataareavailable.

Theamount of lime produced isgenerally governed
by thedemand. Therefore, thetotal amount of lime
consumed per year could be approximated to the
tota annud production. Theamount of lime produced
could be estimated to be 0.57 t lime/t of dolomite
used and an emission factor of 0.77 tCO, of lime
produced. The usage of dolomitefor the production
of limestood at 39.93 ktin 2000. For limeproduction,
theinventory used theactivity dataof industria raw
minerd production.

Glass production

Industrieswhich manufacture glassemit CO,. The
total production of glassin Myanmar in 2000 was
15,031 tons. Theemissionfactor for theglassindustry
was0.21t CO,/t of glass produced.
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Metal production

Meta productionincludesthe production of metals
such asiron and steel. Thequantity of ironand sted!
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, default CO, emissionfactor frompigiron
productionwasused and asfor steel production, CQ,
emissionwascal culated by electric arc furnace sted!
making method.

Food and drink

NMV OC areemitted in preparing somefoodsinthe
sector. GHG emissions were worked out for food
industries, namely, a coholic beverages, sugar, shrimp
and biscuit. Emission of NMVOC in 2000 was
estimated to be4.57 Gg.

Consumption of Halocarbons and Sulphur
hexafluoride

Introduction of HFCs to replace ozone-depleting
substances (ODS) to Myanmar commencedin 1997,
but thereareno records of import of thesechemicals
for theyear 2000. ODS such asCFCsand HCFCs
have been used by refrigeration and air conditioning
service during the phase down period of ODS.
Mobileair conditioners, both locally manufactured
and imported, use HFCs as refrigerants. ODS
substitutes are also used in refrigerators, air

conditioning and cold storages. Emissionsof ODS
substituteswere estimated using the default method
recommended by the IPCC.

Electrica equipmentsusing Sk, have beenimported
to Myanmar since 1984. Emissions of SF, 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 enginesisprimary for their lubricating
properties and associated emissions are, therefore,
considered as non-combustion emissions. A small
proportion of lubricants are oxidized during use.
Therefore, in calculating CO, emissions, thetotal
amount of lubricant lost during their usewasassumed
to be fully oxidized as CO, emission. Specific
quantitiesof [ubricant used asmotor oil / industrid oil
and ODU factor for lubricants were based on local
knowledge.

Total GHG emissions from Industrial processes
and product use sector in 2000

Atota of 463.3 Gg of CO,-equivalentand 4.57 Gg
of NMV OCisestimated to have been emitted during
the year 2000 from the industrial processes and
product use ( Table 3.5).

Table3.5: GHG emissionsfrom Industrial Processesand Product Usein theyear 2000

Sour ces of Category CO2 | NMVOC 0ODSs SFe ;Ooti %
Industrial processes
Cement 203.23 203.23 44
Lime 30.74 30.74 7
Glass 174 174 0
Urea 0.8 0.8 0
Iron & Steel 434 434 1
Food & Drink 457
Product Use
Carbide for Acetylene Production | 0.35 0.35 g
Refriger ation & Air Conditioning 011 143 31
Hectrical Equipment - 0.003 717 15
Lubricant Use 7.39 7.39 2

TOTAL 248.6 457 011 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 of Myanmar ispresented in Appendix I1.

Theemissonsfromindustrid processesand product
use sector for theyears 2000-2005 showed arising
trendingenera (Table3.6).

Table3.6: Emissionsfrom Industrial Processesand Product Use sector (Gg)

| 2000 | 2001 | 2002 | 2003 | 2004 | 2005
Industrial Processes
cos 2412 | 2259 [227.17 | 386.02 [ 30277 [ 29201
NMVOC* 457 | 484 | 429 | 352 | 366 | 317
HCFCs/CFCs 011 | 008 | 009 | 012 | 018 | on
SFe 0.003 | 0.003 | 0.003 | 0.003 | 0.003 | 0.002
Solvent Used
co 739 [ 626 | 698 | 7.13 | 652 [ 63
Total COz equivalent | 463.3 [407.9 | 422.9 [570.9 | 615 | 513

3.4. Agriculture Sector

Agriculture

SinceMyanmar isan agro-based country, itseconomy
mainly depends on agricultural production.
Agriculture sector contributed 34 % of GDP, 23 %
of total export earnings, and employed 63 % of |abor
forcein 2000. Seventy percent of the population
reside in rural areas and are mainly engaged in
agriculture, livestock and fishery sectorsfor their
livelihoods. Thenet sownarea was10.12millionha
which is only one-fourth of the total land area of
Myanmar. Most farmerstraditionally grow ricein
MONSO0N Season asasingle cropping system under
therain-fed condition. Since 1988, the Government
has been constructing dams and reservoirs across
thecountry toirrigatethepaddy fids. Theirrigation
projectscompleted during 1988 to 2000 totaled 116.
Irrigated areaincreased from 12.5 % of the sown
areain 1987-88t0 18 %in 1998-99. Summer paddy
programwasintroducedin 1992. Intheyear 2000,
together withthe use of highyielding, short duration
varietiesin summer (pre-monsoon) season, thetotal
rice sown areareached 6,302,306 haof which the
irrigatedriceland was 1,852,691 ha (29.4 % of the
totd riceland in Myanmar) (DAP, 2001).

Riceisastaplefood and it growswell in all agro-
ecologicd regionsof Myanmar. Floodedricefields

act asamajor emitter of CH,, whichis one of the
potent greenhouse gases for global warming. The
production of methanefrom paddy fields, ruminant
animals, fertilizer application, land dearingand organic
matter decomposition have been linked to global
warmingas GHG

Estimation of CH, emission from rice fields

According to the specific conditions in water
availability and soil condition for cultivation, rice
ecosystemsaregenerdly dassfiedintofivecategories:
1) Irrigated rice land, 2) Regular/favorablerain-fed
lowland, 3) Drought-pronerain-fed lowland, 4) Deep
water rice and 5) Upland rice which respectively
covered about 30%, 38 %, 12%, 17% and 3% of
total riceareaintheyear 2000 (Myanmar Agriculture
ServiceAnnua Report, 2004). Tier 1 methodin 2006-
IPCC guidelinewas adopted with the use of default
emission and scaling factors. Applyingtheequations
and worksheets described in the 2006-1PCC
Guiddlines, CH, emissonfromricecultivationin 2000
was estimated to be 507.23 Gg CH, yr*, which
irrigated rice contributed to the largest sharewith
220.46 Gg (43.46%) (Table 3.7).
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No. Rice ecosystems Harvestedarea(ha) | CH4(Ggyr-1) |% of total
emission
1 |lrrigated 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 3A.75 6.85
4  |Deep weter Rice 1,071,392 1174 23.15
Total 6,302,306 507.23 100

Estimation of N,O from agricultural soils

N,Oisanimportant GHG produced in agricultural
soil by microbial processes of nitrification and
denitrification. Increased N inputsto agricultura soils
have greatly increased N,O emission. It was
recognized that upland fields that favor both
nitrification and denitrification processespromoteN,O
formation. Therefore, thesignificant contributionto
globa N,O production from upland agriculturewas
well recognized in the past few decades.

Thetota N,O emissionfrom agriculturd soilsinthe
year 2000 was estimated to be 8.2 Gg N,O yr* of
which direct N,O emissions and indirect N,O
emissonswere7.45GgN,Oyr* and 0.75 GgN,O
yrt, respectively (Table 3.8).

Crop residue burning

Useof crop residuesfor animal feed and fuel wood
are common for the smallholder farmers across
Myanmar. Farmersusualy burn downtheresidues
of previous crops and weeds at the land clearing
time (e.g paddy, wheat, corn and sugarcane)
However, the practice of burning and theamount of
burning materid svary fromregiontoregion, andeven
plottoplot. Inthedry zoneof centrd Myanmar where
theanimal feed and fudl are scarce, the residues of
paddy, pulses, peanut and corn are used for cattle
feeding and those of sesame, pigeon pesa, cotton are
for household fuel and jaggery industry.

For theegtimation of GHG emissionsfrom burning of
field residues, sugarcane, rice, wheat and corn were
included, and otherswere assumed to beinsgnificant
for field burning. Withtheadoptionof Tier 1, IPCC
2006 Guidelines, theemissionsof CH,, CO, N,O

and NQ, in 2000 were estimated to be 0.024, 0.81,
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0.0006 and 0.022 Gg yr* respectively.GHG
emissonsfromtheagricultura sector for theyear 2000
aresummarizedin Table3.8.

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, thetotal harvested
area, variety of riceinterms of growing period and
irrigation typesfor the years 1990, 1995, 2000, and
2001-2005ispresented in Appendix I11. Database
for theuseof fertilizersand theannua burning of crop
residuesin agriculture sector isalso presented.
Thetrend of GHG emissionsfrom agriculture sector
for the years 1990, 1995, 2000, and 2001-2005is
presentedin Table3.9. CH,andN,O emissionsin
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, capitdl, credit, meet, milk, socid value,
hides and sources of organicfertilizer for seasonal
cropping. Livestock-crop holding havebeeninthe
hands of resource-poor farmersfor many decades
andwill remain sofor many yearstocome. Ingenerd,
farming systemsin Myanmar includetraditional rice
cultivation, field cropproduction, and livestock rearing
(especially buffalo or cattleor both ). Livestock in
Myanmar mostly consume the agricultural crop
resisuesand farm by- products.

Feed resources are scarce and quality is poor
especially during dry season, whichresultsinlow
productivity.
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Myanmar reliesheavily on draft cattle populaionto
promoteagricultural expansion. Land cultivationis
mostly done with the use of draught cattle and
buffaloes. Draft cattlearea so very useful asmeans
of transport intherural areas. Dairy cattle are bred
to producedairy productsfor domestic consumption.

Chicken, pigs, ducks, sheep and goatsareraised for
domestic consumption. Datafor horses, mulesand
asses popul ation in Myanmar were obtained from
LBVD. Livestock population as per Statistica
Yearbook 2007 isshownin Table 3.10.

Table3.8: Total GHG emissionsfrom agriculturein 2000

Sour ce CHa4 co Nz0 NOx Total GHG emissions* COzey,

(G9) (G9) (Ga) (Gg) (Gg)

1. Rice cultivation 507.23 - - - 10651.8
2. Emission from agricultural soils - - 82 - 2542
(&) N2O Direct emissions = = 7.45 - 2309.5
(b) N2O Indirect emissions = = 0.75 - 2325
3. Field burning of crop residues 0.024 081 0.0006 0.022 1.61
TOTAL 507.254 = 8.2006 0.022 13195.41

Enteric fermentation

Emission sources of methane by animalswerein
conformity with the emission sources defined by the
IPCC. Methane emissions mainly came from the
enteric fermentation of ruminants, including dairy
cattle, non-dairy cattle, buffalo, goat, sheep, horse,
donkey and mule/ass. At the sametime, methane
emissonfromswinewasasotakeninto congderaion.
IPCC 2006 Tier 1 method was adopted
to estimate CH, and N,O emissions from enteric
fermentation and manuremanagement inthelivestock
sector.

Cond deringitskey source category status, an attempt
was madeto estimatethe CH, emission coefficient
for cattle and buffalo. For thispurpose, the cattle
and buffa o populaionshavebeen dividedinto dairy
and non-dairy categories, with different age groups
(LBVD 2000).

To estimate CH, emission fromthelivestock sector,
coefficientsfor cattleand buffao from Indiasinitial
national communication 2004 were used, because
Myanmar’s cattle and buffal o breeding and feeding
system aswell as breed characterization are very
smilartolndia

Table3.9: Estmation of GHG emissionsfrom agriculturesector

Years | 1990 | 1995 | 2000 | 2001 [ 2002 | 2003 | 2004 | 2005
Emissions from Rice Cultivation (Gg)

CH: | 34933] 48518 50723] 51406 51132 52369] 54009] 58981
Emissions from Agricultural Soils (&g)

N0 | 553 7.07 8.2| 853 8.67| 9.05| 9.9 10.19
Emissions fromField Burning of Agricultural Residues (Gg)

CHa 00174] 00214 0024  00249] 00247] 0025 00264] 00282

N20 00004|  00006] 00006 00006]  00006|  00007] 00007  0.0007

NOXx 00161] 00198 0022 00231 0029 0026 00245 00262

co 05913 0.729 081 08488 0843  0869%|  09003] 09622

(Gngtng o | 905130 |12381.9413,10541 |13441.23 | 13427.08 | 13,804.73 | 1428558 | 15,546.81

Page 34



Chapter 3 National Greenhouse Gas Inventory

Table3.10: Animal population census
(number in millions)

No. Kind of Animal | 2000-01
1 Cattle 10.98
2 Buffalo 244
3 Sheep & Goat 18
4 Pigs 3.97
5 Poultry 55.21
Manure management

Theinventoriesof CH, and N,O emissionsfrom
anima manuremanagement systemsinvolved 11 main
domesticanimasand poultry (swine, non-dairy cattle,
dairy cattle, buffao, goat, sheep, camd, donkey, mule/
ass, horseand chicken). Among them, emissonsfrom
manure management systemsfor swine, non-dairy
cattle, goat, sheep and chicken werethekey sources.
Based on the dataavailability and theimportance of
the emission sources, methodswere determined for
calculating CH, and N,O emissions from animal
manure management systems.  Sincetherehavebeen
no actual measurementsfor emissionsfactors, Tier 1
method with default emission factors of the |[PCC
2006 guidelines wasapplied (Table 3.11).

Table3.11: Emission coefficientsfor
CH, emission in livestock sector

: ~|Manure

Animal type Egt/(re]relgiire:rentatl L management,

k g/head-year
Dairy cattle 42 31
Non-dairy cattle
O-1yr 9 1
1-3yr 232 1
Adult 32 1
Dairy buffalo 0 31
Non-dairy buffalo
0-1 yr 8 2
1-3yr 22 2
Adult 44 2
Sheep £ 0.2
Goat € 0.22
Hor ses 18 2.18
Mules and Asses 10 12
Swine 1 7
Poultry - 0.02
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Total GHG emission from livestock in 2000

CH, emissionsfromthelivestock sector fromthe
year 1998 to 2002 increased by 1.25%. annually.
Theinventory was conducted mostly using 2000 as
the base year. CH, emissions from enteric
fermentation and manure management were404.43
Gg and 52.07 Gg, respectively, resulting thetotal
methaneemission valueof 456.50 Gg . The gresatest
amount of methane (27.82 Gg), wasrel eased from
manure management of swinefollowed by non-dairy
cattle (Table3.12).

Table3.12: Total GHG emission from livestock
in 2000

CH4 BEmissions
No | Kindof Animal Enteric Manure
fermentation | management
() (X9)
1 |Cattle 30543 171
2 |Buffalo 78 539
3 |Sheep 1% 0.08
4 |Codts 7.08 031
5 |Horses 21 0.26
6 |Mulesand asses 01 001
7 |Snine 397 218
8 |Poultry . 11
Sub-total 40443 52.07

Database and trend of GHG emissions for
livestock sector of Myanmar

Database for total livestock population, and milk
productionin livestock sector of Myanmar during
1990-2005 is presented in Appendix IV. Methane
and N,O emissionsinlivestock sector during 1990-
2015 arepresentedin (Table 3.13).

CH,andN,O emissionsin livestock sector during
2000-2005 tended to rise because of increased
number of livestock.
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Table3.13: Estimation of GHG emission from livestock sector

GHG 1990 1995 2000 2001 2002 2003 2004 2005
CHi (Gg) 378.38 404.83 4565 469.29 48411 49549 506.49 519.23
N2O (Gg) 014 017 02 021 022 023 024 025
Total (Gy COze) 7990.79| 8554.35| 9648.31| 991957 10233.98| 10476.59| 10709.42| 10980.15

3.5 Land Use Change and Forestry

Sector

The forest resource assessment (FRA 2005)
conducted by the Food and Agriculture Organi zation
(FAO) in cooperation with the Forest
Department(FD) of Myanmar has indicated that
Myanmar isstill endowed with aforest-covered area
of 52% of the country’stotal land areaof 676,577
km?. Thisisoneof thehighest forest cover inthe
AsaPacific Region. Closed forests(i.e. good forests)
account for 37.4%, while open forests constitute
14.9%. Theforest typesand areas, along with the
respective | PCC-classifications, areshownin (Table
3.14).

Table3.14: Forest typesand areasin
Myanmar in 2000

For est
Foresttype | Type Area | o of total
(Myanmar) [ (IPCC) (ha) forest area
Tropical ever [ Tropical
green forest | rain forest 5,528,640 16
Tropical
Mixed moist
deciduous |deciduous 13,476,060 39
forest forest
Tropical
Dryforest |dry forest S 10
Dipter ocarps | Tropical 1727 700 5
forest dry forest
Hill and
temperate [Subtropica
.| 8,984,040 26
evergreen [l mountain
for est system
Beach and | Tropical
. 1,382,160 4
duneforest |rain forest
TOTAL 34,554,000 100

Theannua increasesin biomasscarbon stocksinthe
land use change and forestry sector were cal cul ated
for thefollowing categories.

1. Naturd forests

2. Forest plantations

3. Homegardentrees

4. Roadsidetrees

Annual increase in biomass carbon stocks by
natural forests

Annua increasein biomass carbon stocksby natural
forestsof Myanmar for the year 2000 was cal cul ated
by using Equation 2.9 of IPCC 2006 Guidelines.
Increaseof carbon stocks(including aboveground and
bel owground biomass) intheforest |land remaining
asforest land in Myanmar for the year 2000 was
estimated to be 35,410.53 Gg of Carbon (129 838.59
Ggof CO,) (Table3.15).

Annual increase in biomass carbon stocks by
forest plantations

Forest plantationsestablished by departmentd taungya
system accounted for 658 595 haduring the period
1963 to 2000. The planted speciesincluded Teak
(Tectona grandis), Pyinkado (Xyia xylocarpa),
Padauk (Pterocar pus macrocar pus), Tinyu (Pinus
spp), Eucalypt (Eucalyptus spp) and others.

Based on these values, increasesin carbon stocks of
forest plantations with different species were
cd culated. Sincethedocumented datafor the present
statuson thetotal areaof theforest plantationsare
not avallable, itisassumedthat dl theforest plantations
established during the period 1963 to 2000 are till

maintained.

Increase of carbon stocks (including above- and
bel ow-ground biomass) of theforest plantationsin
Myanmar for the year 2000 was estimated to be
3,204.56 Gg of Carbon(11,750.04 Gg of CO,
(Table3.15).
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Annual increase in biomass carbon stocks by
home garden trees

Home gardens are common in Myanmar and they
play an important role in fulfilling household
requirements. Based on the available data from
different Sudies, averagenumber of treesineachhome
garden, planted speci es, number of households (rura
and urban), and average growth rate were coll ected
and annual biomass growths in home gardens
caculated.

Annual increasein biomass carbon stocksby home
garden trees in Myanmar for the year 2000 was
estimated to be 128. 55 Gg of Carbon (470.07 Gg
of CO,). (Table3.15)

Annual increase in biomass carbon stocks by
roadside trees

Total length of roadsin the Union of Myanmar in
2000-2001 was estimated to be about 28,600 km.
Thenumber of roadsi de treeswere cal cul ated based
onthetota length of theroads, the spacing between
the planted treesand therows, and later converted
to plantation areas (Woodlotsare not included). The
aboveground biomass growth was 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 theroadsidetreeswere
taken into account in determining thedefault values.

Annud increasein biomasscarbon socksby roadside
treesof Myanmar in 2000 was estimated to be 44.32
Gg of Carbon (162.49 Gg of CO,) (Table 3.15).

(a) Total annual CO, removal by different
activities for the year 2000

Total annual increasein biomass carbon stocks by
different activitiesin theland usechangeand forestry
sector for the year 2000 was estimated to be
38,787.96 Gg of carbon (142,221.19 Gg of CO,).
The summary for the annual increase in biomass
carbon stocksby different activitiesin Myanmar for
theyear 2000isshownin (Table 3.15).

Annual decrease in biomass Carbon Stocks

Annual decreasesin biomass carbon stocks dueto
biomass|ossesfor the year 2000 werecal culated for
thefollowingactivities.

1. Lossof carbon by wood removal

2. Lossof carbon by harvested wood
products (HWP)

3. Lossof carbon by fuelwood removal

4. Biomassburningfollowinglandcdearing
0] Sitepreparationfor forest

plantations

(ii) Shiftingcultivation
(ii) Deforestation

Loss of carbon by wood removal

Total amount of industrial roundwood harvestedin
the year 2000 was 2,161,980 m? (CSO, 2007).
Annua carbonlossin biomass by wood remova (ie.
industrial roundwood) for the year 2000 was
estimated tobe 2,177 Gg of carbon.

Table3.15: Annual increasein carbon stocksand annual CO,
removalsin 2000

Annual increase in Annual carbon Per centage tototal CO>

Activity carbon stocks (Carbon, | dioxideremoval removal
Gg) (Car bon dioxide, Gg) (%)
Natur al for ests 35, 410.53 129, 838.59 91.2
For est Plantations 3,204.56 11,750.04 8.26
Home Gar den Tr ees 12855 470.07 0.3z
Roadside Trees 44.32 162.49 011
TOTAL 38,787.96 142,221.19 100
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Loss of carbon by harvested wood products

Harvested Wood Product (HWP) is defined as
wood-based materid harvested from forests, they are
used for products such asfurniture, panel board and
paper and paper-like productsor for energy. HWPs
exclude, however, logging residuesthat areleft at
harvested Sites.

Sincethetechnical detailsand complexity of HWP
accounting anditsrolein climate change mitigation
have made the topic incomprehensible, the HWP
contribution for the year 2000 was assumed to be
zerofor thisstudy.

Loss of carbon by fuelwood removal

Annua carbonlossin biomassby fuewood removal
wasca culated by using Equation 2.13 of IPCC 2006.
Thedefault valuesfor cal culationsweretaken from
(Table 4.3), (Table 4.4) and (Table 4.5) of IPCC
2006.

Total amount of fuelwood productionin Myanmar
for theyear 2000 was 33,442,200 i (CSO, 2007).
Fuelwood remova volumes were converted to
aboveground and belowground biomass. Finally,
annual carbon lossin biomass of fuelwood removal
for theyear 2000 was cal cul ated.

Annual carbonlossinbiomassby fuewood removal
in Myanmar for the year 2000 was estimated to be
26,936.418 Gg of carbon (CO, emissions from
fuelwood and charcoa combustion were cal cul ated
and described in the energy sector) (Table 3.16).

Biomass burning following land clearing

GHG emissonsfromburningfollowingforest dearing
were estimated by using Equation 2.27 of IPCC
2006.

Since Taungyasystem and shifting agricultureare
commonly distributedinvarious ecol ogica zonesof
Myanmar and reliabledataon biomassstock for burnt
areas were not available, the default value for the
amount of fuel actually burnt was assumedtobe42.2
tonsdry matter ha® (Table 2.4 of |PCC-2006).

Site preparation for forest plantations

Thetotal forest plantation areaestablished in 2000
was 30731 ha. Forest plantationsin Myanmar are
established for different purposesviz. commercid,
local supply (fuel-wood), industrial, watershed
conservation, etc. During land preparation, not al the
selected areasareburnt (eg. watershed conservation
plantations). Theactud burnt areafor Stepreparation
intheyear 2000 was 23,277 ha.

GHG emissions from biomass burning for site
preparation of theforest plantationsfor theyear 2000
were estimated to be 1,863.207 Gg CO, equivalent
(Table3.17).

Shifting cultivation

Inthisstudy, typical shifting cultivated areas (forest
areasthat were dlashed and burnt for growing cash
crop but left for natura regeneration after someyears,

Table3.16: Annual decreasein carbon stocksand GHG emissionsby different
activitiesin 2000

Activty Loss of carbon GHG emission Remark

Wood removal 2176888 (C Not accounted Not all the wood products are burnt

Har vested wood pr oducts Not estimeted Not accounted Not needed to calculate in Tier 1 level
CHGemissions are further estimeted in

Fuelwood removal 26936418 C Accounted Energy sector but not included in the

National Totals

Site prepar ation for for est plantations 1863207 (gCCe&

Shifting cultivetion 1,200.674 GYCOe

Defor estation 37,340.974 &gClee
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Table3.17: GHG emissionsby different activitiesin 2000

Emissions Total {CO2 equivalent)
Activity CO2 CcO CHa N20 NOx (Gg)
(Go) (Go) (Go) (Go) (Go)

For est plantations | 1, 552.017 {102.158 6.68 0.196 1572 1,863.21
Shifting 1,000.140 (65.832 4304 0.127 1.013 1,200.67
cultivation
Detor estation 3110435 |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

and that do not change permanently to other land use)
wherethenatural vegetation could leadtoanew forest
wereaccounted for theestimation. Theaverageannud
areaburnt for shifting cultivation for theyear 2000
(forest land remaining asforest land) was 15,000 ha
yr* (FD, 2000).

GHG emissionsfrom biomass burning by shifting
cultivation for the year 2000 were estimated to be
1,200. 674 Gg CO, equivalent (Table 3.17).

Deforestation

GHG emissionsfrom deforestation sharethelargest
portion of the GHG emissionsinland usechangeand
forestry sector of Myanmar. Deforestation intheyear
2000 was 466,500 ha(FRA 2005). All thedeforested
areaswerenot burnt. However thereliabledataon
the land use change pattern (from forest land to
grasdand, cropland, settlement, water body, etc) was
not available. Therefore, al thedeforested landswere
assumed to be burnt in this study for conservative
edimation.

GHG emissionsfrom biomassburning by deforetation
for theyear 2000 were estimated to be 37,340.974
Gg CO, equivalent (Table3.17).

(b) Total GHG emissioins by different
activities for the year 2000

The activities responsible for annual decrease in
biomasscarbon stocksinland usechangeand forestry
sector could bedividedinto two groups. Oneisthe
activity which caused theannual decreasein carbon
stocks but could not be accounted for direct GHG
emisson (eg. wood removal); another wastheactivity
which could be accounted for direct GHG emission
(eg. biomassburning). GHG emissionsby selected
activitiesinthisstudy areshownin Table 3.16.

Page 39

Inthisstudy, the greenhouse gasemissonsintheland
use change and forestry sector for theyear 2000 were
be estimated to be 40 404.855 Gg CO,e. The
activities and their GHG emissions are shownin
(Table3.17).

(c)

Tota annual increasein biomass carbon stocksinthe
forestry sector by natural forest, forest plantations,
home garden trees and roadsidetrees accounted for
38, 787.61 Gg of carbon, which meanstheland use
changeand forestry sector of Myanmar had removed
142,221.19 Gg of CO, fromthe atmospherein year
2000.

Net CO, emissions/ removals in 2000

On the other hand, total carbon loss by wood
removal, fuelwood remova and HWP accounted for
29,113.31 Gg of Carbon. Thetotal GHG emission
by biomass burning following land clearing was
estimated to be 40,404.855 Gg of CO.e.

Therefore, thenet annual CO, removasof theland
use change and forestry sector of Myanmar for the
year 2000 were estimated to be 101 816.38 Gg of
CO.e. Thesummary for thenet CO, emissions/

removalsfor theyear 2000isshowninTable3.18.

Database and trend of GHG emission / removals
for the land use change and forestry sector

Following the same gpproach asin calculating GHG
emissionsand removalsfor theYear 2000, thosefor
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 CO, emissions/
removasduring 1990-2005 intheforestry sector are
summarizedin Table3.19.
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Table3.18: GHG emissions/ removalsfrom land use change and forestry sector

in 2000
Activity CO2 emissions {(Gg) CO2 removals (Gg) Net COz emissions/ removal s (Gg)
Natural for ests 12983859 (-) 120,838.59
For est plantations 1,863.21 11,750.04 () 9886.83¢
Home gar den trees 470.07 (-) 47007
Roagdside tr ees 162.49 (-) 16248
Wood removal -
Fuelwood r emovel (Energy sector) -
Har vested wood
pr oducts (HWP) -
Shifting cultivation 1,200.67 (+) 1,200.674
Defor estation 37,340.97 (+) 37,340.974
TOTAL 40,404.86 142,221.18 (-)101,816.38

Table3.19: Summary for net CO, emissions/ removals

Year [Total annual CO; emissions Total annual CO; Total net annual CO»
(Gg) removals (Gg) emissions/r emovals (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

Net GHG removal inland use change and forestry
sector showsamajor carbon sink. CO,removal by
land use change and forestry sector can compensate
thetotal emission by different sectors. However, the
trend of net GHG removal during 1990-2005 has
pointed out the constant decline because of decrease
innatural forest area.

3.6. Waste Sector

GHG emissions from solid waste, domestic and
commercial wastewater wereestimated for thewaste
sector in Myanmar following the IPCC 2006
Guiddines. Likeinmost devel oping countries, only
very limited information was avail abled on waste
quantities and waste management practices.

Therefore, the methane emissions from the waste
sector were estimated mainly from population data
in urban aress.

For theactivity data, Municipa Solid Waste obtained
from Yangon City Devel opment Committee (Y CDC)
and the Statistical Year Book of Myanmar were
appliedinthecaculaions.

M ethane emissonsfrom waste sector wasestimated
fromtwodifferent categories, namely (1) disposd of
solid waste and (2) treatment of domestic and
commercia wastewate.
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Solid Waste

Waste includes agricultural waste (mainly crop
resdues), livestock waste (farming manure), industria
wasteand domestic/municipd waste.

Urban infrastructural services and the wastes
generated inthe urban areas produce GHGs dueto
decomposition of organic materids. However, in the
citiesand largetowns, solid wasteisdecomposed by
landfilling, egpedidly inlow-lying aresslocated in sub-
urban areas. Dueto the piling of wasteover years,
anaerobic conditions develop and hence these
dumping sites generate large quantities of biogas
containing afairly largeamount of methane.

Inrura areasand small towns, thereisno systematic
waste management system. It can be assumed that
no CH, isgenerated asanaerobic conditionsdo not
developinthesearess.

Asthewastegenerated intherural partistypically
scattered intheagricultura fieldsrather thanin solid
waste disposal sites, they tend to decay aerobically
generating extremely low CH, emissions. Hence, only
theurban population wastaken into account for the
estimation of solidwasteinthischapter.

Total populationin Myanmar in 2000 was 50.125
millionsof which the populationin urban areawas
15.03million. Ingeneral, amount of solid wastewas
about 0.278 kg per capitaaccordingtothecaculation
of YCDC. Itwasdsoassumedthat total generated
wastes were 1,514.12 Gg and 80 %(1,211.9 Gg)
weretakentothe SolidWaste Disposd Site(SWDYS)
intheyear 2000.

Westeincinerationisthecombustion of solidandliquid
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
practicewerenot available. Therefore emissonsfrom
incineration and open burning werenot includedin
thisstudy.

Biological treatments of solid wastes, that are

composting and anaerobic digestionsof organicwaste,
such asfood waste, waste from gardens and parks
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and dudge, 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
pathogensin thewaste material, and production of
biogas for energy use. However, they are not yet
practiced in Myanmar. Thedumping of thesesolid
wastes released 133.31 Gg of CH,, equivaent to
2,799.51Gg of CO, emitting into the atmosphere.

Wastewater

Emissonsfrom domesticand commercid wastewater
treatments were estimated according to the IPCC
2006 Guidelines, inwhichtheurban populationand
default valueswere gpplied. It was assumed that 30%
of total population (15.3million) lived inurbanareas
intheyear 2000.

CH, emission from domestic and commercial
wastewater was estimated to be 0.083 Ggin 2000.
Degradabl e Organic Component (DOC) for 1000
persons per year and thefraction of DOC removed
assludge were 14,600 kg and 0.09 respectively in
thecdculaion. Totd methaneemissonfromdomestic
and commercid wastewater and dudgewasestimated
tobe1.257 Gg and 1.198 Gg respectively.

Methane emission from waste sector in 2000

For theyear 2000, thetotal methane emissionsfrom
waste sector were estimated to be 134.57 Gg. of
which thedisposal of solid waste contributed 133.31
Gg(99%), and domestic and commercid wasteweter
treatment contributed 1.198 Gg (1%) of CH,
emisson.

Database and trend of GHG emission for waste
sector

Datafor total CH, emissions from the disposal of
solid waste contributed and domestic and commercid
wastewater were described inTable 3.20.

Thetrendsof estimated methane emissionsfrom
waste sector of Myanmar wereincreasing dueto the
increase of total population especidly inurban area.



Chapter 3 National Greenhouse Gas |nventory

Table 3.20 Estimation of CH ,emission for waste sector

Year From From Domestic & From Tot_al
SWDs |Commerical waste-water | Judge | Emissions
2000 13331 &y 1198 Cg| 0.059Cg| 134.57 &y
2001 136.05 &g 1222 G| 0.060CGy|137.206 g
2002 138.01 &y 1240Cg| 0.061CGg| 130311 &
2003 141.59 &g 1272 G| 0.063CGg| 142925 &
2004 144.39 &y 1297 &g| 0.064C&g|145.757 &
2005 147.32 &g 1320G| 0.065CGy| 148.70 &gy
2010 157.32 &y 1420CGg| 0.070CGg| 159.44 Gy
2015 172.690 &y 1550CG| 0076 G| 174.30 &g
2020 188.650 &y 1700CGg| 0.083Cg| 19040 &y

3.7. GHG inventory in Myanmar for
the year 2000

GHG emissions in Myanmar for the year 2000

Summary of GHG emissionsin Myanmar for theyear
2000 is presented in Table 3.21 with a total net
emission amountingto—67,820.5Gg CO.e. Tota
CO, emission in Myanmar for the year 2000 was
estimated to be 41,563.75 Gg.

Emissionsfrom energy sector have been estimated at
7,863.47 Gg CO,e. Emissions from traditional

biomass burned for energy accounted for 28,297.82

GgCO,e. However, theseemissionsarenot included
inthecalculation of nationd totassincethey arefar
lessthanthetotal net emissionsand withintherange
of sustainability. It wasreported only for information
inthisstudy.

CH, was emitted from agriculture and livestock
sector emitted 963.73 Gg of CH, ; forestry sector
produced thelargest amount of GHG emissions of
40,404.73 Gg CO.

GHG removals in Myanmar for the year 2000

Dueto the biomassgrowth in natural forests, forest
plantations, road side treesand home garden trees,
land use changeand forestry wastheonly sector which
absorbed CO, inthecountry amoutingto142,221.19
Gg. Thecountry’snet emissions turned out to be

-67,820.50 Gg CO,e (67.8 million tons of CO,).
Therefore, Myanmar canbesaidtobe agreencity
owingtoitsvast extent of natural forests.
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Table 3.21.Summeary Table: GHG emissions and removals in Myanmear in 2000

E. Production of haocarbons and sulphur hexafluoride

F. Consumption of haocarbons and sulphur
hexafluoride

G. Other (plesse specify)

Cco, co, CH, N,O co NO, |NMvOCs| o, | &, | ops
GREENHOUSE GASSOURCE AND SINK
CATEGORIES Emissions| Removas (Gg) (Gg) (Gg (Gg) (Gg) (Gg) (Gg) (Gg)
(Gg (Gg
Totd nationa emissions and removas 41563.75( 142221.2 | 1248.79 12.94 2216.18 34.1 457 0.003 | 011
1. Energy 7658.65 5.62 0.28
A. Fue conversion (sectora approach)
1. Energy Industries 2323.02
2. Manufacturingindustries and construction 784.83 0.08
3. Transport 2129.98 0.46 0.1
4. Other sectors
(Commercid institution) 888.55
(Residentid) 4287
(Agriculture/Forestry/Fishery) 596.9 0.1
5.0ther (plesse specify) 8925
B. Fugtive emissions from fuels
1. Solid fuels (Coa mining) 053
2. Oil and naturd ges 4.63
2. Industria processes 2412 457 0003 | 011
A. Minerd products 3248
B. Chemicd industry 0.8 457
C. Metd production 434
D. Cement production 203.23

(Carbide for acetylene production) 0.35
(Refrigeration & air conditioning) 0.11
(Electrica Equipment) 0.003
3. Solvent and other product use 7.39
4. Agiculture 963.75 84 0.81

A. Enteric fermentation 40443 | 0.1743

B. M anure management 52.07 0.0257

C. Ricecultivation 507.23

D. Agricultura soils 8.2

E. Prescribed burningof  savannahs

F. Fied burning of agriculturd residues 0.024 0.0006 0.81

G. Other (please specify)
5. Land-use change and forestry 33656.51| 142221.19 144.85 426 221537 34.08(-

A. Changesin forest and other woody biomass 2552.157 | 11750.04 10.983 0.323 167.99 2.582
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B. Forest and grassland conversion 31104.35 - 133867 | 3937 | 2047.38 | 31498

C. Abandonment of managed lands - 12983859

D. CO, emissions and removals from soils NE NE

E. Other (plesse specify)

(Home gardens) - 470.07
(Road side trees) - 162.49

6. Waste - - 13457
A. Solid waste disposd on land - - 13331
B. Wastewater handling - - 1.257

C. Wasteincineration

D. Other (please specify)

7. Other (please spexify)

Memoitems

Internationa bunkers

Avidion

Marine

CO, emissions from hiomass 274753 - 7.36 0.93

* Traditional biomass fuel combustion: Not included in national GHG inventory calculations.

Notes: Shaded cells do not require entries.

2 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
acountry, 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, | E (Included
€elsewhere) for emissionsand removals estimated but included in elsewherein the inventory (Parties should indicate where
the emissions or removalshave been included), C (confidential) for emissionsand removalswhich lead to the discl osure of
confidential information.

® Do not provide an estimate of both CO, emissions and CO, removals. “Net” emissions (emissions — removals) of CO,
should be estimated and a single number placed in either the CO, emissions or CO, removals column, as appropriate. Note
that for the purpose of reporting, the signs for removals are always (-) and for emissions (+).
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The Trend of GHG emissions in Myanmar

Thetrend andysisin Energy Sector, indudingindustria
processes and product use, for the short term (2000-
2005) indicated many fluctuationsin estimating GHG
emisson. Theman GHG sourcesinthesector include
energy industries and transportation which are
responsible for most CO, emissions. Thus, the
industrial and economic development will largely
influence the GHG emissions from energy sector.
NMVOC, ODS, SF, emissionsa so show substantial
amount. However, those GHGs are covered by
Montreal Protocol and have to be deducted from
industria sector. Thus, thetrendfor NMVOC, ODS,
SF, emissions are expected to be decrease.

The trends for GHG emissionsin agriculture and
livestock sectorsclearly highlighted asharpincrease
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 CH, and N,O
emissionsarelikely toincrease.

Waste sector also showsincreasein CH, emissions
due to the population growth and increased urban
population. TheCH, emissionislikelyto dragticaly
increase for both short- and long- terms.

Land use change and forestry sector wasthe major
GHG emitter inthecountry. Themgor emissonscame
fromdeforestation, shifting cultivationandland dearing
for forest plantations.

Thetotal annual CO, removasby natural forestsare
dedlining steadily dueto deforestation and degradation.
Sinceforests constitute both asource and asink of
CO,, vitally important that they are protected,
conserved and manged in asustai nable manner.
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Appendix | : Energy Sector Database

Table3A1.1: Energy Sector Database: Fuel production, import and export

| 2000 | 2001 | 2002 | 2003 | 2004 | 2005
Production
Crudeail (gal) 144,693,019 168,687,423 | 223,357,902 | 250,602,772 | 261,735,650 | 278,850,527
Sub-bituminous coal
(Ton) 146583 | 97239 | 115175 | 169728 | 2303834 | 201830
Natur al gas
200388 | 310502 | 331,419 | 349965 | 426171
(cry mmef) 437,728
Import
Crudeoil (gal) 106,581,618 | 218,934,181 | 101,034,966 8,637,051
Gasoline (gal) 12,236,000
Diesel (gal) 117,333,000
Export
Petroleum Coke (Ton) | 32,951 33,457 34,510 25,160 21,686 19,515
Natural Gas (mmef) 246425 | 242787 | 295598 | 304,600 | 353408 | 368912
Table3A1.2: Energy Sector Database: Fuel consumption (TJ)
2000 2001 2002 2003 2004 2005
Gasoline 15,327.48 | 13,867.23 | 14,503.62 | 16,800.61 | 16,899.60 | 16,908.56
Jet Ker osene 1,203.00 | 1,20309 | 129309 | 1,293.00 | 1,20309 | 1,293.09
Residual fuel oil 586148 | 499253 | 611050 | 538600 | 463381 | 389372
LPG 71225 | 73051 | 72119 | 59637 | 55835 | 46338
Diesel il 48741.16 | 39,250.07 | 45,049.61 | 44,349.33 | 38,603.01 | 41,113.34
Sub-bituminous Coal | 1,296.97 | 342392 | 262300 | 310632 | 485453 | 4,894.06
Natural gas (dry) | 41,698.39 | 37,477.68 | 43,095.36 | 48,831.25 | 66,466.94 | 52,397.01
Solid Biomass 248,500.71 | 254,868.29 | 260,500.87 | 268,977.70 | 297,684.23 | 275,013.21
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Appendix | : Energy Sector Database

Table3A1.3: Energy Sector Database: Fuel consumption by sub-sectors(TJ)

| 2000 | 2000 | 2002 | 2003 | 2004 | 2005
Ener gy and Tr ansfor mation Industries
Natural Gas (dry) | 4161662 | 37,997.02 | 43019.12 | 4874948 | 66,300.21 | 50.805.92
Industry and Constr uction
Gasoline 17175 | 14102 | 13452 | 11773 | 13200 | 12823
Residual fuel oil 586148 | 499253 | 611050 | 538609 | 463381 | 389372
LPG 25.50 25.26 26.15 25.89 25.56 2501
Diesel il 281863 | 231328 | 241085 | 2387.12 | 225350 | 2,025.35
Sub-bituminous Coal 126010 | 331040 | 256684 | 204533 | 4717.70 | 2:607.00
Transport
Gasoline 12,178.85 | 11,019.19 | 12,08321 | 14,300.72 | 14,371.26 | 14,235.68
Jet Ker osene 1,293.00 | 1,29309 | 1,293.00 | 1,293.09 | 129309 | 1,293.09
Diesel al 16,277.95 | 15219.07 | 21,208.23 | 19,295.85 | 1914888 | 17,370.87
Sub-bituminous Coal 27.86 11352 56.24 160.99 136.74 0.06
Natur al gas (dry) 81.76 80.66 76.24 8176 16574 | 150109
Small Combustion
Gasoline 297688 | 270703 | 237580 | 248115 | 230535 | 254464
LPG 63665 | 70524 | 604 | 57048 | 53278 | 43837
Diesel al 2064458 | 21307.15 | 2102633 | 22180.13 | 16747.49 | 21,6334
Biomass
Salid biomass 248,500.71 | 254,868.29 | 260,500.87 | 268,977.70 | 297,684.23 | 275,013.21

Table3A1.4: Energy Sector Database: Traditional biomassburned

| 2000 | 2001 | 2002 | 2003 | 2004 | 2005

Population Char acteristics

Total population

| 50,125,000 | 51,138,000 | 52,171,000 | 53,224,000 | 54,299,000 | 553,936,000

Fuelwood

Total annual fuelwood
consumption (kt dm)

1572533

16,086.80

16,406.79

16,781.97

17,034.29

17,366.89

Per capitafuelwood
consumption (ton)

0.31

0.32

0.33

0.33

0.34

0.35

Char coal

(Kt dm)

Char coal consumption

108.29

132.69

154.7

243.36
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Appendix I1: Industrial Processesand Product Use Sector Database

Table3A2.1: Industrial Processesand Product Use Sector Database: Production in Industrial
Processes of Myanmar

Production 2000 2001 2002 2003 2004 2005
Cement (kt) 407.67 383.12 475.36 587.38 534.56 5421
Limestone (kt) 39.93 2841 43.32 46.93 33.33 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
Alcohal (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 11379 74.33 54.06 52.92 3812
Shrimp (kt) 1.02 118 0.95 1.05 1.03 1.0z
Biscuit (kt) 1.54 1.66 2.24 21 243 2.19
Calcium Carbide 025 025 0.25 0.25 0.25 0.25
Use (k1)

Appendix I11: Agricultural Sector Database

Table3A3.1: Agricultural Sector Database: Theharvested areaand production of four major crops
in Myanmar for theyears 1990, 1995, 2000, and 2001-2005

Crop Production 1990 | 1995 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005
Rice
Har vested Ar ea (,000 ha) 6,033 | 6,302 | 6,412 | 6,377 | 6,528 | 6,808 | 7,334
Crop Production { ,000 MT ) 4,760 |18,580 121,324 (21,916 | 21,805 | 23,136 (24,752 | 27,682

13,748
Wheat :
Har vested Ar ea (,000 ha) a1 80 79 83 95 108 | 112
CropProduction (,000 MT ) 136 78 94 96 107 | 124 | 152 | 159
121

Maize:
Har vested Ar ea (,000 ha) 125 | 162 | 211 | 251 | 268 | 284 | 293 | 320
Crop Production { ,000 MT ) 184 | 275 | 365 | 532 | 603 | 704 | 784 | 918
Sugar cane:
Har vested Ar ea (,000 ha) 44 64 133 | 161 | 142 | 149 | 140 | 128
Crop Production (,000 MT ) 1930 3251 | 58% | 7,211 | 6,429 | 7,030 | 7,311 | 7,187

Page 48



Chapter 3 National Greenhouse Gas Inventory

Appendix I11: Agricultural Sector Database

Table3A3.2: Agricultural Sector Database: Total harvested area, variety of ricein termsof
growingtimeandirrigation typesin Myanmar for theyears 1990, 1995, 2000, and 2001-2005.

1990 1995 2000 2001 2002 2003 2004 2005

Tatd harvested ar ea (,000 ha) 4617 5852 6,302 6,220 6,185 6,332 6,603 7163
Areacultivatedwith short-term
variety (,000 ha) 869 1,767 1853 1,853 1845 1,892 187 2100
Season length of short-term
ver ety (days) 110 110 110 110 110 110 110 110
Areacultivated with med umterm
var ety (,000 ha) 2939 3059 3189 3277 3256 330 3,567 3808
Season length of medum-term
variety (days) 135 135 135 135 135 15 135 135
Areacultivated with long-term
variety (000 ha) 809 1026 1071 1090 1,084 1110 1157 1258
Season length of long-ter mvariety
(chys) 170 170 170 170 170 170 170 170
Irrigatedrice % 183 2.3 24 289 239 2 276 284
Rain-fed: Favor able Hood Prone 497 387 386 01 0.1 9 404 06

Dr ought Prone 12 12 1 12 12 12 12 12
Deepweter rice 17 17 17 17 17 17 17 17

Table3A3.3: Agricultural Sector Database: Useof fertilizersin agriculture sector

Types of inputs

(000 kg N) 1990 1995 2000 2001 2002 2003 2004 | 2005
Nitr ogen Fertilizer Application

184179 | 230,976 | 259,236 | 264,968 | 267,626 | 277,118 | 289,39 | 308,359
Animal manur e application 32,691 42,358 49,349 50,793 51,501 53402 | 35819 | 59246
Plant r esidues application 249,630 |324,929 | 362,408 | 373,300 | 372,166 | 391,177 |416,710 |473,399
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Table3A3.4: Agricultural Sector Database: Annual burning of crop residuesin agriculturesector

Annual burning of Crop Residues 1990 (199520002001 | 2002 (2003 (2004 | 2005
Rice:
Annual burning area (20% of Total har vested ar ea) 952 1,207] 1,260| 1,282| 1,275 1,306| 1,362 1,477
Mass of fuel available for combustion ( ton/ ha) 55| 55| 55 55| 55 55 55| 5t
Annual burning of Crop Residues (MT) 5,236| 6,639| 6,930| 7,051 7,013| 7,183 7,491| 8,124
Wheat :
Annual burning area (85 % of Total har vested ar ea) 116 7/ 68| 67 71 8l 92 95
Mass of fuel available for combustion (ton / ha) 4 4 4 4 4 4 4 4
Annual burning of Crop Residues (MT) 464| 308| 272| 268| 284 324 368| 380
Maize :
Annual burning area (35 % of Total har vested ar ea) 44 571 74 88 94 100] 102| 112
Mass of fuel avallable for combustion ( ton / ha) 10 10 10 10 10 10 10 10
Annual burning of Crop Residues (MT) 440| 570 740 880| 940 1,000| 1,020| 1,120
Sugar cane:
Annual burning area (100% of Total har vested ar ea) 45 64| 133| 158 142| 146| 140| 129
Mass of fuel available for combustion (ton/ ha) 65| 65 65 65 65 65 65 6=t
Annual burning of Crop Residues (MT) 293| 416] 865|1,027| 923| 949| 910 839

Table3A4.1: Livestock Sector Database Total livestock population (million head) and milk

production

1990 1995 2000 2001 2002 2003 2004 2005
Cattle 93 9.86 10.98 11.24 11.57 11.75 11.94 12.15
Dairy cong 0.17 0.18 0.2 0.21 0.21 0.22 0.22 0.23
Cattle other than

) 913 9.68 10.78 11.03 11.36 11.53 11.72 11.92

dairy cons
Buffalo 21 2.2 24 25 2.6 2.6 2.7 2.7
Sheep 0.29 0.32 0.39 04 04 0.46 0.49 0.52
Goat 1.06 118 141 148 148 167 176 1.9
Hor ses, mule

0.12 012 013 013 013 013 013 0.13
and asses
Swhne 2.28 297 3.97 4.26 4.62 4.98 536 5.78
Poultry 27.28| 3432 5521 63.03 70.56 81.59 86.97 95,54
Milk production

1,198 1,271 1,825 1,849 1,929 1,985 2,196 2,480
(kg/head/year )

Page 50



Chapter 3 National Greenhouse Gas |nventory

Appendix V: Land UseChangeand Forestry Sector Database

Table3A5.1: Land UseChangeand Forestry Sector Database- Annual increase of carbon
stocks(in termsof above- and belowground biomass) in natur al for estsof Myanmar

Annual increase of car bon stock <
vear Car bon (Gg) Car bon dioxide (Gg)
1990 40,191. 161 147,367. 589
1995 37,800. 843 138,603. 088
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. 818
2004 33,516. 575 122,894. 108
2005 33,038. 892 121,142. 605

Table3A5.2: Land UseChangeand Forestry Sector Database- Annual increase of carbon
stocks(in termsof above- and belowground biomass) in for est plantations of Myanmar

Annud increase of carbon
Cumulative stock s
Year ) —
plantation area | Carbon (Gg) | Carbon dioxide
(ha) (Gg)
1990 47,735 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

Table3A5.3: Land UseChangeand Forestry Sector Database- Annual carbon Removal and
CO, removal from home-garden trees

C remowal from C removal Annua C Annual CO:2
Year Rural_ Rural Home-gar den Urbar_1 from Urban |removal from| removal from
Populetion trees (Gg C) Population |Home-gar den {Home-garden| Home-gar den
trees (Gg C) | trees (Gg C) | trees (Gg CO2)
1990 30,671,072 97.197 10.114,928 7133 104.33 382.54:
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 9124 13346 489.352
2003 40,024,448 126.845 13,199,552 9.308 136.153 499.228
2004 40832848 129.407 13,466,152 9.496 138.903 509.311
2005 |41,657,792 132.022 13,738,208 9.683 14171 519.602
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Appendix V: Land UseChangeand Forestry Sector Database

Table3A5.4: Land UseChangeand Forestry Sector Database: Annual carbon removal and CO,
removal by roadsidetrees

Cremoval by | COz removal

Year LengthofRoads | Lengthof | o widetrees | by roadside
(mile) Roads (km) (GgC) |trees (Gg CO2)

1990 14,951 24,056.16 37.059 135.884
1995 17,299 27,834.00 42,879 157.224
2000 17,874 28 754.44 44,297 162.442
2001 17,99 2895556 44,607 163,558
2002 18112 20142.21 44,894 164.612
2003 18,936 20,663,524 45,698 167.558
2004 18,640 2099176 46.203 169.441
2005 19,201 30,894,400 47,504 17451

Table3A5.5: Land UseChangeand Forestry Sector Database: Annual loss of carbon dueto
wood removals

annual volume of

Annual loss of carbon due

Year fuelwood to fuelwood removal s
m) (ton C) (&g €)
1990 25,078,200 26336915 | 2633692
1995 24,876,600 25133234 | 2513322
2000 26,10,600 26278933 | 26,278.92
2001 26,560,800 26,834,810 | 26,834.81
2002 27,137,600 29,200,149 | 29,200.15
2003 27,763,400 20852287 | 29,852.29
2004 28,229,600 30375125 | 30,375.13
2005 28,761,600 30,947,854 | 30,947.85

Table3A5.6. Land Use Changeand Forestry Sector Database: Annual lossof carbon from

fuelwood removal
annual wolume of | Annual loss of car bon duetofuelwood
Year fuelwood removal s
m°) {ton C) (Gg C)

1990 25,078,200 26,336,915 26,336.92
1995 24,876,600 25133234 2513323
2000 26,10,600 26,278,933 26,278.92
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
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Appendix V: Land UseChangeand Forestry Sector Database

Table3A5.7: Land Use Changeand Forestry Sector Database : GHG emissionsfrom site
preparation for forest plantations

Reporting year Plantation Emissions Tatal (CO»
Area equivalent)
(ha) CO2 Co CHa4 N20O NOx (Gg)
(Go) (Go) (Go) (Go) (G9)
1990 28904 192720 | 126854 8.204 0.244 1.952 2,313.62
1995 28021 186833 | 122.979 8.041 0.236 1.892 2,242.94
2000 23277 155202 | 102158 6.68 0.196 1572 1,863.21
2001 23826 158862 | 104.568 6.837 0.201 1.609 1,907.15
2002 23574 157182 | 103462 6.765 0.199 1.592 1,886.98
2003 23065 1537.88 | 101.228 6.619 0.195 1.557 1,846.24
2004 23850 159022 | 104.673 6.844 0.201 161 1,909.07
2005 24 309 162083 | 106.687 6.976 0.205 1641 1,945.81

Table3A5.8: Land Use Changeand Forestry Sector Database : GHG emissionsfrom shifting
cultivated areasfor 1990, 1995, and 2000- 2005

Emissions Total (CO2
Sour ce of Area equival ent)
Emission (ha) CO: CO CHa NzO NOx (Gg)
(Go) (Go) (Go) (Gg) (Gg)
Shifting 15000 1,000.14 65832 4304 0.127 1012 1,200.67
cultivation

Table3A5.9: Land UseChangeand Forestry Sector Database : GHG emissionsfrom

deforestation
Total (CO2
Defor ested Emissions equival ent)
Reporting year | Area (€))
(ha) CO2 CO CH4 NzO NOx
(Gy) (Gy) (Gy) (Gy) (Gy)
1990 466500 | 31,104.35 | 2,047.38 133.867 3.937 31.498 37,340.97
1995 466500 | 31,104.35 | 2,047.38 133.867 3.937 31.498 37,340.97
2000 466500 | 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 37,337.52
2002 466457 | 31,101.49 | 2,047.19 133.855 3.937 3149 37,337.53
2003 466 457 31,101.49 | 2,047.19 133.855 3.937 31.495 37,337.52
2004 466457 | 31,101.49 | 2,047.19 133.855 3.937 31495 37,337.53
2005 466457 | 31,101.49 | 2,047.19 133.855 3.937 31.495 37,337.52
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chapter 4

Vulnerability and Adaptation Assessment

4.1. Introduction

AsMyanmar islocated in thecentre of the southwest
monsoon, heavy rain induced floods occur in many
partsof the country. The coastal area, withitsshore
linecovering morethan 50% of theentireeasternsde
of the Bay of Bengal and the Andaman Ses, is
particularly proneto cyclones and associated strong
wind, heavy rain and ssorm surge. Droughtisno less
frequent event particularly inthecentra Myanmar.

Since 70% of the population residesin rural areas
and dependson agriculture, livestock and fishery and
forest resources, their livelihoodislargdly influenced
by climate conditions. In other words, Myanmar
economy issendtiveand vulnerableto dimatechange,
climatevariability and natural disasters.

In 2000-2001, net sown areacovers 10.41 million
hectareswhere 6.39 million hectareswere occupied
by paddy fields (Ministry of Information 2002).
Agricultural worksare centered on the production of
paddy not only for domestic consumption but also
for foreign currency earning. Summer cultivation of
ricewasinitiated in 1992-93 and has been extended
sincethen. Ricecultivationiscurrently targeted to
reach up to 8.09 million hectares. During theperiod
of 1988 to 2002, Myanmar implemented 129
irrigation projectsincluding Thaphanseik dam which
isthelargestin SoutheastAsia.

Regarding the hed th care system of Myanmar, there
wasonedoctor for every 2100 personsand thenurse
to population ratiowasoneto 2185 in 2009. Access
to health care services has al so been improved by
the provision of rura health centersand sub-centers
in villages. It enables some measures such as
Immunization and vaccination areamong thepriority
measurestaken under the health care system.

Myanmar has abundant water resourcesthat benefit
agricultureand power generation. Of thefour mgor
riverssystems, theAyeyarwady iseconomically the
most important one. Somelow lying areasaong the
river courseare subject to inundation dueto normal

floodsintherainy season. When monsoon intensified
and widespread heavy rainslast long, multiplefloods
occur along the rivers posing danger to the lower
reaches, particularly theAyeyarwady Delta. Mting
of snow and glacier in the Himalayan mountain
complex inthefar north is somehow important to
maintainriver flowsduring dry season.

In the Indo-Myanmar bio-geographical realm,
Myanmar is one of the few countries where about
half of the total country land areais covered with
forests. Forestsof Myanmar areva uablein termsof
supply of forest products and services, revenue
generation, export earnings and environmental
conservation. Forest protection and sustainable
management of natural forests, plantationforestsand
community forestsareamong thepriorities.

Biodiversity and forestsaretightly coupled together.
Myanmar hasalongand richtradition of biodiversity
conservation and its forest management system
promotes conservation of the environment, forest
ecosystem and floraand 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
rel ated inthefishery sector. Sustai nable management
of theseecosystemsisvital for fishery.

Although Myanmar Seaisstill clean and pollution
free, increasingtemperature affects marineand fresh
water ecosystems. Increasing population and
devel opment activities can cause considerablestress
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” isused to
construct climate scenariosfor Myanmar to undergo
thevulnerability and adaptation study. User Manual
(Wigley, 2008) suggested that the user can select
Policy scenario WRE450 and Reference scenario
A1TMES.

WRE450 scenario followed the [S92a“ Businessas
usua” pathway for theinitia period of 10-30 years
(longer for higher stabilization levels), beforecurving
away to reach the stabilization target. Emissionsfor

Table4.1: Brief description of themodelsapplied

A1TMES are defined only to 2100 which are the
same asthedefault setting for MAGICC, torunto
2100. In order to characterize the present-day or
recent climate in the regions of Myanmar,
climatological data from seven selected stations
obtained fromthe DMH are utilized for abaseline
period 1971-2000.

In the scenariosbackground, theforcing controls of
carbon cyclemodd aremiddle, carbon cycleclimate
feedback ison, agrosol forcingismiddle, sengitivity
is3.0°C, thermohdinedcirculaionisvariable, verticd
diffuson is2.3s9. cm/s, and icemdtismiddle. The
brief descriptionsof themodelsused inthisstudy are
shownin(Table4.1).

Model Country |Horizontal resolution|{Modeling centr e and Refer ence
Commonwealth  Scientific and  Industrial  Research
CSIRO-30 Australia 3.2° x56° Or ganization (CSIRO), Gordon and O’'Farrell, 1997
Geophysical Fuid Dynamics Labor atory
GFDLCM20 USA 22°x38°
Wether ald and Manabe, (1986)
UR D BT Hadl ey Centr e for Climate Pr ediction and Resear ch,
2 5°% 3.75°
UKHadCM3 Gor don et al . (2000)
R 2 50% 375 Hadl ey Centr e for Climate Pr ediction and Resear ch
. Ox . O
UKHadGEM1 Mitchell and Johns,1997

The geographical areaof Myanmar isdivided into
sevenregionswhich are assumed presentable by

the selected stations and locations as shown in
(Table4.2) and (Figure4.1) respectively.

Table4.2: Sationsused for each grid region of Myanmar

L ocation Mean Repr esentation
Station Lat long Seal evel of the country Remark
Deg Min Deg Min (m)
Myitkyina 25 2 97 24 145(Northern Hilly region
Mandal ay 21 59 9% 6 93 |Central Plain dry zone
Kengtung 21 18 99 37 827|Eastern Hilly region
Sittway 20 8 (274 53 5(Western Coastal
Mingladon| . 59 % 11 28|Lower Myanmar | Delta
{Yangon)
Pathein 16 46 A 42 4(Ayeyawady Delta |Plain coastal
Dawei 14 6 98 13 16|Southern Coastal
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Pathein

Figure4.1: Location of selected stationsfor
climatechange scenariosfor Myanmar

With reference scenario A1TMES

A1TMESisoneof thesix illustrative scenariosfrom
the IPCC Special Report on Emission Scenarios
(SRES). InreferencescenarioAITMES, ALT stands
for theemissonstorylineinwhichthescenariofamily
describes a future world of very rapid economic
growth and non-foss| energy sourcesand MES stands
fortheModd for Energy Supply Strategy Alternatives
andtheir Generd Environmenta 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 and UKHadGEM 1)
are agreeablewith the observed val ues and seasonal
vaiaionfor al partsof Myanmar (except for northern
mountai nous region and the southern narrow coastal

strip where it needs additional considerations). It
suggeststhat ensemblemode output for theinterested
scenarios period isappropriateat the present moment
for temperaturefield. See( Figure4.2t04.8).

Mean Tenperature for Myitkyina
Obserbed (1971-2000)Vs Model Scenarios (1971-2000)

3000
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Figure4.2

Mean Tenperature for Mandalay
Observed(1971-2000)Vs Mbdel Scenarios (1971-2000)
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— —GFDL
—UKHADCM3
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Figure4.3

Mean Tem perature for Sittway
Observed(1971-2000 Vs Mod el Scenario$19712000
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Figured4.4
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Mean Tenperature for Kengtong
Observed (1971-2000)Vs Model Scenarios (19712000)
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Mean Tenperature for Yangon
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Mean Tenperature for Davei
Observed (19712000) Vs Mbdd Scenarios (1971-2000)
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Figure4.8

The precipitationmode outputsareclosdy correlated
to oneanother even though they are not closeto the
redl precipitation of theregions. Themodel sdo show
the seasonal variation satisfactorily despite of the
complexity of the geographical nature of theregions
which callsfor extended studies. It aso suggeststhat
ensemblemode output for the precipitationfiddwill
be advantageousfor theinterested climate change
scenarios. See( Figure4.9t04.15).

Comparison of the Model outputs & Observed values for Myitkyina
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Comparison of the Model output & Observed values for Mandalay
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Comparison of the Model output & Observed v alues for Sittwe during

1971-00
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Comparison of the Model outputs & Observed va ues for Kenatuna

during 1971-00
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Comparison of the Model outputs & Observed values for
Mingaladon(Yangon) during 1971-00
600.00
500.00

Predi pitation(m m)
w
(=3
o
8

—e—CISRO
—=—GFDL

—&— UKHadCM3
—>—  UKHadGBEML

[/ AT

100.00
0.00 Ja;g‘#{ \XQ

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Figure4.13

Month

Figure4.14

Comparison of Model Results & Observed values for Dawei
during 1971-00
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Figure4.15

With policy scenario WRE450

WRE450 uses CO, emission that leads to CO,
concentration stabilizationa 450 ppmdongtheWRE
pathway with compatiblenon-CO, gasemissionsthat
follow the extended MiniCAM Level 2 (the Mini
ClimateA ssessment M odel) stability scenariowhere
CO, stabilizationisset at 450 ppm. Accordingto the
“IPCC Climate Change 1995, the science of climate
change”, the CO, concentration was about 340 ppm
intheyear 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 UKHadGEM 1)
are agreeablewith the observed va uesand seasond
variation for all parts of Myanmar except for the
southern narrow coastd strip whereit needsadditiona
condderations It indicatestha ensemblemodd output
for theinterested scenarios period isappropriate at
present for temperaturefield. See (Figure4.16to
4.22).

Page 58



2012

Chapter 4 Vulnerability and Adaptation Assessment
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(WRE450)Mean Temperaturefor Dawei
Observed(1971-2000) Vs Mod el Scenerios(1971-2000)
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Figure4.22

Themodd precipitation outputsare closely corrd ated
to each other even though they have differencesfrom
the observed preci pitations of theregions. Themodds
do show the seasonal variation satisfactorily despite
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 scenariosin Myanmear for
thetimebeing. See

(Figure4.23t04.29).
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(WREA450)Preci pitation for Mandalay
Observed(1971-2000) Vs Model Scenerios(1971-2000)
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(WRE450)Precipitation for Sittwe
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(VWRE450)Precipitation for Kengtung
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(WRE450)Precipitation for Pathein
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Climate scenarios

The ensemble models of CSIRO, GFDL,
UKHadCM3, and UKHadGEM1 have been
employed to carry out extensive study usng Myanmar
dataso asto befamiliar with thesoftwareand a soto
be applicablewith high confidencein the production
of dimatescenariosof variousdimaticdementsunder
thereferencescenarioAITMES. Theensemblemode
results of seasonal change in temperature and
precipitation plausiblefor Myanmar climate scenarios
for 2001-2020, 2021-2050, 2051-2100 are
separately discussed. Temperature and precipitation
changesarewith referenceto thebaseline period of
1971-2000, unless otherwise mentioned. Scenario
changes are al so based on the model results of the
baselineperiod.

Climate scenario for 2001-2020

Thetemperature scenario of 2001-2020 shows 0.5-
0.7°C increase during the whole year in lower
Myanmar areas and for theremaining area, 0.6°C
during June-November anditincreasesto 1.0-1.2°C
inthe other monthsasshownin (Figure4.30).

Seasonal Temperature Changes(°C) for 2001-2020 from
Model Ensemble Scenerio
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Figure4.30

In the preci pitation scenario, thereisan increase of
about 4% during March- November in the whole
country. Record high maximum temperature may be
expected. Inthe cool season of December- February,
thereis 30-45% rainfall deficit in the north, west,
central and easternregionsand itislessthan 12%in
theremainingareasasshownin (Figure4.31).
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Seasond Men Ptaipidimdugs("/?fnr 20012000

December to February inthe whol e country except
thelower Myanmar regionsand the southern part. In
theremaining monthsthereisanindication of about
10 % increase of precipitation inthewhol e country,
asshowninFigure(4.33). It meansthat Myanmar is
goingto bewarmer with morerainthanin 2001-2020.
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Figure4.31

Itindicatesthat, therewill belesscloudy skiesinthe
country, late onset and early withdrawal of the
monsoon into the country shortening the southwest
monsoon duration, decreasi ng strong monsoon days
morebut intensveran eventsfollowed by moreflash
floodsand erosion, morewindy daysand increasing
drought event. Therewill beintense heet, high rate of
evapotranspiration, and water stressespecially inthe
normally water scarce areas. Thewarming over the
country, moreor |lessreflectstherelativewarming of
seasurfacetemperaturein the Bay of Bengal earlier
than normal date so that earlier cyclogenesisisvery
likely. Since the upper tropospheric level is still
dominated by thewesterlies, thereisahigh tendency
that the cyclonic disturbancestake early recurvature
and move to the east towards Myanmar coast,
particularly inthe pre-monsoon monthsof April and
May. Theintensiverainswill cause flash floods,
severefloodsand soil eros onsduring therainy season.
Inthecool season, high deficit rainfal indicatesweter
demandfor somewinter cultivation particularlyinthe
north, west, central and eastern partsof the country.

Climate scenario for 2021-2050

Thetemperature scenario shows 1.4-1.7 Cincrease
in June—November inthewholecountry. Thenorth,
west, central and eastern partsof theregionsare 2.3
—2.8°C warmer during December- May, as shown
in(Figure4.32).

Inthe case of precipitation, 45 to 80% bel ow normal
conditionsare projected during the cool season from

Seasonal Temperature Changes(°C) for 2021-2050
from Model Ensemble Scenerio
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Figure4.32

Seasonal Mean Precipitation changes (%/gfor 2021-2050
fromMbdel Ensarble Scenarios
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Figure4.33

Climate scenario for 2051-2100

Temperature scenario shows an increase of 1.25-
1.6°C increase in June to November, increases to
about 2.0°C in March to May and 2.5C increases
during December to February in the north, west,
central and eastern part of thecountry. It generdlyis
warmer in cool season in the country as shownin
Figure4.34. Therange of warmingis about thesame
asin 2021-2050. Asfor theprecipitation, thewhole
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country will generally receive about 10% increase
during March to November and deficient rain of up
to 80% is likely during the cool months from
December to February as shown in
(Figure4.35). Therangeof changeof precipitationis
practically the sameasin 2021-2050.

Seasonal Temperature Changes(°C)for2051-2100
from Model Ensemble Scenario
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Figure4.34

With PRECIS A2 emission scenarios

Regiond Climate Impact Studies (PRECIS Moddl)
with 20 km x 20 km resolution, operated by South
East AsiaSysTemAnayssResearchand Training
Regional Center (SEA START RC) applies A2
emission scenaio. ltsstorylinewerewasthat “World”
was differentiated, “Economy” was regionally
oriented; “Per Capita Growth” was at the lowest,
“Population” was continuously increasing,
“Governance” was sdlf-reliancewith preservation of
local identitiesand “ Technology” was slowest and
most fragment devel opment.

Seasonal Mean Precipitation changes (%/9for 2061-2100
fromMbdel EnsenbleScenarios
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Figure4.35

Comparison of mean temperature and

precipitation observed versus model output for
the period (1971-2000)

Comparison between output and observed val ues of
temperature for the period 1971-2000 show that
regarding temperature, modd outputis1.7°C cooler
at Sittway and 1.0°C warmer at Dawei.

Itis closed to observed values at other localities.
Mode output standard deviation values are mostly
in agreement between observed and model except
Sittway wheremodel output isabout one half of the
observed value 0.86°C asshownin ( Table4.3).

Regarding annud rainfall mean valuesmode output
1530% higher at Myitkyinaand 30% lessat Dawel.
Thereisnot much differencein other locations. The
standard deviations are reasonably in agreement for
al locations except for Myitkyina (26% less),
Mandday (16%less) and for Sittway (35% more).

Table4.3: Comparison between observed and model output

1971-2000 Mean Temp(°C) 1971-2000 Rainfall (mm)
Station Observed A2 Output Obser ved A2 Output
MEAN STDEV MEAN STDEV MEAN STDEV MEAN STDEV
Myitkyina 244 0.37 24.3 045 1668 268 2203 197
Mandal ay 27.6 0.57 277 0.66 812 195 931 164
Sittway 5.7 0.86 24 0.39 4593 660 4117 891
Kengtung 232 0.46 233 044 1250 185 1314 198
Mingladon 275 0.38 274 045 2661 353 2661 344
Pathein 271 0.64 27.2 041 2843 400 2960 497
Dawel 26.6 0.36 27.6 0.4 5376 737 3547 850
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Climate scenario for 2001-2020

Thetemperature hasbecome0.4t0 0.7C warmer in
thewholecountry. The sandard deviation of themean
temperatureislargewith 0.69°C at Mandalay and
0.58°C at Myitkyina. Itisgeneraly lessthan 0.5C
elsewhere as shown in (Table 4.4). It means that
Upper and Central Myanmar can experiencemore
clear sky dayswhich may lead to drought situation.

Annual rainfal will be increasing by 228 mm at
Myitkyina, 106 mm at Mandal ay, 45 mm at Pathein
and 26 mm at Kengtung. It will bedecreasing by 58
mm at Dawei, 57 mm at Yangon and 44 mm at
Sittway. Annud rainfal will deviateby morethan 18%
at Mandalay, Sittway, Pathein and Dawei, and the
deviation will be more than 14% at Myitkyina,
Kengtung and Yangon. The large deviation isthe
indication of thelikelihood of floodsor droughtsin
theregion concerned.

Table4.4: Climate scenario for 2001 to 2020

2001-2020(A2 output)
Station | Annual Mean Temper atur e(°C) Annual Rainfall{mm)
MEAN STDEV MEAN STDEV

Myitkyina 249 0.58 2431 346
Mandal ay 281 0.69 1037 202
Sittway 24.6 0.33 4073 790
Kengtung 237 0.47 1340 218
Mingladon

(Yangon) 281 0.28 2604 437
Pathein 27.8 023 3005 556
Dawei 281 017 3489 692

Climate scenarios in 2021-2050

Temperatureisincreasingby 1.4 Cat Yangon, 1.2°C
at Pathein, 1.1'C at Myitkyina, Sittway and Dawei,
1.0C at Kengtung, and 0.8°C at Mandalay. The
standard deviation of temperatureis0.4t00.6Cin
thewholecountry.

Rainfall will increaseby 661 mmat Sittway, 292 mm
at Pathein, 197 mm at Myitkyina, 154 mm each at
Mandalay and Dawel, 144 mm at Yangon, and 36
mm at Kengtung. A large standard deviation of 1,130
mmwasnoted at Sttway asshownin  (Table4.5).
It showsthat thereislarger rainfal variability inthe
region. Theremay beperiodsof  heavier rainsand

long dry spells.
Table4.5: Climate scenario for 2021 to 2050
2021-2050 (A2 output)
Station | Annual Mean Temper atur e(°C) Annual Rainfall (mm)
MEAN STDEV MEAN STDEV
Myitkyina | 254 0.52 2400 331
Mandal ay 285 0.58 1085 158
Sittway 25.1 0.35 4778 1130
Kengtung 24.3 0.46 1350 166
Mingladon
(Yangon) 28.8 0.51 280 367
Pathein 284 0.42 3252 499
Dawei 287 0.38 3701 876
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Climate scenario for 2051-2100

The scenario indicates the increases of 3.5C at
Myitkyinaand Yangon, 3.3'C at Pathein, 3.2°C at
Sittway, 3.1'C at Kengtung, 3.0°'C at Mandalay and
2.8C at Dawe from 1971-2000 baseline datadue
to decreadi ng cloudiness coveragewhich supportsthe
weak monsoon climate scenario for 2051-2100.
Maximum standard deviationis 1.0°C at Myitkyina
andthelowestis0.7°C at Dawei. Periodsof drought
arelikely at Myitkyina, Mandalay, Sittway, Pathein

and Yangon where the standard deviation of mean
temperature is generally about 0.9°C as shown in
(Table4.6).

Regardingtheannud precipitation, thereisanincrease
of 1582 mm at Sittway, 674 mm at Dawei, 667 mm
a Myitkyina, 633mm at Pathein, 414 mmat Yangon,
271 mm at Mandalay and 209 mm at Kengtung.
Maximum standard deviationis 1358 mm at Sittway,
followed by 902 mma Dawei and485mm at Pethein.

Table4.6: Climatescenariofor 2051 to 2100

2051-2099 (A2 autput)
Station | Annua Mean Temper ature(°C) | Annual Rainfall {(mm)
MEAN STDEV MEAN STDEV

Myitkyina| 27.8 1.012 2870 400
Mandal ay 307 0.948 1202 301
Sittway 27.2 0.888 5699 1358
Kengtung 26.4 0.7 1523 266
Mingladon

(Yangon) 30.8 0.904 3075 401
Pathein 305 0.857 3593 485
Dawei 304 0.727 4221 902

* (PRECIS computesonly up to 2099)

4.3. Vulnerability and Adaptation
Assessment

Potential hazard levels

Theclimatechangeimpacts, which arelikely inthe
tropical coastal regions dueto global warming are
projected in IPCC Reports. The increasing
frequency of cyclones and accompanying strong
winds, storm surge, floods or inundation, intense
rains, extremetemperatures, droughtsand sealevel
rise are climate change-related impactsto which
Myanmar hasto pay seriousattention.

X Cyclone and strong winds

The potential hazard level for cycloneand strong
windsin Myanmar may beclassifiedas“High” for
thecoadtd regionswherethereisahistory of cyclone
landfdls, “Medium” for theregionshaving common
border or next to the high potential regions and
regionswith the history of frequent strongwind; and
“Low” for the regions which have strong winds
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damages due to squalls. There are evidences of
cydonestrong windsdevastatinganumber of regions
along thetrack such as Gwacyclone of May, 1982.
No region is free from the strong wind hazard as
rainstormsand squalscan occur al over the country.

X Flood and storm surge

Thepotentia hazard level for flood and storm surge
isclassified as“High” for low flat regions, where
floods are used to occur at |east every other year
caused by one of the large river systems of
Ayeyarwady, Chindwin, Sittaung and Thanlwin or
by storm surge, “Medium” for the region with
moderatefloodsand flash floods history, “L ow” for
theregionwiththeflashflood history.

X Intense rain

The potential hazard level for intenserain may be
classified as “High” for the regions having long
exposureto the southwest monsoon flow fromthe
Bay of Bengal and the Andaman Sea; “M edium”

for lower Myanmar and northwestern part of the
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country and regionswith someintenserain history;
and“Low” for theregionswith afew heavy rainfall
history.

X Extreme day temperature

Inthecase of extreme day temperature, the potentia
hazard level may be classified as “High” for the
regions with high annual mean temperature and
relaiveyflat regionsincentra dry zone; “Medium”
for thetrangitiona zones, and Bago Regionand Kayah
State “Low” for themountainousregionsandregions
withlow annua mean temperature.

X Drought

Thepotentid hazardleve for drought may beclassified
as“High” for theregionsindry zone, “Medium”
for Bago Region and eastern mountain ranges, and
“Low” fortheremaining regionsexcept Yangonand
Tanintharyi Regions.

X Sea level rise

Thepotentia hazard level for sealevel risemay be
classifiedas“High” for coastal deltaic regionwith
extensveflatlowland,“Medium” fortheregionwith
short coastal strip or narrow coastal strip, “Low” for
the region with tide effects and coastal areaswith
higher ground; and “None” for inland areas.
Accordingto*1PCC 2007, Impacts, Adaptation and
Vulnerability”, therewould havean accelerated rise
insealeve of 0.2-0.6m or more by 2100 asaresult
of climate change. It should be noted that Patheinin
Ayeyarwady Deltais4 m above mean sealevel which
issituated about 100 km from shoreline. Therefore
shorelinecan be potentially retreated about 10 km
dueto sealevel riseof 0.5m at theend of 2100.

Thepotentid hazard levelsfor climatechangeimpacts

dueto globa warming may assumeapeatternwhichis
presented in (Figure 4.36).
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Figure4.36: Thepotential hazard levelsfor climate changefeaturesduetoglobal warming.
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Vulnerability of different sectors
Agriculture

Myanmar is an agricultural country with about 11
million hectaresof cultivated land, being grown by
about 60 crops. In 2006-07, agricultural sector
accounted for 37% of the country’sGross Domestic
Product (GDP) and 13.3% of its export earnings
(Myanmar AgricultureinBrief, Ministry of Agriculture
and Irrigation, 2008). Crop productionisthe major
agricultural activity and is largely dependent on
weather. After 1988, the Government put forward
continuous effortsin the construction of damsand
reservoirsthroughout the country by utilizinglarge
capital investment, man power and machineries.
Availabledomestic resourcesand expertisewereused
for making somemachineries. Asaresult, irrigation
facilitiesnow exigt ingroupsinlocaized zonesacross
the country.Irrigation coverageincreased from 12.5%
of thesown areain 1987-88 to 18.0% in 2006-07.

Soils and climatic conditions in many parts of
Myanmar favor ricecultivationand Myanmar isarice-
surpluscountry. Riceistheprincipa agriculturd crop,
and is the staple food of the entire population.
Myanmar isoneof thecountrieswiththehighest level
of per capitariceconsumptionintheworld.

Rice production in the country has increased
sgnificantly dueto introduction of summer rice. The
utilization of high yielding varietiestogether with
advanced agricultura practicesand proper irrigation
system also help increase rice production. Rice
production of 21 million tons in 2000-2001 had
increased to over 31 million tonsin 2007-2008 as
shownin(Table4.7).

Althoughriceyiedand productionin Myanmar have
been showing positive trends, someinterruptions
could takeplaceif therewould have severeclimate
changeimpactsdueto global warming.

Table4.7: Annual riceproductionin Myanmar

Sown Har vested Yield Production

Year (000ha) | (000ha) | (Mt*/ha) (000 Mt*)
1995-96 6138 6033 3.08 18580
2000-01 6359 6302 3.38 21324
2002-03 6488 6377 342 21805
2004-05 6858 6808 3.64 24752
2005-06 7339 7384 375 27683
2006-07 8125 8074 3.83 30924
2007-08 8090 8011 393 31451

*Metric ton

Sour ce: Department of Agricultural Planning,
Ministry of Agriculture and Irrigation, 2009.

Water resources

Myanmar haseight river basinsnamely Chindwin,
Upper Ayeyarwady, Lower Ayeyarwady, Sittaung,
Rakhine, Tanintharyi, Thanlwin and Mekong.
According to 2003 data, theannua average potential
of surfacewater is827.946 kn? and ground water is
494.713 kmPand they aregivenin (Table4.8).

Water withdrawalsin Myanmar have been in the
increaseparticularly intheagricultural sector (Table
4.9) showstotd water usein different sectorsfor the
year 2004-2005 (Zaw Win, 2006). It isfound that

agricultura sector isby far thelargest water user in
Myanmar. Previoudy, government investment strategy
with respect to theirrigation was strongly oriented
towardsincreasing thewater supply by developing
storage capacity, particularly construction of dams,
weirsand duicegates.
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Table4.8: Annual aver agewater resourcespotential (km?) by river basin

Region/ River basin Surfac:e water Gr oun;:l water
(km*/yr) (km*/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, Sittaung 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

Sour ce: Water Resources Management in Myanmar, 2003. Ministry of Agriculture and Irrigation

Table4.9: Water usage (km?) in Myanmar

Sector Sur face water Ground water Total Per cent
Irrigation 40.69 081 1.5 il
Domestic 115 255 37 8
Industrial 0.32 0.08 04 1
Total 4216 344 456 100

In recent decades water resourcesinthe Dry Zone
werehighly vulnerableto climate change. Projected
impactsindicatethat increasing number of reservoirs
will experience seasond water shortagewhilethere
will be year round shortage of water in some
reservoirs. These water-shortage situations
prompted initiation of river water pumping projects,
with priority being giventothe Dry Zone Theprojects
make the best use of existing water resources of
perennial riversand streams. It createsan enabling
environment for the farmers by securing water
availability in al seasons. River water pumping
proj ects aready implemented in the Dry Zoneis
shownin (Table4.10) and location of pump Sitesis
shown in (Figure 4.37). However, since all the
projects are situated on the bank of therivers, they
arevulnerabletoanumber of factorssuch aserosion,
changes of water course, emergence of sand dune
by intenserains and high floods, drought and low
water inputsdueto climate change.

Infact, groundwater isamajor component of the

avail ablewater resources. Inthe coming yearsthe
groundwater utilizationislikdy toincreasemanifold
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because of theexpansion of irrigated agriculturefor
increased food production. At present, Water
Resources Utilization Department under theMinistry
of Agricultureand Irrigation isimplementing two
groundwater irrigation projectsin Meiktila, Thazi,
Pyawbwe and Yamethin 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 aso intricately tied to the overall
hydrologic cycleand could bedirectly affected by
climate change. In many cases, the rate of
groundwater withdrawals exceeds the rate of
recharge, resultingin over exploitation of renewable
groundwater aquifer. For example, the amount of
initial discharge of free-flowing artesian wellsunder
“Yinmabin 99 PondsProject” in Sagaing Regionwas
3.1 m3per second at the completion of theprojectin
1995. It brought about gradual decrease in the
dischargeof freeflow, and by theyear 2000 discharge
had dropped to 0.61 m3 per second. Thus, climate
changecould directly affect thegroundwater recharge
rate and therefore the sustainability of renewable
groundwater aswell.
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Table4.10: Completed river water pumping projectsin Dry Zone

Specia projects WRUD's schemes Total
Sr.No| Regions (el ect_r 1C) Elect!rlc Dm_el 7
) Irrigable areas ) Irrigable areas ) Irrigable areas ~|lrrigable ar eas
No of sites No of sites No of sites No of sites
(ha) (ha) (ha) (ha)
Sagaing |4 28,329 11 10,530 37 13977 52 52,836
Magway |4 13,355 24 18,335 23 3157 51 34,847
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

Sour ce: Water Resources Utilization Department (WRUD), 2009.

Dueto climate change, extreme eventssuch ashigh
floodshave occurred inAyeyarwady delta. Although
embankmentsweredes gned to exceed theprevioudy
known high floodswith freeboard, maximum water
levelsoften exceeded from timetotime. Therewere
4incidentsconcerningwith thefallureof embankment
intheddtawith somecasudtiesand damages. A study
on maximum water levelsat akey station in delta
showed that therewasarising trend and considerable
magnitude could be expected. In addition, thereare
problems of salineintrusion during the dry season
owing tothelow volume of fresh water intheriver
sysems.

Today, climate scientistspredict that globa warming
will havoc countries lying in the coastal seas and
Southeast Asia will be the region hardest-hit.
Ayeyarwady deltawould beendangered by rising sea
level and storm surge. Rising sealevel may lead to
increased saline intrusion into coastal and island
aquifers.
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Ministry of Agricultureand Irrigation
Water Resources Utilization Department
River Water Pumping Stations along Ayeyawaddy-Chindwin River in Sagaing, Mandalay and Magway Regions
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Figure4.37: L ocation of pump sitesin Dry Zone
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Public health

Increase in water-related and heat stress health
diseases could be expected astheforemost effect of
climate change on health sector. Water can get
polluted during floods, droughts and typhoonswhich
areconsderedto beclosday related to climatechange
and preventive and curative measures are needed to
control water-related problems. Rising temperatures

can lead to increased heat stress, heat exhaustion,
dehydration, etc. Public awarenessand education to
prevent hed th problemswhich may be caused by heet
stressshould beraised. . Thefollowing ( Table4.11)
showsthehealth concernsto vulnerabilitiesdueto
climatechange.

Table4.11: Health concernsand related problemsdueto climatechange

Health concer ns

Related pr oblems due to climate change

Temper ature - related

Heat & cold-relatedillness

mor bidity

Cardiovascular System (CVS)illness

Change of patter ns of diseases

Vector bor ne diseases

Malaria, Filarial, Dengue & other diseases of pathogens
carried by mosquitoes, ticks & vector s.

Health effects of extr eme

Diarrhea, Cholera & poisoning caused by biological &

insecurity in food production

weather chemical contaminants in water
Damaged public health infrastr uctur e due to cyclones
Injuries & illness
Social & Mental stress duetodisasters & displacement.
Health effects dueto

Malnutrition & hunger especialy in children.

X Malaria

InMyanmar, maariaisoneof the notoriousendemic
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, someinferencesare
made below. Occurrence of malariaepidemicsin
States/Regions and their causes are shown in
(Figures4.38 and 4.39).

Theinferencesonmdariamorbidity andmortdity are:

1. Malariarelated outpatient cases have
increased due to increasing malaria cases
although total outpatientsin hospitals are
decreasing.

2. Outpatient casesareincreasing dueto
increasing numbersof hedthfeacilitiesand
better servicesin someareas.

3. Madariainpatientsand death casesare
reduced because of improved hedth facility
coverage and wideavailability of artesunate
implementation palicy.

4. Mdariamorbidity and mortdity are
declining inthewholecountry exceptin
Rakhine State.
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State & Region-wise M alaria Epidemicsin M yanmar
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Figure4.38: Sateand Region-wisemalaria epidemicsin Myanmar (1991 to 2004)

Causes of M alaria Epidemicsin Myanmar (1991-2004)
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(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. Mgor causesinclude population migration,
increased breeding sources, new settlement and
unusual rainfalls, and they represent the effects of
climate change. Increased rainfalls dueto climate
change may result in mal ariaepidemics. Potential
health effects of climate variability and changeare
shownin (Figure4.40).

Figure4.39: Causesof malaria epidemicsin Myanmar (1991 to 2004)
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Figure4.40: Potential health effectsof climatevariability and change
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Forestry

Magjor 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 theseforest areas have been destroyed by
cyclones, strongwinds, floods, extremetemperatures
and droughtsin addition to thehuman pressure. The
dominant typeof forestinthe country isthedeciduous
forest that shedsleavesduring dry season whenthe
climateisextremely hot to catchfireeasly. Therewas
amaximum evidenceof 35,333 forest fire cases per
day during the second ten days of March 2008, in
Shan State.

It isinteresting to note the social attitudestowards
forest conservation. In the Dry Zone of Central
Myanmar, agricultureisnow at itsupper limit and
further horizonta expansonisamostimpossible. The
agricultural landsunder private ownership are now
being managedintensvey and scientificaly. The 1995
surveys had observed these management practices
in some areas. The good practices have been
Soreading to other privatelandsunder cultivation. Tree
planting in private lands as well as in religious
compoundsisnow-a-day acommon practiceinthe
Dry Zone. All religious premiseseither monasteries
or pagodasarewd | kept under good tree cover. Deity
god places have more dense cover because people
hardly cut down treesfrom thesesmall local gods
premises. To reduce deforestation and forest
degradation, cutting of treesfor firewood has been
prohibited inthedry zone by loca authorities. Loca
people have properly solved the firewood shortage
ontheir own. Thegrove of wild jujube (Zizyphus
jujuba) plants which are now privately owned are
consdered asagold mine. The cotyledon fruit
seeds are now being used as ahigh-energy fuel in
special stoves developed by local people. These
stovesare used mainly for toddy juiceindustry and
evenfor brick-bakingindustry which arecited asmain
consumersof fud woodinthearea. Pigeon peastaks
which are usually burned asawaste in Shan State
have now become amajor fuel in the dry zone. A

locd folk from MyeThin Dwinvillageexplained that
their annual pagodafestival which usualy needs12
cartloads of firewood now needsonly three cartloads
of pigeon peastalks, thanksto avillageengineer from
Mye Thin Dwin, who hasmodified somegasifiers.
Further developments should be encouraged and
extended. For protected forest areas, if they are
protected sufficiently will becomewell covered with
treevegetation, improving environmental stability.
However itisvery essentid that management system
isefficient and effective. Work of 5 or 6 yearsperiod
can be destroyed within daysby extreme events.

M anaging the common land by thelocal peopleand
authoritiesisa so ahd pful meansto the deve opment
of forests. Good examplescanbeseeninMyeThin
Dwin community forest project and War Khin Gyi
area project. Dry Zone Greening Department
(DZGD) hasbeenimplementingthefird projectjointly
with Jgpan Internationa CooperationAgency (JICA),
and the second one wasimplemented by the Forest
Department (FD) jointly with Japan International
Forestry Promotion and Cooperation Center
(JIFPRO). User groups are assured of their
ownership and they haveto taketheresponsibilities
for managing their community forests. Theprojects
arevery successful and awareness of local peopleon
the values of forestsisreally significant. Village
woodl ots have been successfully established by FD
with peoplesparticipation since 1970s.

Present land tenure laws were written in colonial
British times. Most of these laws encouraged new
agricultura expansonat atimewhen population was
low compared to the agriculture area. In the past,
expansion of agriculture onto new lands had never
been under sound land useplanningin Myanmar. Dry
Zone casesclearly show how peoplecan manageif
thelandisentirely 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
appropriatenot only for the benefitsof loca farmers
but alsofor the country asawhole.
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Coastal zone

Myanmar has three coastal regions, and they are
Rakhine, Ayeyarwady Ddtaand Tanintharyi. Different
typesof coastsarefound: coastd banksaregeneraly
steep in Rakhine; mangroves and sandy beaches
commonintheAyeyarwady Delta; and rocky idands,
rock pinnacles, mangroves and cora reefsin the
Tanintharyi. TheMyeik archipeago near Tanintharyi
coast comprisesmorethan 800 idands.

TheMyeik Archipelagoisone of thefew areas|eft
on earthwheretheredtill existsacontinuoustrangtion
fromrainforest to coasta mangrove swamps.

s Coral reefs

The vast and diverse coral reefs of Myeik
Archipelago areof immense ecologica and economic
importancefor the country. But, the sealeve riseis
likely to affect the social and economic situation of
thecoastal areasincluding Myeik Archipelago reefs
sgnificantly. Recentrisk andysisof cord resfssuggests
that between 24% and 30% of thereefsinAsiaare
projected tobelost during thenext 2to 10yearsand
10to 30 years respectively. A new study suggests
that coral reefs, which were severely affected by
abnormally high Ssea Surface Temperature (SST) in
recent years, contain some coral speciesand their
reef-associ ated micro-al gae symbiontsthat show far
greater toleranceto higher SST than others. Coral

reefs of South and Southeast Asia are reported to
have been destroyed in 1998, largely dueto cora

bleaching induced by the 1997-98 El Nino event.
Coral reefs from neighbouring countries are
experiencing cora bleaching, so coral reefs of
Myanmar will face similar threats caused by rising
seatemperature. In 2004, Tsunami dso affected some
of the coral islands and sandy beaches along the
Archipelago. The Tsunami destroyed coral and
transported debris to the shore. Dueto 2°to 4°C
rise of SST above the current threshold SST,
increases in cyclone intensity are predicted in
SouthesstAsa

Thedestructiveeffectsof climate changeand human-
induced pressuredamagethecord reefsinthisregion.
If cordl reefsarebleaching, theproduction of lucrative
fish, fishfarming, pearl oyster culture, farming of deep
sealobster and seaweed will all bethreatened and
damaged. Many speciesof marinefisheswill disgppear
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and somewill seek migration to the col der region.
Some native speciesof whaeand dolphinwill aso
moveto theareas of cold water too.

¢ Coastal erosion

Many sandy beaches along the coastal areas of
Myanmar facewith the problems of coastal erosion
duetostructurd deve opment, changesinliving pattern
and recreational activitieswhich areundertaken to
promote ecotourism development. These
developments and changesiinitiate the enhancing
degradation of the marineturtle nesting beaches, such
as Maungmakan beach in Tanintharyi coastal
region.Some of theidandslocated dongtheRakhine
coastal areaare also affected by seawaves during
monsoon season. Theseid andsareessentid resources
for themarinefisheries production. For examplein
Thandwe Didgtrict, Kalayaung villagetract faced the
problem of coastal erosion. Inthisvillagetract, two
out of threevillageswered ready displaced by coasta
erosion. Sincethevillagers become uncomfortable
with monsoon season, some moveto other villages
and some are seeking shelter at the monastery of
their village. Thesituation could bemoredifficult if
sealevd risedueto climate change continuesto take
place.

Biodiversity
** Forest wildlife and wild plants

Myanmar isoftencitedasbeingrich in  biodiversity
inAsia. By nature, forestsare highly vulnerableto
climate extremes such aswarming and drought. But
specific studiesare needed for thisissue. Wildlife
speciesand wild plantsare abundant in Myanmar as

shownin(Table4.12).
Table4.12: Wildlifespeciesand wild plantsin

Myanmar

No Description (Number of species
1 Birds 1000
2 Manmes 30
3 Reptiles 30
4 Butterflies 1200
5* Plant species 7000

Source: Asian Disaster Preparedness Center -
ADPC, 2009: Forest Fire, Hazard Profile of
Myanmar and * Myanmar Agenda21
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However, many speciesof wildlifeand 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
biodiversity loss. Myanmar hasestablished 30 wildlife
sanctuariesand six national parks by the year 2009
(ADPC, 2009).

7

% Fresh water fishes

Very littleisknownin Myanmar about freshwater and
marinefishesand priority should begivento carry
out studiesinthisarea. The number of fish species
recorded in Myanmar is196 (Denerstein et .1993).
Giant Catfish (Pangasianodon gigas), and Asian
Arowana (Scleropages formosus), are endangered.
Accordingtothe2004 IUCN Red Ligt of Threatened
Species (Bl 2005) they both arelisted to be present
in Myanmar. However neither species has been
confirmed asyet.

¢ Marine fish species

Thecommercially important marinefish speciesare
changinginMyanmar coastd watersevery year. With
decreasein Sizeand quantity of fish herds, therecord
of Catch Per Unit (CPU) isdecreasing in the coastal
waters.

TheSST isdifferent dongthecoast fromthesouthern
coasta area(Tanintharyi) to northern area(Rakhine).
Fishing fleet moved every year up to the Rakhine
coastal area, and found that the marinefish species
composition, sizeand quantity had changed between
the southern and the northern aress.

** Marine turtles

Marineturtlesarelonglived, highly migratory reptiles
that can be found in the tropical and sub-tropical
oceansworldwide. Of the sevenliving turtle species
which arefound around theworld, six areknownto
reside in Southeast Asia. Myanmar has 5-species,
namely, Greenturtle (Cheloniamydas), Loggerhead
(Caretta caretta), Hawksbhill (Eretmochelys
imbricata), Leatherback (Dermochely coriacea)
and OliveRiddy (Lepidochelysaolivace). They are
currently considered as endangered species.
Conservation of marine turtles can be done only
through international cooperation as they are the
shared resource of theworld. Thehabitatsof marine

turtles should also be adequately protected and
efficently managed.

¢ Sea grass beds

Sand sedimentation on sea grass beds in coastal
watersaong the beachesand between theidands of
Myek Archipeagoisincreasing, anditisattributable
to heavy rains. Sand sedimentscoveringtheseagrass
bedsthreaten the habitats of dugongsand seaturtles.
The production of

giant tiger shrimp and seacucumber isa so threatened
by sand sedimentation.

< Mangrove ecosystems

In some coastal areas of Asia, a30 cmrisein sea
level canresultin45m of landward erosion (Tun, M.T.
2009). Since sea level rise tends to aggravate the
currently eroding coastdl areas, mangroveforestsand
swamp areasa ong the Myanmar coast will befacing
thisproblem. Thetropica cycloneNargisand Tsunami
not only destroyed mangroveecosystemsinthecoastd
areaof Myanmar, but also brought about undesirable
social, economic and environmental effectsonthe
area. Mangrovesprovide products such ascharcod,
firewood and housing materials and they provide
services such asfeeding and spawning groundsfor
aguatic species, nesting place for wildlife and
protection againg srongwindsand seawater intruson
asbio-shield. Lossof mangrove ecosystems means
loss of these productsand services.

* Marine mammals

Itiswidely recognized that climate changeimpacts
on marinemammalswill be mediated primarily via
changesin prey distribution and abundance. SST isa
good predictor for marinemammal distribution. A few
Species may move between different temperature
zonesduring regular migration.

«* Plankton booming

During the Myanmar-India Joint Oceanography
Cruiseconductedin 2002, theoccurrencesof patches
of phytoplankton (Trichodesmiun) blooms were
observed to the west of 96° 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 in seawaterswas caused by |and-based
pollution. Rainswith highintensity over themainland
Myanmar would bring down pollutantsintothe sea
swiftly, contributing toincreased nitrate concentration
inseawaters.

4.4. Vulnerability Indices and Maps
for Key Socio-economic Sectors

Methodology

Myanmar iscommitted to disclosing thevulnerability
indicestodimatechangeimpactsinthelnitid Nationa

Communication for which Myanmar has little
experience. Theindex isthe complex representation
of key socio-economicinformationfor al localities
by applying various mathematical models. Inashort
period of time, it is hard to effectively undertake
cgpacity buildingintheareasof technology, expertise,
human resourcesand inditution. Thereforeatentative
approach that could generally represent the
vulnerability index isexplored based partially onthe
presentation of George Manful (2008), asshownin
(Table4.13).

Table4.13: Vulnerability of key sectorstotheimpactsof climatechange

Sub-regions| Food andfibre | Biodwersity | varer | Cosstal | oHUmAN e oente | FAd
resource [ecosystem| health degr adation
North Asia +1/H -2/M +1/M -1/M -1/M -1/M -1/M
Central
Asiaand -2/H -I/M -2/VH -1L -2IM -1/M -2/H
West Asia
Tibetan +1/L -2/M -1/M Not No No -1/L
Plateau applicable [informatia|infor mation
I
East Asia -2/IVH -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 -2/H -2/H -1/H -2/H -2/H -1/M -2/H
Asia
Vulnerability: -2 - Highly vulnerable Level of Confidence:  VH - Very High
-1 - Moderately vulnerable H - High
0 - Slightly or not vulnerable M - Medium
+1 - Moderately resistant L-Low
+2 - Most resist VL -Very Low

Thevulnerability of aregionispresented with number
and |etter combined. To represent thevulnerability of
asector of thecountry withindex, the affected extent
of areaor community such asHigh, Medium, Low

and None (if not applicable) and the level of
confidencesuch asHigh, Medium, and Low should
be considered asfollows and shown inthe ( Table
4.14).

Table4.14: Quantification of levelsfor vulnerability assessment

Quantification of level
Description of level Mediumm
Low mm High
Vulner ability level of an indicator 1 2 3
Confidence level of an indicator 1 2 3
Population level of a region 1 2 3

Vulnerability index may be cal culated for agiven region by systematic cons deration on each socio-economic

sector asfollows.

Indicator score= Impact level x Confidencelevel
Sector score =Mean of indicator score of asector
Vulnerability Index =Mean of all sector scores x Population density level
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Inthis context the equation used for the vulnerability indicesisas shown below:-

n

where VI =Vulnerabilityl ndex,
CL = ConfidenceLevd,
AL = AffectedL evd,

vI = {izl Eor, fzincrxan ] ] } X PD

PD = Population Density Levd,
I = Number of climatechangeimpacts;i =1, | =6 (inthiscontext),
j = Number of indicatorsfor asector; j =1, m=3(inthiscontext),
k = Number of sectors;, k =1, n =6 (inthiscontext).

4.5. Climate Change Impact
Parameters and Key

Socio-Economic Sectors

Climate change impact parameters and
Vulnerability Level (VL)

Themeteorologists and climatol ogistsfrom DMH
haveindentified thefollowing six climate change
impact parameters.

1. Cycloneand strongwinds,
2. Flood and storm surge,

3. Intenserain,

4. Extreme day temperature,
5. Drought and

6. Sealevel rise.

Their Vulnerability Leve (VL) andits” Criteriaand
Scores’ for the Statesand Regionsof Myanmar are
judged by themeteorol ogistsand climatol ogistsfrom
DMH, asthreeLevels—High (H), Medium (M) and
Low (L), numerically 3,2and 1. Thescoreof zero
or None(N) indicatesthat the effect isnot applicable
atal, see(Table4.15).

Key socio-economic sectors and Confidence Level
(ct)

TheVulnerability and Adaptation A ssessment Team
membersindentified six key socio-economic sectors.
Each sector hasthreeindicatorswhich areto beused
for evaluating vulnerability scores. Theseindicators
were determined by team members based on the
available baseline data. The assumption for the
unavailable datawas made and scoreswereworked
out based on experts’ opinions.

Thedatausedintheindicatorsof thesectorsto assess
thescorelevelsof confidencearetakenfromthe datal
statisticsof Myanmar Progressive Report, Myanmar
Agriculture Statistics, Department of Health,
Department of Fisheries, Forest Department and
Chronicle of Nationa Development Comparison
between Period Preceding 1988 and After 1988 (up
to 31-12-2008) together with the expert opinion.

TheConfidenceL evel (CL) of theindicatorsfrom
all sectorsfor the States and Regions of Myanmar
areshownin ( Table4.15).

Affected Level (AL)

The Affected Level (AL ) isthelast or 39 basicfactor
of the climate change impact on the key socio-
economic sectorsfor the cal cul ation of Vulnerability
Indices(V1). Itisderived from the 12 and 24factors
of theVulnerability Level (VL) and Confidence
L evel (CL) by theteam members.

Vulnerability Indices (VI) and maps

In accordance with the specified equation of the
Vulnerability Index (VI), Sector Scores (S) and
their Mean Score (S,,) areworked out for the States
and Regions. The vulnerability maps 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” isshownin ( Figure 4.42) asthe second
map. The third map is “Vulnerability indices of
theoverall key socio-economic sectorsfor the States
and Regionsof Myanmar” anditisshownin(Figure
4.43).
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thelndicatorsof thekey socio-economic sectors
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Sector I ndicator I dentification & justification
(1) Grop yield and production|H, M, L is defined by Bqert opinion.
_ changes
Farielie (2) Grop pattern change H, M, L is defined by BEqett opinion.
(3) Pest & disease H, M, L is defined by BEqert opinion.
(1) Rural water supply coverage |H= Above 2,000 villages
M = 1,000to 2,000 villages
L = Less than 1,000 villages
(2) Supply for hydro power H = Above 100 M egawatts
Water Resour ces M = 30to 100 Megawatts
L = Less than 50 Megawaitts
(3) Irigation  works  and|H= Above 50 Dane
beneficial area M = 10to 50 Dane
L = Less than 10 Darne
(1) Malaria H, M, L is defined by BEqert opinion.
Public Health |(2) Diarhorea H, M, L is defined by Expert opinion.
(3) Unavailability of safewater [H, M, L is defined by Bqert opinion.
(1) Forest cover (000 ha of |[H= Above 5000
Natural forest) M = 1,000to 5,000
L = Less than 1,000
(2 Forest fire (Number of |H= Above 100,000
Forestry occurrence peryear) (M =40,000to 100,000
L = Less than 40,000
(3) Species conposition (000 ha.[H = Above 2,000
Closed forest) M = 750to 2,000
L = Less than 750
(1) Fsh yields and production|H, M, L is defined by Bert opinion.
changes
Coastal Zone 2y M angrove ecosystem H, M, L is defined by Bpert opinion.
(3) Coral reef H, M, L is defined by Bxqert opinion.
(1) Forest biomess (growing H = Above 1,000 mcm
M = 500to 1,000 mem
L = Less than 500 mcm
(2Habitat loss (Closed forest  |H=Above 1,000 Sgm (Max = 3600.25qm)
. _ from 1975-2006 M =500to 1,000 Sgml
Biodhersity ) L =0to Lssthansqa)o s
N = less than zero [Min = (-)21.0 Sgml] Sqml |
(3) Fishery species composition [H, M, L is defined by Bqett opinion.
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Source by DMH, November 2009.

Figure4.41: Vulner ability scoresof the key socio-economic sectorsfor the Statesand Regions
of Myanmar
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Population
Density

Medium

Low

Source by DMH, November 2009,

Figure4.42: Population density of the Statesand Regions of Myanmar
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Vulnerability Index Map

Legend Index

Figure4.43: Vulner ability indices of the overall key socio-economic sectorsfor the States

and Regionsof Myanmar

InMyanmar, the highest sector scorefor Vulnerability
isthePublic Hedlth sector followed by Biodiversity,
Water Resources , Forestry , Coastal Zone and
Agriculturesectors.

The Public Health sector scoreismaximum (5.3) in
Ayeyarwady Region followed by Rakhine State,
Tanintharyi Region, Bago Regionand (3.9)in Mon
State. Itisminimum (2.0) in Chin State.

In Biodiversity sector, scoreismaximum (4.7) in
Sagaing Region followed by Rakhine State, Bago
Region, Ayeyarwady Region and Tanintharyi Region,
and (2.0)in Mon State. Itisminimum (1.1) in'Yangon
Region.

InWater Resources sector, scoreismaximum (4.5)
inMandaay and Bago Regionsfollowed by Sagaing,
Ayeyarwady and Magway Regions. It isminimum
(0.9) in Kachin and Rakhine States.
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In Forestry sector, score is maximum (3.4) in
Magway Region followed by Mandalay, Bago,
Ayeyawady Regionsand Kayah State. Itisminimum
(0.7) inTanintharyi Region.

InCoastal zonesector, scoreismaximum (2.9) in
Ayeyarwady Region followed by Rakhine State,
Yangon, Bago Region and Mon State. Itisminimum
(1.3) in Tanintharyi Region. Thereisno scoreinthe
eightinland Statesand Regions.

In Agriculturesector, scoreismaximum (1.6) in
Ayeyarwady Region followed by Bago, Sagaing,
Manda ay and Magway Regions, Itisminimum (0.2)
inChin State.

Vulnerability index is maximum with (6.13) in
Ayeyarwady Regionand minimumis(1.19) inChin
Sate Theindexisrdatively highinAyeyarwady and
Yangon Regionsfoll owed by Mandd ay Region, Mon
Stateand Bago Region. Itisreaiveylowin Sagaing
Regionand RakhineState. Itislowestintheremaining
Statesand Regionswith minimumin Chin State.

4.6. Targeted Researches

Global warming, climate change and sealevel rise
aretheglobal issuestowhich highattention arepaid
by dl nationsparticularly theagricultura countrieslike
Myanmar. Adaptation strategies and measures
adaptiveto climate changeimpactscan beeffectively
undertakenif variousaspects of climateand climate
variability arewel | understood.

Climate variability

Climatevariability ismeant thevariation of climate
parameters. These are temperature, rainfall, rainy
days, humidity, sunshinehours, solar radiation, thunder
sormdays, soil temperatureand moisture, river stages
and run off, floods levels, etc., which represent
meteorological/hydrologica related e ements.

Studiesondimatevarigbility will indudestudiesrd ated
torainfall intensity, areacoverage, duration of the
gpells, month of occurrence, and time hour of theday
of occurrence, spatial and temporal distributions.
Extreme climate events are also important areasto
be studied. Possible research areas on climate
variability areshownin (Table 4.16).

Table4.16: Possibleresearch areasfor thestudy of climatevariability

Z
(=)

Resear ch ar eas on climate var iablity

Variability of south west monsoon onset/withdrawal over M yanmar.

Variability of monthly rainfalls in Deltaic Ayeyarwady Region.

Variability of heavy rain spells in Dry Zone of Myanmar.

Variability of dry spells in different areas of M yanmar.

Variability of rains in the pre-monsoon and the post monsoon periods.

Variability of dry season rainfalls in Myanmar.

Extreme climatic events and their impacts on the production of major crops.

O|I~N|o|g DWW [N

Some synoptic situations responsible for the extreme rainfall episodes in Central M yanmar.

Climate change

Climate variability comprises many aspectsand so
doestheclimatechange. Climate changestudiesfocus
on magnitude, intensity, and spatial and temporal
digtributions, characteristic featuresrepresenting short-
term, medium-term and long-term aspects. Climate
changestudieswill focusonthemagnitude, intensity
and spatial and temporal distributionsof rains, dry
spells, extreme events and short-term to long-term
characteristic features of climate. Possibleresearch
areason climatechangeareshownin (Table4.17).

Page 83

Tropical storms

Tropica sormsintheBay of Bengd areimportant as
therain producing phenomena on onepart, and as
the potentid hazards ontheother. Thegloba climate
change scenarios indicate that tropical storm
frequency and intensity areon the increasing trend
andtheir tracksaregoing to beabnormal . After 2002,
Myanmar coast has been crossed by the cyclone
every year except 2005. Therefore Myanmar needs
intensive studies on this issue. The examples of
possibleresearch areasareprovidedin ( Table4.18).
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Table 4.17: Possible research areason climate change

pd
(=]

Resear ch ar eas on climate change

Climate change aspect of south west monsoon onset/withdrawal over Myanmar.

Climate change of monthly rainfalls in Myanmer.

Climate change aspect of heavy rain spells in Dry Zone of Myanmear.

Climate change aspect of dry spells in different areas of Myanmar.

Climate change aspect of rains in the pre-monsoon and the post monsoon periods.

Climate change aspect of dry season rainfalls in Myanmar.

Assessment of extreme climatic events.

Changing patterns of extreme climates in Myanmar.

OClo|[N|logn|Mlw NP

Analysis of climate change scenarios for sub states and division levels.

Table 4.18: Possibleresearch areason tropical storms

No Resear ch Area
1 Tropical stormlandfall frequency and distribution along M yanmar coast.
2 Vulnerability index of tropical stormalong Myanmar coast.
3 Cyclonic storm associated excessive rain spells in Myanmar.
4 Attenmpt to quantitative forecasting of cyclonerainfall in Myanmar.
5 Forecasting of cyclonic stormtrack 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 Bav of Benaal.
g 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.

Droughts and warming trend

Droughts are very frequent phenomenain central
Myanmar. These phenomenaarenot confined inthe
areabut spread to the nearby regions. In the face of

world-wide warming and the warming trend in

Table4.19: Possibleresear ch areason droughtsand precipitation warming trend

Z
(=]

Resear ch Area

Soatial frequency and distribution of drought in Myanmer.

Termporal distribution of drought and frequency in Myanher.

Changing pattern of drought frequency in Myanmer.

Synoptic situations responsible for the significant drought of Myanmar.

Synoptic situations responsible for the drought of aspecific timein Myanmer.

Synoptic situations responsible for the edended drought duration in the Dry Zone of Myanmer.

Hydrological features due to specific sighificant drought of Myanmer.

Impact of specific significant drought upon the water resources aspect of central Myanmer.

Olo|~N|ov || Bl [N |-

Potentid threat of drv-zone drought upon the neighboring regions of Myanirer.

=
(@]

Potentia inpacts of cool-season drought in Myanmer.

Myanmar, drought characteristic changes call for
extensdvestudies. Possibleresearch areason droughts
andwarmingtrend areshownin (Table4.19).
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Extreme climates in relation to El Nino

Myanmar experienced theimpacts of El Nino and
ENSO. It still needs detailed assessment of these
impactsindifferent places of the country intermsof
intensity, spatial extent and duration of theimpact.

With the sea level rise and warmer sea surface
temperature induced by global warming,
understanding the characteristic pattern of EI Nino
impacts on the climate of Myanmar would be
advantageous for identifying the climate change
adaptation measures. Possible study areas are as
showninthe(Table4.20).

Table 4.20: Possible study areason extremeclimatesin relation to EI Nino

No |Study Area

Impact of H Nino upoh the extreme temperatures of different States and Regions in Myanmer.

Impact of B Nino upon the extreme heavy rainfalls of different States and Regions in Myanmear.

Impact of B Nino upon the extremely warm spell duration of different States and Regions in Myanmer.

Warming pattern in Myanmar in the early stage of El Nino.

Rainfall pattern in Myanmar in the early stage of H Nino.

Drought characteristics during the period of El Nino.

Significant climate pattern in Myanmar in the wake of El Nino.

Significant intensity/track of cyclones in the Bay of Bengal during B Nino petiod.

Olo|NY|a|h | [N

Hood frequency and duration along the Ayeyawady River systemdue to impact of El Nino.

=
O

Abnormally low water level in dry season due to impact of B Nino.

There may have some cross-cutting i ssues between
sectors under the studies mentioned above and
research should also address these issues. The
research works at various ingtitutions 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
internati onal non-governmenta organi zations
(NGOs) and international/regional bodies of the
United Nations, among others.

Policy options for adequate adaptation and
response strategies

Thedegreeof climate changeimpact ishardto predict
but scenarios show plausiblegenera situations. The
changesin climatein theworld might be faster than
as anticipated in the model output. The normal
activities of many communities, infrastructure,
devel opments, investments, natural resources and
human resources, and major enterprises may get
considerably disrupted or destroyed merely just by a
single extreme event. Post-event restoration of the
damageswill further delay the development of the
regioninparticular, and the country in generd.

For successful adaptation, responsiblepersonnel in
the key soci o-economic sectors haveto be conversant
with thetool s and methodol ogiesfor dataanalysis
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and assessment so asto enableto properly identify
theimpact of climate and the climate changetrend,
which arelikely to be dominant intheregion. Then,
these tools and methodologies of anaysis and
assessment haveto betransferred to and disseminated
among the stakeholders. Information which is a
prerequisite requirement for the methodol ogies has
to bereliable, transparent and consistent.

The policy options for adequate adaptation and
response strategies are to improve socioeconomic
conditions across the country by upholding the
nationa economic objectivessuch as* development
of agricultureasthebase and al round devel opment
of other sectors of the economy as well”, and
“development of theeconomy inviting participation
intermsof technica know-how andinvestmentsfrom
sourcesins dethe country and abroad” asstated in
the* Four Economic Objectives of State Peace and
Development Council of Myanmar”.

Agricultural sector

Myanmar is making great efforts to enhance the
development of agriculture sector to ensure food
security within the country and to step up the export
volume so asto generateincreased foreign exchange.
[t will help Myanmar to makefurther investment to
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devel optheoverdl economy of thenation. At national
level food production issufficient for the country’s
domestic consumption. However, food situation in
some partsof the country isunsecured, especidly in
thedry zone, border areas and remote areas, dueto
harsh weather conditions, remoteness, and poor
accessto information on appropriatetechnology. In
order to enhancefood production, crop production
hasbeenintensfied with thethreemain objectivesas
follows:
i. Tofulfill theneedsof local consumption;
ii. Toexport surplusagricultural productsfor
increased foreign exchange earnings, and
iii. To provideassistanceto rural development
based onagriculture.

In order to meet the above objectives, two different
approaches have been designed for implementation.
Thefirst approach is cropping areaexpansion and
the second oneisincreasing per unit areaproduction
by mobilizing all available resources. Cropping
systems will include double cropping, multiple
cropping and mixed cropping on productivelands.

Inaddition, agricultura policy hasbeen adopted by
the Government with a view to improving the
agricultural sector and enhancing nationa economy.
Thepolicy sipulates.

i. Todlow freedom of choiceinagricultural
production.

ii. Toexpandagricultural land andto
safeguard therightsof farmers.

iii. Toencouragethe participation of private
sector inthecommercia production
of seasonal and perennial crops, andthe
distribution of farm machineriesand other
inputs.

Ricecultivationwill beparti cularly encouragedto meet
at least theloca demandin all Statesand Regions.
Development of new drought resistant varietiesand
intercroppingwill beencouraged. Irrigation facilities
including river water pumping system would be
extended in areaswhererain water isnot enough.

For flood-prone areas, devel opment of structureswill
beintensfied to prevent floods and inundation of low
lyingaress. Promation of dternaivecrops, adjustment
of planting and harvesting schedul es, and floating

agricultural systeminwetlandsor areas subjected to
long-timeinundation should be carried out.

Asan agro-ecol ogical based country, adaptation to
climate changeis particularly important in order to
protect the production of staple food. In addition,
incomefromtheagriculturd sector with cropsof short
rotation representsthe main income sourcefor the
majority of population in Myanmar. Year-round
cultivation of cropswhich areresistant to climate
variability shall be devel oped through coordinated
researches. For this purpose regional/ national
agricultura research activitiesneedsto beencouraged
and asssted technicdly and financialy.

Measuresrelating to theintroduction of highyield,
resilient crop, systematic handling and application of
fertilizersandinsecticides, effectiveirrigating methods
etc. could be beneficial. Flexibility of cash crop
selection might be encouraged inthe event of severe
climate

Inorder tomaintain or regain soil fertility, rotation of
crop pecies, management of irrigation and controlling
theloss of soil moisture may beamong theimportant
agricultura practices, calingfor further research. Loss
and damage of harvested cropsfromthefieldtothe
consumersshould beminimized.

Storage methods for staple food and other crops
during theevent of extremedisastrousclimate shall
have to be transferred or exchanged between the
countries. Research activitiesfocus ng on replacement
of seeds in cropping areas damaged by extreme
events should be encouraged. Seed replacement
method for usein the crop-damaged areas may be
tranferred downtothegrassroot level of thecountry.

Woater sector

Myanmar is an agro-based country where
devel opment of agricultureis placed ontop of the
priority asit actsasthebasefor al round devel opment
of other sectorsof theeconomy. For boosting up crop
production, avail ability of water isimperativeand all
possiblemeansarethereforebeing sought toimprove
accesstowater availability. . Measuresweretaken
inaccordancewith annua investment plan under the
guidanceand supervisonof theMinigry of Agriculture
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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 alarge number of farmersin
sdl ected poverty-stricken areas can enjoy the
benefits,

s+ Toimprovethe management of water orage
and to promote the use of runoff water from
upland watersheds

%+ To rehabilitate and renovate the existing
government-maintanedirrigationfadilitiesand
village irrigation works efficiency and
economy inwater storageand use— gregater
emphasis will be given to on-farm water
management;

¢+ To construct damsand sl uicesto impound
backwater of theAyeyarwady and Chindwin
riversduring floodsfor late-rain cropping;

¢ Toirrigatecultivated landsthroughriver water
pumping; and

% Toirrigate cultivated lands by groundwater
tapping. Theagriculturd sector isthebasisof
theeconomy and themain sourceof livelihood
of rural areas, where about 70 percent of the
population live. Hence, Myanmar haslaid
downandimplementedfiverurd deve opment
tasksto bring progressto thewhol e nation.
One of theseisadequate supply of water for
irrigation and for domestic use.

o
25

UptoMay 2009, atotal of 360 damsand reservoirs
have been constructed for irrigating 1.68 million
hectares of cropland. In parallel withtheirrigation
projects, 322 pumpirrigation projectsfrommainrivers,
consisting of 129 electric-pumps and 193 diesel-
pumpirrigation projects, andinstalation of 8001 tube
wellswith acombinedimigarted areaof about 0.23
million hectareswereundertaken. Irrigation coverage
increased from 12.5 percent of sown areain 1987-
881017.0 percent in 2008-2009. Rura water supply
issufficient for 13.9 million out of 39.27 million of
rura populace.

Thecentra Dry Zonewheretheannud rainfall islow
and unreliable has a high potential for crop
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diversification. Severe droughts with increased
frequency of occurrencedueto climate changeare
the most serious natural hazardsfacing the people
livinginthisarea Inthisregion, the cultivated areas
dongthemgor riversareirrigated through river water
pump projects. In other regions, where runoff is
sgnificant, reservoirscan be constructed and gravity
irrigation could be applied at cheaper cost. In areas
wherehydro-geological conditionsarefavorabletube
wellsaresunk for irrigation and domestic purposes.
In the mountai nous region where hydropower and
irrigation areundertaken, thereisahigh potentid for
agricultural development on some low-lying flat
lands.

Riceisthemgor crop in DeltaRegion wherethe
popul ation dengity isthe second highest inthe country.
Inthisregion, about 40% of theareasare still affected
by flood damage and sea water intrusion.
Congtruction of duicegatesand drainagecanaswill
providethebenefitsof irrigation, flood control and
prevention of sea water intrusion.Advanced
forecasting technol ogies and early warning systems
areessential inmitigating theaffectsof floods.

Thereisevidencethat floodingislikely to becomea
challenging probleminthe Deltaand the Dry Zone.
While floods can cause damages to agriculture,
transport, and communi cation, they poseagrowing
concern onthesafety of dams. Adaptation to drought
and chronic water shortage is another growing
problem. Increased intensity and decreased
frequency of rainfallsin theseregionswill induce
certain changesin surface runoff and groundwater
characteristics. Such changeswill inturndisrupt the
existing land use pattern and management practices.

Dueto deforestation and land cover changesinupland
watersheds, someof thedamsinMyanmar arefacing
theheavy gltation problems, threatening thelifespan
of reservoirs. Toreduce s Itation, Forest Department
shd| continueand further sep upitsannud operations
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 seasonsand for carry-over usein
the dry seasons of above-normal water years. The
systemwill thusminimizetheimpactsof drought.
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Other adaptati on measureshavebeentheuse of 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
artificialy or developingintegrated strategiesthat
optimally operate reservoirsin combination with
artificia recharging of aquifers.

TheGovernment hasformulated national sustainable
devel opment strategy whichreflectsMyanmar Agenda
21 andtheMillennium Development Goals(MDGs)
stipulated in the United Nations Millennium
Declaration, 2000. InMyanmar, growthin agriculture
productivity hasbeen achieved and it will raisethe
incomes of therura poor and thusreduce poverty, a
priority M DG of the country. Adequatewater supply
isone of the basi c requirementsfor boosting up the
production of crops. Accordingly, agricultural
infrastructures are being built 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 depl etion of
water resources. Water management isseen asakey
areato be addressed, and laws and regulations to
prevent water-related environmental degradation
should be strengthened.

Although cause and effect of many environmental
issuesarecross-cuttingin nature, in Myanmar. The
ministries are taking on devel opment planning and
programsprimarily orientingontheir own sector-wise
policies, strategiesand targets. Sectoral coordination
and environmentd implicationsparticularly inthearea
of cross-cuttingissuesarethuspaid little attention.
This leads the government to establish National
Commissionfor Environmental Affairs(NCEA) in
1990.

To copewith theclimate changeimpacts, the strategy
for water resourcedeve opment will focusontheissues
of ever-increasing water demands and shortages. It
will be similar to those strategies currently under
practice. A prerequisiteto adaptationisthe application
of an Integrated Water Resources Management
(IWRM) strategy at both catchment and river basin
levels.

Public health sector

Dueto global warming, Myanmar climatea so has
become markedly warmer especidly in recent years.
The warming extends to the regions of higher
elevations as well. Accordingly, the habitats for
mosquitoes and air born diseasesarenot confined to
thelow lying plains only, but are expanding to the
mountainousregionsof higher elevations. Malaria,
choleraand denguefevers, etc. may becomeall year
round normal diseases. Influenzacasesmay become
extensiveand high rate of mortality may be expected
duringtheextremeevents, particularly anongtheaged
and infants. Basic medical careand needsshould be
provided to therural folks systematically to reduce
theclimate changeimpacts.

According to projected changesin thehydrological
cycles, associated withgloba warming, increase in
morbidity and mortality due to diarrheal disease
primarily associated with floods and droughts are
expected in devel oping countriesin 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 beexpanding. Diseases originated inthetropical
low lying areasarelikely to spread towardsthe high
land area. Enhancementsof public educationonhedth
mattersareessentid.

For successful adaptation, stakeholdersinvolvedin
thiskey sector haveto be conversant with the|PCC
toolsand methodol ogiesfor analysis, assessment to
properly identify theimpact of climateandtheclimate
changetrendlikely dominantintheregion. Then, this
practice should be disseminated among the
stakeholders. Information which is prerequisite
requirement for the methodol ogy hasto berdiable,
transparent and consistent to meet the international
standard.

Myanmar has reduced theimport of ODS substances
andisnow using non-ODS chemicasinthemedicine.

Tomitigate health hazards, Myanmar isundertaking
certain measures such as improvement in the
congtruction of housesand hedlthinfrastructureswith
new designs, improvement inenvironmental practices
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and preparation and implementation of disaster
management plans. . For disease control activities,
vaccination agai nst diseases, basic health careand
preventive servicesand community awarenessraising
against the disease outbreaks are carried out.

Theeffectsof climate changeon healthincludedirect
effects such as illness and deaths due to extreme
temperatures, e.g. effect of heat waveinIndiain May
2009. Similarly, sormsand heavy rainsmay occur in
some areas and may cause floods. Not only water
contamination but asoair pollution canariseinthese
water-flooded aress. Indirect effect isthat theremight
have increased incidence of diseases and high
mortality rates due to epidemics, such as malaria
epidemic dueto mosquitoes. Confounding factorsare
sengtivity of human hedlth to d ementsof weether and
climate, differing vulnerability and movements of
Vectors.

Adaptation measureswill include use of vaccines
against diseases, improved use of westher forecasts
and early warnings, improved environmental practice,
preparation and implementation of disaster
management plans, andimprovement in public hedth
infrastructure. Disease surveillance and emergency
response capabilities should aso be enhanced as
important adaptation measures.

Forestry sector

Myanmar has been implementing alargenumber of
forest conservation and development programsthat
havethepotential to reducethevulnerability of forest
ecosysemstotheimpactsof cimatechange, andthey
include, anong others:

¢+ Enactment of new Forest Law in 1992,
enactment of Protection of Wildlife, Wild
Plantsand Conservation of Natural Areas
Law in 1994, and promulgation of
Myanmar Forest Policy in 1995 and
issuance of Community Forestry
Instructionsin 1995 . Theselawsand forest
policy will contributeto conservation of
forest resourcesincluding biodiversity and
reduction of forest fragmentation.

s A largereforestation program to reduce
demandsonforestsfor timber, industrial
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wood and fuel wood. It will lead to
conservation of biodiversity and reduction
of forest degradation.

¢ Involvement of local communitiesinforest
protection and regeneration and creation of
long term stakeinforest health, through the
Community Forestry program.

The performance and impacts of these measuresin
quantitativetermsare however not clear. To prevent
the deforestation and to increase reforestation
particularly in dry zone of Central Myanmar, itis
essentid to providefinancial and technica supports
to the Dry Zone Greening Department. Increased
investmentsare needed for implementing mangrove
reforestation worksin the deltai c areasand coastal
region. Villagewoodlotsshould beestablishedineach
and every villageor village track to meet thelocal
demand for timber and firewood and it should be
included in the long term development / disaster
preparedness plans. Traditional slash and burn
agricultural system prevailingin somemountainous
areasmay be oriented to more sustainablelivelihood
Systems.

With increased warming, forest areas are bound to
experiencehightemperatureseasy to catchfire. Forest
fireat oneplace canwildly spread out to other areas
during dry summer. Forest fire management
encompassing standard layout, landscape planning,
dead timber salvaging, , and wild liferescueisan
important policy matter. Oneof thepolicy objectives
istoincreasethe extent of Permanent Forest Estate
up to 30% of total land areaof the country.

In forestry sector, appropriate land use and
management, planting of Stress-resstant tree species,
control of shifting cultivation and increased efficiency
of wood industry are among the optionswhich can
improvetheforest adaptability to climate change.
Thereforerecommended adaptationsare:

¢+ planting of moretolerant tree species,

¢ increased forest fire control,

% increased forest products processing
effidency,

% useof wood substitute materials,

¢+ provisonof financial assstanceto forest
communitiesaffected by climate change,
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+¢+ provision of subsidy on substitutefuelsand
building materiasfor peopleof hilly regions,
% change from productive to protective
functionsof forestsand establishment of forest
corridorsto assist migration through forests.

Coastal zone sector

Emphasisshould begivento protect the coastdl zone
erosion by structural defense and devel opment of
mangroveforest zones. Establishment of settlements
insdethepotentially danger zoneswhich areat risks
of sealeve rise, sorm surgesand seawater intrusion
isto berestricted with the help of law enforcement.
Construction of storm sheltersisnecessary for each
of thevillagetractsin the deltaic region to escape
from strong windsand seawaves. It isnecessary to
provideloca communitieswith facilitieswhich can
receive weather news, weather forecastsand early
warningsroundtheclock. All publicferriesand boats
should carry radio receiversto avoid any possible
mishap dueto the extreme weather event. Coastal
impact development should be considered in the
coadta development plans.

For successful adaptation, stakeholdersinvolvedin
thiskey sector haveto be conversant with the IPCC
tools and methodologies for data analysis and
assessment so asto ensurethe proper identification
of dimatechangeimpactsand thedimate changetrend
likely to dominate in the region. Then the
methodol ogies are to be disseminated among the
stakeholders. Information which isa prerequisite
requirement for the methodol ogy hasto bereliable,
trangparent and consi stent to meet the international
quaity standard.

Biodiversity sector

In this section, biodiversity of fishery will be
emphasized. Myanmar Fisherieswill promotethe
fishery productsfrom both aguacultureand capture
fisheries. Toincreasethe production, support from
and collaboration with national and international
scientistswill be needed. Thevision of the Myanmar
Fisheriesisto promotetotal fishery productionand
to earnforeign exchangefrom the export of fishery
products.

Myanmar owes the richness of her fresh water
fisheriestotheextensiveriver systems: Ayeyarwady
with alength of 2150 km, Chindwin (atributary of
themainAyeyarwady) 844 km, Sittaung 536 km and
Thanlwin2400km . All theseriverscan beconsidered
nationally owned productivewater assets. The other
resourcessuch asIndaw Gyi Lake (thelargest |ake
of Myanmar in Kachin State), Inlay Lake, (famous
lakein Shan State), ponds, reservoirsand damswill
asoprovidefishfor loca consumptionannualy. The
totd inland fisheriesproduction will increaseby 4.11
mmt or 2.20 tons per hectare.

Myanmar will improve aquacultural practices by
replacing thetraditiona methodscurrently inusewith
modernized techniques such as Pen Cultureand Cage
Culturefor Seabass, Grouper and Milkfish species
inthe Rakhineand Tanintharyi coastal aress.

Themainrespons bilitiesof the DoF areto conserve
aguatic resources, to undertake licensing and
surveillanceby gpplying theexigting fisherieslawsas
necessay. To ensureeffective management of fishery
resources, the Government has promulgated four
fisherieslaws, namdy:

1. TheLawrdatingtotheFishing Rightsof
Foreign Fishing Vessdl, promulgated on
April 25,1990.

2. Myanmar MarineFisheriesLaw,
promulgated onApril 2, 1989.

3. Freshwater FisheriesLaw, promulgated on
March 4, 1991, and

4. Law relatingtoAquaculture, promulgated
on September 7, 1989.

Fattening of mud crab and processing of soft shell
mud crab are the booming business in Kyun Su
Township of Tenintharyi Region. Marinefinfish culture
using net cages has a so been acommon practicein
areaathough seed production of marinefinfish has
not been successful asyet. Farmershaveto collect
seed from the wild. The species are groupers and
snappers. Marine circular net cages are made at
Myeik inthesamearea Farming of sesbassin earthen
pondsisanother practice, currently gaining interest
among the farmers and private sector. It has been
successful to produce seabass recently. Moreover,
experimenta culture of seaweed, Eucheuma cottoni
hasbeenintroduced inthe area. The DoFintendsto
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promote Pen Culture and Cage Culturefor Seabass,
Grouper and Milkfish along the Rakhine and
Tanintharyi coastal shore. Asplanned by the DoF,
there would be a total of 200,000 ponds by 2031
along the coastal shore. The sustainability of marine
living organismsis entirely dependent on coastal
mangroves and cora reefs. The coastal idandsand
mangrove ecosystems provide environmen-tal
protection againgt tsunami, bank erosion, srongwinds
and seawater intrusion.

Inorder to conservefingerlingsand juvenile shrimps
andtoavoid conflict between theartisand fishermen
and thetrawler, the DoF bansfishing by trawler in
the near-shorezone: fishing by trawlerisnot alowed
withinfivemilesfrom the shorelinefor the Rakhine
coast and within ten milesfor the Tanintharyi coast.
IntheTanintharyi coastd area, Myanmar hasdynamic
Myeik Archipelago.Insular watersare characterized
by an abundanceof cord reefsand extendveseagrass
beds. Theareaischaracterized by alarge number of
rare and endangered speciesincluding five speciesof
marineturtleand anumber of marinemammalssuch
as dolphins, porpoises, whales, dugongs and
elasmobranches such aswhale shark and rays. The
DoF isexerting continuous effortsto conservethese
nationd heritageswith thefollowing objectives:

% To preserveand restore spawning, feeding

and nesting habitets;

To make nesting beaches acceptableto

turtlesby eiminating beach pollution

throughlaw enforcement;

Toimplement beach cleaning program and

prevent exploitation activities;

¢ Tominimizewasteand to prevent pollution
of themarineenvironment, and

% Toincreasepublic awarenessand
participation in seaturtle conservation
through extension and education activities.

>

o
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o
25

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 adaptati on assessment reduction of vulnerability
leve indicator will enforcethelowering of vulnerability
level and strengthening of adaptation measuresfor
each sector.
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X8 Agriculture

The mean score of indicatorsisrelatively highin
Sagaing, Mandaay, Magway, Bago and Ayeyarwady
Regions. Theindicator could bemanipul ated to reduce
thevulnerability to take effective adaptation options
suchas,

a Maintenanceof thetarget cropyield and
production under continuouswatch and care
with advancedtechnologiesand facilities

b) Preparation of crop calendars for various
regions.

c) Avalability of seedsand seedlingsof various
species

d) Proper utilization of fertilizers, pesticides,
insecticidesand water.

o Water resources

The mean score of indicatorsisrelatively highin
Sagaing, Mandday, Magway, Bago and Ayeyarwady
Regions. Therecommended adaptation optionscould
be:
a) Expansion of rura water supply coverage
b) Establishment of new water supply sources
¢) Compliancewithirrigation regulationsfor
beneficid areas
d) Application of integrated water resources
management strategy at different levelsof

usage

o Public health

The mean score of indicatorsisrelatively highin
Rakhine and Mon States, Bago, Ayeyarwady and
Tanintharyi Regions. The recommended adaptation
optionscould be:

a) FEradication of maaria(mosquitoes) habitat
intheareas

b) Extensionof publiceducationtolimit
diarhorreaoutbreak

c) Reservationof preventivepillsand
medicinesfor epidemics

d) Securingfinancia support to make safe
water availablewithout difficulties
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7

> Forestry

The mean score of indicatorsisrelatively highin
Mandday, Magway, Bago, Ayeyarwady Regionsand
Kayah State. Therecommended adaptation options
could be;

a) Enforcement of forest regulations

b) Establishment of groupsof forestfire
fightingvoluntears

¢) Control of dashandburn practiceinthe
forest areas

d) Credtionof dternative
livelihoodopportunitiesfor forest dwellers

€) Control of forest products

f) Consarvationof wildlifespecies

<& Coastal zone

Themean score of indicators (defined by fishyields
and production changes, mangroves ecosystem, and
cord reef) arerddively highin Rakhine State, Yangon
and Ayeyarwady Regions. The recommended
adaptation optionscould be:

a) Enforcement of fishingregulationsin
mangrove areas

b) Rehabilitation and expanson of mangrove
forest areas

¢) Encouragement to the peopleto conserve
cord reefsfor sustainable devel opment

X Biodiversity

The mean score of indicators (defined by forest
biomass, lossof habitat or closed forest and fishery
Species) arerdaivey highin Rakhine State, Sagaing,
Bago and Ayeyarwady Regions. Therecommended
adaptation optionscould be:

a) Regulation of biomass extraction from the
forest

b) Promulgation of specia law and regulations
to protect speciesof near extinction

¢) Encouragement to set up specid wildlifefund

d) Creation of aternate livelihood means or
incomegeneration opportunities.

In ngthe vulnerability of asector, selection of
indicators for the specific purposes of the sector
should begiven high priority sothat most gppropriate
adaptation options could beidentified. Adaptation

may follow accordingtothe* Priority list of the States
and Regionsfor thesectorsandindicators’ in (Table

4.21) and “Priority list of sectorsfor the Statesand
Regions’ in(Table 4.22).

Response strategies

Globa warming and climate change impacts are
growing issues that can impede the sustainable
development of nationsall over theworld. Abnormal
occurrences of weather systemsaretaking placein
many parts of theworld dueto climate change. To
enableto properly respond to thefuture dimate change
impacts, a nation needs to enrich its capacity to
undertakedlimate changeassessment and vulnerability
assessment of the key socioeconomic sectors by
analyzing observational dataand model outputson
regular basis.

To be able to make proper assessment, the subject
of climate change impact hasto be familiar to al

stakeholdersincluding ministries, intitutions, non-
governmental organi zationsand the private sector. In
this regard, DMH has been organizing Monsoon
Forumssince2007 in cooperation withAsan Disaster
Preparedness Centre. Theforumsgenerally review
climateprojection, andyticd resultsof 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 indispensabl e corridors for the
review and exchangeof dataand for formulatingthe
most appropriate policy and strategies. Research
projects, covering theareasof climatechangeimpact,
vulnerability to climate change and adaptation
strategies, may be carried out in collaboration with
both regional and international ingtitutions. It may be
necessary to insist that Myanmar isfinancially and
technicaly constrained to undertakeresearch studies
on its own.Geographical setting of Myanmar is
exposed to natural disasterssuch ascyclones, ssorm
surges, floods and drought. Myanmar people are
therefore used to adaptation to climate change.
However, Myanmar hasto respond to the adverse
climateswith highvulnerablestuation.
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Table 4.21: Priority list of Satesand Regionsfor the sectorsand indicator s

Sr No Sector /Indi cator Score States and Regions
1 Agriculture 1.56 Ayeyar wady
(1) Crop yield and production
changes 3 Ayeyarwady
(2) Crop pattern change 083 [Ayeyarwady
(3) Pest & disease 1 Baga
2 Water resour ces 45 Mandal ay and Bage
(1) Rural water supply Coverage Ayeyarwady
(2) Supply for hydro power Sagaing
(3) Irrigation works And beneficial
e 45 Baga
dred
3 Public health 5.28 |Ayeyarwady
() Malaria 4 Kachin
_ 85 Rakhine, _ Ayeyarwady and
(2) Diarhorea Tanintharyi
4 Ayeyarwad
(3) Unavailability of safe Water i Y
4 For estry 344  [Magway
(1) Forest cover (1000 ha: of Natural |, Mandalay, Magway and
forest) ' Ayeyarwady
(2) Forest fire { Total occurrence 5 M agway
per year )
(3) Species composition (1,000 ha: 3 Bago
Closed forest)
5 Coastal zone 2.89 Ayeyar wady
(1) Fish vyields and production .
changes 3 Rakhine and Ayeyarwady
(2) Mangrove ecosystem 35 Mon, Bago and Yangon
(3) Coral reef 33 Rakhine
6 Biodiwver sity 4.67 Sagang
(1) Forest biomess (growing stock) 8 R
(2) Habitat loss (closed forest from 55 in 4B
1975-2006) > |Sagaing and Bago
(3) Fishery species composition 5 Sagaing
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Table4.22: Priority list of sectorsfor the Satesand Regions

Sr. States
No And P1 P2 |P3| P4 |P5|P6 |Remarks

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| Coasta
6 Rak hine 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 Mandal ay WR|PH |FR|BD [AG No CZ
10 Magway FR [WR|PH|BD [AG No CZ
Coastal
11 Bago WR(PH |BD|FR [CZ |AG but no CZ
12 Ayeyarwady |(PH |WR|BD|CZ | FR |AG| Coastal
13 Yangon PH [CZ |FR|{WR|AG|BD | Coasta
14 Tanintharyi |PH |BD |CZ |[WR| FR |AG| Coastal

Note -

P1, P2, P3, P4, P5 and P6 are represented for the sectorsin priority.

AG=Agriculture, PH = Public health, WR = Water resources,
FR =Forestry, CZ = Coastal zone and BD = Biodiversity.

With the global warming IPCC foreshadows
unprecedented extreme climates and increasing
frequency of disastersamong others, inthe decades
to come. Therefore, Myanmar needs systematic
studies on the climate change adaptation strategies
withinternational/regional cooperation and assistance.

For providing climateinformation to theinternational
communities and centers, selected station of DMH
should be equipped with Automatic Weather
Observing Systems (AWOS) and computersfor deta
quality control and analysisand dataarchive. DMH
staff should be upgraded thought capacity building
refresher coursesand on- job trainingsat theregiond
climate centers. Numerical climatemode should be
familiarized and regiond joint studies on adaptation
strategies performed.

Modern facilities must be provided to DMH for
effective dissemination of current climate, extreme
climateand climaterelated hazards. An information
system needs to be developed to ensure timely
information to the public, government agenciesand
key socio-economic sectorsincluding NGOs. 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
undertakethefollowing prioritized actionsas shown
in (Table 4.23) to ensure improved assessment of
climatechange.

Page 94



Chapter 4 Vulnerability and Adaptation Assessment

Table 4.23: Prioritized action for improved assessment of climate change

No. Description

Objectives

1 Replacement of instruments for observation

To upgrade the guality of the observation for improved
climate change assessment.

2 |(AWOS) to selected stations

Providing Automatic Weather Observing System [To provide quality information to Regional / Gobal
climate centers.

Data analysis with computer facilities

o)

Capacity building for data archive

Data analysis and numerical model.

Planning of schemes jointly
with experts from key-socioeconomic sectors

To study the past climate change/ severe climate inpact
upon key socioeconomic sectors.

6 |Workshop/ forumon climate change

To raise the awareness and response strategies. Seek
opportunities to do researches in key-economic sectors

Climate change information

According to the“ Climate Change 2007 of IPCC,
Impact, adaptation and vulnerability”, globa warming
isevident in the data series of the period 1991-2005
asacontinuousprocess. Itistheresult of Greenhouse
Gases (GHGs) emission and changing socio-
economic pressures such as population growth,
urbanization, land-use change, etc. in addition to
natura climateforcing. Itisdifficult to differentiatea
climatevariability or climate changefromthe current
knowledge. Therefore, IPCC defines the climate
changeasany changein climateover time(timerange
isnot specified but it should be at |east one decade
or more).

Climate change may be occurring with different
patternsof climatevariablesand physica phenomena,
some violently impending such astropical cyclones
and floods, while some of them ared owly damaging
such asdrought.

Asaresult of globd warming, increasing temperature
and decreasingrainfal in centra Myanmar may lead
totheexpansion of thecountry’sDry Zoneareawhere
annud rainfal islessthan 1,000 millimeters.

Thelate onset of monsoon consequently delaysthe
paddy crop planting and will reducecrop yield while
theearly withdrawal of monsoonwill adversely affect
onthesuccessful harvest and crop productivity.. The
unprecedented cyclonic track after landfall across
Myanmar coast would bring copiousrainsand strong
winds damaging the cropsalready ripened and will
disurb harvesting activities.

Page 95

Normd livelihoodsof people, existinginfrastructure,
buildings, etc. inthe coastal region can be severely
damaged by thetropica cyclones. Therefore, warning
system should be upgraded, and effectivefollow-up
response to the warning should be enforced or
encouraged. Weather stations should be upgraded
with the digital sensors. Data compilation/
di ssemination should beimproved by reevant up-to-
date equi pmentsand internet access.

Needs and concerns arising from adverse effects
of Climate Change

Thelossand damagesdueto Cyclone“Nargis’ in
theAyeyarwady Ddtareflect, to acertain extent, the
vulnerability level of thewholecountry aswell. Asa
deve oping country, peopl€ slivelihood mainly depend
on the favorable climate conditions and natural
resources such asland, water and forest resources.

Inagricultura sector, late monsoon onset will delay
theagricultura activitiessuch assoil preparation for
paddy cultivation. Thisdelay will disturb the paddy
growinginthesubsequent months. Duringthegrowing
season, abnormal climatewill damagethecrops. In
the harvesting period attention hasto be paid more
to theadverse climate which can damagetheripening
crop. Replenishment of cultivating landsurgentlyina
short durationisvery costly and very risky duelargely
to thefact that crops grown under suitable climate
condition may normally go out of phase.

Digruptioninagriculturd activitieswill affect not only
thelivestock industry but & so the socio-economic
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development of the nation. High prices of basic
commoditiesand higher transport costswill cause
problem tothe general population of the country. For
example, duringtherelief and recovery period after
the Cyclone”“Nargis’ of May 2008, thepricesof basic
food itemshad risen significantly, becauseof thefear
that therewould have decreasd food supply fromthe
Ayeyarwady Delta. Infact, rice productionfromthe
Ayeyarwady Ddtacontributesonly about 10% of the
country’stotal riceconsumption. Thisfear remained
over a couple of months, keeping high prices
unchanged.

Fresh water resourcesin the coastdl areasare mainly
theimpounded watersin ponds and reservoirs and
thegroundwater. Intheevent of cyclones, fresh water
storagefacilitieswere devastated by strong winds
and seawater inundation. Thereweredisruption of
municipal water supply and ground water supply
owing to problems in eectricity supply. Water
shortage problemsinduce negetiveimpacts, especidly
intheurban and downtown areas. Hygieneleve in
these areasbecomes|ow which may befollowed by
the outbreak of water borne diseases.

Intheevent of climateextremes, forestsarevulnerable
not only to theclimate changebut dso at highrisks of
being over-exploited. If climate-sensitive sectorssuch
as agriculture, livestock and fisheries are largely
disrupted by climate extremes, food security of rural
communitiescould beimpaired. Under such Stuation,
they havenodternatives, but havetoturntotheforests
for intensified exploitation of wood and non-wood
forest productsfor their subsistenceliving, andthe
processmay findly destroy theforests.

During theextremedry period dueto El Nino episodes
of the Pacific, most of theforestswill becomemuch
drier. Therewill be moreforest fireswhich will be
difficult toextinguish. Forestsarevery vulnerableto
extremeclimateevents, particularly severedroughts.
Rural communities inside and around the forests
should therefore be supported financially and
technically to enablethem to adapt to theimpacts of
extremeevents.

4.7. Conclusion

Myanmar, beingatropica coasta country, with north-
south running mountain rangesand river systemsis
endowed with substantial water resourcesmainly due
to southwest monsoon. Itisrichin biodiversity due
to natural extensive coverage of forests. Myanmar
hasfertileriver valleys, extensveddtacplainand has
long coagtal linewith diversemarineresources. The
climateisgeneradly favorablefor variousagriculturd
practices, growth of forest stands and fishery
industries, all of which support the livelihood of
mgority of thepopulation. Extremeeventsand dimate
variability disrupt thelivelihoods of rura populace,
particularly thefarmersand the nationd sustainable
devel opment as aconsegquence. Cyclonesfromthe
Bay of Bengd usudly crossthe Rakhinecoast &t least
about oncein every two years. Floods and droughts
incertain areasoccur annudly.

The landfall of Cyclone “Nargis’ in 2008 over
Ayeyarwady Delta has proven that Myanmar is
vulnerableto cydonesoriginatedintheBay of Bengd,
though it isvery 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
temperaturesand sealeve rise. Therefore Myanmar
hasto pay high attention to climate scenario of the
IPCC.

According to the numerical model MAGICC/
SENGEN, Myanmar will bewarmer by 1.25—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
country will generdly experience 10 %increaseduring
M arch-November including rainy season at theend
of theyear 2100. PRECIS mode showsan increase
of temperature 2-3°C with standard deviation of
about 0.9°Cfor thewholecountry. Regardingrainfall,
thereisan increase of 1582 mm at Sittway, about
600 mm at Myitkyina, Pathein and Dawel stations
and about 300 mm elsewherein the country at the
end of the year 2100. Scenario’s temperature and
precipitation arewithin the reasonablerangesinthe
Southeast Asiaregion. Myanmar still needs more
exerciseswith the climate changerelated numerica
modd studies.
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Inthevulnerability assessment, six potentia climate
changeimpactsare sel ected such astropical storm/
strongwind, flood/ stcorm surge, intenserain, extreme
day temperature, drought and sea level rise. The
climate changeimpactsare applied to three selected
vulnerability indicatorsidentified for each of thekey
S0ci 0-economic sectorswhich arewater resources
sector, agricultural sector, forestry sector, health
sector, coastal zone sector and biodiversity sector.
Thehighest sector scoreisobserved at public health
sector followed by sectors of biodiversity, water
resources, forestry, coastal zoneand agriculture.

Being an agricultural country, measuresaretaken by
the Government to ensure the nation’sfood security
whichisoneof the principal requisitefor national
development. There have proven progress in the
irrigation system such as construction of new
reservoirsand dams, installation of moreriver water
pumping stations and increased groundwater
harvesting. Systematic utilization of fertilizersand
introduction of someadvanced technologiesareaso
being undertaken. Summer rice production and
wetland cultivationin additiontorainfed cultivation
are the practices being promoted. However,
adaptation plans for this sector should be further
enhanced for increased earning of foreign exchange
and nationa economic devel opment.

Thevulnerability index have been estimated by tregting
themean vulnerability scorewith population density
level of States/Regions. Thevulnerability index is
relaively highestinAyeyarwady and Yangon Regions
followed seridly by Manda ay Region, Mon Stateand
Bago Region. Itislow intheremaining States and
Regionshasthelowest Chin State.

For adequate adaptation measures and strategies, to
bedeve oped, vulnerability analys sisvery important.
Vulnerability andysi shasbeen based on the selected
impact indicators of the sector concerned, and the
indicatorswere based on the avail able basaline data
andinformation.

Vulnerability and adaptation measures are to be
enhanced through:

¢+ Improvement of monitoring systemsfor
flood, drought, water quality, pestsand
diseases.
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+ Indtitutiond strengthening, capacity building
and networking.

+ Deveopment andimplementation of
appropriateresponsestrategiesfor
SOCi 0eCONOM € Sectors.

+ Mainstreaming of adaptation measuresand
response strategiesinto development plans.

+¢ Promotion of nationa/ regiond/
international coordination.

Information about current climate change and
possibledimateinthe near futuremay bedisseminated
timely and effectively to the key socioeconomic
sectorsand different stakehol dersincluding public
through various mediaavailable, but with special
emphasisonthetargeted region. A Nationa Climate
Centre should be established and dedicated staff
assigned to the Centre so that climate change
information of the WM O standard isensured and the
immediate need of DMH satisfied.

To reducethevulnerability to the possible climate
change impacts, policies, legidations and other
supporting toolsareto be devel oped collectively. It
will hd pidentify andimplement adaptation strategies,
ensuring the continued progressof Myanmar towards
apeaceful modern developed country. Inthiscontext,
indtitutiona strengthening, technology innovationand
transfer, provision of advanced toolsand equipment,
enabling condition with adequate funds and
collaboration with relevant ingtitutions and agencies
at thenational, regiona andinternationa levelsare

indispensable.
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Chapter 5

Mitigation Options Assessment and Strategies

5.1. Introduction

Inaccordancewith the provisons 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 effortsfor the positive contributionsto
the mitigation of greenhouse gas emission and
protecting globa dimateby making mitigationoptions
assessment and strategiesin key economic sectors
of thecountry.

Thischapter describes emission reduction measures
andimpact mitigation measuresand strategieswhich
are applicableto the current national development
plansin Myanmar. Emphases have been placed to
identify avail ableassetsand barriersencountered for
theimplementation of the mitigation strategies. The
associated ministries of the State have to set up
effectivedrategic plans, schemesand projectstocarry
out ectivitieswith direct or indirect reduction potentias
for GHG emissions. Moreover, measures for
mitigating emission of GHG and climate change
impacts should be integrated in the national
deve opment programs.

5.2. Mitigation Options Assessment
for Key Socio Economic Sectors

For acomprehens veassessment of mitigetion options,
the samecategoriesused inthe GHG inventory were
applied. These categories also represent the key
S0Ci0- economic sectorsof Myanmar, such asenergy,
industrial processes, agriculture, land usechangeand
forestry and waste. Inrdaiontothereduction of GHG
emissions, the assessmentstaken into account were
higher share of gas fuel (particularly in transport
sector), development of less energy intensive
indugtries, devel opment of good agricultural practices,
afforestation and reforestation intheforestry sector,
enforcement of legidativemeasuresinfluenaing directly
or indirectly the GHG mitigation processes, and so
on.

Energy, Industrial and Product Use Sectors

Themitigation assessment for energy isbased mainly
on pre-feasibility case studiesof different aspects of
energy and non-energy sectors. The mitigation
analysesincludeindustrial processes, fossil fuels,
renewable energy, thermal power plants, residential
and commercid and transportation. Myanmar focused
itsefforts onmitigating emissionsarisng fromfossl
fuels. The predominant greenhouse gas is CO,
produced by the combustion of fossil fuelsfor both
stationary and mobile use. Thisis because of the
totd relianceof theeconomy on energy derived from
fossl fuels. Mitigation option performedinthe present
study relied mainly upon desegregated analysisor
methods using emission coefficients which were
dependent on avariety of parametersincluding the
type of end use device, as against using overall
emissonsfromeachfud typegivenin GHG inventory

report.

Reduction of CO, emissions depends on the
development of conversion technologies and
efficiency, and on fuel characteristics. Hence,
mitigation options considered in the assessment to
reduce CO, emissions can be grouped into three
categories. (i) energy conservation or efficiency
improvements, (ii) replacing carbon-intensive energy
sourceswith less carbon-intensive sources and (iii)
promoting new and renewabl e sourcesof energy. The
optionsavailablefor Myanmar in mitigating GHG
emissionsinthesesectorsareasfollows:

0] Hydro power project

Myanmar withmany riversisendowed naturaly with
abundant hydropower resources. Myanmar has
dready identified 267 steswith thetota capacity of
39,624 MW. Exiting hydro power stetionsgenerating
(320) MW constitute only 1% of thetotal potential
resourcesof the country.
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Establishment of large hydrod ectric plantscould dso
beimportant but isard atively costly option compared
to smal hydro power plants.

(i)  Solar electric panel to replace diesel
generator

Today'selectricity supply in Myanmar isgenerated
by fuel generatorsand hydroel ectric power plants.
However, rura areaswhich are away from Nationa
Gridscannot enjoy the e ectricity generated by these
sources. SinceMyanmar isaland of plentiful sunshine,
solar energy is available all over the country.
Photovoltaics(PV s) arethe most attractive among
renewableenergy options. Duetothehighinitia cost
of thesolar energy generating sysemand unfamiliarity
withit, solar el ectricity had not been popular inthe
past in Myanmar. However, PV hasbecome more
commonfor larger gpplication withthedeclineinthe
cost of thesolar pandsand redizing thefact that solar
energy isreaively most cost-effectiveinthelong run.
Besides, the solar energy isattractiveto consumers
because it isreliable, clean, and environmentally
friendly.

(i)  Electricvehicle

Anélectric car isan automobilethat usesan electric
motor for propulsion, in place of more common
propulsion methods such astheinternal combustion
engine. Electric carsproduceno pollution at tail pipe,
but their use increases demand for electricity
generation. Vehiclegreenhouse gas saving depends
on how the electricity is generated. For electric
vehicles, thereduction of carbonemissonwill improve
further if theeectricity isgenerated fromrenewable
energy sources. For everyday use rather than long
journeys, electric cars are very practical forms of
trangportations. In Myanmar, someedectric vehicles
arenow beingusedintheareas, such ashotel zones,
zoological gardens, parks, etc.

(iv)  Wasteengineoail recycling

The engine lubricant industry isabig businessin
Myanmar, with an annual consumption of about 4.5
million gallons (20.24m liters) and turnover ranging
from US$25to 40 million. Smal amount of [ubricant
oil islost during useandtherest arereleasedinto the
environment. Used lubricant, aval uableresource, is
wasted if improperly disposed off. It canaso beused
asrefinery feedstock to become part of crude oil.
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Used oil can berefined again and again after blending
with suitableadditives and with no compromiseon

quality.

(v) HFCsrecycling

Recovery and recycling of HFCs help to decrease
HFC emissionsduring equi pment serviceand disposdl.
The approach involves the use of a refrigerant
recovery device that transfers refrigerant into an
external storage container prior to servicing of the
equipment. Oncetherecovery process and source
operationsare complete, therefrigerant contained in
the storage container may be recharged back into
the equipment, cleaned through the use of recycling
devices, sent to areclamation facility to bepurified.

Thisanalysisassumed that 50 percent of emissions
arerd eased during equipment servicingand disposd,
whiletheremaining 50 percent occur asaresult of
leakage during normal operations.

Transport

Astransport sector isthelargest consumer of fossi
fuels, and consumption in thissector isprojected to
increasemoredramatically, mitigation optionsinthis
sector aregiven dueconsideration.

Much of the petroleum consumed in Myanmar isin
thetransport sector where the use of other forms of
energy is insignificant. As aresult, it is a mgor
contributor to GHG emissions. Better efficiency in
thetrangport sector d someansreduced pollutionfrom
exhaug emissons. Recent trendsinfud switchingfrom
gasolineto Compressed Naturd Gas(CNG) inmotor
vehiclesduetofinancia benefitshaveaready hel ped
to reduce GHG emissionsinthissector. The primary
mitigation options identified for GHG emission
mitigation inthetransport sector areasfollows:-

a) Road maintenance

b) Moda shift fromroadtorail (passenger &
freight)

c) CNGvehiclesanddectricvehicles(In
termsof CO, mitigation potentia, themost
attractiveoption inthetransport sector is
fuel switchingto CNG for Myanmar.)
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Renewable energy

The adoption of GHG abatement measures,
particularly renewable energy production systems
avoid generation of other pollutant emissionslikesulfur
dioxide(SO,) and nitrous oxides (NO), and
contribute to the country’s pursuit of sustainable
development objectives. Broad introduction of
renewableenergy sourceswill not only helptomitigate
GHG emissions, but also increase the degree of
electrification, especialy inremote areas. Myanmar
has cong dered and i dentified theserenewableenergy
resources asimportant response optionsto mitigate
emissions of GHGs. They areemerging asalarge
sourceof untapped dternativeenergieswithvery high
potentialsfor uplifting Myanmar’s socio-economy.
Studies on cost implication for these options are
supportiveof their integrationintotheGHG Mitigation
option policy of Myanmar. In linewith the poverty-
alleviation plan and therural energy development
target, theMyanmar Government hasimplemented a
seriesof policiesand measuresto support new and
renewabl e energy devel opment. Renewabl e energy
is an important source of energy for lighting and
hesting processesat present in Myanmar. In spite of
increasein generation of e ectricity from hydropower
inthecountry, biomassenergy isincreasngly becoming
apotential source of domestic energy supply inthe
countryside.

Based on years of experience under the
Government’srural electrification program, anew
direction would be to extend the use of PVs to
supplement household e ectricity supply in urban aress
and to reduce load dependency onthe nationa grid.
Electricity generated from householdscandsobesold
to utilities, reducing the investment required for
installing generation plantsto meet peak demand.
Reducing load dependency will alow for more
effective management of the nation’selectricity grid,
because daytime demand level s can belowered as
households switch to supply viaPV's. CO, emission
reduction potential and cost effectivenessfor some
identified mitigation optionsaregivenin(Table5.1).
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
regiond differencesand poss blemitigation measures
which vary with theemission level sand management
practicesindifferent regions. Comprehensveanayses
of land use, cropping systems and management
practices are needed at regional level for the
effectivenessof variousmitigation measures. Options
for reducing emissions, such as improved farm
management and increased efficiency of nitrogen
fertilizer use, will maintain or increase agricultural
productionwith positiveenvironmenta effects. These
multi ple benefitswill result in high cost-effectiveness
of availabletechnologies. InMyanmar therearefour
relevant optionsfor reducing GHG emissionsinthe
agriculture sector, namely, (1) mitigation of carbon
dioxide emissions,(2) mitigation of methane
emissions,(3) mitigation of N,O emission from
agriculturd soilsand (4)mitigetion of GHGsfrom field
burning of agricultura residues.

Mitigation options of Carbon dioxide Emissions

(@) Conservation tillage on crop lands

Optionsfor increasing theroleof agricultural land as
asink for CO, include carbon storage in managed
soils and carbon sequestration after reversion of
surplusfarm landsto natura ecosystems. Currently,
only half of the conversion of tropical forests to
agriculture contributesto an increasein productive
cropland. The only way to break out of thiscycleis
through more sustai nabl euse, improved productivity
of existing farmland and better protection of native
ecosystems. These practices could help reduce
agriculturd expanson and hencedeforestation. There
aredifferent kindsof conservation tillage systems,
indudingnotill, ridgetill, minimumtill andmulchtill. It
increases carbon storage through enhanced soil
sequestration. M anagement practicesto increase ol
carbon stocksincludereduced tillage, crop residue
return, perennid crops(including agro forestry), and
reduced barefallow frequency. However, thereare
economic, educationa and sociologica congraintsto
improve soil management in much of the tropics.
Many tropica farmers cannot afford or havelimited
access to purchase inputs such as fertilizer and
herbicides. Crop residues are often needed for

Page 100



Chapter 5 Mitigation Options Assessment and Strategies

Table5.1: GHG mitigation potential and costsof someoptionsin ener gy sector

GHG Present
mitigation total Incremental | Abatement
Sr.Nao Option potential costs costs cost
(Ton COz) |(USS, mil.)| (USS$, mil.) | (USS/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) 5732¢10°| 14,269,187|  -4,283.266 -37.37
4 LED Street Lighting (E4) 349+ 10° 328,128 -44,8%4 -6.43
5 Modal shift fromroad to rail(freight)(E5) 1789 8.73 -2.6 -72.62
6 Modal shift fromroad to rail(passenger) (E6) 5,768 2307 -5.19 -44.97
7 Road improvement(rail)(E7) 20,677 53.68 -547 -26.47
8 Efficient air conditioner(ES) 19,619 2807 -7.76 -3.14
9 Efficient motor with variable speed drive(E9) 1,486 128 -0.07 -3.16
10 Blectronic ballast(EL0) 24.235 36 -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 Blectric vehicle(E13) 63,063 1214 -187.29 -148.5
14 Blectric fork lift(E14) 172,822 332.95 -78.22 -22.63
15 Rice husk gasifier(E15) 129,982 229.77 -261.18 -200.92
16 |Biogas cookstove(E16) 130410°| 165051 -24794 -37.98
17 CNG vehicle(E17) 1,559,250 33,327 -10049 -322
18 Production process change(E18) 278,871 8853 -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

livestock feed, fuel or other household uses, which
reduce carbon inputsto soil.

(b) Use of biofuel
Energy utilizationin Myanmar traditionaly depends
upon energy sources such asfuel wood, charcod and

biomass. Because of thefuel wood scarcity, farmers
usecrop residuesasfuel instead of placing themto
their fields. Agricultural by-productssuch aspigeon

peastocks, cotton stems, paddy straws, rice husks,
peanut husks, sesame stalksand pamleaves offer as
sources of energy. Asaconsequence, thefields get

inadequate amount of organic matter repleni shment.
Moreover, biomassin theform of wood and charcod

used as fuel contributes to deforestation, and
consequently threatensthe environment.

In order to boost the crop production, utilization of
farm machineriesisincreasinginrura areasfor field
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operations such asland preparation, threshing and
harvesting and demand for fuel isrising. Physic nuts
(Jatropha curcus) areapotentia non-edible cropto
producebio-diesdsin Myanmar. 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
productionisintended to alow rura householdsto
reducetheir dependency on diesel fuel for cooking

andlighting.
(© Rice husk and saw dust gasifier for
electrification

Another dternaiveistousegadfier,inwhichbiomass
isonly partialy combusted, to generate producer gas.
Producer gas is composed of hydrogen, carbon
monoxide and carbon dioxide. It is another low
heating-va ue gaseousfud that can beused for high
temperature hegting applications. All typesof biomass,
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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 isstill cheaper than
that produced by diesel generator. Small scale
industries are using gasifiers instead of diesel
generators. Rice-husk gasifier consumes 9 basket of
ricehusk inan hour whichinturn generates 100 KVA
electricity. There are many projects in Myanmar
totaling morethan 600 units.

Mitigation of CH, emissions from rice
cultivation

In Myanmar, riceisthe staplefood and its economy
mainly depends on rice production for domestic
consumption and export. Ricegrowswel |l inamost
all regionsof the country and about 30%isirrigated
andtherest areunder rain-fed condition. According
toitscropping patternsand agro-ecol ogical regions,
rice varieties used and the agronomic management
practices, such aswater and nutrient management
considerably vary among the different regions of
Myanmar. Riceismogtly growninflooded fid dsunder
anaerobic conditionsand it has been recogni zed that
significant amounts of CH, are released to the
atmosphere, consequently contributing to global
warming more than any other crops. Based on the
scientific research findings, severa cultivation
practices have shown promisefor reducing methane
emissionfromrice. Thefollowing arethe options of
reducing methaneemissionsfromricecultivation:

@) Fertilizer management practices

The higher CH, emission arises from fertilizer
goplication. Useof sulphate- containing fertilizersand
dow rdeasenitrogenfertilizerssuchasmudball, prilled
urea, ureasuper granules, ammonium thiosul phate,
could be used instead of urea to mitigate CH,
emission. Moreover, the use of the nitrification
inhibitors such as Nimin or placement of ureasuper
granulesinflooded ricefields can be considered as
suitable optionsfor mitigating CH, emission without
affecting grainyields. Application of gypsumtorice
fidldsand multiplefertilizer application can limit the
CH, production. Application of organic sourcesis
known to enhance CH, emission from flooded rice
fidds

(i)  \Water management practices

Proper water management is considered a good
srategy tomitigate CH, emission. Intermittedirrigetion
isrecommended for mitigation instead of continuous
flooding. Interval timebetweenirrigation should be
lengthened up to 2- 3 weeks and water level and
amount of water can be controlled without sacrificing
yidds.

(iii)  Selection of high yielding rice cultivars

with low CH, emission potential
Riceplantsplay animportant roleintheflux of CH,
from ricefieldsto the atmosphere and significant
differencesexist anongricecultivars. For example,
thenumber of tillersper plant was positively correl ated
with CH, emissionrate, and therewasasignificant
positive correlation between above ground biomass
and emission and between root biomassand emission.
Screening of rice cultivarsthat have higher harvest
index and moreeffectivetillersmay beapromising
Srategy to mitigateemission.

Mitigation of N,O emission from agricultural
soils

Chemicd fertilizersplay akey roleinmodern crop
husbandry and are essentia to producehighyields.
Over gpplication of fertilizersmay reducefarm profit,
create a risk of soil degradation and cause
environmental pollution. Nitrous oxide emissions
during both oxidationsof NH, and denitrification are
increased by N fertilizer application to soil.
Volatization of ammonia occurs when urea or
ammonium fertilizersaresurface-gpplied to pastures
or to soils. To meet thefood demand of the growing
populaionworldwide, goplicationof syntheticfertilizer
for theincreasad crop production hasrisenup rapidly.

Organic agriculture not only enables ecosystemsto
better adjust to the effect of climate changebut also
offersamajor potential to reduce the emission of
agricultural GHG. In addition, theinfluencesof the
incorporation of crop residues, compost and animal
manureson N,O emission werewel| documented. It
isnoted that thequdity (C/N ratio) of organic materids
isanimportant factor affecting N, O production. N,O
production was increased by organic matter with
decreased C/N ratio such asvetch, soybean, corn,
wheat crop residues, groundnut, maize, chicken
manure.
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Possible optionsto minimize potential harmful N,O
emissonindifferent agro-ecosystem areasfollows:

% Useof dow releasefertilizer

¢ Adjusting thetiming of fertilizer and manure
application so that the crop makes
maximum useof N

+¢ Incorporation of crop resdueswith high C/
N ratio

¢+ Surfaceapplication of liquid manures

¢ Development of organic agriculture

Mitigation of GHGs from field burning of
agricultural residues

Theemissionsof CH,, CO, N,OandNO, fromthe
open burning of crop residues and weeds are well
recogni zed. However, use of crop residuesfor anima
feed, fud wood and household useare very common
for thesmd| holder farmersacrossMyanmar. Farmers
usudly burn only afew amount of resduesof previous
crops and weeds intheir fieldsat theland clearing
time. The crop residues of paddy, wheat, corn and
sugarcane aretraditionaly burnt to prepareland 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. Inthedry zone of
centra Myanmar, wheretheanimal feed and fudl are
becoming scarce, crop residues of paddy, pul ses,
peanut and corn are used for cattlefeeding and sems/
stalks sesame, pigeon pea, and cotton are used for
household fud andjaggery industry. Compost making
of crop residues should be encouraged through the
useof effectivemicroorganisms. Awarenessraising
programs should be carried out to reducethefield
burning.

Livestock

The present nationa herd of 13.74 million heads of
catleand buffaloesare grazed mainly on natura grass
during the monsoon season, and are fed on paddy
straw during thedry season. Cattleand buffaloesare
the most important sources of methanefrom enteric
fermentation because of their numbers, large body
sze, and ruminant digestivesysem. Methaneemissons
from manuremanagement areusudly smdler than that
from enteric fermentation.

There are many strategies options that could be
conddered for reducing methaneemissionsfromcettle.
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Therearethree principal waysto mitigate methane
emissions from livestock. First, decreasing the
numbersof ruminant animal's can reduce emissions.
Second, improving manure handling can reduce
methane emissons. A third way to decrease methane
emissionsfrom livestock istoimprovetheenteric
fermentation processin ruminant animals

Mitigation options for CH,emission from
enteric fermentation

The concept of methane emission reduction from
livestock sector is prioritized viamechanical and
chemical feed processing, feed supplementation,
geneticimprovement, and reproductiveimprovement.

Thefollowing arethe most appropriate mitigation
optionsfor CH, emission from enteric fermentation
inthelivestock sector in Myanmar.

(i) Supplemented feeding system with urea
molasses block

Theuseof UreaMolasses Bl ock reducesthemethane
emissions from enteric fermentation by up to 25
percent and also raises milk productivity by asmuch
as 20 percent. Feeding trials have indicated the
acceptability of feedingwith ureamolasses minera
block. It is more favorable than feeding with urea
treated straw. UreaMolassesBlocksarevery useful
and handy waysto supplement thedeficient nutrients
likefermentablenitrogenand al themacro and micro
essential minerals.

(i) Treatment of straw with urea
Thetrestment of straw with ureareducesthemethane
emissions from enteric fermentation by up to 10
percent and a so increasesthe milk productivity by
up to 20 percent. Paddy straw isavery important
resourcein Myanmar. If the paddy straw harvested
from half of the present rice paddies were treated
with urea, therewoul d be enough roughagefeedstuffs
for thewholecountry. Thistreated paddy straw would
havea70 percent digestibility instead of 60 percent;
thenitrogen content would increasefrom 0.5 percent
to 1-1.2 percent and thevoluntary intake by animals
would increase by about 20-30 percent.

Use of urea-treated straw resultsin anincreasein
digestibility of straw dry matter/ organic matter and
improves voluntary consumption. However, the
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acceptance by farmersin Myanmar has been till
limited dueto economic and sociologica reasons.

Theinvestment costs per animal for the options of
improving feed by using urea molasses blocks or
treatment of straw with ureaare $43.8 and $20.8,
respectively, andtheincrementd yieldfor theseoptions
are 330 kg/head/yr and 247.5 kg/head/yr,
respectively. Fromtheinvestiment cost andincrementd
yield analysis, the ureamol asses block optionisthe
better option for treatment of straw with urea

Mitigation options for CH, emission from
manure management

InMyanmar, amongthepastordist communities, most
anima manureisleft uncollected. Onthe other hand,
farmerswho practicemixed agricultureanimd wastes
arecollected and composted and | ater applied directly
ascropfertilizer.

M ethane emiss onsfrom themanure can bemanaged
by using varioustechnol ogiesto hel p reduce methane
emissionduring storage.

Biogas production by recovering the methane
emission from anaerobic fermentation is now
considered as a potential mitigation option in
Myanmar. Therecovered methane gas can be used
directly onthefarmto supply variousenergy end uses,
or can be collected and sold, or used to fuel boilers
that providethe energy to generate el ectricity. The
remaining by-product of anaerobic decomposition,
contained inthedurry or liquid effluent, can beused
ascropfertilizer, animal feed, and as supplementsfor
aquaculture.

Biogas produced from anima manure could be used
for household cooking and lighting purposes. The
slurry/liquid effluentisused asfarm fertilizer. Itis
therefore needed to make the technology more
affordableto rural householdsin order for themto
benefit fromitsuse. Theuseof biogasasandternative
energy source, especialy inthehigh potential aressis
oneway to alleviatefuel -wood shortage, minimize
destruction of forestsand woodlands, and increase
carbon sequestration while abating increases of
methaneemisson by transforminginto carbon dioxide
and thus reducing the methane warming potential .
Mitigation options, mitigation potential and costsfor
thelivestock sector are shownin (Table5.2).

Land Use Change and Forestry Sector

Intheforestry sector, severa mitigation options can
be considered, including the conservation of forests,
enhancement of the forest area, and fuelwood
conservation. To enhance the forest areas,
consderation weregiven to participatory community
and fuelwood plantation projects and natural
regeneration and protection projects. A reductionin
forest products consumption were achieved by
replacing traditional fuel wood stoves with more
efficient cook stovesand/ or by using biogassystems
avillagelevd.

If mitigation in forestry becomes an important
component of overall climate change policy, future
land useswill change substantidly. Within therange
of carbon prices of $60 to more than $200/t C,

Table5.2: Mitigation options, mitigation potential and costsfor thelivestock sector

Mltlgatlon L . Investment NPV of |mpaCt on
Country | Mitigation Options Potential | Mugation Cost | Benefite | Milk Yield
kgheadryr) | FKOCH) T @neadyr) | @kgcHay | (%)
Myanmar | Urea-molasses 14 313 438 175 20
block
o Ureatreatment of 6 347 20.8 3.06 -10
straw

Page 104




Chapter 5 Mitigation Options Assessment and Strategies

there could beasmany as 1 billion more hectares of
land inforestsby 2100. These carbon pricesarewel |
within therange of current estimates of the costs of
gtabilizing futureclimate, suggestingthat if forestry is
ultimately included asacreditable opportunity, then
largeland usechangescould takeplace. Themitigation
effortslargely imply reductionsin deforestation, thus
preservation of existing forest areasintropicd regions.
Somemitigation measuresinforestry sector areshown
in(Table5.3).

Afforestation/reforestation activitiesin deforested
areas, rehabilitation of degraded forest areas,
enhancement of naturd regeneration arethe potentia
mitigation optionsin forestry sector of Myanmar.
Mitigation practicescan dso belinkedtointernationa
cooperation activitiesfor additional financial and
technical support. Kyoto Mechanisms adopted in
1997, allowsthe devel oping countriesto host Clean
Devel opment Mechanism (CDM) projectsto enter
global carbon market. Afforestation/reforestation
projects can be linked to AR CDM projects.
Moreover, conservation of natural forests and
sustainableforest management practicesareinline
with Reducing Emission from Deforestation and
Forest Degradation (REDD) mechanism.

Mitigation options assessment by ALGAS
project

InMyanmar, an assessment of themitigation options
was carried out by AsiaL owcost Greenhouse Gas
Abatement strategies(ALGAYS) projectin1997. The
following 5 optionsin forestry sector wereexamined
for various parameters.

(i) Reforestationwith short rotation species(ten
years) for community plantation and fuel
wood plantation (SR),

(i) Reforestationwithlongrotation species (40
years) for commercia plantationand
watershed management plantation (LR),

(i) Natural Regeneration (NR),

(iv) Reforestationfor bio-dectricity generation
(RB), and

(v) Forest Protection (FP).

The examined parameters and the results of the
analysis wereshowninTable5.4. It wasalso found
that themitigation potentia of optionsranged from
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33 tC/hafor natural regeneration to 155 t/hafor
reforestation with longrotation. Theinvestment cost
for forestry mitigation optionsislow, beingintherange
of $0.1 per tC abated for the natural regeneration
option to $21.4 per tC abated for the option of
reforestation for biodlectricity production. Investment
cost is high only for the bioelectricity option at
$21/tC abated, asit includesthe cost of plantation
forestry and the cost of establishing a power
generaion system.

The mitigation scenariosconsideredinALGAS
project were the programmatic scenarios, the
bi omass demand based scenario, and thetechnical
potentia scenario. Theaggregate mitigation potentials
are 30 mtC, 126 mtC, and 583 mtC for the
programmietic, biomass demand based and technical
potential scenarios, respectively.

Current assessment of mitigation options

(i) Afforestation / Reforestation

Plantation forestry haslong been 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 totheyear 2000, al the plantation activities
areimplemented by the Ministry of Forestry. The
amount of carbon sequestered by the forest
plantations vary from 4.5 -10.1 tC/halyr. Private
sector involvement in the establishment of forest
plantation can enhance the growth and economic
return of the plantations. Inthe Dry Zone of Central
Myanmar, forest plantetionsarebeing established with
theobjectivesof greening theenvironment, supplying
local peoplewith small timbersand fuelwood and
restoring the degraded forests. Because of the harsh
environment withlow rainfadl, the plantationsin dry
zoneareaarepaid specid attentiontogrow well. The
growth rateisalso slow. However, intermsof AR
CDM projects, dry zoneiseligible to host an AR
CDM project and can get benefit from that mechanism

if properly managed.

(i) Community forestry

Community forestry referstotree planting activities
undertaken by community on communal lands, or
the so-called common lands; it isbased on thelocal
peopl €' sdirect participationin the process, either by
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Table5.3. Examplesof mitigation technologies, policiesand measur es, constraintsand opportunities

in forestry sector

Key mitigation technologies
and practices

Policies, measures
and instruments

Key constraints
or opportunities

- Affor estation, r efor estation

- For est management

- Financial incentives (national and

international) to increase forest area,

to reduce deforestation and ta
maintain and manage forests;

-Constraints include lack of
investment capital and land
tenure issues.

- Reduced defor estation

bioener gy tor eplace fossil fuel
use

- Tree species impr ovement to
Incr ease biomass productivity
and car bon sequestr ation

- Impr oved r emote sensing
technologies for analysis of
vegetation/soil car bon

sequestr ation potential and
mapping |and-use change

- Har vested wood pr oduct
management - Land-use regulation and
- Use of for estry products for enforcement

-Can help poverty alleviation.

growing trees by themselves, or by processing the
treeproductslocally. Forest Department of Myanmar
issued Community Forestry Instructions (CFl) in
1995 with the objectives of attaining environmental
stability and meeting the basic needs of rural
communities. Accordingtothe CFls, local peopl€'s
activeparticipationisintended to play akey rolein
the afforestation and rehabilitation of denuded and
degraded aress.

(i)  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. Choiceof suitables viculturd intervention
dependsprimarily onthestructura characteristicsand
regeneration potentia of the degraded stand. If the
number of economicaly valuabletreesintheinitia
stand isnot sufficient, or thereisacompletelack of
such trees, then enrichment may be abetter option
thanimprovement.

Forest Department of Myanmar hasbeen practicing
natural regeneration activitiesin theroutineforest
operations. However, limited funding and labour
intensive works are the main barriers in natural
regeneration operations. Thereisasolittieknowledge

on carbon sequestration potential by natural
regeneration operaionsin natura forestsof Myanmar.

(iv)  Agroforestry

Agro-forestry practices havelong been considered
as ecologically sound farming practices and offer
potentid for regaining someof thelost carbonsthrough
changesin land uses patternsasmuch as 176 tC/ha
after a period of 10 years (estimated for tropical
regions). Improvement inland management practices
suchasprotection of treeson thefarm, contour felling
and mound-based soil fertility management, etc. could
help to regain about 44 tC/hato 46t C/ha.

Studies performed in devel oped countriesindicate
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 are morelabour intensive. However, the
currentingtitutiona mechanism lackscgpacity to cope
with climate changerelated forestry sector adaptation,
and mitigation policy adminigtration|acksthe capacity
for accounting framework to measure changesin
biomass stocks and to promote sustainable forest
management with concrete economic and
environmentd gods.

Page 106



Chapter 5 Mitigation Options Assessment and Strategies

Table5.4: Analysisof theidentified forestry mitigation optionsby AL GAS proj ect

Par ameter 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 13 0
Investment cost, $/t1C abated 3.83 0.79 01 214 164
Cost-benefit analysis, NPV/tC 19.28 222 0.13 0.86 2.87

(V) Conservation of natural forests
Conservation of natural forests, which leadsto halt
deforestation can be coped with REDD mechanism.
Myanmar forestry sector amsto conserveup to 30%
of natura forestsasreserved forestsand another 5%
as protected area systems. This option can be
combined with REDD mechanisms.

(vi)  Dissemination of fuel wood improved
stoves

Replacing traditional fuelwood stoves with more
efficient cook stovescan effectively mitigate theGHG
emission inforestry sector by reducing burning of
biomass. The GHG mitigation potentia of 100, 000
efficient cook stoves(A-1) canbe 120,736t CO, yr ™.
Theinvestment cost per ton of carbon dioxideabated
for fuelwoood isabout 0.55 USD.

Waste sector

Waste management is the collection, transport,
processing, recydingor digposa and monitoring of waste
maeriads Thetermusudly rel atesto materid sproduced
by human activity andisgenerdly undertakentoreduce
their effect on hedlth, the environment or aesthetics.
Waste management caninvolvesolid, liquid, gaseousor
redioactivesubstanceswith different methodsandfidds
of expertisefor each. Management for residentia and
ingtitutiond wastein metropolitan areasisusually the
respong bility of local government authoritieswhile
management for commercia and industrial wasteis
usudly therespongbility of thegeneraor.
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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. Examples of waste handling syslemsinclude
(a) disposa methods,(b) recycling methodsand (c)
avoidance and reduction methods.

In Myanmar urban centre curbside collectionisthe
most common method of disposal whereby the city
collects waste and recyclables and organics on a
scheduled basis. Peopleoften disposeof their waste
by haulingit to atransfer station. Waste collectedis
then transported to aregiond landfill.

(a) Disposal methods

@) Landfill

Digposing of wastein alandfill involvesburyingthe
waste and this remains a common practice in
Myanmar. Landfills are often established in
abandoned or unused quarries, mining voids or
borrow pits. A properly-designed and wel l-managed
landfill canbeahygienicandrelatively inexpensive
method of disposing of waste materials. Older,
poorly-designed or poorly-managed landfills can
createanumber of adverse environmenta impacts
such aswind-blown litter, attraction of vermin and
generation of liquidleach, etc.. Another common by
product of landfillsis gas (mostly composed of
methane and carbon dioxide) whichisproduced as
organic waste down an aerobically. This gas can
create odor problemsand kill surfacevegetation.
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(i)  Incineraion

Incineration is a disposal method that involves
combustion of wastematerial . Incineration and other
high temperature waste treatment systems are
sometimes described as “thermal treatment”.
Incinerators convert waste materialsinto heat, gas,
steam and ash. Incineration iscarried out bothona
small scale by individuals and on alarge scale by
industry. It is used to dispose of solid, liquid and
gaseouswaste. It isrecognized asapractica method
of disposing of certain hazardous waste materials
(such ashiologica medicad waste). Incinerationisa
controversia method of wastedisposd, duetoissues
such asemission of gaseouspol lutants.

(b) Recycling methods

0] Biologica reprocessng

Waste materials that are organic in nature such as
plant material, food scraps and paper products can
berecycded usngbiologica compostingand digestion
processes to decompose the organic matter. The
resulting organic materid isthenrecycled asmulchor
compost for agricultural or landscaping purpose. In
addition, waste gasfrom the process, such asmethane
can be captured and used for generating e ectricity.

Therearelargevarietiesof composting and digestion
methodsand technologiesvaryingin complexity from
simple home compost heaps, to industrial-scale
enclosed-vessdl digestion of mixed domesticwaste.

(i) Energy Recovery

The energy content of waste products can be
harnessed directly by using them as a direct
combustionfud, or indirectly by processingtheminto
another type of fuel. Recycling through thermal
treatment rangesfrom using waste asafuel source
for cooking or heating to fuel for boilersto generate
steam and e ectricity.

(c) Avoidance and reduction methods

Animportant method of waste management isthe
prevention of wastematerid being created dsoknown
aswaste reduction. Methods of avoidanceinclude
reuse of second-hand products, repairing broken
itemsinstead of buying new, designing productsto
berefillable or reusable (such as cotton instead of
plastic shopping bags), encouraging consumersto

avoid using disposable products (such asdisposable
cutlery) removing any food/liquid remainsfrom cans,
packaging and designing products that use less
material to achieve the same purpose, e.g. light
weighting of beveragecans. Mitigation measuresand
biological reprocessing, energy recovering and
avoidance and reduction methods should be
promoted in order to reduce GHG emissonfromthe
waste sector.

5.3. National Strategies on GHG
Emission Reduction

Inthefaceof climate change, an urgent need arises
to set up the national strategiesfor GHG emission
reduction and for the reduction of climate change
impact. Such measures should be emphasi zed not
only onsustainable productioninlinewiththe GHG
reduction goals, but a so on endangered speciesand
communities, certain ecosystems(eg. wet lands) and
habitats. So far some strategies which aredirectly
and indirectly related to theseissues have been set
upinMyanmar.

Energy sector

The abatement strategy in the sector was considered
atimeframewithin 2000to 2030.Themost important
actionsto mitigate GHG emissionsduring the period
2000-2030 areeconomic and effectiveuse of energy
and use of renewabl e energy.

Energy devel opment hasaways been animportant
part of Myanmar’s national economy and social
devel opment plan. In accordance with the guidance
of the Government, Ministry of Energy hasasolaid
down Energy Policy and Strategy. The main
objectivesof the Policy areto utilize optimum amount
of energy efficiently, to save non renewable energy
resources of the country and to increase the
production leve of existing energy sourcesand at the
sametimeto update the energy demand.

Energy utilizationin Myanmar mainly dependsupon
traditional energy such asfuel wood, charcoa and
biomass. During 1999-2000, 35 percent of thetotal
energy consumption iscontributed by commercial
energy such asoil, naturd gas, cod and hydropower.
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Theba anced utilization of different energy typeshas
all along been emphasized and increased production
of commercia energy hasbeen prioritized in order to
replacetraditiona energy typesand at thesametime
to meet therequirement of industrial devel opment
program. Myanmar has abundant renewable energy
sourcessuch ashydropower, wind, solar, geothermd,
biomassand other types of renewableenergy sources.
Renewableenergy, i.e., hydrod ectricity and biomass
contributed 67 percent of total energy consumption.
Biomassintheformof fuel wood, charcod,, agriculture
wasteand anima dungis predominantly used.

Emissionsfromthe energy sector are not significant
at present. However, dueto therapid expansion, this
sector’scontribution to GHG emissonswill bemore
significant in the future. The growing trend of
greenhouse gasemissionswill continueif thecurrent
shift of Myanmar’sindustrid structure continuesand
considerable efforts to reduce emissions are not
implemented.

Toimplement appropriateand effectiveresponsesto
climate change, the following are priorities for
Myanmar.

¢+ Promotion of the use and development of
renewableenergy

¢ The use of clean and efficient energy for
industry, transportation, commercia and
residential sectors

s Useof Compressed Natural Gas (CNG) as
fud for commercid vehiclesasfud switching
intransportation sector

% Useof energy saving Light Emitting Diode
(LED) lightingto replacemercury and sodium
vapour lamps

% Useof Solar Electric Panel todiscourageuse
of foss| fuelsfor rural e ectrification

% Replacing some biomass or HSD cook
stoveswith biogasstoves

% Useof new technologies such as efficient
lighting and air-conditioning and refrigeration
systemswith higher overdl energy efficiency
to replacetheexisting lessefficient systems

++ Promoting renewabl eenergy technologiesin
placeof foss| fuel generatorswherever they
aretechnologically and economicaly feasible
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++ Encouraging energy conservation through
promoting good house-keeping practicesin
industrial, commercial and domestic sectors

GHG projections for energy sector

Carbon dioxide emissions depend on the type and
amount of energy consumed, and energy consumption
isclosaly linked to the socio-economic devel opment
of acountry. Hence, projection of CO,emissionsfrom
the energy sector isbased mainly on projections of
the population and economic growth of acountry over
aspecific periodinthefuture.

Of the total energy demand in the country, the
residential sector consumes and is expected to
consumethelargest portion, estimated to be about
78 percent followed by theindustria, transport and
commercia sectors. Agriculture remains as the
smallest user of total energy. If biomassenergy useis
not counted or excluded, energy industry isseento
consumethelargest amount of energy at 30 percent
followed closely by transport and industria sectors.

Energy useinthiscountry isincreasingfaster inthe
transportation sector than in any other sectors.
Increase in transportation energy use is a clear
indication of alarge amount of carbon emissions
becausevirtudly dl energy requirementsof thissector
arein theform of petroleum products. Mitigation
optionsto reduce GHG emissionintransportationis
one of thefocal areasinthestudy. Itisan emerging
challenge for countries like Myanmar to devise
strategiesthat cantake care of theincreased mobility
of the peopleand the goodsrequired for meetingthe
devel opmentd aspirationsyet without environmenta
implications.

Agriculture sector

Agriculture

Being an agricultural country, rice cultivation in
Myanmar will continuetoincreaseat itscurrent rate
to meet the home consumption and export market.
Hooded ricefieldsproduce CH ,emissions, whichcan
be reduced by improved management measures.
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Successful implementation of availablemitigation
strategieswill depend on thefactsthat:
(i) grainyiddwill not decreaseor may increase;
(i) therewill besavingsinlabour, water and other
production costs; and
(i) rice cultivars that produce lower CH,
emissionsareacceptabletoloca consumers.

Since nitrogen isthe major component of mineral

fertilizerscommonly used in the country, thereisa
rising concern over the extent to which high-input
agriculture loads nitrogen compounds into the
environment. Nitrogen budgeting, or aninput/output
bal ance approach, provides abasisfor policiesto
improve nitrogen management in farming and for
mitigating itsenvironmenta impact. Management
systems can decreasethe amount of nitrogen lost to
theenvironment through gaseouslosses of anmonia
or NLO, or throughleaching of nitrateintothesubsoil.

The primary sources of N,O from agriculture are
minerd fertilizers legumecropping, and animd wade.
SomeN,O dsoisemitted frombiomassburning. The
underlying concept in reducing N, O emissionsisthat
if fertilizer nitrogen (including manurenitrogen) isbetter
used by the crop, less N,O will be produced and
less nitrogen will leak from the system. By better
matching nitrogen supply to crop demand and
integrating animal wasteand crop resduemanagement
arethepossiblestrategiesfor reducing emissions.

Thefollowing strategies are being carried out for
mitigation of GHG emissionsand potentia reductions
of annua emissionsof carbon dioxide, methaneand
nitrousoxide.

(1) Reducing CO,emissions—Reductionin
foss| energy use by agriculture, expanded
useof minimum and notillage, andirrigation
scheduling

(2) Reducingmethaneemissions. - Improved
rice production practices, irrigation
management, nutrient management, new
cultivarsand other practices

(3) Reducingnitrousoxideemissons. Increase
N fertilizer useefficiency, reduce use of
nitrogen fertilizers, gpply improved
technol ogy for nitrogen application, match

N supply with crop demand, integrate
production systemsto maximize manure
reusein plant production, conserve plant
residue N onthe production site, and
irrigationand drainage.

TheMinigry of Agricultureand Irrigetion hasa ready
established the priority framework for the
devel opment of agriculturesector. Among others, the
following arethe strategiesrelated tothemitigation
of theimpact of climate change.

Diversfying arop production and productivity
Sustainable water sector devel opment for
promoting accessto irrigation water
++ Promoting rurd devel opment through
sustai nable devel opment of agriculture
sector
¢+ Strengthening research and extension
+¢+ Technology generationfor good agricultura
practi cesand dissemination for integration
into current food production chain
¢ Rurd infrastructuresdevel opment
(Devel opment of farmand rural road
networks, Establishment of farmers
markets, warehouses and cold storage;
exploring possibility of private sector
investment)

*
°0

X/
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Livestock

Livestock farmingin Myanmar reliesheavily onthe
agriculture, agro-industrial by-productsand natural
grassland. Dueto the high pricesof agro-industrial
by-products, most of thelivestock farmers cannot
afford to provide balanced and well managed ration
to their livestock for maximum production. Dairy
farmingisan additiona incometo peri-urbanfarmers
and dueto seasond variation and pricefluctuation of
agricultureby-products most livestock farmersfocus
mainly on low profilefeeding strategies. Therefore
livestock especidly dairy cattleareusualy given only
sub-mai ntenanceration during dry period.
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Strategies for reduction of CH emission

Among domedti cated livestock, ruminant animasare
thema or emittersof methanebecauseof their unique
digestive system. The amount of methane produced
and excreted depends primarily upontheanimd’ stype
of digestive system and the amount and type of feed
theanimal consumes.

Strategies need to be devel oped to reduce methane
emiss on from both enteric fermentation and manure
management systems, of which thelatter ismore
possibleat thefarmer 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 stepistoimprovethediet by improvingthe
nutritiveva ueand digetibility. To dothisthefollowing
could be suggested;

% Encourage replacing low quality natural
grasseswithfeedingof improved highqudity
forage.

M ani pul ate the rumen conditions through

gppropriate strategies (supplementation) that

fedilitate better rumenenvironment toimprove

efficentmicrobid activity.

%+ Adjust correct energy to proteinratiointhe
diet, especidly in concentratefeeds.

o
25

Manure management systems

In order to achieve the proper manure management
itisnecessary toimplement thefollowing strategies:

¢+ Avoid adding straw to the manure because
straw acts as afood source for anaerobic
bacterig, resultingin higher methaneemissions

% Apply manure to soil as soon as possible
because manure for long period can
encourage anaerobic decomposition and
resultinincreased methaneemissions

%+ Avoid manure applicationwhenthesoil is
extremely wet, as this leads to anaerobic
conditionsand increased methaneemissions

If manureishandled and managed properly, theCH,

emissionscanbeeadly controlled. Inaddition thisis

themost easily controlled measure a thefield level.
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Theleve of moisture, pH, temperature, aeration and
other suitable conditionsfor the anaerobic bacteria
favorsthemethanogenesis.

Therefore, most of the methaneisgenerated when
manureisdeeply heaped up inwet conditions.

% Inhesping makesurethat theheapsarewell
aerated.
+«» Storemanureindry conditions

# Prevent accumulation of manureinlarge
quantitiesand dispose (recycle) as
early aspossible.

# |f possiblerecyclefor bio energy
production (makesurethe digesters
arefully air seded).

¢+ Convert manureinto aerated compost.

Currently available mitigation strategies at farm
level in Myanmar

Methane is produced by the fermentation of feed
within thedigestive system. Generdly, thegrester the
feedintake, the higher the methane emissions are.
Feedintakeisrelated to animal size, growthrateand
production. Thefollowing arethecurrently available
mitigation optionsto reduce methaneemissons.

() Reducinglivestock numbers

(i) Improvinganimd productivity

(iii) Improved foragequality

(iv) Manipulating nutrient compogtion
To overcomethe problemsin feed formulation and
feeding ruminants, the project has aready provided
basi ¢ feeding Strategiesto both government staff
andfarmers. Followingsarethe aready devel oped
feeding strategiesfor dairy farming:

++ Formulation of different typesof
UMMB co-operated with herbal
medicinesto control internd parasitesof
ruminant livestock
++ Deveopment of feeding strategiesby using
nitrogen richleguminoustreeforage
++ Egtablishment of feeding strategieson non-
conventional feed resources
The following are examples of five nutritional
interventionsthat will improve productivity and reduce
methaneemissionsper unit of animal production (i.e.
mest, milk or fibre):
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¢

Increased feed intakethrough the use of
better quality feed with higher digestibility
and lower fibre content

o
25

¢

Increased feed intakethrough the use of
improved livestock geneticsand breeding
Improved feed conversion efficiency
through themechanica (chopping, grinding,
milling, pelleting) or chemica (ammonia,
ureaformal dehyde, sodium hydroxide)
trestment toimprovefeed digestibility

¢+ Improved feed conversion efficiency
through thereplacement of foragewith
concentrates, inclusion of morenon-
structural carbohydrateinthediet and
increased fat content of thediet

Provision of dietswhich providean
appropriate ba ance of energy, protein and
other essentid nutrientsin order to achieve
efficient digestionand livestock productivity

o
25

X/
°e

X/
°

Land use change and forestry sector

Climate change could havelarge effectson forests
throughthepoliciesthat stimulatemitigation, such as
afforestation, reduced deforestation, and forest
management. There hasbeen considerableresearch
onthepotentia for mitigation to help reducethecosts
of climateimpacts. Metz et al. (2001) suggeststhat
60-87 billion tonsof carbon could be sequesteredin
forests over the coming century, and Sohngen and
Mendelsohn (2003) suggest that this amount of
carbon could cost upto $187/t C. Such largelevels

of sequedtrationwould havelargeeffectsonland use,
potentialy increasing theareaof forestsat theend of

the century by 1 billion hectares. Large-scalechanges
inforest management areaso possible.

Factors taken into account in determining the
mitigation strategies

Thefollowingfactorsaretakeninto accountin
determining themitigation strategy inforestry
sector:

(i) Compdtibility with Internationally
Recognized Principlesof Sustainable
Deveopment

(i) Consistency with Goalsand Objectivesof

Nationa Environmenta Conservation
Strategy

(iii) Congistency with Nationally Defined
Sustainable Development and/or National
Deve opment Goalsand Objectives

(iv) Consistency with International ly Recog-
nized Criteriaand Indicatorsfor Sustain-
able Forest Management

(v) Consstency with International and National
Environmental Impacts Standardsand
Guiddines

Mitigation strategies in forestry sector of
Myanmar

Toimplement appropriateand effectiveresponsesto
dimatechange, thefollowing arethepriority mitigation
optionsfor forestry sector of Myanmar.

(& Maingtreaming climatechangeintoforest
policy and legidation

(b) Promoting sustai nableforest management
to control deforestation and forest
degradation

(c) Consarvingtheexigingnaturd forestinits
maximum carbon storage capacity

(d) Strengthening theingtitutiona capacity to
handle miti gati on and adaptation measures
incombating climatechange

(e) Rehahilitating thedegraded landsthrough
afforestation and reforestation;

(f) Improvingtechnology to reducefuel wood
consumption;

(9) Increasing COz uptakefromthe
atmosphere by convertinglow productive
land into grassland and rangelands
(especidlyincentral dry-zone)

(h) Promoting privatesector involvementin
forestindustry in particular with climate
changeconcerns

(i) Promoting habitat management for the
protected wild animasand plantswith
particular focuson buffer zones
devel opment and management

(1) Developingtheaccounting framework for
measuring potentia changesinforest
biomass stocks

Page 112



Chapter 5 Mitigation Options Assessment and Strategies

(k) Promoting peopl€e sparticipationinforest
mitigation practicesthrough community
forestry, community-based forest
management, etc.

() Exploringopportunitiesfor carbontrading
both at domesticandinternationa levels
and

(m) Research and development in forestry-
related climatechange studies.

Forest mitigation practicesthat can restraintherate
of increasein atmospheric CO, can be grouped into
threecategories:

(i) management for carbon conservation

(it) management for carbon sequestration and
storage and

(iii) management for carbon substitution.

Conservation practices include options such
ascontrolling deforestation, protecting forests in
reserves, changing harvesting regimes, and controlling
other anthropogeni ¢ disturbances, such asfireand
pest outbreaks. Sequestration and storagepractices
includeexpanding forest ecosystemsby increasingthe
areaand/or biomassand soil carbon dengity of natural
and plantation forests, and increasing storage in
durablewood products. Substitution practicesaim
at increasing thetransfer of forest biomass carbon
into productsrather than using fossil fuel-based energy
and products, cement-based productsand other non-
wood building materias.

Implementation strategies for forest
mitigation practices

Myanmar national forest policy is afundamental
guideinefor systematic devel opment of forest sector.
Moreover, the policy isthebasisfor lawsand rules
of forest exploitation and preservation, and for
devel opment and capacity building of supporting
institutions. Myanmar forest law and ruleare set as
thetool stoimplement national forest policy.

Goalsand action plansof forest policy clearly stated
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 peopl€e's awvareness, etc. Forest
policy targeted to manage 30 percent of total land
area under Permanent Forest Estate (PFE)
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comprising reserved forests and protected public
forests.

National Forest Master Plan (NFM P) wasdevel oped
in 2001 to achieve sustainableforest devel opment. It
foresees 30 years from 2001/02 to 2030/31 and
outlineswiderangeof forest activitiesindudingwildlife
and natureconservetionin order toredlizeobjectives
namely sustainable harvesting of valuable teak,
protection of forests against degradation,
environmental conservation, and enhancing foreign
exchange earnings by exporting moreval ue-added
products.

NFMP coversextensiveforest activitieswhichintend
to protect reserved forests and protected public
forestsand to extend them for sustenance; to pursue
sound programs of forest development through
regeneration and rehabilitation; to effectively manage
watershed for longevity of damsand water reservoirs,
to optimize extraction of teak and hardwood within
the available means; to extend forestry research; to
enforceeffectivelaw againg illegd extraction of forest
products; to encourageincreasing use of fuel-wood
substitutes; to promote export of timber and value-
added forest products and seek waysand meansto
export other non-timber forest products; and to
promote ecotourism to earn moreforeign exchange.

Waste sector

Development of industries in Myanmar

Myanmar’sindustrial structure and consumption
pattern together with economic growth generatea
cons derable amount of waste. The amount of waste
generated in citiesof Myanmar hasbeen gradually
increasing, including themunicipd industrial waste.
(genera wasteand hazardouswaste)

Industrial development has been animportant eco-
nomic policy and devel opment strategy of Myanmar.
Thegovernment introduced the market-oriented eco-
nomic systemin 1989 and since then it hasencour-
aged private sector particip ation and foreigninvest-
ment in the economic activities. In order to promote
small-scaeindustriesutilizing loca naturd resources
asmain raw materias, the Cottage Industries Law,
enacted in October 1991, enabled the establishment
of small, medium and large-sca e enterprises.
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Table5.5. Selected examples of measuresto mitigate GHG emissionsthrough slowing

defor estation and assisting r egener ation

Technical Optionsg

Measur es

Benefits/Effects

Forest Practices/Goals

management projects)
— Reduce slash and bur n
agricultur e/ ranching

— Increase field and satellite
monitoring

— Reduce for est fir es

on logging)
— Impr ove logging techniques

— Jointly implement projects with bilateral and multilateral
funding (also applies to forestation and substitution

— Promote sustainable forest management

— Enact forest conservation legislation

— Eliminate subsidies for activities that encourage
deforestation (cattle ranching, mining, agriculture, etc.)

— Maintain C density, up to
300t C/ha

— M aintain biodiversity, soil
conservation and

watershed benefits
(including bang

Fuel Wood Conservation
and Substitution
— Impr oved stoves

— Investment incentives

dissemination
— Charcoal kilns

— Licensing/regulation of standards
— Government research, development, demonstration and

— Maintain C density, up
to 300t C/ha

— Potential to reduce
unsustainably extracted

fuel wood

Use of Recycled and M ore
Efficient W ood Products — Labelling of products
— Consumer awareness

Campaigns

— Taxincentives to industry

— M aintain C density, up
to 300t C/ha

— M aintain biodiversity,
soil conservation and
watershed benefits

— Recycling may require
disposal of contaminants
from treated wood
products

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.
Therearea so severd industriesunder the Ministry
of Industry No.2.

Therenovation and expansion of factoriesundertaken
by theMyanmar Industriesof theMinistry of Industry
No.1 are: five Myanma Foodstuff Industries, four
Myanma Pharmaceutical Industries, and two
Myanmar Ceramic Industries. Currently Ministry of
Industry No.1 and No.2 are combineto Ministry of
Industry.

The government hasestablished 27 industrial zones
since 1989, most of which arelocatedinlargecities
such asYangon and Mandal ay. Thetotal number of
established factoriesincreased from 27,5131n 1988
to 60,513 by the end of September 2006. The

factoriescould not give any information on wastes
and waste disposal including waste water although
most of these factories especially the breweries
generatealot of wastewater. Fromthe survey taken,
itisobserved that alarge segment of theindustrial
community in Myanmar is not fully aware of the
industry-related environmental problems. Pollution
problemsresulting from gaseous wastes, wastewater
and solid wastes are not regarded as significant by
most industriesasinformation about thesemattersare
not availabledueto thelack of monitoringfacilities
for assessing water and land pollution regularly and
comprehensvely.

GHG emission reduction

Policiesto reduce greenhouse gasemissionsinthe
waste sector may bedifferentiated into two Strategies.
Oneistheminimization of wasteand maximization of
recycling programs to proactively prevent the
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greenhouse gas emitted from the generation and
decomposition of waste. The other isthe expansion
of environmental facilitiesfor treatment to reduce
greenhouse gas emissions from the unavoidably
generated waste.

Tomitigatethe primary generation of waste, amgjor
source of methane emission, policiesto minimize
wasteare beingimplemented. Tominimizewaste at
itsgeneration stage, Guiddinesfor Waste Reduction
at Works, indicating theresponsibilities of thewaste
producers, are needed. At the distribution stage,
policiestoimprovethe packing materialsare being
implemented so that they could berecycled or reused
especidly inMandaay and Yangon. Furthermore, at
the final consumption stage, allocation of waste
treatment expensesto the waste producers (volume-
basad wastefee system), efficient management of food
wasteand food waste policiesfor minimizingwaste
areneeded.

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 glasswares, steel and various
metal's, broken plastic and stedl pipes, etc arebeing
donein Myanmar long before 3Rs concept hasbeen
introduced globa wide.

Appropriate mitigation strategies for municipal
solid waste

@)  Producer responsibility system

The Extended Producer Responsibility System to
promote the reuse and recycling of waste at the
manufacturing stage should be implemented. It
requiresthemanufacturersto beresponsiblefor the
waste generated during the production process.
Furthermore, for manufactures of resource waste
such aspaper, glasscontainers, plastic, iron & steel,
busi nesseswith acertain production scaleand higher
and designated businesses devoted to resource
recycling, acertain quotafor the useof wasteresource
asmateria must bemet. Inaddition, the government
needsto support domestic recyclingindustry, provide
loan support for theingtallation of recycling facilities
and devel opment technol ogy. Furthermore, to expand
the consumption of recycled products, public
institutions must be thefirst to purchase products
manufactured fromrecycled material.
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Waste minimization and recycling policy hasto be
implemented. A certain amount of waste is
unavoidably generated. Asameasure, Myanmar need
to expand the installation of Basic Environment
Facilities to minimize greenhouse gas emissions
through sound and adequate waste treatment of
wastesthat have been unavoidably generated.

Reduction on greenhouse gas emissions can be
achieved through systematic treatment of sewage
collected from househol dsand factories. Furthermore,
to treat the high density industrial wastewater
generated from factory concentrated areas such as
industrial complexes, wastewater treatment facility
Sitesare necessary.

Greenhouse gas emissionsfrom waste are expected
to increase annually between 2000 and 2020. The
waste management policy instituted by Myanmar
government, which proposes more landfills and
incineration, isexpectedtoincreaseemissonsof CO,
and NLO fromwasteincineration and landfills.

However, the growth rate by gasisexpected tovary
depending on the changes in waste components.
Therefore, the proportion of greenhouse gases
emissonsfromincineraionisprojectedto continudly
increase, while the proportion of emissions from
landfillsisestimated to decrease.

(i) Payment system for waste
Greenhousegasemissonsfromindudtria wastewater,
whichisinfluenced by theamount of industria water
converted into waste water, are also estimated to
show aslow growthrate. Therefore, the proportion
of greenhouse gas emissionsfrom domestic sewage
and industrial wastewater inthewaste are projected
todowly decline.

To provide guaranteeto effective waste treatment,
Myanmar needsto set up apayment system for waste
dischargerun by City Development Committee. The
noticerequiresal feeslevied should beused for waste
collection, transport and treatment, and as a
supplement to theinvestment and operation expanse
of waste treatment facilities. The reform of waste
management system and competition mechanismneed
to beintroduced and a bidding process to be used
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for thesdlection of qualified enterprisesrunning civil
wastetrestment.

(i)  Pricing system and management
mechanism

Theproposd for industriaizing municipa sewageand
wagtetreatment requiresreform of thepricing system
and management mechanism of sewageand garbage
treatment, encouragesvariousentitiestoinvestinand
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 andincentivepricing system.

S e
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Chapter 6

Development and Transfer of Environmentally Sound Technologies

Environmentally Sound Technologies(ESTs) are
technologiesthat” protect theenvironment, areless
polluting, use al resourcesin amore sustainable
manner, recyclemoreof their wastesand products,
and handle residual wastes in a more acceptable
manner than the technologies for which they are
substitutes’. Environmentally Sound Technologies
therefore, havethepotentid for sgnificantly improved
environmental performance relative to other
technologies.

Article4.1 (c) of theUNFCCC stated that al| parties
shall promote and co-operate in the devel opment,
application and diffusion, including transfer of
technol ogies, practices and processesthat control,
reduce or prevent anthropogenic emissions of
greenhouse gases not controlled by the Montredl
Protocol inal relevant sectors, including theenergy,
thetrangport, theindustry, the agriculture, theforestry
and thewaste management sectors. It wasal so stated
inArticle4.5 that the developed country Partiesand
other developed Partiesincluded inAnnex |1 shall
takeal practicable stepsto promote, facilitate and
finance, asappropriate, thetransfer of, or accessto,
ESTsand know-how to other Parties, particularly
devel oping country.

Being adeve oping country depending mainly onthe
primary sector such as agriculture, livestock and
fisheries, and forestry, Myanmar is vulnerable to
climate change. At the sametime, astheindustrial
sector hasbeen expanding sincethelast two decades,
Myanmar also hasthe potential for GHG emissions.
Therefore, thetransfer and development of ESTsare
important for adaptation aswell asfor mitigationand
prevention purposes.

6.1. Technology Needs Assessment
Inorder toidentify EST need for mitigation of, and
adaptation to climate change, Technology Needs
Assessment (TNA) was carried out by the National
Commissionfor Environmental Affairs(MOECAF)
under the INC project.

According to the TNA, a large segment of the
industrial community in Myanmar isnot fully aware
of theindustry-related environmenta problems. Due
to thefact that air, water and land pollutions have
never been regularly or comprehensively monitored
so far, information and data on pollution problems
arising from gaseous wastes, waste water and solid
wagtesarenot availableto theindustria sector nor to
thepublic. Thus, these problemsaremerely regarded
asinsignificant by most people concerned. Many
industriessurveyed aread so not familiar withtheterm
ESTs and do not know the advantages or benefits
that can begained fromusing ESTs.

It was also found that except for new plants and
factories set up in recent years, many factoriesare
still using old machinesand obsol ete technol ogies.
Their boilers, ventilation system, factory layout and
waste disposable systemsarein need of upgrading.

Most industrial zoneslack basicinfrastructureand
modernfacilities. A maor problem of theindustries
intheindustria zonesisthelack of constant power
supply. Frequent power failure has made many
factoriesto keep and use power generatorsthat use
diesel or gasoline. These generators cause noise
pollution, emit hazardous gasesand increasethe cost
of production. Individua or central waste water
treatment system and proper waste water disposal
facilitiesarealso lacking in most industrial zones. A
large number of vehiclesincluding trucksand lorries
used for the delivery of raw materials and
manufactured goodsare old emitting alot of smoke
and exhaust gases.

Research and development on ESTs including
endogenous technologiesare carried out only ona
small scale. Since recent years, alternative
energylfoss| fud-saving technol ogieshavebeenbeing
researched and devel oped. Theseincluderesearch
and development (R & D) onbio-diesd,
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bio-ethanol, bio-gas, bio-briquettes, CNG vehicles,
solar stovesand fud 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 stedl pipes, waste metals,
rusted steel and iron, etc, have being recycled in
Myanmar long before reduce, reuse and recycle
(3Rs) concept wasintroduced worldwide. When an
old building is dismantled, all the good building
materials are resold and reused. Old cars are
reconditioned and reused. Virtually, aimost al the
recyclablewastesin the country arerecycled asmuch
as possible, however, there is a need for more
advanced recycling technol ogy.

Astheenvironmenta avarenessisrisnggradualyin
the country in recent years, someprivate and public
organi zations have been conducting research and
devel opment on eco-housing and eco-transportation
to save energy and raw materials. Research and
development rdaingtoV&A havedso beeninitiated
intheagriculture, livestock, fisheriesand hedth sectors
but, R& D needsto be promotedinall the sectors.

Most of the entrepreneurs considered that the
environmental protection measuresincluding the
adoption of ESTsincurred additiona costsand extra
investment. Fromthe TNA survey, it wasfound that
there are also many industries which have great
interest in securing ESTS. But, for most industries,
especidly thesmall and medium enterprises (SMES),
therearefinancid and technical barriersto adopt or
adapt thecdleaner productiontechnologiesor the ESTs.
Therefore, financia and technica support, aswell as
economic andfinancial incentiveswill beneeded for
the gpplication of the ESTsto thoseindustries. Some
industries surveyed al so indicated that therewasa
need for devel oping an environment policy that would
promotetransfer and application of the ESTSs. Itis
found that in most private and government owned
industriesthereare no separate or specia fundsfor
environment programs.

Whenthe TNA guestionnaireswere distributed to
varioustypesof industriesind uding thoserdated with
V&A, it was not possible to include in these
questionnairesalist of ESTsin order to ensurethe
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selection of the most preferred technologies.
Therefore, theindustrieswith no knowledgeor access
to EST information were not able to identify
specifically their preferred technol ogies. Only afew
industries stated their needs for a certain type of
technologies, machineries and equipments.
Neverthd ess, dthough they could not identify specific
ESTs, most of them mentioned that they required 3Rs
technologiesaswell asfina disposal technologies
includingincineration technologies.

From the present TNA and the pilot TNA carried
out in cooperation with theNew Energy and Indudtrid
Technology Devel opment Organization (NEDO) of
Japan, it was found that most ministries and the

industries preferred technologiesshownin Table6.1.

Withregardtothe EST needsfor V& A, theresponse
received from the ministriesand industrieswere not
so specificdthough most of them stated their concern
about theimpendingimpactsof cimatechange. Based
ontheir concern, thefollowing EST needscould be
identified.
1. Highefficdencyflood controlling technology
2. Water and soil preservationtechnology
3. Technology for observation and pre-
warning against floods and droughts
4. Technology for observation and pre-
warning againgt agriculturecalamity
Agriculturebiotechnology
Agricultureseedling technol ogy
Technol ogy for observation, pre-warning
and forecast of sealevel rise, coastal and
marineenvironment
8. High standard dyke and embankment
congtruction technology
9. Technologiesfor prevention and treatment
of desertification, recovery of soil
deterioration.
10. Other relevant technologiesfor protection
of biodiversity vulnerableto climate
change.

No o
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Table6.1: Preferred technologies of ministriesand industries

Renewabl e ener gy Ener gy efficient

Ener gy saving technol ogies Cleaner technologies

technologies technol ogies

1.Solar power 1.Rehabilitation of 1.M aking boiler plants 1.Spread of low pollution

gener ation refineries more efficient vehicles, clean energy
automobiles

2.Wind power 2.Rehabilitation of 2.Introduction of high 2.Promoting increased use

gener ation petrochemical plants efficiency lighting of eco-cement and ready
made cement

3.W aste power 3.Rehabilitation of dye- 3.M aking electric 3.Fuel conversion of power

gener ation works household equipments plant, switching crude oil

more efficient or coal to natural gas

4.Utilization of 4. Rehabilitation of food 4.M aking buildings 4.Promoting increased use

energy from factories more energy efficient of biodegradable plastics.

methane

fer mentation

5.Utilization of bio- 5.Rehabilitation of steel 5.M aking water and

mass ener gy such mills sewage treatment

as from wood chaff plants more energy
efficient

6.Medium and small 6.Rehabilitation of cement

scale Hydraulic mills

power gener ation

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.M ethane gas recovery
from coal mines

11.Associated gas
recovery fromoil fields

12.Reduction of
transmission &
distribution and losses of
electric power
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It should be mentioned herethat if further TNA could
be made, the most appropriate and suitable ESTs
could beidentified. Thiscould fecilitatethetransfer
and development of ESTSs. Therehasbeen no prior
TNA project in Myanmar supported by GEF. The
present TNA was undertaken by theMOECAF and
the TNA survey questionnaireswere prepared by the
MOECAF sowninitiatives. The TNA wasconducted
with limited financial and technical capacities. Itis
therefore recommended that the GEF supports an
additional TNA project to enhance and update the
present TNA effortsof the MOECAF.

Itisobviousfromthe TNA survey that thereisagreat
need for environmentally sound technologies in
Myanmar for both mitigation and adaptation
purposes. At present the appli cation and devel opment
of EST isnot so easy astherearevariousfinancial,
technica, indtitutional andinfrastructural congtraints.
Therefore, necessary supportsfrom thegovernment
aswell asfromthemultilateral and bilateral sources
aremuch neededfor thetransfer of ESTsto Myanmar.

Thefollowing arethe most needed EST projectsto
be undertaken under the CDM; bilateral; and
multilaterd funding.

1. Wind power generation project

2. Waste power generation project

3. Utilization of energy from
methanefermentation

4. Rehabilitation of dye-works, introduction of
energy saving equipments

5. Makingboiler plantsmoreefficient

6. Spread of low-pollution vehicles, clean
energy automobiles

7. Transport modal shift

8. Solar power generation

9. Rehabilitation of petrochemica plants, use
of energy saving equipments

10. Fud conversionand fud switching.

11. Promotingincreased use of biodegradable
plastics

12. Rehabilitation of refineries, introduction of
energy saving equipments

13. Introduction of new transportation systems
(dual modebussystem, etc)
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With respect to V& A thefollowing projects can be
considered for bilaterd; and multilateral funding.

1. Highefficdencyflood controlling technology
project
2. Water and soil preservationtechnology
project
3. Highstandard dyke and embankment
construction technology project
4. Technology for observation and pre-
warning againg floods and droughts
5. Protection of biodiversity vulnerableto
climatechangeproject
6.2. A Database for ESTs
Theestablishment of auser friendly databasefor EST
isessentid for thedevel opment and transfer of ESTs
to Myanmar. The EST Information System (ESTI1S)
that has been devel oped by UNEP's International
Environmental Technology Center (IETC) can be
adopted. But, first and foremost, thereisaneed to
learn the use of this system. Appropriate staff from
the MOECAF can be trained at the IETC. They
should aso participate in relevant sub-regional,
regiond and internationa workshopsand conferences
to share experiencewith other countries.

Sofar, capacity building for the MOECAF staff for
the establishment of EST data-base hasnot yet been
carried out, asthe center isnot yet ready to provide
therequired ESTIS training. At present, EST data
baseisbeing devel oped at the MOECAF using the
information and data obtained through TNA. The
difficultiesencountered at present withregardto EST
include the lack of training on ESTIS, the lack of
information on ESTsand thelack of experienceon
ESTIS.
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6.3. Establishment of Technology
Information Network and
Information Clearing House

A technology information network and information
clearing house on EST are being initiated by the
MOECAF. Network membersfromtheministriesand
the departmentsconcerned aswell asfromal related
organi zations have beenidentified. They haveaso
been requested to provide relevant information on
climate change mitigation and adaptation measures
to share with the network members. All useful
information on ESTswill aso berelayed 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. Networking within the country can be carried
out through other means such asdissemination and
sharing of information by post or office dispatch and
through convening of regular network meetingsto
exchangeinformation, viewsand idess. Networking
withregiona and international organizationswould
be somewhat difficult.

There are severa difficulties with respect to a
successful implementation of the technology
informeation network and information clearing house.
These include among others. inadequate i nternet
facility, limited climate changerelated information at
theMOECAFto properly function asaclearing house
and limited practice of sharing information among
departmentd personnd.

Page 121



Chapter 7

Research and Systematic
Observation

7.1  Introduction

7.2 Observing stations

7.3 Data publications

74  PResearch on climate change

7.5 Warning systers on natural disasters
76 Networking

7.7 Needs and recommendation

72 Conclusion




Chapter 7 Research and Systematic Observation

Chapter7
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 M eteorological
Department (BMD) whichwas established on the
1 April, 1937.

DMH, under the Ministry of Transport, isentrusted
with thework of meteorological, hydrologica and
seigmologica related measurements, dataarchiveand
issue of bulletins, warnings and public education.
DMH upholdssix objectives:

% Toexchangeinformationwith other centers
on weather, water and earthquakes,
w  Tosafeguardthepeoplefromlosngther lives
and property by issuing the early warnings
and bulletinsfor al natural hazards related
to weather, water,flood and earthquake,
%+ Toexpand public awarenessand education
programson natura disasters, natura hazards
and environmental issues,
% To monitor on climate change, water
resources, air and water quaity of Myanmar,
% Toassg dl government organi zationsNGOs
and stakeholders providing weather,
hydrologica and seismologica information,
and
% Toassst dl nationa projectseffectively by
capacity building through WMO,
International/ Regiond/ Bilateral cooperation.

X/
X4

There are six technical divisions in the
Department such as;Meteorological d
Aeronauticd Meteorologicd Divison Seismologica

Division and Instruments and Communication
Divison. DMH issuccessfully operatingitsfunctions
and respong hilitiesunder the close supervision of the
Director Generdl.

Literature review

Myanmar climatedataare andyzed fromtimetotime
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 somedtationslike Sittway, Manda ay,
Yangon and Myeik (Mergui) where the rainfall
observation started about the end of the 19" century.
These stations somehow represent the western,
central, deltaic and southern parts of Myanmar

respectively.

Inyear 1997, Htay Aung andyzed the climatic data,
i.e rainfdl, temperatureand storms, and summarized
themgjor findingsin “Climate changeintheUnion
of Myanmar” . He highlighted that theaveragerainfall
depth over Myanmar isgenerally negativesincethe
year 1979. The exceptiona years were 1985 and
1996. Assessment of themonsoonrainfdl of theUnion
of Myanmar revesl ed that therainfall anomaly from
19511980 average was amost negative sincethe
year 1979. Theannua 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 thereis ageneral
warming trend of mean annual temperaturesinthe
whole country since the year 1979. The average
increasesfor the periodsof 1979- 1994 and 1951-
1980 were 0.2 °C. Thetotal number of stormsand
depressonsthat formed annudly inthe Bay of Bengd
and Andaman Sea during 1984 and 2000 had
reduced significantly.

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.
Themonsoon onsets werelatestartingfrom1977in
heat indices. Thereexisted two distinct phases—one
prior to and the other after 1977. The period before
1977 was somewhat awet phase and the period after
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1977 wasadry phase. During theperiod from 1877
to 2000, there were atotal of seven years during
which the storm frequencies were the lowest
numbering 4 per year. Out of total seven years, Six
were observed inthe 1990s.

Thefact that most of the El Nino episodes, which
occurred more frequently in 1980s and 1990s
probably accounted for the phase changein 1977,
anditwasobsarvedinannua temperatureandrainfal.
Thestudyon climatechangeover Myanmar (LwinT.,
2002) clearly reved sthat therehasbeen sharprisein
temperaturesand Sgnificant fdlsinrainfal during and
around mgor episodesof El Nino. Higher maximum
temperatures, later onset, earlier withdrawal, shorter
duration of monsoon season and deficit monsoonrain
had been observed in most of the El Nino years. A
higher potentia for drought and asubstantia decrease
inthe number of annua storm frequency wereaso
observedin El Ninoyesars.

Duringtheprevious40 years, al El Nino—Southern
Oscillation (ENSO) yearsresulted in large deficient
rainfall in Myanmar. In the 1997-98 ENSO year,
excessive 24 hour rainfalls, record-breaking 24 hour
maximum temperatures, largedeficient annud rainfal
and unprecedented floods occurred in parts of the
country, particularly inthedeltaic and southern parts.
( Thaw S. H. and Pike, 1998). All ENSO years
coincided with theselong dry spellsbut other were

Table7.1: Observing stations

and Systematic Observation

duetothebreak or failureof monsoon. Theyear 1998
wasfound to havethelongest dry spell ever recorded
inthe country and thefloodsin maor riversset new
highest water level recordsand longest duration of
stay above danger levels. In 1999, a study on El
Nino and itsimpact on the climate of Myanmar was
carriedout by TunLwin. Hehighlighted that theannud
storm frequency inthe preceding years of peak of El
Nino events were below normal. However, during
thefollowing yearsof thepeak of El Nino events, the
annua storm frequencies werefound to be below
norma tonormal.

7.2. Observing Stations

Myanmar has 161 observing stations related to
weather and climateinformation asshownin (Table
7.1)Thestationsare not evenly distributed. Most of
hestationswere setup,based upon the favorable
logigtic conditions, rather than technica s equirements.
Thereforethestationsare denser in accessibleplain
areasthan mountainousremoteareas. IntheWorld
Weather Watch (WWW) program, 27 meteorol ogica
dationsare participating. Themeteorological stations
a Yangon, Mandalay and Sittway areincludedinthe
Global Surface Network (GSN) stations. The sea
level stationsat Mawlamyineand Sittway arelisted
inthe Globa Observing SeaStations(GLOSS). The
spatia digtributions

Sr. No. Type of stations Quantity Remar k<
1 M eteorological stations 63 Including 27 WWW stations and 3 GSN stations
2 Meteorological and 39
Hydrological stations
2 Hydrological stations 30
4 Agrometeorological stations 18
5 Cyclone detection radar 1
station
GLOSS stations 2
Solar Radiation stations 5 Joint project with Thai M eteorological
Department
8 Automatic Raingauge 3 Gwa, Thayawady and Shwegyin along the 18° N
Network in the GEWEX Asian Monsoon Bperiment with
Tokyo Metropolitan University, Japan.
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of selected meteorologicad and hydrologicd stations
areshownin (Figure7.1) and (Figure 7.2) Solar
radiation isbeing monitored at Kaba-Aye, Pyay,
Meiktila, Mandaay and Shwebo under the project
jointly undertaken by Thailand and Myanmar on
renewable energy and energy conservation since
August 2008.

BENGAL

Coco Island

Acidrainanalysisisbeing carried out at the DMH
Office, Mandalay for Upper Myanmar stationsand
a Hydrologicd Division of DMH Office, Yangonfor
Lower Myanmar stations. River flow and sediment
discharge are monitored as control checking to
readjust theflow-discharge curveof therivers. Water
quality monitoringisalso carried out at the selected
river Sitesasprogrammed.

CHINA

\
-
¥ Laos

THAILAND

Figure 7.1: Meteorological stations
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Hydrological Stations

River forecasting Stations

in hwaninar

12 Statons
5 Statons
2 Stadons
1Sradion

2 Stadons
1 Stabion

1 Station
1Sradion

Aveyvarwady
Chindwrin
Sittaung
Thanlwin
Dokhtawrady
Bago
Ehwregyin

N sawon

Figure 7.2: Locationsof hydrological stationsand river forecasting stationsin Myanmar

7.3. Data Publications

Data collection and archive

For real time meteorological/ hydrological data
collection from out-stations, telephonesand Single
SideBand (SSB) transcaiversareused. Confirmeation
of the data is made when the register books are
obtained through public mail service.

Then quality control of the dataisprocessed manualy
by experienced observers. Dataarchiveiscarried
out manudly using CLImat COM puting (CLICOM)
format for meteorologica dataand GOG6 format for
hydrologica data, which arethe standard formats of
WMO.

Climate/Hydrological data publications

Department of Meteorology and Hydrology has
been publishing Climatol ogical dataregularly. The
1950-60 climaterecord of threeclimated ementsfor
(26) stationswas publishedin 1962; the1961- 1970
record for (48) stationsin 1982; the 1971- 1980
record for 57 sationsin 1984; the 1981- 1990 record
for 60 stationsin 1992; and; the 1991- 2000 record
for 60 stationsin 2005. Mean monthly rainfallsfor
the period 1947-1972 including 58 stations were
preparedin 1972. Five days, ten daysand monthly
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mean accumulated rainfall (inches) from Juneto
October of 58 stationswere publishedin 1973.

The climate data from 60 stations for the decade
1981-1990 was published in 1992. It contained
meteorological €ementssuch aspressure, maximum
and minimum temperature, wet bulb temperature,
relativehumidity, and monthly rainy daysand 24 hours
maximum rainfall. In 2005, the 1991-2000
climatol ogical datafrom 60 stationswas published.
It contained the maximum wind of the month in
addition to the elements published for the decade,
1981-1990.

Normal values of meteorological datafor pressure,
temperature, relative humidity and rainfall of 36
stationsfor the period 1961-1990 werepublishedin
1996. Moreover extreme values of 24- hour
temperature andrainfall are updated asrequired as
shownin(Table 7.2).
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Table7.2: List of climatedata publications

No. Period . of Climate Data Hements | Issued Year
Stations

1 1950-1960 26 Monthly climatic data T,RF, RH 1962
2 1961-1970 48 Do T, RF,RH,P 1082
3 1971-1980 57 Do T, RF,RH,P 1934
4 1981-1990 60 Da T, RF,RH,P 1992
5 1991-2000 60 Do T, RF RH,PW 2005
6 1961-1990 36 Normal climatic data T,RF,RH,P 1996

Normel rainfall for states
7 1961-1990 44 and divisions of RF 1999

Myanmar
From )

8 opening 27 Pent;_ad_ s, Bl T 2001

and minimum temperature

dateto 1990
9 1947-1972 58 Annual and monthly RF 1972
rainfall of Myanmar

Five days, Ten days and
10 1951-1970 58 monthly RF 1972
i accumulated rainfall from <

June to October
Aspecial study on floods, associated epochs. They were observed in 1872-1880, 1913-

meteorological phenomena and the costs of the
flood-induced damage, provided by the Relief and
Resettlement Department, areincluded in theyearly
published Volume Il asa separate section.

Climate/Hydrological reviews

I n Sittway, thelong-term averageannua rainfal was
5011 mm. For the period 1861-1901, the rainfall
was below the average, for 1902-1925 above the
average, and for 1926-1983 d'so below the average.
In Mandalay, generally, 1892-1947 was a wet
epoch, 1948-1967 was adry epoch. But, the 1949-
1954 wasexceptiondly dry with about 25% below the
average annud rainfal. The 1968-1978 was awet
period while 1979-1983 showed atrend of dry period
duetothevery dry yearsof 1979and 1983. Thelong-
term averageof theMandd ay stationwas912mm.In
Yangon, thelong-term annudl rainfal recordfor 1870-
1922 generaly indicated adry epoch, followed by wet
spell for sixty-two years until 1983. The long term
average normd rainfall was 2629 mm during 1870-
1983. In Myeik, there were three short term dry

1922 and 1951-1959. Theremaining periodshad the
annud averagerainfalshovering about thelongterm
averageof 4137mm (“ Agricultural Atlasfor Burma”,
DMH, 1985).

Climate analysis for the period 1961 to 1990

Climate of Myanmar for each of fourteen Statesand
Regionsbasedon thefesturesdepicted for 1961-1990
are briefly mentioned below following the WMO
definitionof normdl.

- InKachin Sate, therainfall departuresin
1983-1998 were 2% above the previous
average value during 1950-1997 at
Myitkyina The temperatures were about
0.5°Cwarmer during 1991-1997. Theregion
isthe upper catchments of the Ayeyarwady
River. There were 7 floods in 41 years at
Mtitkyina

- InChin Sate, theaverageannud rainfdl in

the period 1981-1996 was -15% to 25%
below thepreviousaverage. The
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temperaturesinthe 1981-1990 were 0.2°C
to-2.2 °Ccooler in al seasonscompared to
previous average(AungH., 1997).

In Shan Sate therainfall inthe 1961-1990
period was 3%-5% less than the previous
normd vaues Themeantemperaturehasbeen
abovethe 1961-1990 average particularly
al the years after 1990. But, the mean
temperaurea Taunggyi wasbdowtheprevious
norma valuesin 1993 and 1994.

In RakhineSate theannua rainfalsduring
1981-1995 showed a decrease of 19%
below the previous normal. At Sittway,
temperatureanomaiesduring 1947-1995 are
positive, particularly after 1975. Thisregion
is often hit by cyclones from the Bay of
Bengdl . Eight severe cycloneshave crossed
theareawithin 26 year since 1967.

In Kayah Sate, the average rainfalls at
Loikaw station during 1961-1990 were
about 10% lessthan the previous normal .
The annual mean temperature departures
weregenerally positive during 1986-1998.
Thisareaislessproneto natura disasters.

In Bago Region, the 1961-1990 average
annual rainfall was changed by +1%t0-9%
compared to previousaverage. Thehighest
maximum temperaturewasrecordedin 1905
was 108°F (42.2°C) at Taungoo and it
remained so until 1997 But, new record of
109.2°F (42.9°C) in 1998 was observed due
totheimpact of El Nino phenomenum. (Aung
H., 1999)

In Mon Sate, theaverageannua rainfall for
the period 1981-1994 was 3-6% below the
previous normal. The mean temperaturein
1991-1995was0.5°C higher than the 1961-
1990 temperature.

In Kayin Sate theaverageannual rainfal
during 1981-1997 was 8-14% below the
previous normal. Temperature was up to
1.0°C warmer than the 1965-80 average at
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Pa-an station. Thanlwinriver flood reached
thehighest level of 922cminAugust 1991.

In Sagaing Region, the average annua
ranfal during 1961-1990 wasdightly below
thepreviousnorma. Thedeparture of annua
mean temperature during 1991-1998 was
generally positive compared to the 1955-
1990 mean value. It was 1.5°C abovethe
mean value in 1998 at Katha station. The
Region experienced extensvefloodsfromthe
Chindwin River andAyeyarwady River, about
once to twice per year. The floods in the
region were attributed to successivefloods
inthelower reaches of therivers, downto
Ayeyarwady Delta. The heavy rainsdueto
remnants of severe cyclones that crossed
Rakhine coast induced flash floods in the

Sagaing Region.

In Mandalay Region, theaverage annual
rainfall during (1981-1995) was 7-20%
lower than the previous period. Annual
temperature anomalies from 1983-1995
weredl positive. It reached 1.5°C abovethe
averagein 1994, at Mandalay. Theregionis
proneto flood caused by the Ayeyarwady
River. Hood frequency hasbeenindicatinga
decliningtrendat Nyaung U station and the
Region wasworst affected by the 1997-98
El-Nino. In 1998, the Region received ever
recorded lesstrainfdl. Thehighest maximum
temperatures ever recorded were also
observed at someplacesintheRegion.

In Magway Region , the average annual
rainfall during 1981-1995 was below the
previous normal by 1% to 17%. Annua
temperature difference between 1961-1990
period and previousperiod wasonly +0.1°C.
TheRegion experienced Ayeyarwady River
floods 24 timesin 32 yearswith the highest
flood recordin 1974. The Region wasalso
affected by remnants of typhoon from the
South ChinaSeaand thosefromthecyclones
intheBay of Bengdl.
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- InAyeyarwady Region , theaverageannua
rainfal in 1981-1998 showed small positive
departure from the previousvalues. Asfor
mean annua temperature, it wascontinuoudy
abovethe 1950-1980 average until 1998.

— InYangon Region, therainfall during 1981-
1995 hasincreased by about 4% abovethe
previousnormal. Thetemperaturedepartures
were positive from the 1950-1980 mean
values, particularly between 1977 and 1994,
at timesdeparturewas upto0.6°C. Asthe
Region has some coastal areas, it is
vulnerableto the effects of severe cyclones.
Damage duetothefloodswasminimal.

— In Tanintharyi Region , the 1981-95
annua averagerainfall was3-7% below the
previousvaues. Themean temperatureswere
-0.1°Cto+0.5°Cabovethepreviousnormal.
Thisregionisoften affected by thetyphoon
remnantsfrom the South ChinaSea. Butloss

and damage were minimal compared to
Rakhine State.

Recent observed climate change in 1991-2000

In Kachin State, Chin Stateand Mandalay Region,
annua mean temperatures had increased by 0.4°C,
0.1°Cand 0.2°C, and annual averagerainfallshad
also increased by 4 mm, 160 mm and 78 mm
respectively. But in Sagaing and Bago Regions,
temperatureswere decreased by 0.2C° and 0.5°C,
and annud averagerainfallshad decreased by 6 mm
and 65 mm respectively.

In Magway Region , temperature had decreased by
0.8°C, alarge va uewhich needsfurther verification
and theaverage annual rainfall had decreased by 28
mm.

In Rakhine State, while temperature remained
practically unchanged, rainfall had increased by 339
mm.

In Shan State, temperature had decreased in eastern
part by 0.5°C and increased by 0.1°Cand 0.6°Cin
the northern and southern parts respectively. The
ranfalshad decreased by 9mm, 46 mmand 118 mm
intheeastern, northern and southern partsof theregion.

In Ayeyarwady Region, thetrendswereincreasing
intemperatureby 0.1°C and rainfall by 54 mm.
In'Yangon Region , whiletemperature had decreased
by 0.2°C, rainfal had increased by 72 mm. In Kayah
State both temperature and rainfal| had increased by
0.5°Cand 2 mm.

In Kayin State, Mon State and Tanintharyi Region,
temperatures had increased by 0.3°C, 0.1°C and
0.2°C, withincreasesin average annual rainfallsby
303 mm, 135 mm and 204 mm respectively.

During the period 1965-2000, heat indices showed
threetypesof phase, namdy: (i) achangefromcooling
towarming, (ii) achangefromwarmingto cooling,
and (iii) achangefromlesswarmingto morewarming.
Theareasinthenorthern and central partslocatedin
thehigher latitudeshaveatrend changefromwarming
to cooling starting from1977. Intheremaining aress,
there had been a trend change from cooling to
warming though some isolated spots had a trend
changefromlesswarmingto morewarming. A distinct
riseof areaaveraged heat indiceswasnotedin 1977
and onwards in Myanmar. Annual rainfalls had
increased generaly inthewhole country within the
10% of thenormal, except for Sagaing Region, Bago
Region and Shan State.

Ingenerd the average annual meantemperaturesfor
the several selected weather stations revealed an
increaseinthe 1990s. In 1997, the average annual
mean temperature of 17 stationswas0.27°C higher
thanthe 1951-80 average. In 1998, it waseven higher.
Theaverage minimum temperaturefor 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 1951-80inApril and May
respectively. A continuous negative anomaly in
monsoon rainfallswere observed during theentire
period from 1989 to 1998 with an exception of a
singleyear 1990 which had aweak positiveanomaly.
Theyear 1998 wastheworst with thenegetive highest
anomaly duringthelast 42 years. Thestudy on drought
anomaly in Myanmar showed that drought yearswith
moderateintensity were morefrequent inthe 1980s
and 1990s. Therewere 13 positivedrought anomaly
yearsout of 18 years.
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Public information

Publicinformation ontheextreme eventsis prepared
andissued asthesituation callsfor. Theclimatedata
aredistributed to various government agenciesand
private userson request. Monthly westher summary
and annual weather summary are a soinformed to
the public through mass mediaat theend 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. Thedataaread so madeavailable
to private enterprises. Any other agencies and
ingtituteswhich areinterested inthecdimatestudy can
receivethe dataon request. Thedataarealso sent to
theASEAN Sub-Committee on Meteorology and
Geophysics Data Center, Malaysiaon request and
CLIMAT data are sent to the World Data Centre,
USA.

and Systematic Observation

7.4. Research on Climate Change

Region-wise annual mean temperature

Theannua mean temperature of Myanmar islowest
with 15.8°C in the Chin State, the northwest
mountainousregionfollowed by 19.1°Cintheeastern
Shan State, and it increases to 27.4°C in Yangon
Region. It is the highest with 27.5°C in Magway
Region inthecentral dry zone of the country for the
WMO normal period of 1961-1990. If the longer
term 1951-2007 is considered, the annua mean
temperaturesgeneraly increaseinnine out of 17
Sub States and Region s. Therate of warming per
decadeisthehighest with 0.32°C at Hpa-an, Kayin
Statein the southeastern part followed by 0.30°C at
Monywa, Lower Sagaing Region of the central dry
zone. Cooling trends of -0.23°C and -0.16°C per
decade were observed at Magway of Magway
Region and Bago of Bago Region in the lower
Myanmar region respectively. Thetrendisshownin
(Table 7.3) and (Figures 7.3 and 7.4). Thereisno
gppreciablechangeinsx Statesand Regions, mostly
located inthe southern part of the country.

Table7.3: Temperaturetrend till 2007 of Sub-States/Regionsof Myanmar

WMO Mean Periodtill 2007
Sub-State/ Region Station Annual Temp(°C)| Since Mean Temp | Warming (°C)

for 1961-1990 (°C per decade
Kachin State Myitkyina 24 1951 241 0.2
Upper Sagaing Region |Hkanti 24 1961 241 004
Lower Sagaing Monywa 27.1 1961 27.3 0.3
Mandal ay Region Mandalay 27.3 1951 275 0.2
Magway Region M agway 275 1971 27.2 -0.23 Coaol
Chin State Hakha 15.8 1981 16 0.13
Rak hine State Sittway 258 1951 27 0.13
Northern Shan State |Lashio 21.8 1951 21.9 0.14
Southern Shan State | Taunggyi 191 1951 194 0.16
Eastern Shan State  |Kengtung 23.2 1951 23 001
Bago Region Bago 26.9 1951 26.9 -0.16 Cool
Ayeyarwady Region  [Pathein 27 1951 27.2 008
Yangon Region Kaba Aye 274 1951 274 0.04
Kayah State Loikaw 22.3 1951 274 004"
Kayin State Hpa-an 27 1961 27.2 0.32
Mon State Mawlamyine 27 1951 271 0.14
Tanintharyi Region |Dawel 26.6 1951 26.6 0.01
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Figure7.3: Annual mean temperaturetrend (graph) in various Sub-Sates/Regions

Region-wise extreme mean temperature
geat waves

When themaximum temperaturesexceed 9°F (~5°C)
thanthenormd a agivenlocation, DMH definesthem
asheat waves, and they may extendto theneighboring
areas. If the occurrence of the heat wave prolongs,
theforemost impact isthe scarcity of water. Thelong
duration of thewater scarcity causesdrought which

further leadsto health problemsand even theloss of
livesof theliving beingsincluding human. Infantsand
the aged are particularly affected. Normal socio—
economic activitiesaredisrupted in many cases.

During 1951-2000, annua  meanfrequenciesof heeat
wave occurrence were five in Kachin State, two
each innorthern Shan State, and Magway Region,
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Mandalay Region and Lower Sagaing Region, and
oneeach inBagoRegion and Mon State. However,
thereisno particular placein Statesor Regionswhich
suffered heet waveevery year onregular basis. Heat
waveispracticaly sddomintheremaining Statesand
Regiors.

Heat waves used to occur during the monthsfrom
March to June. Seven percent of the annual heat
wavesoccurred in Marchin Kachin, Rakhineand
northern Shan States. For the Dry Zone of Central
Myanmar, heat waves were never experienced in
March. The heat wavefrequency inApril was 23 %
of theannud tota, and it occurred mostly in Kachin
State. Thewavesaso occurredin northern Shan State

and Systematic Observation

and the Dry Zone. The heat wavefrequency wasthe
highest with 50% of theannual total in May withthe
most frequent occurrence in Kachin State and
Magway Region . The heat waves were found
spreading from northto southtill 15°N parald. The
areasinlower Myanmar suffer heat wavesonly inthe
month of May. Theannua heat wavefrequency was
20%in June. It wasfound 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 waveswith 12°F-15°F higher than the mean
maximumwerefound in Kachin State, Northern Shan

Temp trend
(°Cl/decade)

Figure7.4: Annual mean temper aturetrend (contour) in various Sub-Sates/Regions
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State and Dry Zone during the month of May. Heat
wavesin May and June usually last for 5to 6 days.
Thelongest heat wave duration wasfoundinYangon
for 12 daysfrom May 16 to 27, 1957. Heat waves
lasting June 1 - 8in 1958 were the second longest
durationinthe country, and they occurred in Kachin
State. Bothyearswerethe strong El Nino years.

The heat wavesrarely formed smultaneoudy intwo
different States/ Regions. Heat waves sometimes
spread to the surrounding regionsand  often cover
25% of the country. Heat wavesin May, 1967 were
found to be extensively widespread covering 48%
or (125,000 sq miles) 323,750 ke of the country.
In 1998, the most extensive heat wavewasfound to
cover 156,250 sq miles404,688 km? or 60% of the
country. It may benoted that the 1998 was an ENSO
year where both El Nino and Southern Oscillation
were active. The occurrence of heat wave (highest
maximum temperature) wasfound to coincidewith
the El Ninoyear asshownin (Table 7.4).

Asfar asMyanmar isconcerned, theoriginsof hest
waves were not found outside the country. Heat
wavescommonly originated from Kachin, northern
Shan and Rakhine States, Dry Zone, and
Ayeyarwady, Bago and Tanintharyi Regions. Inmost
occasions, heat waveisdissi pated when maximum
temperature is lowered and the coverage area
becomesdiminished whenthecloudy weether prevails
with or without preci pitation.

Region-wise annual mean rainfalls

Thelowest meanannud rainfdl of 768 mmisfound
inthe Lower SagaingRegion inthecentral Dry Zone.
It increases eastward to about 1500 mm over Shan
State, northward to about 2000 mm over Kachin
State, westward to 4700 mm over Rakhine Stateand
southward to 5400 mm over Tanintharyi Region.
Increesingrainfall trendsareobserved at ten Sub-Sates/
Regionswith highest rate of 215 mm per decade at
Hkamti of Upper Sagaing Region. Decreasingrainfal
trendsare observed at four Sub-States/Regionswith

Table 7.4: Highest maximum temper aturerecor dsat the capitalsof Statesand Regions

State/ )
Region Station Highest Max Date Remar k
Tem(°C)
Kachin Myitkyina 415 31-5-79 H Nino year
Chin Hakha 301| 84-88 H Nino year
Upper Sagaing Homalin 43.8| 56-86 H Nino year
Lower Sagaing Monywa 45| 17-5-68
Mandal ay Mandalay 42| 1-5-95
Norther n Shan Lashio 38.6| 22-4-89
Easter n Shan Kengtung 40| 18-4-82 B Nino year
Souther n Shan Taunggyi 335 23-4-95
Magway M agway 46| 13-4-80
Rakhine Sttway 0| 1-4-80
Kayah Loikaw 38| 14-4-98 H Nino year
Nor thwest Bago Pyay 44 24-4-732
Northeast Bago Taungoao 429| 8598 H Nino year
South Bago Bago 41.7| 25-4-58 Bl Nino year
North Ayeyarwady |Hinthada 436| 9598 H Nino year
South Ayeyarwady |Pathein 41| 27-4-82 H Nino year
Yangon Yangon (Kaba-Aye) 42| 9598 B Nino year
Kayin Hpa-an 41| 25-4-88 H Nino year
Mon M awlanyine 40.2| 85-98 H Nino year
Tanintharyi Dawei 389| 6598 B Nino year
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highest rate of about -80 mm per decade at Bago of
BagoRegion inthelower part of the country. There
are no appreciable changes, (i.e. lessthan 10 mm
per decade) inthethree Sub-States/Regionsinthe
eastern and southern parts of the country as shown

in(Table 7.5)and (Figures7.5and 7.6).

Table 7.5: Annual rainfall trend (mm/decade) of Sub-Sates/Regionsof Myanmar till 2007

Sub State/ Region - W_MO annual Pertodtill 2007 Increasing per
Station rainfall (mm) : :
for 1961-1990 since Annual rainfall decade (mm)
(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 M agway 852 1971 800 57.1
Chin State Hakha 1,829 1981 1,742 50.t
Rak hine State Sittway 4,723 1951 4555 52.06
Northern Shan State Lashio 1,341 1951 1,381 33.62
Southern Shan State Taunggyi 1,508 1951 1,555 -548 *
Eastern Shan State Kengtung 1,256 1951 1,297 -251 *
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 7157
Tanintharyi Region Dawel 5,419 1951 5,499 78 *

*

No appreciable change (< 10mm /decade)
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Figure7.5: Annual precipitation trend (graph) in various Sub-States/Regions.

Extreme rainfall

Extremerainfdl isone of themeteorologica hazards
to thevariouscommunitiesand activities. It hastwo
ends, oneis“High Extreme’ andtheotheris”L ow
Extreme’. A marked decrease or increase of rainfall
iscritical to the key socio-economic sectorsasthey
depend moreor lesson 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 Norma (DFN) is more or less
outsidetherangeof + 20% duringaparticular period,
i.e. monthly, seasonal, or annual, etc. DFN is
cd culated by usingthefollowing equation.
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Figure7.6: Annual precipitation trend (contour) in various Sub-StatesRegions.

Where: R=Rainfal, N=Normal
ranfal.

Extremerainfal hastwo ends, “High Extreme’ and
“Low Extreme”, where each of them hasanother
one category of “Higher Extreme” and “L ower
Extreme’ respectively. They are specified by the
DFN vauesasfollowings: -

Page 135

Higher Extreme > +50%
+20% < High Extreme < + 50%
—20% >Low Extreme > —50%
Lower Extreme < —50%

Note: [—20% < Normal <+20% ]

(2) Results

Extremerainfal eventsin Myanmar during 1991 to
2004 were studied using annual rainfalls of the 16
sdlected stationsfromthe 14 Statesand Regions. The
frequenciesof “High” and“L ow” extremesareshown
in(Table7.6). Themaximum and minimum extremes
for those 16 stationsduring the 14-year period are



adsoindudedinthetable. Thefallowing dient features
canbeseenclearly.

(a) High extreme:

Maximum frequencieswereb years
at Nyaung Oo, and 4 years at each
of thefour stationsof  Myitkying,
Magway, Mawlamyineand Hpa-an.

Not experienced at 3-station of
Lashio, Monywaand Sittway .

(b) Low extreme:

Maximum frequencieswere5 years
a Monywaand4 yearsat Mandaay.
Not experienced at three

stations of Myitkyina, Sittway and

Yangon
(c) Higher extreme:

- Only one station,

(+51.2% abovenormal in1994).

Mawlamyine

Chapter 7 Research and Systematic Observation

Two stations were close to this
category. (Nyaung-U
+49.6% and Magway +47.5%
above normal in 1999 and 1995

respectively)

(d) Lower extreme:

Not experienced.

Only two stationswereclosetothis
category. (Magway -48.7%,
Mandalay -44.0% below normal

in 1998 and 1995 respectively)

(e) Impact of the 1998 strong EI Ninoyear :

11 out of 16 stations, 69%
experienced Low Extreme.
10 stations, except 1-station of these

11-stations, 91% wererecorded

Minimum Low Extremes.

Table 7.6: Frequenciesof extremerainfall duringtheperiod 1991-2004

Sr High Extreme L ow Extreme
No Maxi mum Fr equency Minimum Frequency
Stations | DEN (% ) DFN (% )
Year No. Year (s) Year No. Year (s)

1 [Myitkyina 28 2001 4 91,98,01,04 -

2 |Falam 28.7 1991 1 91 -25.3 1992 3 92,98,01

2 |Taungyi 214 2001 1 1 -35.3 1998 2 97,98

4 |Lashio -26.9 2002 2 02,03

5 |Monywa -37.6 1998 5 91,93,97,98
6 |Mandaay 234 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

g [Magway 475 199 4 95,96,99,02 -48.7 1998 3 91,94, 98

g |Sttway , , .

10 |Loikaw 244 2004 1 4 -28.9 1998 2 93, 98

11 |Bago 211 1997 1 97 -28 1998 1 98
12 |Pathein 26.6 2002 1 2 -354 1998 2 93, 98

13 |Kaba-Aye 391 1999 2 99,02 -

14 [Pa-an 294 1994 4 94,97,99,04 -37 1998 1 98
15 |Mawlanyi 51.2 194 4 94,99,02,04 -26.9 1998 1 98
16 |Dawei 347 1999 2 97,99 -24.9 1998 1 98

Total 31 Total 29
Mean 1.9(14% ) Mean 1.8(13% )
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Region-wise extreme daily rainfall
(1961-1990)

The heaviest rainfalls in 24 hours were usually
experienced during the monsoon rain period from
mid-May to mid-October. They occurred41%
during the* early monsoon period” of mid-May to
end of June, 12%in May and 29% in June. During
the“mid-monsoon” 18% of heaviest rainfallsin 24
hoursoccurredin duly and 35%inAugust. Inthe®late
monsoon” of September to mid-October, 6%

occurred in October while did not experience any
heaviest rainfalls September.

Extremedaily rainfalsduring the period 1961-1990
areshownin (Table 7.7 )below. The highest of 527
mm occurred at Hkamti, Upper Sagaing Region on
6 June 1989.The second highest of 422 mm
occurred at Sittway, Rakhine State on 5 June 1979.
Thethird, fourth and fifth highest were 367 mm on
2™ August 1979, 343 mm on 1% June 1988 and 340
mm on 2" August 1962 which happened at
Mawlamyine of Mon State, Dawei of Tanintharyi
Region and Hpa-an of Kayin State respectively.

Table7.7: Extremerainfalls(mm) in 24-hour duringtheperiod 1961-1990

) . Highest in 24hrs
Sr.No Sub State/ Region Stations
(hm)

1 Kachin State Myitkyina 182 23-6-87 |
2 Upper Sagaing Region. |Hkanti 527[29-6-89]
3 Lower Sagaing Region. |Monywa 135] 3-6-84 |

4 Mandalay Region. Mandalay 175][ 24-8-87 ]
5 Magway Region. M agway 183] 12-8-74 |
6 Chin State Hakha 167 | 25-5-85]
7 Rakhine State Sittway 4221 5-6-80 |

8 Northern Shan State Lashio 168[11-10-86 ]
9 Southern Shan State Taunggyi 113] 14-8-90 |
10 |Easterh Shan State Kengtung 134 10-7-73]
11 |Bago Region. Bago 201]19-7-62|
12 |Ayeyarwady Region. Pathein 240 8-5-75]
12 [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 Mawlanyine 367 [ 27-8-79 ]
17 |Tanintharyi Region. Dawei 343] 1-6-88 |

Cyclone

Cyclone landfall frequencies

CycloneintheBay of Bengal isoneof theclimatic
parametersfor Myanmar and the countriesaround
the Bay of Bengal. Increased numbersof cyclones
formedinthebay will influencemuch ontherainfal
and the monsoon of the country. At timesit brings
about disastrous eventsinto the country.
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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 of April, May and December. Therewereless
than 3% during theremaining months. Altogether 80
or 6.6% of all cyclonic disturbancesintheBay have
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crossed the Myanmar coast. In other words,
Myanmar hasapotential threat of 0.66 cyclonesper

Table7.8: Frequency of occurrenceof storms
in theBay of Bengal during 1887-2005

Storms formedin| ~ Storms which
Month the Bay of crossed Myanmar
Bengal coast
JAN 16 (1% ) 2(2% )
FEB 3(0%) 1(1% )
MAR 8(1%)
APR R(3%) 15(19% )
MAY 89( 7% ) 24 (30% )
JUN 111 ( 9%) 1(1% )
JuL 180 ( 15%)
AUG 192 (15%)
SEP 200 ( 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

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
(Table7.8).

Thefrequency of cyclonesinthe Bay of Bengal has
been decreasing annually. Therewere six cyclones
during the period 1979-2005. There had been 11
cyclones from 1950 to 1978 as shown in the

(Figure?.7).

During 1947 to 2008, Myanmar was hit by 35
cyclonic storms where accompanying strong winds,
heavy rains, floods and storm surges destroyed
houses, infrastructure, human lives, livestock,
agricultural land and forests. Ninety percent of the
storms crossed Rakhine coast and theremaining ten
percent crossed Ayeyarwady deltaic coast. The
southern coasts which are in Mon State and
Tanintharyi Region werenever visited by thestorms
originated intheBay of Bengd duringthestudy period.
After 2002, Myanmar coast has been crossed by
cyclonesevery year exceptin 2005. 1n 2006, Cyclone
“Mala’ crossed south Rakhine coast near Gwa; in
2007, Cyclone*“Akash” crossed North Rakhine coast
between Cox’s Bazar and Maungtaw; and recently
in 2008, Cyclone*Nargis’ has crossed the deltaof
Ayeyarwady and Yangon Regions. The cyclone
“Nargis’ destroyed 138,373 livesin additionto

ANNUAL STORM FREQUENCY IN THE BAY OF BENGAL FOR THE PERIOD 1950 TO 2005
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Figure7.7: Annual storm frequency in the Bay of Bengal for the period 1950 to 2005
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livestock and materia damage, costing some13trillion
Kyats. The abnormal track of the severe“Nargis’
may be comparatively observed with other cyclone
tracksthat crossed the Myanmar coasts during the
period 1967-2000. Thecyclonetracks of Nargisand
other cyclones are shown in (Figures 7.8 and 7.9)

respectively.

Storm surge

Storm surges are the usual phenomena that
accompany withthetropica storms. During 1947 to
2008, the probability of landfall was high in the
northern Rakhinecoast with 21 % and gettinglower
to the south to 3% in theAyeyarwady deltaic coast

Figure7.9: - Tropical revolving stormsthat crossed Myanmar coast from 1967 to 2000
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storm surgerisk map for Ayeyarwady Deltadueto
CycloneNargisisshownin (Figure7.12). Loss of
lives and damage to properties due to Cyclonein
Myanmar isshownin (Table7.9).

asshown in (Figure 7.10). The maximum surge
hel ghtsexperienced at the place of landfal are shown
in(Figure7.11). Thestorm surgeof 7.00 m caused
by theCyclone“Nargis’ wasunusually high. 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

Figure7.11: Maximum stor m surge heights(m) along Myanmar coast
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Figure7.12: Storm surgerisk (ft) map dueto Cyclone“Nargis’ in May 2008.
(After ADPC et. al, 2009)

Table 7.9: Lossof livesand damageto propertiesdueto cyclonesin Myanmar

NG Date of Landfall Peak surge Death Damage
Cyclone landfall point (m) and loss (Kyats)
T 751968 |Near Sitt 4.25 1037 800
Cyclone > car Sttwey ' Millione
: : 7786
2 Pathein Cyclone 7.5.1975 |Near Pathein 2 3 -
Millions
g Gwa Cyclone 451982 |Near Gwva 3.7 31 3
= & ~ : Millions
4 Maungtaw 251994 Near 3.66 10 8
Cyclone - M aungtaw ) Millions
5 Cyclone 29.4.2006 |Near Gva 457 1 ot
Mala o | available
Cyclone Along the 13
6 } 2-35.2008 7 138373 -
Nargis Ayeyarwady Trillions

(Source: DMH, 2008)

Cyclone rainfall and flood

(1) Cyclone rainfall

When thereisacyclonic disturbancein the Bay of
Bengal, Myanmar experiences rain of different
amounts depending on the prevailing wind and the
locality within the distance of 1000 km from the
Tropical Revolving Storm (TRS) centre.
Superposition with other types of disturbanceinthe
tropospherewill further modify therainfal intensity.
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On 19 May 2004, a severe cyclonic storm had
crossed theMyanmar coast near Sittway. Thehighest
rainfall received at Sittway was 76 mm on the same
day, but the 24 hoursnew record rainfall of 178 mm
was set at Myitkyinaon the sameday, the 19" May.
Myitkyinaisabout 750 km to the northeast of the
landfall point. Mindat and Thandwereceived 140
mm and 137 mm respectively on the next day. The

effect of Bay cyclone continued for oneto two days,
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particularly along the passage after the landfall.
Ranfdlsafter two daysof thelandfall arenot justified
to be claimed astheeffect of thelandfal TRS. The
pre-monsoon and post-monsoon five-day rainfall
digtributionson Myanmar coast near thelandfall point
of TRSareshownin(Table7.10).

Table7.10: Somerainfall (mm) distribution due
to Sittway Cyclonelandfall on 19 May 2004

Station |17-May| 18-May |19 May (20-May|21-May | Tatd
(landfall) (mm)
Myitkyina| 6 H 178 5 2 2%
Minckt A u 26 140 0 |21
Maungtaw| 2 4 50 77 0 13z
Sittwey* 1 23 76 2 0 139
Kyaukppu| 5 &) 0 0 0 7
Thanctwe 4 56 74 137 5 |27
Gna 2 e & 0 8 1489

There is a complex interaction between the TRS
forcing, local geographical condition, troposphere
disturbances and convective activity to produce
rainfal inthegiventime period. It may begenerally
noted that rainfal tendsto be maximum ontheday of

TRS passage and getting lessasitisfar away from
the passagein timeand space.

In(Figures7.13and 7.14), thefive-day accumulated
rainfal distribution dueto cyclonesinMay 2006, May
2008, November 1988 and November 1992 are
shown. Fiveday accumulated rainfall pattern varies
according to the region and the season of landfall.
When cyclone landfall isin the less mountainous
portion of thesouth Rakhine coast or inthelow lying
deltaic plain of Ayeyarwady Region where moisture
isabundant during the cyclone period, theseStuations
will be another factor that support the rainfall
maximum. In the case of post monsoon cyclonein
November 1992, singlerainfal maximum cell could
be noted for the cyclonewhich landed inthe south of
Rakhinecoadt. Therainfal amount and areacoverage

aresignificantly greater inthe pre-monsoon period
thanthosein the post monsoon period. When cyclone
landfall wasin the northern Rakhine coast, rainfall
maximum cells occurred separately, not necessarily
near thelandfall point.

Mala 06 (

| Rainfall
(mm)

250
— 200
—1150
—{100

=0

Narais 08

Rainfall
(mm)

5 8

Figure7.13: Five-day accumulated rainfall distribution (mm) dueto cyclonesin premonsoon periods
2006 and 2008. Cyclonetrack near landfall isshown by arrow.
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Nov 88

Kpu cycloﬁﬁ

Rainfall
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Rainfall
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Figure7.14: Five-day accumulated rainfall distribution (mm) dueto cyclonesin post-monsoon periods
of November 1988 and November 1992. Cyclonetrack near landfall isshown by arrow.

Heavy rainsoccurred mostly in theproximity of the
landfall pointsof cyclones. With Cyclone®Nargis’,
Kaba-Ayewhich wasthe point of landfall received
theheaviest rainfal ontheday of landfdl. Someother
stations which received maximum rainfalls were
hundreds of kilometersaway from thelandfall point.
For instance, during the 1988 November cyclone,
whoselandfall point was near Kyaukpyu, the station
collected only 70 mm of rain. The 24 hour maximum
rain was 188 mm at Hmawbi, some 250 km to the
southeadt of thelandfdl point. InMay 2004, acyclone
crossed Sittway which received 76 mm of rainfall.
Themaximum rainfall collected ontheday was 178
mm at Myitkyina, about 650 km to the northeast of
thelandfal point and flood wasinitiated. Moreover,
for one cyclone in November 1992, the cyclone
landfall point, Maungtaw received only 33 mm; and
for Cyclone“Mala’ inApril 2006, itslandfall point,
Gwareceived only 52- millimeter rainfal whichisan
inggnificant amount for thelocality. The occurrence
of maximum rainfalls depends on the prevailing
convergenceof wind flow and favorable condition of
vertica moisturetransport of thelocality. Thefive-
day accumulated largest rainfall by the Cyclone
“Nargis’ was653 mm at MawlamyineintheMon
Sate, 100 kmtothesoutheast of Yangon. Thisamount
isabout 20 % of theannual rainfall of Mawlamyine.
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Inthe caseof Cyclone“Mala’, the 24 hour heaviest
rainfall was 235 mm at Pyay, some 100 km to the
northeast of the landfal point. That amount is
comparabletothemonthly monsoonrainfal of Pyay.
Thesamelocation recelved thehighest rainfal | of 329
mm accumulated in five days dueto thecyclone.

Therainfall at thelandfall point onthelandfall day,
themaximumranfalsonthelandfal day andthefive-
day accumulated rainsdueto landfall cyclonesfrom
1973 to 2008 are shown in (Table 7.11) Floods
usualy took place after each heavy rain spell.

(2) Flood
InMyanmar, low lying areasaong riversare subject
toinundation for acoupleof daysdueto normd floods
duringmonsoon andit naturally enrichesthesoil. But
when monsoonintensified and widespread heavy rains
last long for afew days, then multiple floods occur
alongtheriversposing danger to thelower reaches
particularly theAyeyarwady delta. 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 especialy vulnerableto flood

disaster duetoriver bank erosion and embankment
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Table7.11: Maximum rainfall (mm) on thecyclonelandfall day and the highest five
daysaccumulated rainfall (mm).

f Max. five da
Date of landfall Landfall station  |_Rainfall on the [andrall day (mm) J
Date (Cyclone) Atlandfall ; - accumulated
St Max rainfall/ station rainfall(mm)/ station
18-Now-73 Sittway 65 69 Maungtaw 150/ Maungtaw
19-Nov-88 Kyaukpyu 70 188/ Hmawbi 295 Kaba-Aye
19-May-92 Thandwe 62 122/ Kyaukpyu 245/ Kyaukpyu
21-Nov-92 M aungtaw 32 64/ Sittway 116/ Sttway
2-May-94 Maungtaw 104 113/ Mindat 264/ Maungtaw
19-May-04  |Sittway 76 178/ Myitkyina 376/ Ann
29-Apr-06  |gya (Mala) 52 (235 Pyay 329/ Pyay
5-May-07  |pathein/ Yangon 344 1344/ Kaba-Aye 437/ Hpa-an
15-May-07 6l
Maungtaw (Akash) 205/ Kyaukpyu 399 Kalewa
3-May-08  [Haigyi/Yangon (Nargis) 220|245/ Mingaladon 653\ Mawlamyine

failureinthedeltaic areawhichistherice bowl of
thecountry and thickly populated. Percentage
occurrenceof floodsdong Myanmar Rivers isshown
in(Table7.12). Inthe Ayeyarwady River, 50 % of
locationsaong theriver bank experiencefloodsevery

other year, d ong the Chindwin River, 80% of places
experienceflood every year. Near theriver mouth of
Thanlwin flood occursevery year which sometimes
lastsfor few weeks. Smaler riversa so havefloods

every yed.

Table7.12: Percentageof occurrenceof flood along major riversin Myanmar

Percentage of Occurrence of Flood along Major Rivers in Myanmar

% of Occurrence of Flood in
Months
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Some of thefloods of mgjor riversin peak monsoon
of 2004 attained the highest record for the period of
thelast few decades. Pesk water level sdueto floods
inmajor riversof Myanmar up to 2004 areshownin
(Table 7.13). The heavy rainfallsin the northern

Myanmar such as8.20inchesin Sumprabumon 18
July 2004 wasfound to reinforce the high water of
theAyeyarwady River, resultingin extensiverecords
of maximum floodsa ong the downstream stretches
of theriver.

Table7.13: Peak water levelsduetofloodsin Myanmar major riverstill 2004

Peak Date Danger Data Flood
City River water level level{DL) since above DL Rank

(cm) (d-m-y) (cm) {cm)
Chauk Ayeyarwady 1532 15- 8-74 1040 1973 492 1
Hk amti Chindwin 1771 13- 7-91 1360 1972 411 2
Mawl eik Chindwin 1608 20- 7-76 1230 1972 378 g
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
Myithge Dokhtawady 1048 14-10-86 (870 1972 178 12
Madauk Sittaung 1244 2-8-92 1070 1967 174 13

During thedry season, rivers are recharged by the
ground water from forested watershedsand melting
snow from high mountainsin the north. Snow and
glaciers in the north which is connected with the
Himal ayan mountain complex issomehow important
for maintaining theflow of Ayeyarwday River during
the dry season. Moreover, due to the climate
variability, Dry Zone sometimes experienced wide:
spread heavy rainsfor some continuousdayswhich
led to catastrophicflashfloodsin thearea. Theflood
isso unexpected and the peak timeis so quick that
there is no time to respond. Due to the heavy
widespreadrainintheareaduring 27 May - 2 June
2001, there occurred aflash flood in Wundwin of
Dry Zone. Thetotd rainfall collected was8.36 inches
wherethehighest rainfall for the month of May was
9.97 inchesin 1991 in 30-year record (DMH, 2008).
At that time, DMH had noinformation and capacities
toissuewarning.

Southwest monsoon

Onset and withdrawal

Inthe Union of Myanmar the observationsindicated
that the climate change is taking place in
respect of temperature, precipitetion, extremeclimate
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and severity of disastersand aso in the southwest
monsoon fegtures. The southwest monsoon onset into
the country isbecoming late and itswithdrawa from
the country is advancing earlier. The southwest
monsoon duration during 1988-2000 was shortened
by three weeks in the northern Myanmar and one
week in other regions compared to 1951-2000
average. During 1988-2000, the monsoon became
lessactive (decreasing strong monsoon days) though
the monsoon breaks which used to take place for
about oneweek during normal pesk monsoon period
of July and August, werelesspronounced except in
1998. Therewasaprolonged monsoon break due
to El Nino episode.

Monsoon rain and flood

Thegeographica setting of Myanmar, with thenorth-
south running mountain rangeswithinthecountry, and
thelow lying plainsinthecentra regionand the Shan
plateau inthe eas, isthe uniquefeature determining
thecountry’sannual rainfall distribution. Myanmar
enjoysthe southwest monsoon season. Theannual
ranfal islesstinthe centrd part of thecountry (lessthan
1000 mm) and itisincreasing to morethan 2000 mm
towardstheeast, 2000 mm towardsthe north, 5000
mm towards the south and west. Mgjor portion of
theannual rainfall isdueto the southwest monsoon
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which begins in May and ends in September.
However rainsmay continuetill November dueto
theinfluence of cyclonicdisturbancesespecidly the
tropical stormsfrom the South China Sea. Mean
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monthly temperatureandrainfall distributionsof seven
sel ected stationsin the country from 1961 to 1990

areshownin (Figure7.15).
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Figure7.15: Mean monthly temperature (°C) and rainfall (mm) distribution of seven selected

stationsfrom 1961 to 1990.

Significant featuresarethat most part of the country
havethemaximum rainfall during the mid monsoon
period of July andAugust. Thecentra Myanmar has
auniquefeature of double maxima, oneintheearly
monsoon and the other in thelate monsoon. Apart
from the effect of annual rainfall whichislessthan
1000 mm, the doublemaximarainfal dsoinfluences
the characteristicsof the Dry Zone.

Monsoon drought

Therainfall pattern during the southwest monsoon
varies from time to time generaly following the

monsoon intensity inthe Bay of Benga. Thereare

prolonged periodsof dayswithout rainfall, so called
drought in some areas of the country. Drought isa
criticaly important Stuationfor many of theagricultura
practices, particularly for agricultureintheDry Zone
wherethenormd annud rainfal isscanty.

The country which hasfourteen Statesand Regions

isasoarbitrarily dividedinto 20 Sub-States and Sub-
Regionsdepending uponthedifferentid climatic
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conditions. For Shan Sate, there are three Sub-
States, Region amely Northern Shan State, Southern
Shan State and Eastern Shan State. Rakhine Sate
has two Sub-States and they are the Northern
Rakhine Stateand the Southern Rakhine State. The
Sagaing Region hastwo Sub-Regions, namely the
Upper Sagaing Sub-Region and the Lower Sagaing
Sub-Region . TheBago Region hasthe Northwest
Bago Sub-Region, the Northeast Bago Sub-Region
and South Bago Sub-Region . The Ayeyarwady
Region hasthe North Ayeyarwady Sub-Region and
the South Ayeyarwady Sub-Region.

Dekad rainfall data of 58 selected stations for the
months of May to October over the period 1950-
1992reved ed thedrought climatol ogy of the 20 Sub-
States and Sub-Regions (Htay Aung 1993). Drought
isdefined asthe dekad (10 days) with below normal
rainfall preceded by at | east two dekadswith below
normal rainfall at a particular station of interest.
Monsoon period in Myanmar isarbitrarily 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. Therainfall isconsidered smply asnormal,
above normal and below normal if percentage
departureiswithinthe20%, morethan 20% and less
than 20% respectively

In Myanmar the third dekad of May and the third
dekad of October aremost likely to have of drought.
Thedrought ismost unlikely in the second dekad of
September followed by thefirst and second dekads
of August, thethird dekad of Juneand thethird dekad
of July. Themost likely areasto have drought are
Chin, Northern Shan, South Rakhine and Kayah
States, and Lower Sagaing and Magway Regions.
Themost unlikely areasfor drought arethe Southern
Shan, Kachin and Mon States, Tanintharyi, Yangon
and South Ayeyarwady Regions.

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 theagriculturd producedroppedinthefiscd years
1957-58, 1965-66, 1966-67, 1972-73, 1983-84,

1988-89 and 1991-92. With theexception of 1988-
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89, al the years were strong or moderate EI Nino
years. Theseweredso theyearsof maximumdrought
with the exception of 1965-66 and 1966-67. The
factors that influence the strength of relationship
between the decrease of rainfall and thedrop of crop
yield depend upon the proportion of crop production
under irrigation, themoistureretention capacity of soil,
thetimeliness of rain and the adaptive behavior of
farmers.

It haslong been regarded that the Dry Zonepotentialy
hasthegreatest chanceto experiencedrought, and it
will placesignificant impact ontheoveral economy.
For central Myanmar, the years 1953, 1956, 1965,
1971, 1973, 1975 and 1985 were the drought-free
years and theyears 1954, 1957, 1961, 1972, 1979
and 1991 werethe years, most affected by drought
although time of occurrence was changing. For
instance, drought occurred in peak monsoonin 1954,
but it occurred inlate monsoonin 1972 and 1979,
andin early monsoonin 1992.

It suggests that while the climate of the world is
changing duetoincreasein greenhouse gases, itis
wiseto keep an eyeon thechanging rainfall pattern
over the whole country and monitor any trace of
severe drought so asto enableto take precautionary
and adaptivemesasuresin atimely manner.

Water resources

Water resources potential
(surface and ground)

The South East Asia (SEA) has 15% of the total
volumeof world'swater resources. Demand on water
resources has been increasing due to rapid
urbanization and industridization of theregion. There
havebeenindicationsof deteriorationinwater quantity
and qudlity, low rdigbility of supply, highcost of water,
and so on. Although SEA istherichest in water
resources in the world, those resources and their
potentiad sarebeing reduced & andarming rate (Than
Zaw, 2009). Among countries with rich water
resources Myanmar could be classified asacountry
of low water stress. There are four major river
systems, namely, theAyeyarwady, the Thanlwin, the
Chindwinandthe Sittaung. Moreover therearesome
river sysemsin Rakhine Stateand Tanintharyi Region.
Theseriver systems contributeto the surface water
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resourcesof thecountry. Under thefavorableclimatic  groundwater in Myanmar are estimated at about 828
condition and physiographicfeatures, thereareeight ~ km? and 495km? per year respectively. Detailsare
river basins, covering about 90% of the country’s ~ mentionedin (Table 7.14). Thedrainage basin map
territory. The amount of surface water and  of Myanmar isshownin (Figure7.16).

Table7.14: Myanmar’sannual averagewater resourcespotential by river basin,

Region/ River basin Surface water Gr oundwater (mcm /Yr)
{mcm/Yr)
Region 1. Chindwin 104,720 57,578
Region 2. Upper Ayeyarwady 171,969 92,598
Region 3. Lower Ayeyar wady 229,878 153,248
Region 4. Sittaung 52,746 28,402
Region 5. Rakhine 83,547 41,774
Region 6. Tanintharyi 78,556 39,278
Region 7. Thanlwn 95,955 74,779
Region 8. Mekong 10,580 7,04
Total 827,946 494,713

/ —
Figure 7.16: Drainage basin map of Myanmar
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The assessment of water resources potentialsboth
for surfacewater and groundwater iscarried out on
thebasisof river basins. Intermsof water resources,
Myanmar occupiesthe 14" position at global level
and 5"positioninAsiaregion.

ENSO, El Nino and La Nina

Thewestward spread of warm seacurrent from south
east Pacific, the off coast of Peru has someimpact
on globa weather and climate. Myanmar is no
exception. During the period 1900 to 2008, strong
El Nino had occurred in1901-02, 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.

WhentheEl Ninoistaking place s multaneoudy with
the Southern Oscillation of the near global scale

atmospheric circulationin the south Pacific and the
Indian Oceans, the climate of Myanmar was more
rampant and adverse extreme weather prevailedin
the country. For instance, such yearsthat Myanmar
had experienced were 1982-1983 and 1997-1998.

The maximum temperature recordswere set inthe
1998 ENSO year in Rakhine, Shan, Kayah, Kayin
and Mon States, also in Mandalay, Magway, Bago,
Yangon, Ayeyarwady and Tanintharyi Regions. Infact,
the maximum records were observed in almost the
whole country except Sagaing Region, and Kachin
and Chin States.

The maximum temperature recordsin the 1997- 98
ENSOinMyanmar areshownin(Table7.15). Eleven
out of fourteen States and Regions experienced the
ever recorded heat. In 1998, maximum record
temperature of Hpa-anwas 43.6°C whichwas2.6°C
higher thanthelast maximumin 1988.

Table7.15: Thehighest maximum temperaturerecordsin 1998in Myanmar

: ) L ast Record 1998 Record
State/Region Station
<) (d-m-y) (°C) (d-m)

M andalay M glktlla 42.4 - -5-66 43 5-Oct
Pyihmana 42 1-5-80 43.5 9-5
Shan L ashig 40 26-4-97 40 4-5
Rakhine Thandwe 39 12-5-80 40.4 4-5
M agway M inbu 45,2 17-4-73 45.8 9-5
B ago Taungoo 42.2 10-5- 59 42.9 8-5
T hayaw ady 42 14-3-683 43.6 9-5
M ingaladon 41.7 25-4-58 42 8-5

Y angon

Kaba-Aye 41.3 27-4-83 42 8-5
Ayeyarwady Pgthein 41 27-4-83 41 8-5
Hinthada 42.9 30-4-95 43.6 9-5
M on M aw lamyine 40 21-4-95 40.2 8-5
Thaton 40 16-4-75 41 8-5
K ayah L oikaw 37 17-4-8% 38 14-4
Kayin Hpa-an 41 25-5-88 43.6 6-5
Dawei 38.E 11-4-98 38.9 6-5
Tanintharyi M yeik 38 4-5-83 38 6-5
K awthoung 38 3-4-98 38.5 6-5

In 1998, ENSO st new lowest annud rainfdl records
in Shan, Kayah, Kayin and Mon States, Bago,
Ayeyarwady and Tanintharyi Regions. The least
annual rainfallswerea so recorded in 1991 El Nino
year in Shan and Kayah States, Sagaing, Mandalay
and Bago Regions. Theleast annual rainfallsever
recorded in 1998 are shown in (Table 7.16). The
most significantly lower annud rainfal of 1366 mm
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occurred in Taungoo of Bago Region in1998, and it
was19% lessthantheformer 1989 record of 1682
mm.

Thedatawascollected from 1902 to 2003 with some
years missing particularly around World Wars| and
.
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Table 7.16: Least annual rainfalls(mm) recorded in 1998 ENSO year

State/Region |Station Data Oldrecord| 1998
Period (Year) Record
1903-1941
Shan Taunggyi 1,208 992
1950-2002 | (1976)
Magway M agway | 1971-2003 | 445 (1972) 442
Py 19031930 | 016 (1972) | 798
al
Y 1946-2002
1903-1937 1,682
Bago Taunggoa 19512003 (1089) 1366
1902-1937
Bago 2,59 2373
1961-2003 (1987)
1907-1937
Loikaw 770 (1993 751
Kayah 1952-2002 (1993)

El Nino

During the El Nino years, the southwest monsoon
was negatively affected on several features.

(1) Monsoon onset and withdrawal
Ingeneral, themonsoon onset dates arelateand the
withdrawasearlierin El Nino yearscompared tothe
normal and this patternis particularly truefor the
preceding yearsof theepisode. Thus, therainy season
have shorter durationsin the El Nino years. Recently,
El Ninowasstrongin 1991-92 and much stronger in
1997-98. Themonsoon onset in the country was | ate
by 12 daysin 1991 and 16 daysin 1998. Monsoon
withdrawd wasearly by 16 daysand 21 daysin 1991
and 1998 respectivey. Thelength of monsoon duration
had reduced by 24 daysin 1991 and by 36 daysin
1998. Strong monsoon days had decreased in 1991
and 1998 by 17 days and 28 daysrespectively.

(2) Monsoon intensity

Thereisweak relationship between | ate monsoon
intensity and the ElI Nino event, though there is
likelihood of rather weak monsoon intensity
particularly inthepreceding year of the peak El Nino
event. Thusthemonsoon intensity asawholeismore
likely to benormal duringthemgjor El Nino years,
and it hasthe possibility of 80% based onthelast six
eventsduring theperiod 1951 to 1998.

Though therel ationship between the early monsoon
intensity and the El Nino event doesnot performwell,
below norma to norma monsoonintenstiesaremore

likely during the early monsoon periodsof both the
preceding and thefollowing yearsof thepeak El Nino
events. More than 50% of the intensity of peak
monsoon during EI Nino events could experience
falureor weakening of monsoon comparedto normd
condition. Thisisparticularly truefor the preceding
year of the episode.

During the southwest monsoon peak season, there
wasanormal occurrenceof inactivemonsoon period
commonly known as “Monsoon Break”. It was
amost tota ly absent in most of theyearsthrough 1989
t01997. Thiswasparticularly truein 1993 to 1996.
However avery prolonged monsoon bresk condition
returned in 1998. The 1990s marked the warmest
decade of Myanmar in the 20" century.

(3) Frequency of storms
Therelationship between the El Nino eventsand the
frequency of stormsin the Bay of Bengal hasbeen
controversia for long time. However the storm
frequency isbelow normd in the preceding year and
itisbelow normal to normal inthefollowing year of
the peak of El Nino events.

(4) Temperature and rainfall

Theimpactsof the El Ninowerea so observed (Lwin,
T. 1999) upon thegenerd climateof Myanmar during
the preceding year aswell asduringthefollowing year
of the El Nino. 70% (Preceding Year) to 85 %
(Following Year) of the EI Nino eventsreveded that
themaximumtemperaturesin most partsof thecountry
werehigher thannormd during thedry monthsof April
and May. Moreover, 70% (Preceding Year) to 85
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% (Following Year) of the El Nino events showed
that both theannual rainfal and monsoonrainfal were
below normal inthe country.

La Nina

During thelast two decades, temperatures had been
rising by day and by night in most partsof the country.

and Systematic Observation

However, record low minimum temperatureswere
observed a many stationsin thecool season of 1999-
2000, which was the La Nina year.The lowest
minimum temperaturesof someselected sations in

different States/Region , observed areshownin (Table
7.17).

Table7.17: Lowest minimum temperaturesrecorded at the Capitalsof Satesand Regions

,St,at e/ Station . L ovest Remark
Divsion MinTem(°C) Date

Kachin Myitkyina 5 2/1/1963 |LaNina
Chin Haka -6 30-12-91

Upper Sagaing Homalin 3 8/2/1980 |None
Lower Sagaing Monywa 6.7 31-1-64 ([LaNina
Mandal ay Mandalay 72 31-1-64 |LaNina
Nor ther n Shan Lashio -2.2 16-1-88 [LaNina
Easter n Shan Kengtung 17 27-1-523  [E Nino
Souther n Shan Taunggyi 03 20-1-74 [None
Magway M agway 5 26-1-93

Rak hine Sittway 89 21-1-70 [LaNina
Kayah Loikaw 0 27-1-53 [E Nino
Nor thwest Bago Pyay 72 17-1-54

Northeast Bago Taungoo 8 30-12-75

South Bago Bago 7 11/2/1997 |El Ning
North Ayeyarwady |Hinthada 7 29-12-97 |E Nino
South Ayeyarwady [Pathein 10 30-12-75 |LaNina
Yangon Yangon (Kaba-Aye) 91 9/2/1997 |El Ning
Kayin Hpa-an 94 1/2/1974 [None
Mon Mawlanyine 10.8 2/1/1976 |El Nino
Tanintharyi Dawel 55 26-12-98 |LaNina

Some of the LaNinaeventswhich occurred inthe
preceding year or inthefollowing year of the El Nino
episodeareshownin (Table7.18).

Table7.18: LaNinayearspreceded or
followed by EI Nino year sduring 1950-1989

LaNina followed by | LaNinapreceded by El
B Nina Nino

LaNina |E Nino B Nino LaNina

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
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AsMyanmar belongstothenon-Annex | Parties, itisin
afinanddlyandtechnicaly difficult Stuationto carry out
variousresearches/qudiesreated todimatechangein
Myanmar in order to understand different aspects,
scopes, dimensi onsand extent on warming/ cooling.
Smilarly, country-specificinformationwith regardsto
precipitation, extremeweather events, probability of
cyclonelandfdl on coastd areas sormsurgeandsorm
rain, southwest monsoon charactersincluding drought
and floods, and water resources potential will be
disdosedthroughresearch activities. Theimpactsof El
Nino/LaNinaphenomenad soneedin-depth sudies.

Inthiscontext, Myanmar isinviting expertise, supports
and coordinationfrominternational/regiond organization
and ingtitutions to acquire high quaity information
regarding dimateand climate change aspects.
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7.5. Warning Systems on Natural
Disasters

Cyclone

CyclonesintheBay of Bengd areoneof theclimatic
parametersfor Myanmar and the countriesaroundthe
Bay of Bengd. Formation of morecyclonesinthe Bay
influencesmuch of therainfal and themonsoon onset of
the country and bringsabout disastrouseventsinto the
areaof landfal. Thecydones, usualy accompanied by
spdIsof srongwinds, heavy ranfdl, floodsand sorm
surges, can causeextensvel ossof livesand damagesto
infrastructureand properties.

Flood

TherearespdIsof widespread heavy rainsat various
placesin the monsoon season and local floods are
the common annual phenomenain the country. At
times, floodsbecome severeastheir dimenson 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 mountainsin the north, whichform
part of the Himal ayan mountain complex. Snow and
glaciersare somehow important for maintaining river
flowsduring dry seasonin Myanmar. Moreover, due
to the influence of climate change, dry zone
occas onally experienced wide spread heavy rainsfor
some continuousdays, whichled to catastrophic flash
floodsintheareawherewater supply isusudly scarce.

Daily, Dekad, Morthly and Seasonal
Weaher & Water level forecast
Aviaion Wealher Forecast
Sea Route Forecast
Sgudal Wind Weaher Forecast
Coasial Area Forecast
S orm Warning
Storm Surge Warning
Urti mely Ranfall Warning
Fog Warning
Heawy Rain Warning
Flood warnings & Flood Bullgin
Mnimumdaer WL in Lowflowperiod
Tsunam Waming
Earthgua ke News
Agro ma ecrologica Bullein

Warnings

DMH issueshazard warningsand bulletinsasrequired.
Thefrequency of warning depends upon the nature,
severity andimminent danger of thedisaster. Warnings
are disseminated to the targeted area by all means
available at the DMH following the guidance of the
Minigtry of Trangport. Relevant Sationsareinstructed
totake specid observationsround theclock. DMH
hasestablished five centerstowatch natural disasters,
particularly the tropical storms and associated
weather phenomena, floods and tsunami. These
centersare:

1. Nationd Meteorological Centre

(Nay Pyi Taw)

Nationa Meteorologica Centre(Yangon)
Aviation Meteorologica Office
(Mingdadon)

4. Multi-hazard Early Warning Centre (Nay

Pyi Taw)
5. Coadtd Stations

wnN

Different typesof warningsand bulletins, suchasflood
warning, tsunami warning, earthquake warning, €tc.
issued by DMH are shown in (Figure 7.17). The
warningsareissued with color codeswhere gpplicable
particularly for thedisastrousnatura hazard, cyclone.
The*Yellow” color code meansthereisacyclonic
disturbancein the Bay of Bengal, whichisnot yet
threatening Myanmar coast. The“Orange” code

Figure7.17: Different typesof warningsand bulletinsissued by DMH
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meansthedisturbance may movetowards Myanmar
coast. The*Red” code meansthecyclonemay cross
Myanmar coast within next 12 hours. The* Brown”

code meansthe cycloneiscrossng Myanmar coast.
The “Green” color code means the cyclone has
crossed Myanmar coast and weakened. For timely
and efficdent informationexchange, provincid sations
are equipped with telephones, Radiophones, Single
SideBand (SSB) for direct communication. Incase
of communication disruption, the station may get
assistance from thelocal general administration

offices for indirect contact with the head office
(National Meteorological Center) to deliver specia
observations and reports, and to receive /
disseminate latest warning and bulletin related
to tropica storm, flood, earthquake and tsunami.
Myanmar isableto provide ssormwarning 2-3 days
inadvance, river floodswarnings5-7 daysin advance
and tsunami warning afew hours ahead with the
availablefacilitiesinhand. Theschematicview of the
warning dissemination arrangement to thetarget area
is shownin (Figure7.18). In addition, monsoon

satellite.
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Figure7.18: Schematic view of thewarning dissemination toreach thetar get ar ea.

forumsarebeing held before and after the southwest
monsoon season. It started in 2007 asaresponsive
initiativeto ded withthe climatechange.

7.6. Networking

Regional/ International

InInternational Corporation, the Director-Generd of
DMH isthe Permanent Representative of Myanmar
for WMO and he is the focal point to the Inter-
governmenta Panel on Climate Change (IPCC), to
the United Nations Framework Convention on
Climate Change (UNFCCC), totheAcid Deposition
and Oxidant Research Center (ADORC) andtoAcid
Deposition Monitoring Network in East Asia
(EANET). Myanmar isthe member country to the
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WMO/UNESCAPPane onTropica Cyclones. The
Director Generd isdsoworkingwithAsan Disaster
Preparedness Center (ADPC) and the Committee
on Regiona Integrated Multi-hazard Early Warning
System (RIMES). DMH is the member to the
ASEAN Subcommittee on Meteorology and
Geophysics (ASCMG), and the Bay of Benga
Initiativesfor Multi-Sectord Technicad and Economic
Cooperation (BIMSTEC). DMH is aso closely
working with China Meteorological
Adminigration (CMA),Japan Meteorologicd Agency
(JMA), Korealnternational Cooperation Agency
(KOICA),Thailand International Development
Cooperation Agency (TICA), Japan Internationa
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Cooperation Agency (JICA), Japan Aerospace
Exploration Agency (JAXA), United Nati-ons
Environment Programme (UNEP), United States
Agency for Internationa Devel opment (USAID) and
Indian Institute of Technology (11T), etc., among
others.

(1) WMO and DMH

The World Meteorologicd Organization (WMO) is
aspecialized agency of the United Nations. WMO
hasamembershipof 189 Member Satesand Tarritories
as of 4 December 2009. It was originated from
the Internationd Meteorologica Organizat-ion(IMO),
whichwasfoundedin 1873. Myanmar wasoneof the
signatory countries of IMO in 1949 for establishing
WMO. Established in 1950, WMO became a
specidized agency of theUnited Nationsin 1951 inthe
fiddsof meteorology (weether and dimate), operationa
hydrology and rd ated geophysicd sciences. Myanmar
hed ratified the Convention in 1947 and became a
member of WMO onMarch 23, 1951.

The DMH contributes substantially to the protection
of livesand propertiesagainst natural disastersand
to safeguarding the environment. Moreover, NMHS
contributeseither directly or indirectly to enhancing
the economic and socia well-being of the entire
society inareas such asfood security, water resources
and transport.

Moreover, WMO hasinitiated an integrated effort
by setting up or strengthening existing collaboration
mechanismsamong theregiona bodiesunder Tropica
Cyclone Programme (TCP), the Regional
Associations and the Technical Commissions
concerned. Myanmar, being amember of TCP, has
been receiving WM O assistance for education and
training activitiesthroughfdlowship programs, rdevant
training courses, workshops, seminars, and the
preparation of training publications. WhileWMO
provides relevant technical advices, NMHS of
Myanmar hasbeen taking partinWMQO'sactivities
such asWorld 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 an early earthquakewarning system
inMyanmar by setting up seismographic network and
record center. JJCA'srecent cooperation with DMH
included “ expertsdispatch program” on earthquake,
€equi pment provision program and training program.
Moreover, JCA hasto cooperaewithDMH infuture
intheshort-term expert dispatch programon Tropica
Storm Forecasting and Warning, and Regional-
focused Training Course in Acid Deposition
Monitoring Network in East Asia. JICA hasadready
provided two instruments of lon Chromatography
system and Ultrapurewater 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 inthe Tsunami
Warning System. Of course, thetwo phenomenaare
quitedigtinct: tsunamisaremainly causad by submarine
earthquakes; and storm surges by weather
phenomena. But they haveaspectsin common.Globd
Sea Level Observing System program (GLOSS)
which is an arm of the IOC has traditionally
emphasi zed on strong training, education and mutud
assistance components. Its program includes the
establishment of 6 near real-time sealevel station
network with financial support from the UN
Tsunami Regional Trust Fund.UNESCARP, in
collaborationwiththeUniversity of Hawaii Sealevel
Center, has been administering thetrust fund. It has
established onegtationin the Philippines, two Sations
in Thailand, two stationsin Vietnam, and soon to
establish onegationin Myanmar.

IOC Sub-Commission for the Western Pacific
(WESTPAC) developed, within its framework of
South East Asia-Global Ocean Observing System
(SEAGOOQS), onepilot project entitled “Monsoon
Onset Monitoring and Its Social & Ecosystem
Impacts’ (MOMSEI). This pilot project aims to
improvethe understanding and forecasting of Asia
monsoon and itsmulti-scalevariability. Theproject
will enhancethe cgpability for monitoring themonsoon
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onset intheAndaman Sea. Itisalsoin synergy with
the on-going efforts of Indian Ocean Observing
System(IndOOS). There are six member states of
|OC /WESTPA C suffering from Asian monsoons,
including China, Indonesia, Malaysia, Myanmar,
Philippineand Thalland. DMH of Myanmar isactively

cooperating with other member countriesby sharing
Myanmar Monsoon Climatol ogy and itschanges.

India and Myanmar have jointly undertaken the
expedition in the Andaman Sea. UNESCO/I0C/
ADPC prepared toinstall new advanced tide-gauges
inMyanmar coast. TheNational Institute of Ocean
Technology (NIOT) of India, DMH and Myanmar
Port Authority (MPA) had dready implemented two
acoudtictidegaugesin Yangon and Pathein. Another
two advanced tide gauges areto beinstalled in the
near future by the GLOSS-UNESCO/IOC/ADPC
program. Theadvanced tide gauges, currently under
preparation, will havereal-time datatransmission
fedlity.

The operations for storm-surge prediction and
warnings are being coordinated through the Joint
WMO/IOC Technical Commission for
Oceanography and Marine Meteorology (JCOMM).
It isan example of the long standing cooperation
among WMO and 10C. The JCOMM guide for
‘storm-surgeforecasting’ isbeing finalized by the
Commission and will contributeto theenhancement
of storm-surgeforecasting capability at theregional
and nationd leve.

(5) RIMES (ADPC) and DMH
TheRegiond Integrated Multi-hazard Early Warning
System (RIMES) isaregional cooperation among
Bangladesh, Bhutan, Cambodia, China, Comoros,
India, Lao PDR, Maldives, Mauritius, Mongolia,
Myanmar, Nepd , thePhilippines, Sri Lanka, Thailand,
Vietham and Yemen. RIMESwill focusontheearly
warning of tsunami and hydro-meteorol ogica hazards
within theframework of UNESCO/IOC and WMO.
RIMESisnow in force and islooking forward to
workingintheareaof capacity buildingfor theregiona
countrieswhich arein need of assistance on westher
and climate forecasting, storm and storm surge

forecasting, and issuance of tsunami warnings.
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Under the arrangement of ADPC, DMH supported
to hold anational forumfor early warning in April
2007. It wasintended to hold national forumsin pre-
monsoon and post-monsoon months on aregular
basis. Theforumwasnamed “Monsoon Forum”. It
constitutes aplatform for open dialogue and inter-
agency coordination as the representatives from
forecast providers, user agencies, non-government
organizations and sel ected communitieswould be
among the forum participants. Since 2007, the
IMonsoon Forum has been organized twiceayear in
pre-monsoon and post-monsoon months. Itisnow
nationally and regionally recognized as the key
platform for understanding of risks from current
variability, extremes, and long-term climate change.
Forumshave been abletoidentify theneedsand gaps,
and helped find waysand meansto narrow the gaps
with the technical guidance and support of ADPC,
and also by the cooperative efforts of stakeholders
from various sector.

National Consultation Workshops on Coastal
Community Resilience(CCR) and Incident Command
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
incoastd areasandto explorehow the CCRinitiative
can assist in building institutional capacities. The
participating agencieswereaware of theimportance
of ICS, which brought together personnel, policies,
procedures, facilitiesand equipment in an integrated
structure designed to improve emergency response
operationsof al 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 onthe CONOPS and TARNS nitiatives had
been the workshop output. It was briefed by the
participantsat theworkshop and an implementation
plan was prepared. National Tsunami Warning
Centers (NTWCs) wereassisted by CONOPSfor
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mapping the operational flow of hazard and non-
hazard information between organizations, for defining
theintra-department reporting relationshipswithinthe
NTWCs, and for developing a robust decision-
meaking processfor thegeneration of tsunami warnings.
TARNSiIsaset of protocolsand proceduresfor quick
and accurate dissemination of tsunami-rel ated advices
or warningsfromtheNTWCstoal relevant nationa
andloca officidsandthepublic.

(6) WMO/ESCAP PANEL ON TROPICAL
CYCLONES

WMO hasinitiated an integrated effort by setting up
or srengthening theexiting collaboration mechanisms
among the TCP regional bodies, the Regional
Associations and the Technical Commissions
concerned. Thereareeight Members inthePanel on
Tropicd Cyclones(PTC), namdy, Bangladesh, Indig,
Maldives, Myanmar, Oman, Pakistan, Sri Lankaand
Thaland. The TCPisdesigned to assist thecountries
in areas vulnerable to tropical cyclones with the
primary objectiveof minimizingthedestruction and
loss of lifethrough improved forecasting warning
systems and disaster preparedness measures. The
Panel notedthat training eventsand workshopsare
to be organized for the benefit of DMH of Myanmar.
The Pand had benefited fromWM O’ seducation and
training activitiesthroughtheprovison of fellowships,
relevant training courses, workshops, seminarsand
the preparation assistance to prepare training
publications. WM O a so provided technical advices
to the Panel. Assistance to Myanmar includes
“ Attachment of Storm Surge Expertsfrom Myanmar
and Sri Lankato theIndian Ingtitute of Technology”.
ThePand a so noted that WM O fellowshipsfor long-
term and short-termtrainingswill continueto grant to
the Member countriesof the Panel under thevarious
WMO programs.

(7) UNESCAP and DMH
UNESCAPwill dsohep Myanmar developan early
warning systemfor tsunami and other naturd disasters.
The UNESCAP's decision to fund Myanmar for
setting up thewarning facilitiesisbased onthefact
that the region around Bangladesh and western
Myanmar’s Rakhine coastal areaissusceptibleto
storm, earthquake and tsunami. A network of 4 redl-
time broadband saismic stationswas established with

financid support fromthe UN Tsunami Regiond Trust
Fund being administered by UNESCAP. Onedétion
was established in Myanmar, oneinthe Philippines
andtwoin Vietnam.

(8) EANET and DMH

Acid Deposition Monitoring Network in EastAsia
(EANET) has been established as an important
initiativefor regiond cooperaionamongtheEastAdan
countries since 1998 in order to create common
understanding onthestate of acid deposition problems
and for providing useful inputsto policy makersat
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
becameamember country of EANET in 2005. After
becoming amember, DMH was designated asthe
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 dataof ion
content.

National

Establishment of research network for the
assessment of the impact of climate change in
Myanmar

Inthe higher educati on sub-sector of Myanmar, there
aremany universities, degree colleges, collegesand
vocationd ingtitutions. These arenot only under the
ministry of education but also under the various
ministries. Theresearch network concerning with
climate change shoul d be established among these
institutions. Themain objectivesof the networking
activitiesare:
% To provide the technical guidance inthe
conduct of research,
% To use the research outcomes in the
preparation of the draft devel opment plans.
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+»+ To promote the public awareness on
climate change and itsimpacts on social
and economic sectors of the country.

+» Tounderstand the potential impacts of
climate change on different sectors of the
economy, their vulnerabilities and the
possi ble adaptati on options to reduce such
impacts.

+ To encourage climate-related research
works, inthe Higher Education sub-sector
and to include climate change and ti

¢+ To share knowledge and experience among
theingtitutions.

Fields of research and implementation activity

In the Higher Education sub-sector, universities
perform various research activities. The research
activitiesin agriculture, forestry, urban, coastal and
marine, tourism, water and soil resourcesetc., should
cover research on climate, particularly to climate
changeimpact to the respective sectors, in addition
to conventional research works. See(Table7.19)

Table7.19: Sometaskstobeundertaken for promoting climate-related resear ch projects

No. Description of task ¢

change

1 |[Study on syllabus of the universities related to the envronment and climate

depar tments

2 |Database construction of research activities for universities and related

on the various fiel ds of study.

3 |Inviting theresearch proposal for the assessment of climate change impacts

4 |Performing wor k shops and seminar s on climate change impacts

Establishing Web Site for resear ch network s

6 |Publication of r esear ch paper s

Myanmar Higher Education Institutionswill also
collaborate with the International Educational
Institutions in the research network. These
international institutions may participate in the
Myanmar University Research Network on climate
change. Successful research activitiesneed various
relevant supports.

7.7. Needs and Recommendation

The meteorological/hydrological observa-
ntories are usually equipped with conven-tional
instruments, and datahandling and assessmentsare
carried out manually. The observed dataare sent to
the National Data Collection Centre at Kaba-Aye
by voice message using telephones, singlesideband
transceivers and telegrams, which need further
confirmation by monthly registerssent by mail. Data
arearchivedin paper copieswhich decay easily due
tothetropical moist climate. Staff arebusy withthe
manual operation and handling of data, anaysisand
issuance of warnings and bulletins. Progressinthe
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field of climate change related assessments is
insufficient and dow to obtain up-to-dateStuationin
many aspects. There is an inadequate analysis of
existing data by local expertise, such as climate
variation dueto ENSO. Capacity building of DMH
staff, university studentsand personnel from rel ated
ingtitutionsisa so another areaof gapinthe country.
Myanmar is truly interested in sharing climatic
informationtordevant agenciesandwillingtoinvolve
inglobd effortsto dedl withtheclimate change.

Myanmar needsto repl acetheexisting conventional
Instrumentswith automatic/ digital oneswhichwill
significantly reduce manual operations. The use of
control buttonsisto be promoted to improve data
assessment for efficient transmissionto target points.
Human capacity development needs to be
simultaneously enhanced so that dissemination of
WMO/ IPCC standard information may become
much morefacilitated. Climate changeinformation
network should bestrengthened nationdly, regiondly
andinternationaly. Thismay beachieved phase by
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phase. Nationa strategic plans on Research and
Systematic Observation with specia focuson cimate
change, tropical storm and drought are shown as
follows.

National strategy

- The area of research relevant to climate
change must be promoted strategically with

specific directionsand goals.

- Theresearch programsshould alsoaimto
maintain and devel opinternationd linksthat
ensure  collaborationinresearch activities
and transfer and di ssemination of advanced
environmentally sound technologies.

- The observational instruments must be
replaced with automatic or computerized
facilitiesto control the dataquality and to
providequality information to regiona and
globd climatic centres.

- The technology enhancement must be
promoted through the use of numerical
modds.

- Workshop/Forum must be organized
frequently to raise awareness on climate
change, to develop responsestrategies, and
to open up opportunitiesto researchers.
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Table7.20: Thestrategicresearch topicson climatevariability

No Topics
1 Early signs of late monsoon onset over Myanmar.
2 |Precursory signs of early monsoon withdrawal from Myanmer.
3 |Variability of annual rain in Dry Zone of Myanimar.
4  |Tropospheric patterns associated with deficit monsoon monthly rainfalls in

Dry Zone of Myanmar.

5  |Tropospheric patterns associated with deficit monsoon monthly rainfalls in
Lower Myanmar.

6 |Tropospheric patterns associated with deficit monsoon monthly rainfalls in
Upper Myanimar.

7  |Tropospheric patterns associated with excessive monsoon monthly rainfalls in
Lower Myanmar.

8 |Extremerainfalsin central Myanmear.

Table7.21: Thestrategic research topicson climate change

Z
[e)

Topics
Climate change aspects of SW monsoon onset/withdrawal over Myanmar.
Monthly rainfall trends of states and divisions in Myanmar.
Significant excessive monthly rainfalls in Dry Zone of Myanmer.
Significant dry spells in Dry Zone of Myanmar.
Trend of post-monsoon rains in Myanmar.
Trend of pre-monsoon rain in Myanmar.
Monthly rainfall assessment of Myanmar. .
Bxdreme day temperature patterns in Myanmar.
Bxremme night temperature patterns in Myanmar.

Clo|l~NlolobMb|lwWwN]|E
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Table7.22: Thestrategicresearch topicson tropical storms

Na@ Topics

1

L andfall frequency distribution of tropical storms and depressions along
M yanmar coast.

V ulnerability of tropical storms along M yanmar coast.

Excessive rainfalls in M yanmar associated with cyclonic storms.

Attempt to quantitative forecasting of storm surge in M yanmar.

Forecasting of cyclonic storm rain.

| | |w(N

Study on the influence of the sea surface temperature pattern upon the
cyclogenesis in the Bay of Bengal and the Andaman sea.

Tropospheric circulations responsible for the abnormal movements of
cyclones in the Bay of Bengal.

Regeneration of cyclones in the Bay of Bengal due to typhoon remnants
of the South China Sea.

Storm surge prediction along an estuary.

10 Scenarios of different abnormal cyclone tracks and their potential

storm surges.

Table7.23: Thestrategicresearch topicson drought and precipitation

No Topics

1 |Frequency distribution of drought in Myanmar.

2 |Severe droughts and monsoon situation in Myanmar.

2 |Tropospheric circulations that influenced the severe droughts in Myanmar.

4 |Precursory regional situations responsible for the severe drought of Myannar.

5 |Synoptic situations responsible for the widespread drought in Myanmar.

6 |Synoptic situations responsible for the prolong droughts duration in Dry Zonhe of

Myanmar.

Hydrological features during droughts in central Myanmar.

[o sl IEN

Vulnerability to impact of severe drought in central Myanmar.

Potential impact of severe drought in Dry Zone upon the domestic water supply.

10

Dry season drought potentials in Myanmar.

Table 7.24: Thestrategic research topicson extremeclimatesin relation to

El Nino

No

Topics

Early signs of climate impact dueto B Nino.

Impact of B Nino upon the extreme heavy rainfalls of different States and Divisions in
Myanear.

Impact of H Nino upon the extremely warmspell duration of different States and
Divisions in Myanmar.

Warming pattern in Myanmar in the early stage of H Nino.

Rainfall pattern in Myanmer in the early stage of B Nino.

Drought characteristics during the period of El Nino.

Significant climate pattern in Myanmear in the wake of B Nino.

Significant intensity/track of cyclones in the Bay of Bengal during El Nino.

OV

Flood frequency and duration along the Ayeyawady River systemdueto impact of B
Nino.

Abnormally low water level in rivers during dry season dueto impact of B Nino.
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Researchworkswill havetofocuson ENSO, tropica
stormsand their associated hazards and droughts,
etc. in Myanmar. To enhance the systematic
observationand researchactivities, technicd, financid
and technologica supportsareto besought for from
variousorganizationsbothinternational and regiondal.
In order to enableto conduct research on cross-cutting
climate change i ssues among key socio-economic
sectors, human resourcedevel opment should begiven

priority.
7.8. Conclusion

IntheUnion of Myanmar, observationsindicated that
climate change is taking place in the fields of
temperature, precipitation and extreme climate.
Occurrence of disastersisgetting morefrequent and
severe, and the southwest monsoon featuresarea so
changing. The southwest monsoon onset datesinto
the country were becoming late and itswithdrawal
datesfromthe country wereadvancingearlier. During
1988-2000, the southwest monsoon duration was
shortened by three weeksin northern Myanmar and
one week in other parts compared to 1951-2000
average. The monsoon became less active
(decreasing strong monsoon days). M onsoon break
which used to take placefor about oneweek during
normal peak monsoon period of July and August
becamel esspronounced except in 1998 during which
therewasaprolonged break monsoon dueto El Nino
event.

Climate change imprints are found in the
meteorological elements such as temperature
(generdlyrisgngtrend), rainfal (generdly falingtrend)
and cyclonefrequency of landfal on Myanmar coast
(rising trend). Myanmar is highly vulnerable to
disastersdueto extreme climate impactsinduced by
global warming. Research and systematic
observations are the paramount important basic
measures that Myanmar has to undertake. To
effectively support the Globa Climate Observation
System, Myanmar urgently needs to update the
existing conventional measuring instruments, to
providedata, information and reportsfollowing the
WM O standard. Data collection should be upgraded
and replaced by stand-al one communication devices.
Observation stations are to be equipped with desk

Page 161

and Systematic Observation

top/ lap top computers to ensure data quality and
improvearchiving operation.

Myanmar hasadozen of stationswith morethan a
century-longrainfal data, afew dozen of stationswith
more than five decades of meteorological
observations and about 100 stations, taking
meteorological and hydrologica observationsupto
about fivedecades. Much of thedataarein the pocket
registers and forms. DMH has to upgrade a data
archive system so as not to lose the valuabl e data.
DMH needs not only data archive centre but also
capacity building, thefacility upgrading and expertise
torunthecentre.

Data are needed to be analyzed in the formats
recommended by WM O, UNFCCC, UNEP, IPCC
etc. withthe help of relevant software. Whereready-
made softwareisnot available, staff hasto develop
own softwareto andyzethedata. Capacitiesbuilding
of trainers should be strengthened through relevant
trainingsfromtimeto time. Waysand means should
be sought for totrain new generationsof dimatologists
andmeteorol ogigts, agrometeorol ogigts, hydrologists,
environment-alists, biologists etc., to monitor the
climate change and its potential impacts. New
elementsand process of changesin nature may need
to be observed systematically and it isessential to
open up anew domain of research on climate change
impactson human, animals, foods and plants.

Past climatesand current dimatesof Myanmar should
beandyzed and theresults should beinformed to the
authorities and relevant agencies for necessary
measures and preparedness. Devel opment of climate
scenarios in the immediate future is another area
chdlenging Myanmar.

Theobservation gationsarenot evenly distributedin
thecountry andthey are scarceinremoteareaswhere
more observations are needed for early warning
systems and for activities related to agriculture,
forestry, fishery, livestock and weater resourcesaswell.
Fairly uniform distribution of stationsshould begiven

priority.
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Various country-specific climate changeinformation
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.
Myanmear participationintheregiond andinternationa
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
systemdtic observations. Capacity building of the saff
assigned a the stationsisanother important matter to
help devel op effective systematic observation system
withintheregion. At thesametime public avareness
campaigns on climate change and adaptation
strategies should be launched from timeto time. To
thisend, adequatefunds should bemadeavailableto
responsible departments and agencies of the
government and non-governmenta organizationsas
wall.

Myanmar needsincreased technical, financial and
logical support from UNFCCC, UNEP, IPCC and
other related institutions. Those supportswill enable
Myanmar significantly contributeto thegloba efforts
of adaptationto 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
changethrough trainingsand various means. Since
National Commission for Environmenta Affairs
(NCEA) wasformed in 1990, attempt hasbeen made
to promote the education and public avarenesson
environmental consarvation.

In Myanmar Agenda 21, there are 6 integrated
programsformulated by government agenciesand
approved by Cabinet for the pursuit of environmenta
education and public awarenessactivities. Theseare
namely (1) formation of national advisory and
coordination body for environmental education and
training, (2) improvement of environmenta education
inschool, (3) improvement of environmental education
and research at thetertiary and professional level,
(4) building the capacities of business, industry,
academic and private sectors for proper code of
conduct in environmenta conservation, (5) launching
public education and awareness campaign, and (6)
developing partnership with other national and
international stakeholders. Inthiscontext, World
Environment Day and nation-wide Tree Planting
Campaignsare annualy implemented by concerned
government agencies. Massmedia, radio and nationd
television programsa sowidely cover theissues of
environmental public health, soil and water
conservation, energy saving and forest conservation.
In line with these existing programs, education,
training and public awareness on climate change
(ETPA) are intensified for its effectiveness on
maximum coverageof dimatechangecommunication
nation-wide. This section of the report highlights
progress made so far in implementation of ETPA
activitieson climate change during the period of 2008
to 2010.

8.2. Education and Training Activity
Under thisectivity, threesub activitiesareimplemented
toincreasethelocd capacity for addressingtheissue
of climate changein Myanmar. Theseincludes—

1. Development of Information, Education
and Communication Maerias

2. Traningof government officids

3. Traningonenvironmentd journdismand
climate changecommunication

Development of Information, education and
communication materials (IEC)

Apparently, information, education and
communication materias (IEC) areimportant for
effective communication in order to enhance public
awareness on climate change related issues. The
project for national communication on climatechange
under United Nations Framework Convention on
Climate Change (UNFCCC) has developed the
following IEC materialsthat are useful for ETPA
activities.

1. Areferencebookfor student and families:
Introduction of Climate Change: A manual
of World Health Organization on climate
changefor gudent and familieswastrandated
into Myanmar language with additional
information about climate change in
Myanmar. Itistointroducethedimatechange
subject to thepublicin simpleexpression.

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
ralsing activities. Containing thefacts about
cause and effect of climate change in
Myanmar, a communication toolkit was
developed and pre-tested for effectiveclimeate
change communication.

3. Development of climate change video
(Myanmar Version of “ An Inconvenient
Truth” )—For training purpose, documentary
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videoiscrucid tovisudizethecontent of climate
change subject. For this purpose, an
internationally well-known climate change
documentary video; namely
“AnInconvenient Truth” wastrand atedinto
Myanmar version.

4. Information sheet for calculating
ecological footprint: Volunteer participation
by dl citizensinenvironmenta conservationis
animportant first sepfor building cgpacity on
mitigation and adgptationto Climate Change.
Tonurturetheprocessof environmentd ethica
congderation and action by conscientious
individuas, theconcept of ecological footprint
is introduced and the procedure for self
assessment of one'sown knowledge about
thefoot print isdevel oped.

Training of government officials on climate
change

Thetraining was conducted for twenty nineofficias
of variousgovernment departmentsand organizations
from nine States and Regions to enhance their
understanding on climate change and related i ssues.
Thetraningwasfocusad on strengthening the capacity
of thetraineesto enabl e them to communicate well
with the public on climate change and required
mitigation and adaptation measures. Participatory
training method wasemployed in ddlivering training.
Aspart of thetraining, thetrainees prepared post-
training programsto raise publicawarenesson climate
changeissuesin theareaswherethey wereworking.
Primarily, most of thetrainees devel oped programs
which included awareness survey, seminar for
departmental headsand local authorities, andtrainings
fortrainers. Smdl grantsweregiventothetraineesto
implement thelr programs.

Figure 8.1: % of Traineesresponding to satisfaction on training
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An important outcome of thetraining has been the
dissemination of theinformation on climate change
acrossthe country through government officidswho
hed attended thetraining resultinginincressedinterests
of local authoritiesand loca communitiesin climate
changeissues.

Training on environmental journalism and
climate change communication

Training on environmental journalism and climate
change communi cation was conducted during the
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month of November, 2009. Thepurposeof thetraining
wastoincreasethecapacitiesof journdistsfromloca
mediafor effective communication inthe matters of
climate change and environmental conservation.
Training is not only focused on subject matter of
climate change but also covered the aspect of

fundamenta in investigated journadism. Atota of
12 participantsfrom 11 local mediagroupsattended
thetraining and trai ning assessment showed thet their
level of understanding on climate changeissueshad
consderably increased. After thetraining, ETPA team
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Table8.1: Participating organizationsin thetrainingon climate change

Participant :
No. D A L
0 epartment e T = el rea/L ocation
1 N ational Commission for Environmental 2 2INay Pyi T aw
Affairs
2  |Department of Planning & Statistics 1 1 2|Nay Pyi T aw
3 1 4(Nay Pyi Taw,
3 |Forest Department M andalay,
Rakhine
4 |Dry Zone Greening D epartment 1 1 2|M andalay
: 1 2 2|M agway, B ago,
5 Education D epartment Ayeyarwady
6 |Myanmar Fishery Department L - T{ayeyarwady
. : 2 2 4(M agway, B ago,
v General A dministration D epartment K achin. Chin
g D epartment of W ater Resources & Rivers 1 1 2|Sagaing
D evelopment
8 |Ministry of Electric Power No. (I) - 1 1{M andalay
10 Red Cross A ssociation, M yitkyina - 1 11K achin
U niversity
11 |Department of M eteorology and H ydrology 1 1 2[K achin
12 |Village Peace and Development Council 1 ) I{shan
13 |Department of Development A ffairs 1 1 2[Rakhine
14 |Social Welfare D epartment il = 1lChin
15 |irrigation D epartment 1 - T|Ayeyarwady
T otal 15 14 29

met with thejournalistsand shared information about
theclimate change and environmental conservation
in Myanmar. All of thesetrained journalistswrote
articlesabout environmental situationin Myanmar
based on the information provided by ETPA team
and Climate Information Center. These articleswere
regularly appeared in local weekly journals

promoting public awareness on climate change.

Figure8.2: Gover nment official trainingon
climate change

HE INITIAL NATK
ey

NA

8.3. Public Awareness Activity

Asmentioned above, capacity building program for
thegovernment officid sand environmentd journdists
wasa sodesignedto assist public awarenessraising
activity nation-wide. Inaddition, acoupleof programs
were designed and launched to reinforcethe actions
toraisepublicavarenessondimatechangeeffectively.

Figure 8.3: The percent understanding on
training subject

Training self-assessmenton
understanding the subject matter

Causes of Global
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Information EU}"U Climate changes
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- — - Public awareness survey
Figure 8.4: The respondent by gender participated in

SUIVEY Public awareness survey was conducted during the
Total Respiondeftby Sex period from June to October, 2009 in order to
s - examinethelevd of citizens awarenesson climate
T change issues. One page self-administered
50 | H B questionnairewas devel oped and circulated to the
o0 | B public through local mediaand non-governmental
510 1 organizationsthroughout thecountry. Peoplelivingin
w | Yangon city, Central Dry Zone, Ayeyarwaddy delta,
@ *‘]‘I.‘l] B Mon and Kachin State actively participated in
5 *--l—‘ - a = = answering the questions of the survey and returned
Ml R B e bl T their answersback to ETPA team. A total of 3,328

respondentsincluded 1,834 malesand 1,494 females.

Box 1: Highlights of public awareness survey

ARE PEOPLE AWARE OF GLOBAL WARMING?

Publi c awareness survey enquires about people’ s awareness on global warmingin genera. Data show that 85%
of respondent were aware of the global warming. Soitis to say, amost al respondents heard about it. But
Casual laborers, dependents and farmers were | ess aware of the climate change concerns. W hen further detail
was asked about the cause of global war ming, the chosen correct answers were varied and only above 80% of
respondents correctly answered that deforestation was one of the reasons for globa 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 peopl e were mostly able to differentiate the fact that global warming was dueto
human factor, not by natural phenomenon. Confusion was found among the respondents when it was examined
about the relationship between green house gases and globa warming.

ISEXTREME WEATHER SERIOUS?

Globa warming and extreme weather were intertwi ned and awareness and experiences of the respondents on
extreme weather were examined during the public awareness survey. The result showed that the most
experi enced extreme weathers were extreme heat, strong wind and storm. Respondents from Y angon, other
urban areas and rural areas shared the same view on it, though the percent of respondent express ng their
experi ences of these extreme weathers were varied. Obvioudy, the devagtating effects of the cyclone Nargisin
2008 refl ected their experiences and suffering of extreme weather. From their expression, what is notable isthe
impact from these extreme weathers. Reportedly, loss of households and family members under these
circumstances accounted for 10%in Yangon, 16% in other urban areaand 23% in rural area. The effect of
extreme weather on househol d economy was 42%, 48% and 60% in Y angon, other urban and rura area
respectively. M ore than one half of the respondentsfrom rura area, 44% in other urban area and 24% in the
vicinity of Y angon complained about their health problem after extreme weather. Therefore, it isevident that the
extreme weather isalready adversely impacting on the lives and the economi es of the people.

DO PEOPLE THINK THE CLIMATE HASCHANGED IN MYANM AR?

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 g gnificant that the percentage of the respondentswho felt the impacts of climate change was

highest among those respondents who were less aware of global warming (dependents, casua laborers and

farmers). With regard to mitigating climate change, two thirds of the respondents thought that efforts could be
made to improve the climatic conditions. Especial ly, the respondents working in NGOs, international
organizations, government services and military were more optimistic in this respect. T he respondents were also
asked to express their perceptions on the potential impacts of climate change ontheir livelihoods. Those living in
Y angon were concerned more about the negati ve impacts of climate change on environmental stability and
public health. Other urban and rural people were equally concerned with the negative impactson food
production, public health and environmenta gability. Concerns over water supply, income generation and loss
of property were | ess apparent in all areas.

ARE PEOPLE AWAREOF CLIMATE INITIATIVESIN MYANMAR?

Regarding climate initiativesin Myanmar, a smpl e 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 relativel y better. Interesingly, the respondents working in
NGOsand internati onal organizations were |ess aware of them than those working in the business companies.
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Intermsof ageclasses, 32 percent of therespondents
belonged to age class 25 to 39, 27 percent to age
class18t0 24, 24 percent to age class40to 60 years.
Morethan half of them were university graduates.
High school and middle school graduates condtituted
17% and 11% respectively.

Magjority of the respondents were students and
farmers accounting for 18% and 15% of the total

respectively.

Occupationsa so varied. Company employeesmade
9%, employeesat 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.

Themagjor findingswerehighlightedinBox 1 and
thesdlient pointsof thefindingsare-

a) Peoplewereawareof thegloba warmingin
general to someextent; however, the causes
of global warming except for deforestation
werelesswel known;

b) Higher temperatures, stronger winds and
sormswerereportedly the extremewesthers
people had felt. Reflecting the experiences of
Cyclone Nargis that hit lower part of
Myanmar in 2008, higher casudtiesandloss
of livesthan officialy recorded were reported
by the respondents, casualtiesranging from
10to 23% of thetotal. Extremewesather dso
severely impacted on household economic
condition and health of household members.

¢) 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
environmenta sustainability and public hedlth,
whilerespondentsfrom other urbanandrura
areas felt that food security was the most

concerned followed by public health and
environmentd sustainability.

MOECAF is a national focal point of
UNFCCC and the most responsible
ingtitutionin Myanmar so far asinter-agency
cooperation and coordination for
environmental conservation and climate
changeinitiative are concerned. However,
people’s awareness on MOECAF and
UNFCCC was not so high that it needs to
beimproved for enhancing their participation
inMOECAF sinitiatives.

As part of the public survey, the effective
media channel for conveying message to
wider audience of the public was assessed.
By TV, themaximum coveragewaslessthan
40% of total respondents whereas it was
25% for the radio program. For printed
media, 7 day- weekly journal and the
government newspaperswerethe most read
by respondents. However, the readership
intengty inwhichtheminimumand maximum
vauesranged from 0to 1 wasevenlessthan
0.5 for those mediathe most peopleread. It
meansthat the effectiveness of the printed
mediawas modest in passing the message
acrossthecountry. Therefore, itistotakea
notethat themaximum number of publicthat
can be reached by TV, radio and printed
mediafor disseminating theinformation 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, itisthusimportant to esablish
socia networks with an emphasis on the
enhancement of public awareness and
education.

Asfar aspublic awarenessisconcerned, it
wasfound that thelevel of awarenesswas
lowest among thefarmers, wagelaborersand
thedependents. Therefore, special attention
needsto be paid to these social groupsand
gppropriatecommunicationchannd shouldbe
selected for sending messageto them.
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Figure8.5: Effectivenessof TV programreaching climate change adaptation. International donor
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Stakeholder awareness raising workshop

Enhancingthelevel of stakeholder’sawarenesson
climate changeisimportant to facilitate the process
of publicawarenessand education on climate change
matter. For thisreason, attempt was madeto raise
the awareness of private business sector and civil
society. In collaboration with Myanmar Fishery
Federation, atechnica seminar workshop and expert
panel discussion were organized for businessmen,
manufacturersand investorsof Myanmar Chamber
of Commerce and Industry Association in order to
raisether awarenesson climate changein Myanmar
and measures that need to be taken. Similarly,
collaborationwas madewith Food Security Working
Group which was a larger network of non-
governmental organizationsin Myanmar in order to
hold a consultative workshop on climate change
matter. A total 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. Asthese organizations
are operating varietiesof community devel opment
activities nationwide such as water supply and
sanitation, primary health care, community based
natural resource management and sustainable
agriculture, the stakehol der workshop opened up the
scope and spacefor mainstreaming climate change
adaptation into existing devel opment programsrun
by civil societies. Consultativedid oguehascontinued
bilaterally amongthecivil societiesfor cooperationin
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agencies such as United Nations Development
Program (UNDP) and Department For International
Deve opment of theUnited Kingdom (DFID) stepped
upinorganizing further eventsto continue consultative
processin exploring the possibility of action toward
climate change adaptation. These consultative
stakehol der workshops contributed to the process
of forming atri-partite steering committee by UNDP
for setting up a small grant scheme for NGO and
Community Based Organization (CBO) inorder to
carry out community based climate change adaptive
program at grassrootslevel.

Nation-wide public awareness raising campaign

Inthecourse of implementing the project for nationa
communi cation on climate change under UNFCCC,
public awarenessra S ing campaignswere organized
nationwide, particularly inthecritical areaswhich
werefeas ble. Theaudiencesof thesecampagnswere
key stakeholders within the area such as local
authorities, government officias, non-state actorsand
community leaders. The messages given in these
campagnswerecausesand effectsof globad warming,
theclimate scenariosin Myanmar and their potential
impacts, andthe potential measuresfor mitigation and
adaptation to climate change. To date, thefollowing
regiond leve publicawarenessraising campaignshave
been conducted.

Awarenessraising campaigns completed
to date

1. Didrictlevel awarenesscampaign, Moe
Nyin Digtrict, Kachin State

2. MoeKaungtownshiplevel awareness
campaign, Kachin State

3. Pharkant townshiplevel awvareness
campaign, Kachin State

4. Putaotownshiplevel awvarenesscampaign,
Kachin State

5. Wa Maw township level avareness
campaign, Kachin State

6. Inter-departmental avarenesscampaignin
Monywar Township, Sagaing Region

7. Inter-departmenta awarenesscampaignin
Mindut Township, Chin State
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8. Didtrictlevel departmental awareness
raising campaign in Kyaukphyu Township,
Rakhine State

9. Regiond levd awarenessraisngtraining
andtownshipleve inter-departmental
awarenessraising campaign, Bago Region

Inaddition, there areal so afew on-going awareness
campaigns as stated below -

1. Stakeholder awarenesscampaign,
Southern Shan State

2. Didtrictleve andtownshiplevel avareness
campaigns, Pyar Pon Didtrict, Ayeyarwady
Ddta

3. Statelevd awarenessraisingcampaign,
Myitkyina, Kachin State

4. Awarenessraising campaignfor community
based organizationsin 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
participatory tool wasintroduced to andyzethe status
of emitting greenhouse gases and theincidence of
extremeweather ingiven administrativearess. This
mobilized the participants to deeply think of and
undertake necessary measuresthat could reducethe
vulnerability dueto climate change. Such an activity
likecommunity forestry or introducing energy efficient
cooking stove appeared to be theimmediate action
for addressingthe climate changeissuein thelocality
asafollow-up to the awareness campaign.

Climate information center

For the preparation of the Initial National
Communication Report on climate change under
UNFCCC, documentsreated to climatechangewere
widely collected. Nearly 500 information materias
have been collected covering technical, educationd,
legal, financial and institutional aspects in
environmental consarvationanddimatechange. Thus,
the Climate Information Center (CIC) wasestablished
at the office of theAcademy of Forestry Sciencein
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, thejourndiststrained by ETPA arethemgjor
usersof CIC and monthly forumsare organized to
update them and ensure dissemination of up-to-date
information on climate changeto the public through
their articles published in the local media. An
information assi stant has been attached to the center
by ETPA teamto take care of thevisitorson matters
concerning climate change.

8.4. Way Forward

Theproject for Initial National Communication on
climate change under UNFCCC has opened up
opportunitiesfor civil societiestoimprove education,
training and public avarenesson dimatechangeissues
inthe context of Myanmar. It enlargesthe scope of
improving the citizens' access to climate change
information in order to enhancetheir participationin
mitigation and adaptation measures against climate
change. Theactivitiesdescribed inthissection should
be continuedin the future to upkeep the momentum
crested by thisinitiative. To maximizethe benefitsto
theentirenation, it will requireingtitutionalizing the
process of uplifting education, training and public
awareness by forminginter-agency coordination body
to enabl e the development of national level ETPA
scheme and its implementation nationwide with
increased inputsof human and financial resources.

Inthisrespect, internationa cooperationisasocritica
to enhance information sharing and learning
mechanism so that informed, healthier and better
decisonscould bemadethrough ETPA process. This
actionwill effectively bridgenationd leve intervention
with local initiativein building community adaptive
capacity to face climate changeredlity in Myanmar.
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Integration of Climate Change Concerns into Development Plans and Programs

9.1. Introduction

Integration of Climate Change Concerns(CCCs) into
development plans and programs is of vital
importanceto Myanmar inview of further enhancing
itslow-carbon economy and reducingitsvulnerability
to climate change challenge. Both GHG emission
mitigation and adaptation to climate change are
indispensable and complementary.

Reductionsin GHG emissionswill delay and reduce
damages caused by climate change, and thusreduce
theinvestment that will be needed for adaptation.
However, itisworth noting that whilemitigation of
climatechangeiscrucid tolimitlong-termimpacts,
climate changeisaready happening, andisbound
to continuesimply because of theatmospheric GHGs
that havea ready accumul ated.

Accordingtothe GHG inventory undertakenfor the
preparetionof Initid Nationd Communication (INC)
for theyear 2000, Myanmar has proved morethan
being a net carbon sink nation, with a CO, net
remova of (-) 67,863 Gg COe(or) 67.8 million
tons of CO,. Land use change and forestry isthe
only sector in the country to absorb CO, with an
amount of 142, 221 Gg. Myanmar had emitted a
total of 74, 358 Gg CO,e emissionsinyear 2000.
It thus demonstrates that Myanmar has been
implementing low carbon economy, significantly
contributing to the global efforts of stabilizing
atmospheric CO, concentration below dangerous
levels

Myanmar has been experiencing considerable
increase in per capita incomes. The per capita
incomesin 1990 of 1,232 Kyatsincreased to 2,000
Kyatsinyear 2000 at 1985/86 constant producers

prices (CSO 2004, CSO 2006, and Ministry of

Information 2009). Inlinewith thegrowing GDP,
GHG emissonsfrom Energy and Indudtrid Processes
sectorshad increased from 6 086 Gg CO,eand 180

Gg CO,ein 1990 to 7 863 Gg CO.e and 463 Gg
CO, erespectively inyear 2000. Along thistrend, it
is sensible that the total GHG emissions could
increasewith theincreased consumption of energy
to sustain the growing national economy in the
decadesto come.

Especidly since late 1970s Myanmar has been
experiencing negativeimpacts of climate-related
natural disastersto whichitsgeographical settingis
attributable. Myanmar, beinglocated on the eastern
coastline of Bay of Bengal and Andaman Seg, hasa
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 runninglong river
systemsin-between. In addition, thereexistsrain-
shadowed dry zoneinitscentral part influenced by
orographic effect of western mountain range. Such
ageographicd setting exposesMyanmar toanumber
of climate-related natural disasters. The tropical
depressions due to low atmospheric sea-level
pressureformedinthe Bay of Bengd could hit Delta
region and other coastd areas. Myanmar washardest
hit by the CycloneNargisin May 2008.

Integration of CCCsinto devel opment plansand
programsand implementation of therecommended
actions are therefore considered vital to sustain
Myanmar’seconomic deve opment in harmony with

socid and environmental integrity.

9.2. Climate Change in Myanmar

During the period from 1961 to 1990 the lowest
mean annua temperature of Myanmar was 15.8°C
inthe Chin Stateof the northwest mountainousregion
whilethe highest temperature was above 40°C in
Magway Region. Mean annud rainfall waslowest
about 500 mm in the Lower Sagaing Region and
highest with 5,000 mminthe Tanintharyi Region of
southern strip of Myanmar (DMH, 2009).

Page 170



Chapter 9

Integration of Climate Change Concernsinto

Development Plansand Programs

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 temperatureincrease per
decadewas highest with0.32°CinHpa-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 frequenciesof heat wave
occurrence numbered fivein Kachin State, two each
in Northern Shan State, Magwe, Mandalay and
Lower Sagaing Regions, and oneeachin Bago Region
and Mon State. Thelongest 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 extremerainfall events
occurredfivetimesat Nyaung-U and four times at
Myitkyina, Magway, M awlamyineand Hpa-an. Of
the4 high extreme events at Mawlamyine, onewas
found tobe of higher extremewith 51.2% departure
from normal (DFN) that happened in 1994. Low
extremeranfdl eventsoccurredfivetimesin Monywa,
four timesin Mandaay and threetimesin Falam and
Magway, and two times each in Taungyi, Lashio,
Nyaung-U, Loikaw and Pathein. Theyear, 1998 was
astrong El Ninoyear that delivered low extremesto
much of Myanmar except Rakhine, Kachin and
Northern Shan State and Upper Sagaing Region.

Cyclones

Duringtheperiod 1887 to 2005, out of 1,248 tropica
cycloneswhich originated inthe Bay of Bengal, 80
cyclonic disturbances had crossed Myanmar coast.
It means Myanmar did not receive cyclonesevery
year. During 1947 and 2008, both inclusive,
Myanmar washit by 35 cyclonic storms, whichwere
usualy accompanied by strong winds, storm surges,
heavy rainsand floods.
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Imprints of climate change in Myanmar

Impactsof climate change have beenrecorded since
1978 according to the observations of Department
of Meteorol ogy and Hydrology (DMH). Myanmar
has been experiencing a general warming trend,
especially since 1979 (Htay Aung, 1998). The
average temperature hasincreased by 0.7°C over
thelast two decades, and theriseisinlinewith both
thegloba and Southeast Asatrends(Tun Lwin 2002).
In general, there have been late onsets and early
withdrawal sof monsoon since 1978; duration of the
monsoon isbecoming shorter than normal. Prior to
1977, theaverage number of rainy days per annum
used to bearound 144, but it reduced to 103in 1997.
In the period from 1988 to 2000, the monsoon
duration was shortened by about threeweeksinthe
northern part and by one week in other parts of
Myanmar compared to the 1951 - 2000 average.

Whiletheyears 1979 and 1980 were characterized
by prolonged warm and dry periods, theyears 1983,
1986, 1988, 1989, 1995, 1998, 2000, 2005, 2007
and 2009 had temperatures higher than normal.

Theyear 2009 was an El Nino year with decreased
annua rainfal, with heavy rainsin someareasand
with droughts in others. Some off-season rains
occurred in coastal areas of Ayeyarwady Regionin
the last week of March 2009, causing widespread
damageto sdt industries. Theyear 2010 started with
widespread cold waves crossing over parts of the
country including Mandalay, Magway and Yangon
Regions. Moreover, therewere dso unusual rainsat
Nay Pyi Taw Pyinmana, Western Bago Region,
Southern Shan State and Ayeyarwady Region on
January 26, 2010 dueto tropical depressionsin South
China Sea. There were also high temperature
extremes during summer months (March through
May), leading to the occurrence of severe heat and
water stressesvirtualy al over thecountry.
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9.3. Integration of CCCs into
Development Plans and

Programs

Sustai nable Devel opment 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 Devel opment needsaharmonious
integration of economic, socia and environmental
dimensons.

InMyanmer different ministriesand organizationsused
to undertake devel opment measures within their
mandatesto achievetheir set targets very oftenin
isolation. The coordinated efforts between the
ministries havebeen insufficient to put the country in
theright track towards sustai nable devel opment.

AstheNational Environmental Policy stipulates, the
devel opment activitiesmust integrate environmental
considerations in order to achieve harmony and
balance between national wealth, national cultural
heritage and natural resources. Inthiscontext, line
ministriesand all other related organi zations must
cooperate with one another and work hand in hand
closaly so that national economictargetsaremetin
harmony with environment, culture and natural
resource development. This calls for a strong
mechanism that could create and ensure inter-
ministerial cooperation and coordination.

Regarding environment, theNationd Commissonfor
Environmenta Affairs(NCEA) wasestablished 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
Foreign Affairs. NCEA operatesdirectly under the
guidance of the Cabinet and comprisesachairman, a
secretary, and ajoint-secretary. It hasthefollowing
four committees:

1. Committecon Poallution Control,
2. Committeeon Natural Resources
Conservation,

3. CommitteeonTraining, Research &
Education, and
4, CommitteeonInternaiona Rdations.

NCEA had deve oped Nationd Environmenta Policy
which was adopted in December 1994, formul ated
Myanmar Agenda21 (MA21) in 1997 and drafted
theNationa Environmental Protection Law (NEPL)
in2000. TheEnvironmenta Consarvation Committee
(ECC) was formed in 2004 to effectively and
systematically carry out environmental conservation
activitieswithinthe country.

In 2005, NCEA wastransferred to the Ministry of
Forestry to be chaired by theminister for Forestry. The
chairman of theNCEA dso chairsECC. Inaddition,
theNationa Environmental Conservation Committee
(NECC) hasbeen reformed in 2011 asafull flash
focal organization for the environment sector
throughout the country and the NCEA was abolished.
M oreover, to speed up itsenvironmenta protection
measuresthe Ministry of Forestry wasrenamed to
Ministry of Environmental Conservation and Forestry
(MOECAF)in2012.

The National Environment Policy underlines the
Government’scommitment to establish sound policies
intheutilization of water, land, forests, mineras, marine
and other natural resourcesin order to conservethe
environment and prevent itsdegradation (MA21).

A specific am of MA21 is to facilitate the in
corporation of environmental and sustainable
development policy consderationsintothedecison-
making and policy formulation processes of the
government in theeconomic and socia sectors(MA
21).

The current process of national devel opment and
planningin Myanmar does not provideasystematic
meansfor theintegration of environmenta dimensons
(MA 21).Climate change is one of the hottest
environmental issues today and MOECAF was
established to undertakethetask of coordinatingline
ministries and ensuring the integration of climate
change concerns into the national and sectoral
devel opment plansand programs.
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However, MOECAF does not havethe capacity and
authority for integrating environment and devel opment
at dl levelsand to ensure coordination and cooperation
among different ministriesand agencies. NCEA should
begrengthenedtothisend. It should havean extensive
network of administrative branchesthroughout the
country to ensurethat the integration of environment
and devel opment takes place at thestateand regiona
levels, and intownships, wardsand villages(MA 21
).

Inthisconnection, Environmenta Impact A ssessment
(EIA) isan effective and vita tool for integrating
environment and devel opment. The environmental
issuesidentified during EIA process canimprove
economic planning to achieve harmony and balance
between environment and devel opment. EIA rulesand
regul ations should be enacted for every big project
to beimplemented only after theanalysisof itscosts
and benefits.

All of the Government’snationa economicand socia
development plans should bereviewed in order to
comprehensively integrate environmental concerns
with particular focuson climatechange. NECC should
be empowered to ensuretheintegration and monitor
theimplementationat dl levelsandinadl locdlities.

[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, the popul ation increasing and the natura
resources dwindling, it iscritically urgent that the
climatechangeconcernsareintegrated intodl future
netiond and sectord devel opment plansand programs
to bring about economic development in social
harmony and ecologicd integrity.

9.4. Program Sectors

To integrate environment and development, the
particular emphas shasbeen placed onkey economic

Page 173

sectorsfor which GHG inventory wasundertaken for
the preparation of Myanmar’sfirst Initial National
Communication. Theseeconomic sectorsare

1. Energy,

2. Industria processes,

3. Agricultureincluding livestock,

4. Landusechangeandforestry, and

5. Waste.

Energy sector

Energy isamajor component of economies, both as
a sector in itself and as a factor input to all other
economicactivities. Agenda2l identified two program
areasconcerning energy —

1. Developasystemof comprehensiveenergy
planning, devel opment and management,
and

2. Improveenergy efficiency and energy
conservation.

Inthefourth Short-Term Five-Year Plan (2006/2007
t02010/2011) of the national 30-year devel opment
planfor theenergy sector, it hasbeen mentioned that
environmental conservation should bepaid attention
whilemaking concerted effortsto producemorecrude
oil and natural gasto meet domestic requirementsand
for export whileboosting production of mining sector.

Theenergy poalicy hasdefined thefollowing objectives-

++ tosustain energy independence,
¢+ to develop the use of new and renewable
sources of energy,
¢ to enhance energy efficiency and
conservation, and
++ topromotealternativefuelsfor household
use.
Myanmar has both non-renewableenergiessuch as
crudeail, natura gasand cod, and renewableenergies
such ashydro energy, geotherma energy, solar energy,
wind energy and biomass energy.

Thegovernment hasbeen working with multinational
companiesfor exploration and development of gas
fields in both on-shore and off-shore areas. The
government hasa so beenimplementing medium and
large scale hydropower projects.



Chapter 9

Integration of Climate Change Concernsinto

Development Plansand Programs

Transportation involvesfuel consumption, usually
associated with CO,emission. All transport means—
road, rail, water and air are being improved and
extended with aview to facilitating and promoting
efficiency of theflow of goods and services across
the country. The government has encouraged and
involved private companies to undertake the
construction and maintenance of important ssgments
of union highways.

In Myanmar, road transport is mostly used athough
waterway and railway transport modes are cheaper
withlower rate of fuel consumption.

Thefollowings are some of theimportant energy-
related measures undertaken by the government
between 1989 and 2008 (Ministry of Information,
2009).

s 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 investmentsand

more than 21,000 MW will be generated

upontheir completion.

¢ Production of natural gas now reached
364,578 million cubicfest.

% 44 CNG filling stations have been
constructed.

++ 100,428 and 81 power plantsusing biogas,
biomass and solar energy respectively have
been installed by the private business
enterprises.

% About 50 million Jatropha(Jetrophacurcas

have beenraised on cultivablewastelandsin

the past couple of yearsand the project will

continue to produce bio-fuel as much as

possible.

600 CNG buses had been imported for

publictrangport so far, and morethan 25,000

motor vehicles have been changed from

petrol/diesdl to CNG up to September, 2009.

X/
°e

X/
X4

X/
°

Two GHG inventories had been conducted in
Myanmar. Thefirstinventory wasbased on 1990 and
the second on 2000 data. A comparison of GHG
emissionsintheenergy sector inthetwoinventories
ispresentedin (Table9.1).

Table9.1: GHG emissionsin energy
sector in years 1990 and 2000, in Gg

Bac| 00 | O |[NO|NX| QO o2
yeHt sueert
1990| 331181 | 1197 | 083 | 7101 | 10640 | 608614()

2000| 7686 | 5&2 (08| O 0 7883472

Note: (1) includes2,591.71 Gg CO, equivalent.
(2) excludes 28,297.82 Gg CO, equivalent.
Source: (1) Asian Least Cost GHG Abatement Strategy
(ALGAS) Project 1997.
(2) National GHG Inventory for Myanmar

INC 2000.

Totd GHG emissionsfromtraditiona biomassburned
for energy amounting to 28,297.82 Gg CO,
equiva entsin 2000 estimated in 2000 GHG inventory
were not included in both the sectoral and national
totals. In 1990 it was only 2,591.71 Gg CO,e and
includedinthetotals. It had been an extremely big
increasein GHG emission from traditional biomass
burned during ten yearsfrom 1990 to 2000, being
25,706.11 Gg CO,e. Becauseit mainly consisted of
GHG emissions from fuel-wood consumed for
domestic home cooking, wood fuel substitutesare
urgently needed to ensure the sustainability of forests
and carbon sinks. GHG emission from other sources
had increased by 4,369 Gg CO.e.

Inthetotal GHG emissionsof 7,863.47 Gg CO,e,
thosefrom fossil fuel conversion alone have been
estimated at 7,755.11 Gg CO e congtituting 98.6%
of thetotal.

Use of energy will increase with the growing
popul ation and economy which will be accompanied
by increasing GHG emissions. In order to mitigate
the GHG emissions and adapt to the increased
warming, thefollowing policy measureshave been
identified for integrationinto thenational and sectordl
devel opment plansand programs (Table 9.2).
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Table9.2: Policy measuresto addressingrising GHG emissionsin energy sector for integration
into national and sector al development plansand programs

Policies, Strategies and Actions:

Policies:

| . Enhance energy conservation, efficiency and production and ensure energy security.

P Promote efficiency of national transportation system and regul ate 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 facilitieswhere 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
forestsand soils.

10.Further promote and expand CNG-used vehicles, CNG pipelines and stations.

11.Improve al transport modes and traffic demand management, including cycling and containerized freight
transport.

12.Install more light-emitting diodesfor traffic lighting.

Adaptation Measures:

1.Adopt environmental standards for energy efficiency.

2.Construct buildingswith designsto increase crossventilation, prevent direct sunlight in the afternoon and
reduce heat gains with shade covers.

3.Increase the use of fuel-efficient motor vehicles.

4. Makeall 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 Under theMinistry of Industry No.(2), therearenine

major factoriesand four Industria Training Schools.
Thefactoriesunder the Ministry of Industry No.(2)
producevariouskindsof tiresand tubes, trucks, light
vehicles, bicycles, pumping machines, hand-tractors,
tractors, threshers, hoes, bulbs, florescent tubes, dry
cells, transformers, electric metres and household
electrical equipments. The Ministry has somejoint
ventureswith foreign companiesto promoteforeign
investment and technol ogy transfer. Between 1995

Regarding industrial sector, Myanmar Agenda 21
identified one program area, entitled “Promote
Sustainable Industrial Development and Cleaner
Production”.

In the industria sector, there are two ministries:
Ministry of Industry No.(1) and Ministry of Industry
No.(2).

The Ministry of Industry No.(1) covers textile
industries, foodstuff industries, pharmaceutical
indugtries, ceramicindudtries generd and maintenance
industriesand paper and chemica industries.
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96 and 2005-2006, 18 industrial zones have been
established in 9 States and Regions. By the end of
September 2006, the number of factoriesand mills
operatinginthemtotalled 9,849. Althoughthe



Chapter 9

Integration of Climate Change Concerns into

Development Plansand Programs

government reduced its direct involvement in
economicactivitiesby privatizing sdectedindustries,
the position of state-owned enterprisesisstill large.
But, the share of private millsand factoriesin the
industrial sectorisnow rising.

Inpardle withtheinitiation of the market-oriented
economic system after 1988, new laws such asthe
Foreign Investment Law, the State-Owned
EnterprisesLaw andthePrivate Industrial Enterprises
Law werepromulgated. Thishascreated asignificant
increaseinindugtrid investment and production. But,
the contribution of Myanmar’sindustria sector tothe
total national GDP had been merely 10 to 15 per
cent for many years, and it isthelowest in the South
East Asianregion. Thevision of Myanmar regarding
industrial development isto contribute 25 percent to
thenationd GDP.

In addition to other laws and regulations for
environmental cleaning, Chemical Safety Law has
been drafted recently and will be promulgated this
year. It isthe government’sdriveto force brewery
plantstoinstall wastewater trestment facilitiesso as
to avoid soil and water contamination.

A comparison of GHG emissions from the sector
between 1990 and 2000 isprovided in table (Table
9.3).

Table9.3: GHG emissionsin industrial
processes sector in 1990 and 2000

Other
gases(NMVOC, | Total Gg
Year | CO2(G9) |ops g sFe(Gy| cox
COse)
1990 18044 | Not estimated | 18044
2000 248.59 214.7 26329

Source: (1) Asian Least Cost GHG Abatement
Strategy (ALGAS) Project 1997.
(2) National GHG Inventory for Myanmar INC 2000.

In 1990, CO, emission only was estimated which
amounted to 180.44 Gg. In 2000, CO, aswell as
emissionsof other gasseslikeNMVOC, ODSand
SF6 wered so estimated. Thetotal amount of CO,
emitted inthelatter year was248.59 Gg.

Thereforethere had been anincrease of 68.15 Gg
CO, during the decade from 1990 to 2000. Since
industrialization processes are stepping up, the
increeseintheemissonsof GHGsinthe sector could
very well follow a steep upward trend unless
mitigation measuresareundertakenintime,

Tothisend, thefollowing policy measureshavebeen
identified to beincorporated in the national and
sectord devel opment plansand programs(see Table
9.4).
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Table9.4: Policy measures addressing GHG emissionsin theindustrial processes sector for
integration into national and sector al development plansand 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 technol ogies.

Strategies:

1.Practice Green Certification System.
2.Introduce clean and green technol ogies.
3.Promote cleaner production.

Actions:

Mitigation M easur es:

product that meet the set standards.

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

3.Further promote the use of CNG, L PG and renewabl e energies by providing incentives.

Adaptation M easur es:

1.Encourage the use of more energy-efficient boilers, motors, furnaces and electrical equipment
2.Introduce energy-saving, process-specific technol ogies.

3.Initiate the devel opment of carbon capture and storage for energy-intensive plants.
4.Implement energy-saving regul ations 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

Agricultureisthemaingtay of Myanmar’seconomy,
currently with anet sown area of over 11 million
hectares under about 60 cultivated crops. For
agricultura sector, Myanmar Agenda 21 hasidentified
two program areas, namely,

1. Promote Sustainable Agriculture,
Livestock and Fisheries Devel opment;
and

2. Enhance Food Security.

In 2006-07 agricultura sector accounted for 37% of
the country’s Gross Domestic Product (GDP) and
13.3% of totd export earnings(Myanmar Agriculture
inBrief, Ministry of Agricultureand Irrigation, 2009).
The Government hasbeen continuoudly constructing
damsandreservoirsthroughout thecountry by utilizing
large capita investment, machineriesand expertise.
Asaresult, irrigation facilities now exist in some
localized zones throughout the country. Up to
September 2006, there are 664 irrigation facilities
(MNPED 2006b).
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At present, only about 6% of thetota water resources
of about 1,073 km? arebeing utilized annually. Since
1988 the Government hasintensified construction of
damsand reservoirsthroughout the country to provide
irrigation especially to the paddy fields. The
successfully completedirrigation projectsduring 1988
to 2000 reached atotal of 116. Irrigation coverage
had increased from 12.5% in 1987-88 to 18.0% of
thetotal sownareain 1998-99. Intheyear 2000, the
irrigated ricefiel dscovering 6,302,306 hacongtituted
29.4% of thetotd ricelandinthecountry. Riceisthe
principal agricultural crop and Myanmar isarice-
surplus country. Effortsare being madeto expand
rice cultivation and area under rice cultivation
increased from 6.3 million hain 2000-2001 t0 8.09
million hain 2007-2008.Summer rice cultivation,
which hasbeen introduced since 1992, shared 1.1
million hectares in 2000-2001. Rice production
increased from 21 milliontonsin 2000-2001 to over
31 million tons in 2007-2008 (Department of
Agricultural Planning, Ministry of Agriculture and
Irrigation, 2009).
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Livestock are used for many purposes. Myanmar
reliesheavily on draught cattleto promoteagricultura
expanson. Almost al theland cultivationisdoneby
draught cattleand buffa oes. Draught cattlearealso
very useful asamean of transport intherura aress.
Dairy cattle are bred to producedairy productsfor
domestic consumption, and beef cattlefor export.
Buffal oes, pigs, ducks, sheepand goatsareasoraised
for domestic consumption. Therewere about 10.98
million cattle, 2.44 million buffa oes, 1.8 millionsheep
and goats, and about 3.97 million pigsin Myanmar in
2001 (Daing, T., 2009). In genera, cattle and
buffaloes are part of Myanmar farming system.
However, feed resources are scarce and of poor
quality especidly during thedry season, resulting in
low productivity.

Although Myanmar’sagriculturehasbeen devel oping
asplanned, itisthe sector most vulnerableto cyclone
and strongwinds, flood and ssormsurge, intenserain,
extremetemperatures (day and night), drought, sea
leve riseand sdlt water intrusion, which areidentified
as climate-related natural hazards in Myanma.
Accordingly, thepotentia threatsof climate change
include prolonged and more frequent droughts,
changesinranfal distribution, morestormsand other
extreme weather events, rising sealevelsand salt
intrusion, increased and changing pest | oads, increesed
risk of heat and water stresses in cropping and
livestock farming.

A comparison of GHG emissionsfromthe sector in
1990 and 2000 is presented intable (Table 9.5).

Thetable shows about 45.5% decreasein methane

Table 9.5: GHG emissions from agriculture,
inclusive of livestock, sector in years 1990 and
2000

Cv(;IZ COse
CHi | N0 | NO, | co [BMIVeNt o net
Year total o
(Go) | (Gg) | (Gg) | (GY) =7 |emission
emission (Gg)
(Gg)
1990 |1767.4| 671 | 045 | 24.19 | 39,202.92 | 39,202.92
2000 196358 901 | 0.02 | 0.81 | 22,800.46 | 22,800.46

Source: (1) Asian Least Cost GHG Abatement Strategy
(ALGAS) Project 1997.
(2) National GHG Inventory for Myanmar INC 2000.

production during the observed period from 1990 to
2000. Thetotal CO, net emissionshaveaso dropped
by about 16,402.46 Gg CO e (41.8%).

Ontheother hand, flooded ricefieldsand ruminant
animasareamajor sourceof methane. Theincreasing
extent of ricefieldsand net sown areas with more
fertilizer inputs, andincreasing popul ation of livestock,
arelikely to uplift the trend of methane and nitrous
oxideemissions.

In order to mitigate further emissionsof GHGsand
adapt to global warming in the sector, the policy
measuresto beintegrated into the nationd and sectora
development plansand programshavebeenidentified
and presented inthetable (Table 9.6).
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Table9.6: Policy measuresto addressing GHG emissionsin theagricultureand livestock sector
for integration into national and sector al development plansand programs

Policies, Strategies and Actions:

alicies:

1.Follow CGAP (Code of Good Agricultural Practice) to implement sustainable agriculture.
2.Ensureincreased food production in the climate friendly and resilient manner.
3.Improve livestock and livestock feed

Srateqgies:

1.Improve water management and nutrient management practices for mitigation of CH,and N, O emissions)
fromricefields

2.Promote organic farming (system).

3. Encourage research and devel opment on crop varieties adaptabl e to climate change. Promote breeding
programs of genetically improved strains of animalsand regulate their population. Improve animal feed with
quality forage and mineral supplements.

Actions:

M itigation M easur es:

FOR AGRICULTURE

1.Reducetillage and practice intermittent irrigation technique, proper selection of rice varietiesand crop
rotationinricefields.

2.Promote*” Conservation Agriculture”, “ Sloping Agricultural Land Technology” and other climatefriendly
advanced technol ogies.

3.Encourage the system of riceintensification (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-fertili zers together with synthetic nitrogen fertilizer.
6.Apply phosphor-gypsum with ureato reduce CH, emission.

7.Apply herbicides and slow release fertilizer to reduce N,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
asbio-fertilizer.

3.Supplement poor quality roughage with minerals, ureamol asses, legume or other agricultural by-products?
to reduce feeding amount.

daptation 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 repressorsto animal diets.
3.Protect livestock against heat stress and strong winds.
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Land use change and forestry

Myanmar Agenda 21 hasidentified the following
program areasintheforestry sector:
¢ Acceerate sustainable devel opment of
forest resources.

% Deveoptheforestry sector to meet basic
needs.

« Promoteefficiency inthe production of
forestry goodsand services.

o
A5

¥ Strengthenforestry policies, legidationand
inditutions.

¢+ Enhancepeopl€e sparticipationinforestry
devel opment and management.

Myanmar isstill richinforest resourceswith 52.5%
of the land area being covered by forests
(FAO,2003). Thetotal permanent forest estate (PFE)
in 2003 amounted to 22.4% of the country’stotal
land areaagaingt the 30% target set inthe 1995 Forest
Policy. The PFE comprising of Forest Reserveand
Protected Public Forest istheareawhereforestsare
intended to be managed on a permanent and
sugtainablebasis.

Unfortunately, the previous few decades had
witnessed forest depletion and degradation. Themain
causes have been land use change and forest
exploitation. Agriculturd |and expans onand fud wood
cuttings, most probably, have accounted for the
biggest shareof thiscontext. Theperiodicforest-cover

assessmentsmade by the FD had revealed that naturd
forestswerelost at therate of gpproximately 107,910
haper annum during the period from 1975 to 1989,
and at 466,420 haannually during the period from
1989101998 (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
updatedin 1992, the Nationa Forest Policy adopted
in 1995, and the participatory forest management
boosted through promulgation of the 1995
Community Forestry Instructions (MOF,1995). To
ensure forest and environmental restoration and
prevent desertificationin the centra dry zone, theDry
Zone Greening Department was formed in 1997.
Afforestation and reforestation have been speeded
up. Permitting forest landsto the private sector to
establish teak and other forest plantations by the
Government in 2005 has been abreakthrough inthe
history of forest management in Myanmar. Private
companies and individuals have now been very
actively undertaking forestry activities.

From the climate change perspective, itisvita to
improve and sustain forests asthey arethe sources
and the sinks of CO,. Both GHG inventories
conducted in 1990 and 2000 had testified that
Myanmar was a net sequester in terms of CO,
emissons.

GHG emissionsand remova sintheland-use change
and forestry sector asestimated by thetwoinventories
arepresentedin (Table9.7).

Table9.7: GHG emissionsand removalsin theland-use changeand forestry sector asestimated by

thetwoinventoriesarepresentedin

COz COz Net CO2|CO CHa4 NzO NOx COze COz
§ emissions |removal emission |emission |emission |emission|emissiao [total total net
> (Gg) (Gg) (Gg) (Gg) (Gg) (Gg) n{Gg) |emission |emission
(E)] (Ga)
>
= 63,586 72,988 -9402 118.67 0.82 66,332 -6,656
Q
§ 33,656.51 | 142,221.19 | 108,564.68 | 2,215.37 144.85 4.26 34.08 | 40,404.86 | -101,816

Source: (1) Asian Least Cost GHG Abatement Strategy (ALGAS) Project 1997
(2) National GHG Inventory for Myanmar INC 2000
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Table9.8: Policy measuresaddressing forestry issuesfor integration into national and sector al
development plansand programs

Policies, Strategies and Actions:

Policies:

1.Promote carbon sequestration through sustainabl e forest ecosystem devel opment.

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 M easures:

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.Conservebiological diversity and productivity with emphasison genetic diversity.

6.Expand Protected Areas System.

7.Recover and conserve endangered species, and protect habitat 1oss 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 agua-forestry to establish CFsto 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 incentivesto ensure the survival of the planted trees.

12.Meet forest-related human needs.

13.Devel op technol ogies 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 devel opment 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 devel opment.
8.Educate public on climate change concerns.

In bothinventoriesthe forestry sector wasfoundto  If thecurrent annual deforestation rate estimated at

absorb CO,, amountingto 72,988 Ggin1990and ~ about 400,000 ha cannot be controlled, the
142, 221 Ggin 2000. sequestration effect detected in the year 2000 will

disappear inthenot very distant future.
Page 181



Chapter 9

Integration of Climate Change Concernsinto

Development Plansand Programs

Inthiscontext, thepolicy measurespresentedin Table
9.8 havebeenidentified for integrationinto thenationa
and sectora development plansand programs. The
visionissustainableforest ecosystem management to
be realized with understanding, cooperation and
coordination of al rel ated ministriesand organi zations
and through public participation.

Waste sector

Context

Sincetheinception of the market-oriented economic
systemin 1988, urbanization hasacceleratedinbig
cities due mainly to enlarging employment
opportunitiesinthe private sector. The population of
Yangon City increased from 2.5 millionin 1983 to
4.1 million in 2003-04, and in Mandalay from
532,949 in 1993 to 856,264 in 2003. To
accommodate theincreas ng urban popul ation and
to rel ocate urban squatters, the Government created
many satellite towns throughout the country. The
Increasing popul ation, improved economy and rapid
industrialization have been causing increased waste
generationespecidlyinbigcities.

A widerange of chemicals, metals, fuelsand other
materialsusedinindustria processeswill generate
hazardous wastes. If not properly disposed and
treated they will polluteenvironment and causehedth
hazards. Serious environmental pollution can occur
duetothedischarge of wasteand effluent particularly
by chemical plants.

Waste collection and disposa aretheresponsibility
of theloca municipd authoritiesinMyanmar. “ InNay
Pyi Taw, Yangon and Mandal ay, autonomous City
Deve opment Committeesand their Pollution Control

and Cleans ng Departments (PCCDs) with anetwork
of branchesand sub-unitsaretasked with solid waste
management withintheir municipa arees. Inother parts
of the country Township Development Committees
under the Department for Development Affairs
(DDA), Ministry of Progress of Border Area
Devel opment and Nationa Racesand Deve opment
Affars(MPBND), managemunicipa wastecollection
and disposa . Thismakes DDA responsiblefor 323
out of 325 townshipsin Myanmar” (Draft EPA Report,
March 2006).

Inspiteof therisng GDPinthecountry, theper capita
waste generation had decreased during the period
from 1983 to 2004 probably due to the waste
collection feescharged by waste volume. Daily per
capitasolidwastegenerationin'Yangon had decreased
from 0.405 kg in 1983 to 0.287 kg in 2006/2007,
whileitiscongtant at 0.53kginMandday. Thevolume
of waste generated in other cities in the country
remainsto beinvestigated.

A study conducted by Y CDC in 2003 hasfound that
solid waste contained 77% food refuse, 7% paper
and textile, 13% plastics and 3% other substances.
Dally wastegeneraioninYangonincreased threefolds
from 564 tonsin 1990to 1,324 tonsin 2007. YCDC
il needsto control andinvestigatetheeffectsof liquid
waste disposed from 26 chemical factories|ocated
aongwater coursesonthequdity of river and stream
waters.

Todatea | wastes collected by themunicipality were
dumped at the designated dumping sites. Although
solid waste collection and disposal haveimproved
considerably particularly in Yangon and Manda ay,
wastetreatment and recycding hasbeenvery negligible.

Table9.9: CH, emissionsin the waste sector in years 1990 and 2000

Sour ce 1990 2000
Salid waste (Gg) 108.92 13331
Domestic and commer cial 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:

(1) Asian Least Cost GHG Abatement Strategy (ALGAS) Project 1997

(2) National GHG Inventory for Myanmar INC 2000
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Integration of Climate Change Concernsinto

Development Plansand Programs

Although Myanmar does not have aspecific policy
target on solid waste management, the country,
through its Pollution Control and Cleansing
Department has developed by-laws giving
cong derablefocusto waste management Y CDC.

A comparison of GHG emissionsinthewaste sector
as estimated by the 1990 and 2000 inventoriesis
presentedin (Table9.9). Bothinventoriesestimated
CH, emissionsonly.

Asseenintheabovetable CH, emission fromwaste
hasincreased by about 140 GgCO einthetenyears
from 1990 to 2000. Theemissionwill certainly as-
sumean upward trend with theimproving economy
coupledwithincreasngindudridization.

Inorder toaddresstheissueof potentidly risng GHG
emissionsinthesector, the policy measureshavebeen
identified and presentedin (Table 9.10). They should
be integrated into the national and sectora
development plans and programs.

Table9.10: Policy measuresto addressrising GHG emissionsin thewaste sector

Policies, Strategies and Actions:

Policies:

GHG emissions and environmental pollution.

Strengthen “Green and Clean Country” campaign to make the country green and clean reducing

Strategies:

1.Minimize per capitawaste generation

2.Recycle waste

3.Generate heat and el ectricity from waste
4.Advocate self-cleanliness and public hygiene, and
5.Enforce “ Polluter Pay System”

Actions:

Mitigation M easures:
1.Reduce the volume of waste per capita;

4.Fine heavily those who throw wastes recklessly;
5.Eliminate the use of polyethylene bags;

8.Encourage waste recycle and waste reuse;

2.Categorize waste and disposeit properly at designated landfills;
3.Collect feesfor waste disposal (polluter pay system);

6.Expand wastetreatment facilities, i.e. for landfill, compost and burning;
7.Produce biogas for electricity generation at sewage treatment facilities;

9.Promote market opportunities for recycled waste products,
10.Enforce regulations and standards for waste management to ensure environment free from pollution
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Information and Networking

10.1. Introduction

Theavailability and dissemination of appropriateand
uptodateinformation on climatechangeareessentia
for promoting public awarenesson theclimate change
issuesand for taking effective actionsto addressthe
problems. Inmoast of thedevel oping countries, only a
few peopleand organi zations have accessto climate
changeinformation technol ogy and communication
fecilities. Thereislimited capacity to disseminaethe
information that isavailable. Thereisalso alack of
coordination and net working among the various
stakehol ders. Coordination and networking among
the government departments concerned are aso
weak. Climate change problems cannot betackled
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
asinternet, website and email isessential to ensure
efficient exchange and sharing of information both
withinand outside the country. Some of the gapsthat
areusually found in thisrespect includeinadequate
quantity of computers, difficult accesstointernet and
inadequateinformation networking.

TheICT assessment survey conducted by the INC
project indicated thefollowing:

Although thereisacons derable number of desktop
computers, thereare only afew laptopsin most of
the government departments. Some organizations
have only oneor two laptop computers. With respect
to communication facilities, somehaveinternets but
not all thedepartmentshavewebsites. Email isused
to aconsiderableextent.

Thereare somerestrictionsin theuseof internet and
website. Theexisting ICT facilitiesarenot adequate

andthereareonly afew expertsinICT inmost of the
government departments and organizations. ICT
related trainingsaregivenlocaly; but it isnecessary
to providefurther traningson aregular bassto update
and upgradetheloca ICT experts. Most organizations
need more computers, laptops, scanners, color
printers, plotters, climate change rel ated software
programs, accesstointernets, and trainings.

It should be noted that in recent years there is a
consderableprogressintheuseof ICT in both private
and the government sectors. Computers, e-mailsand
internets are being increasingly used by private
companies and organizations as well as by many
individuals. Schools, colleges, universitiesarealso
promoting the use of computers. Computers and
software companiesand ICT related businessessuch
asinternet café have been gradualy expandinginthe
ctiesespecidlyinYangon. Promaotionof ICT hasbeen
undertaken jointly by the private computer
associationsand the government.

However, therestill remainmany ggpsand drawbacks
in the development of ICT. Infrastructures and

adminigrativecapacitiesa so need to be strengthened.

Thus, thereisagreat need to addressthese problems
to enhance ICT in Myanmar. Institutional

Strengthening, including human resource deve opment
related with ICT is needed in almost all the

government organizetions.

10.3. Establishment of Information
Networks

Climate changeinformation network isessentid asit
could promotetheexchange of important information
on climate change and enhance cooperation and
coordination among the stakehol dersin addressing
climatechangeissues.

In order to promote networking among the INC
project team members, theinternet facilitieshavebeen
provided to the project teams under the project.
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Oneof theimportant activitiesunder theINC project
isthe establishment of aclimatechangeinformation
network. Theclimatechangeinformation network has
been officially established by the MOECAF with
twenty five network membersincluding foca points
nominated by variousgovernment departmentssuch
asMeteorol ogy and Hydrol ogy, Forestry, Agriculture,
Irrigation, Fisheries, Energy, Electrical Power,
Industry, Livestock Breeding and Veterinary,
Education, Hedlth, etc.

NGOsaredsoincludedinthenetwork. The network
membersrelay informationreating to climate change
mitigation, adaptation and disaster preparedness
programsand activitiesundertaken by their respective
organizations.

The MOECAF hasalso established awebsite under
thisproject. Training relating to the use of website
had been conducted for the officersand staff of the
MOECAF by aloca company.

Exchangeand sharing of informationwithinternationd,
regionda and sub-regiond informeation networkswould
be useful for Myanmar in devel oping appropriate
policy, plans and programs related with climate
change.

As approved by the government, the present INC
report as well as severa other thematic reports
prepared by the project teamsunder the INC project
will be uploaded to the project website

WWW.myanmar-unfcce-ne.net.

It has been mentioned earlier that there are several
drawbacks in the use of internets and websites.
Restrictionsin the use of these facilities, frequent
power failuresand difficultiesin accessing internets
could hinder effectiveand meaningful participationin
and contribution to sub-regional, regiona and
internationd climate changeinformation networks.

Nevertheless, it should be noted that essential
foundations have been laid under the INC project
which would enable Myanmar to enhance climate
changeinformation sharingand networkingbothinside
and outsidethe country.
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Chapter 11
Capacity Building

Capacity building with respect to climate changeis
congdered to beaprocess seekingto build, devel op,
grengthen, enhanceandimproveexiging scentificand
technica sKills, capabilitiesandindtitutionsto prevent,
mitigate and adapt to climate changeand itsimpacts.
Accordingtothedecision 2/CP. 7, capacity building
is a continuous and progressive process, the
implementation of which should be based on the
prioritiesof thedevel oping countries.

Thedeveloping countriesareaware of thefact that
al Parties to the UNFCCC have common but
differentiated responsibilities to address climate
change. But, thedevel oping countries, particularly the
|east devel oped countries havelimited capacitiesin
terms of finance, technology, man-power and
ingtitutionto undertaketheenormoustask of mitigating
climate changeand adaptingtoitsimpacts. Moreover,
there are numerous capacity gaps, constraints and
needsin meeting their obligationsand commitments
to theUNFCCC including the preparation of national
communications.

In order to meet their commitmentsto the Convention
and to addressthe climate change and itsimpacts,
the devel oping countries need capacity building for
which they haveto secure cooperation and support
of theinternational organizationsand the devel oped
countriesespecialy theAnnex Il countriesstated in
the UNFCCC.

11.1. Capacity Building Needs
Assessment

Being aleast devel oped country, mitigating climate
changeand adaptingtoitsimpactsare no easy tasks
for Myanmar. Capacity buildingisgreatly needed at
every level andin all aspectsof addressing climate
change. Human resourcesand scientific, technical and
institutional capacities must all be developed and
strengthened.

A capacity building needs assessment survey was
carried out under thepresent INC project withaview
toidentifying areasthat arein critical need of capacity

building. The survey could not cover all the areas
identified in the * Marrakesh Accords’ such as
inditutiond capacity building; capacity building under
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 devel opment training,
technology enhancement training, environmental
protection training and other trainings addressing
climate changeissues.

The assessment survey was made by means of
“Capacity building needsassessment” questionnaires
distributed to various government ministries and
departments, and local NGOs. The information
provided by that survey hasbeen summarizedin Teble
11.1.
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Table11.1: Capacity building needs assessment
SN. | Mingriesand | Manpower training needs (Humen resourees development) | Technalogy capacity building neeck
Organizdiae | Fellowvdhip & schdarship far long term, shart teemand informrel
training
Speddized training Cengrd training (Neets far techndogy transfer)

1 Minstry of Tranngson: - Tranngson: - Water, steamand energy saving

IndLgtry (1) i i _ technalagies rdated with the use of
Clearer prcxij_ctlaj_d Indugtridl sﬂfety Environmert balers; Eco cemert procuction
carent; Sdandlity of consayvationy Climete change technolagy; Low energy cenent
ban‘_ooofaf pupandpaw Issues, EST; Carbon trading production techndlogy
meking, Reducing GHG
amissanintextle
renufacturing, Palution
catrd infood processing

2 Mingtry of Tranhgson: - Tranngson: - Process contrd techndogy/
IraLstry () New and Renewalde erergy | Ervironmenta menegamert; guma:g;w;(gzjo;es[.)&dﬂrg

and emission cartrd; Erergy|Industrid Sandards and poliution i T~
effidency;, Ozore Depleting |cartrd; Environmenta | mpact tecmdogy, B
Sistance (ODS Assessment (EI A) far indLetry; . ' -
) . " lengine techndogy; Precison
Jrenagement; [ndustrial Carbon_traing; Negyatiation skills, Qesrirg
wasle weter trestment EST; Disagter menagemart (Loca
training)

3 Minstry of Tranngson: - Tranngson: - Algee Taxanomy; Fud Cell
Siecead Techndogy; SAIf cleaning concrete
Techrdogy Large scde bio energy Environmental Monitoring techndogy/ Nano techndogy

productionframalgee technigues HA
(Algenol); R Cdll; A S

and Hood mepping, Saf

cleaning corcrete

4 Minstry of Tranngson: - Tranngson: - Techndogy for desgning
BHectrica Disagter prodf design of Goal Werrming and Clinete environmertaly friendy
Power (1) hydropower prgects; Change isses hydropower praect/ especially

| nstallation and maintenance flushing facilities, fish and aqetic
of poner pants using cod Imigration lacder, energy disdipetion
techndages; Techndogy for

5 Mingtry of Tranhgs an': - Carbined - Cambined Cycle techndogy
BHectrica cydle power plart;

Power (2) Efficiency in electricity use
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6|Ministry of Mines |Trainingson; - Trainngson: - Techndogy for analysis of
taxic wagte; Technaogy for
Recycling of minerds and imetdls; Ervironmentd extraction of metals from
Treatment of mnng wagtes; Biomess  [managemarn; mireral wastes, Techndogy
energy; post mining and land use Ervironmentd for contrd blagting and Dust
management; Reducing harnful gasesin |pallution monitaring — (contrd system
the ervironmert; Extraction of minerals
fromore; Treatment of acid drainege
rocksin the mining sector
7|Minstry of Trainngson: - Trainngson: - Remote sensing and imege
Ervironmental classification Equipments for
Corsarvation and |Estimetion of forest caroon by forest Climete change; EST; [hiomess measLring
Forestry invertory and satellite data carbontrading; (invertary) and carbon
Negatiation s«ills; detection
Emvironmentally
friendy method of
teak extraction
8|Ministry of Tranngson: - Tranngson: - Gdlileo TP for CFC recovery
Energy
Preventing desertification in the Dry Climete Change
Zore (Locd traning); Euro Asian issues; Negatiation
research and traning in climete change  [skills; Sustainable
menegement (CLIMA); agriculture
Chlorofluorocarbon (CFC) recovery
9|Ministry of Tranngson: - Trainngson: - Recyding techndogy for
Cooperatives Climate change & itsinpactsonrurd  [Climate change issues|hidogical wastes such as
livelihood; Market-basad instrumerts for plant reddues, food scraps
enviranmental management and paper products;
10|Ministry of Trainngson: - Trainhgson ; - Methane gas reduction
Livestock and : : _ technology, Salid waste and
Hisheries Methare gasreduction fromlivestock  |Eivironmenta Waste Water reatimert
sector science; Weaste technology
treatiment; CDM;
Negatiation s4lls;
EST
11|Ministry of Heglth [Training on; - Techndogy for ar quelity
monitoring;
Environmentd health risk assessimert; Techndogy for measring
Air guality monitaring GHG gasex
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Table11.1: Capacity building needs assessment
12 |YagnAgicitud ([Tranngson:- Tranngsan: - Tedrdogy far mesaring methare
Universty flux inflooded rice fidds, Nutriert
Famuationd Netiodl Lesg Cogt |Qinete drangpisses eregenTEt techrolay;
CHGAbeteent Srategy, GHG (DM & cabantradng | rerpyyory fr mririniang potertial
2:1‘_’3’ g:id ”&Tﬁf“-ﬁ EST i A hemfu N emissenindifferert
VSIS rander
o Enviramrertally Sourd ?&?;E;ﬁ:n@ for
Techdages (ESTY) inAgriauture Hoess
Clinrete chenge itigation thraugh
sgarete egicuture Qirete
dangeinpedts anagiauture ssatar
13 |Myame engresring |Trairing a- Tranngaon - Teddoyy far wedewater
Soey(MES trestment
Brisson redLctian HA :BVS;
Clesrer praouctia \Wedte meregaret;
130 14000 vies Laratay adyssad
ingrumentation
14 (Myamer Acackny  (Tranng an- Cabmntradrg; Techrdayy far monitaring changes
d Agicuiturd, Udandfamingsydem; Drylad  [Geatase ggees; Jen|inFaunaad Haadietodimete
Foredry, Livestack & (farming sydem; Assessmant o enviranet; Prgect charge SHediond fant goedes
Fdey Siapes Bicdversty cgpresde andits famuation, thet can adgt todimete drarge
dfedsonevranat; Fating  |indaretadionon Techrdayy far Udard farming
tedmguestoadspt todinree Affaredationard sygem Techrdogyy far dy lard
chane Refaresationuder CDM | farming system Techrdagy far
(ARCDIV)) Bioerergy pradctionard
uilizatiory Techrdogy far arind
15 [BANCA Tranrgant - Negatition saills Tedndoges rdated with REDD
(Biocdversty ad RedLtiond Brissonan
Nature Cosnvetion | Defarediation and Degyracktion
Assoadion) (REDD)
16 |Foest Resouree All trainngs rdaied with dinrete
Enviranment dege
Dadgrmat &
Cosarvetion
Asodtion (FREDA)
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The capacity building needs assessment high-lighted
theneedsof theindtitutionsand organizationsinterms
of man-power training, technology capacity building,
andindtitutiond capacity building etc.

With regard to the devel opment of human resources,
alargenumber of organizationsareinterested to have
generd trainingson climate changeissuesin order to
promote awareness on climate change mattersand
theirimpacts. Such trainingswould draw greater public
atention on climate changeand could organize people
and indtitutionsto take necessary measuresto prevent
and mitigategloba warming and climate changeand
adapt totheir impacts. Thetrainingsthat themgjority
of organizations proposed include: global warming
and climate change issues and their impacts;
environmental management including waste
management; environmentally sound technologies
(EST9); clean devel opment mechanism (CDM) and
carbontrading.

A largenumber of organizationsareinterestedin solar
power technology and itsrd ated trainings. At thesame
time, bio-energy and bio-fuel technologiesand the
related trainingsare a so requested.

There is an urgency to introduce cleaner boiler
technology and related trainings. Information and
trainingson environmentally sound technologiesare
asoessential.

Capacity building interms of developing ICT and
R&D woulddsogreatly fadlitateinaddressngclimete
change. Capacity building and trainingsrelated with
GHG inventory, Technology Needs Assessment
(TNA) and Vulnerability and Adaptation Needs
Assessment (V&A assessment) have also been
requested by severd organizationsand ingtitutions.

The capacity building needs assessment has found
that there are different kinds of specific
capacity building needsfrom different organizations
andindustries. For example, theMinistry of Industry
(1) needstechnologiesaswell astrainingsrelated with
cleaner production of cement; efficient and cleaner
boilers; reduction of GHG emission in textile
manufacturing etc. The Ministry of Livestock and

Fsheriessated that it needstechnologiesand trainings
on methane gasreduction from livestock sector. The
Ministry of Hedlth requirestechnol ogiesandtrainings
oair quaity monitoring. TheBiodiversity and Nature
Conservation Association (BANCA) needs
technologiesand trainingsrel ated with Reduction of
Emission on Deforestation and Degradation (REDD).

According to thecapacity building needs assessmernt,
itisfound that thereisarequirement for most of the
minisriestoimprovetheunderstanding and avareness
ontheir specificcapacity building needs. Itisimportant
that the cgpacity building program in Myanmar aptly
addresses the gaps and needs of the country.
Moreover, the capacity building needs assessment
should bemadeperiodicaly.

11.2. Capacity Building Strategy

Thefollowing gpproach or srategy hasbeenidentified
for initiating capacity building processin Myanmar.
Thestrategy involvesthree steps. Theseare—

Stepl. Capacity building needs assessment

Step2. Identification and formulation of priority
capacity building projects

Step3. Mobilization of fundsand other resources
for implementing the Capacity building
projects

The capacity building needs assessment should
include: ingtitutional 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 variouskindsof capacity-building needs. In

prioritizing and identifying the capacity-building
projectsthefoll owing factors may be considered;

¢ Needsthat are common or smilar: Capacity

building needs assessment will show that there

may behigh, medium or low demand/ needs

for certainkindsof capacity- building. It will

also show the kinds of capacity- building

needs that the majority of organizations

require. It isimportant to select and address
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those cagpacity building needsthat themgority
of organi zationsprefer.

% Needsthat aretechnically and financially
feasible: Thecapacity building needsthat 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 givento address
those needsthat are appropriatetechnicaly
aswdl asfinancialy.

% Needsthat are urgent: Urgency of needsis
another important factor to beconsideredin
prioritizing capacity-building projects. For
example, there are many industries in
Myanmar with old boilersthat are not only
polluting but with very low safety standards
also. Therefore, there is an urgency to
introduce cleaner boiler technology and
related trainings.

% Formulation of pilot /demonstration projects:

Once the most appropriate and feasible

capacity building projects have been

identified and selected, formul ation of these
projects can be done. Here, it isimportant
that the project proposals clearly
describe the capacity build-ing needs;
technology needs and related trainings;
funding needs; expertise; and the expected
tangibleresults. Itiscrucid that the capacity-
building projects provide an essential
foundati on and support uponwhich necessary
measures and actions can be devel oped to
addressclimate change.

K/

K/

K/

A

Mobilization of resources including funding and
technicd supportisanimportant part of the capacity-
building strategy. The Globa Environment Facility
(GEF) providesfinancid support through GEF Trust
Fund and the Specid Climate Change Fund (SCCF).
The Least Developed Countries Fund (LDCF)
providesfunding support for theurgent andimmediate
needs of theleast devel oped countries. The SCCF,
theLDCF and the GEF Trust Fund's Strategy Priority
for Adaptation (SPA) provide funding under the

“cgpacity building, coordinationand policy” category.

Projects can be proposed through one of theten GEF
agencies. Thesearethe UNDP, the UNEP, theWorld
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Bank, the African Development Bank, the Asian
Development Bank, the European Bank for
Recongtruction and Deve opment, 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 mechanismssuch as
CDM, Joint Implementation (JI) and al so through
emissonstrading.

M obilization of technical resources/ support isalso
essentid. Consultancy, expert servicesand trainings
arethe main components of the capacity-building
projects.

The Capacity building Strategy can beappliedona
national scale or on asector-wisebasis. Asnew and
better technol ogies are constantly being devel oped,
climate change related capacity building should be
carried out on acontinuousbasisinorder to effectively
addressgloba warming and climate changethrests.

11.3. Enhancement of International
Negotiation Skills

Thedevel oping countriesespecially theLDCshave
limited skillswith respect to international climate
change negotiation. These countries have been
attending theinternationa dimate change conferences
such asthe Conference of the Parties (COP), regiond
and sub-regional climate change conferences,
seminars, forums and workshops. However, they
have been unable to contribute much to the
internationd climate changenegotiations. It could be
mainly dueto thelack of experiencein negotiations,
lack of expertiseon dimatechange, limited knowledge
on climate changeissuesand language barriers. In
order to beableto actively participateinthe climate
change negotiation conferencesand to expresstheir
problems and needsfor addressing climate change
and adapting to theclimate changeimpacts, capacity-
buildingsintheseareasare greetly needed. Thiscould
greatly benefit thedevel oping countries, particularly
the CLMV countries (Cambodia, Laos PDR,
Myanmar,Vietnam) intheASEAN region.

A seminar oninternationa negotiation skillswasheld
in Yangon to enhance negotiation skills of the
departmental personnel concerned with climate
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change matters. A retired ambassador from the
Ministry of ForeignAffairswith wideexperienceand
knowledgeininternationd negotiation skillsconducted
the seminar. Such seminarsand workshopsstrengthen
thetechnical capacity of the participants, and assuch
they should be convened frequently.

All personned workinginthefield of dimateprotection
and resource conservation are needed to participate
actively intheinternationa dimatechangenegotiaion
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 severa other
environmental protection and conservation activities
carried out in Myanmar which could directly or
indirectly contribute towards addressing climate
changeand achieving the objectiveof the Convention.
It may be useful to mention some of theimportant
activitiesbeing undertakenin Myanmar, especialy
thosethat are beingimplemented under some of the
UN environmenta conventionstowhich Myanmaris
aparty. Additionally, there are other programsand
activitiesthat area so relevant to the objective of the
UNFCCC. These include organizational
improvementssuch asemergenceof an environmentd
committeeandloca non-governmentd environmentd
organizations, internationd environmenta cooperaion
including theconduct of air quality surveyssupported
by UNEP and participationin many of the UNFCCC
Conferencesof the Parties(COP); and naturd disaster
preparedness programs. Theseactivitiesarein many
ways complementary and supportive to those
programsthat areessentid for achievingtheobjective
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

InMyanmar, land degradation occursin severa aress
and thisisdueto variouscauses. Land degradation
inthe central Myanmar known asthe Dry Zoneis
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 beforeacceding to the UNCCD, Myanmar has
been implementing several projects to combat
desertification and drought in the country especialy
inthe semi-arid areas of central Myanmar. In 1994,
the Forest Department implemented aspecid greening
project for the ninedistrictswhich have been affected
by drought, water shortages, and |and degradation.
During the 3-year project period, 7,280 haof forest
plantationswere established in the degraded forests,
ondenuded landsand inthevicinity of thevillagesto
stabilize environment, restoreforest cover and meset
basc needsof thelocal communities. Theproject area
wasextended to 13 digtrictsinthree Regions, namely
Mandal ay, Sagaing and Magway, withtheformation
of anew Dry Zone Greening Department in 1997.

The Dry Zone Greening Department playsakey role
incombeating desertificationin Centrd Myanmar with
special mandates to undertake intensive re-
afforestation, to protect, conserve and improvethe
residual natural forests, to devel op water resources,
and to develop and encourage use of wood fuel
substitutes. Forest plantations have been established
inthedeforested and degraded areas. Thetota area
planted during the period 1994-1995 to 2005-2006
hasreached 117,414 hectares. Currently, thereare
140 damscongtructed inthe Dry Zonewithwatershed
areasof 4.5 million hectares.

The Forest Department hasd so been taking measures
to upgradethesocia and economic statusof theloca
people by promoting the practice of community
forestry, agro-forestry, and proper grazing, and by
providing water supply and creating income
generation opportunities. Useof wood fud substitutes
has been encouraged through digtribution of briquettes
and energy efficient cook stoves.

Rehabilitation and reforestation of mangrovesared o
being carried out intheAyeyarwady deltawherelarge
areas of mangroveforests have disappeared dueto
over-exploitation. These activities have been
intengfied inthewake of the CycloneNargisnot only
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by the Forest Department but also by theloca NGOs
together with the cooperation and contributionsfrom
theinternational NGOs.

A 30-year comprehensive Master Planfor theperiod
from 2001-2002 to 2030-2031 is being
implemented. Atitsend thefollowing taskswill be
accomplishedintheDry Zone:

¢ Foredt plantationsfor villagefirewood supply,
watershed protection, research and other
purposeswill have been established on 0.42
million hectares (1.05millionacres);
¢ The remaining degraded forests on 0.73
million hectares (1.8 million acres) will have
been rehabilitated and conserved;
¢ 1.5millionenergy efficient stoves, about 400
million briquettes, and 210tonsof agricultura
residues assubstitutesfor firewood will have
been distributed; and
¢ 6,400 ponds, 150 artisan wells, and 150
water pumping stations will have been
constructed.
Myanmar has aso formulated the National Action
Program (NAP) to combat desertification. Five
projects have been proposed in the NAP to be
implemented to combat desertificationinthecountry,
particularly inthe Dry Zone. They are-

1/ Mitigation of land degradation project,

2/ Drought mitigation project,

3/ Capacity building project,

4/ Rural devel opment project, and

5/ Land use planning project.
Itisevident that environmental issuesand problems
areall related and thusinteractive. Deforestation,
desartification, loca or globa warming, loca or globd
climatechangeareinter-reated. Thus, inaddressing
globa warming and climate change, coordination and
synergy of activities of various environmental
conventionsareessentid. In case of Myanmar, both
deforestation and desertifi cation problemsare handled
mainly by theMinistry of Forestry, but to successfully
combat them it needs close cooperation and
coordination of therelated lineministries.

The Dry Zone has now started to benefit from the
greeningactivitieswithimproved vegetetion, improved
water supply, improved soil and better climatic
conditions. Thus, the project activities undertaken
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under the UNCCD have greatly supported and
complemented the effortsto achieve the objective of
the UNFCCC.

Vienna Convention and Montreal protocol
related programs and activities

Myanmar acceded to the ViennaConvention for the
Protection of the Ozone Layer and the Montreal
Protocol in November 1993.

Thepreparation of aCountry Program was compl eted
during 1998 and 1999. The Country Program was
supported by the UNEP and coordinated by the
Nationd Commissionfor Environmenta Affairs
(NCEA ). Now by MOECAF).

The program contains an analysis of the current
situation with regard to the production and
consumption of Ozone Depleting Substances(ODS),
together with a strategy and a plan of action to be
undertaken by the government. Theapproval of the
Country Program is a precondition for financia
assigancefromtheMultilateral Fund for investment
projectsand Indtitutional Strengthening projects. The
Program was approved in November 1999 and
funding was made available to Myanmar for the
Ingtitutiona Strengthening project. Duetosomeddays
the project could start only in September 2004. The
project implementation was dueto becompletedin
2008. However, it was extended to 2010. The
Ingtitutional Strengthening project Phase2will begin
in2010 whenits Phase 1 terminates.

Refrigeration Management Plan (RMP) was
formulated in 2002 and approved by the M ultilateral
Fund in 2005. The RMP isto provide support to
Myanmar to phase out ODSintherefrigeration and
ar conditioning sector. The RM Piscomposed of three
components. (a) Preparation of ozoneregulationsfor
control of ODS; (b) Monitoring implementation of
RMP activities; and (c) Establishing conversion
practice of domestic refrigeration. A Memorandum
of Understanding (MOU) on the Preparation on
ozone regulations for the control of ODS, and
Monitoring implementation of theRMPwas signed
In 2008. TheMOU on provision of servicesand data
collection for the formulation of the
Hydrochlorofluorocarbons (HCFCs) Phase out
Management Plan (HPM P) has a so been signed.
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Today, Myanmar has successfully phased out CFC
consumption in all sectors. Awareness promotion
activitieson protection of the ozonelayer, training
programsfor refrigerationand air conditioning service
technicians, and training programsfor enforcement
officers have a so been conducted.

Messurestaken by Myanmar toimplement theVienna
Convention and theMontreal Protocol areimportant
activitiesthat will hel p reducetheemissonsof ODS,
save the ozone layer and at the same time make
positive contribution towards addressing global
warming and climate 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 changeisalso
posing threats to the biological resources.
Conservation of biological diversity hastherefore
become abig challengefor all nations around the
globe. The CBD can play an important role in
addressingthelossof biodiversty.

The efforts to conserve biologica diversity have
positiveimpactson address ng climate change. For
example, establishment of protected areas, forest
reserves and natural parksto protect wildlife and
habitats hel p conserveforestswhich congtitutesinks
and reservoirsof carbon dioxide.

Myanmar’seffortsfor the conservation of biological
diversity aresummarized asfollows:

The “Protection of Wildlife and Wild plants and
Conservation of Natural Areas Law” was
promulgated in 1994 in order to protect endangered
speciesof wild floraand faunaand their habitats.

Myanmar Forest Policy (1995) wasformulated mainly
for safeguarding soil, water catchments, ecosystems,
biodiversity, and plant and animal genetic resources,
scenicreservesand natural heritage Sites.

Myanmar ratified the CBD in November 1994.

Myanmar acceded to the Convention on Internationa
Tradein Endangered Speciesof wildfloraand fauna
(CITES) in1997.

Myanmar’s first nationa report was prepared in
accordance with the CBD guidelinesfor 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 linewith the
CBD guiddinesfor thefourth nationd report.

Myanmar ratified the Cartagena Protocol on
Biosafety in 2008. National Biosafety Framework is
now being drafted.

WithintheBali Strategic Plan for Capacity Building
and Technical Support, the NCEA isnow initiating
thedevel opment of Nationd Biodiversity Strategy and
Action Plan (NBSAP) with technical support from
UNEP Regional Office for Asia and the Pacific
(UNEP-ROAP).

Conservation of biodiversity calsfor protection of
thehabitatsmainly forests, so that by implementing
theCBD, forestsare being protected and conserved.

In Myanmar, the protected areas have increased
rapidly since becoming aparty tothe CBD. By the
year 2009, about 4.35% of the country areahasbeen
notified asprotected areas against its 2010 target of
5% . To date, 34 protected areas, 3 zoological
gardens, 1 botanica gardenand anationd herba park
have been established acrossthe country.

Forestsplay animportant rolein carbon sequestration
and climate stabilization. Thus, it isclear that the
implementation of CBD issupportiveto achievingthe
objective of the UNFCCC.

12.3 Additional Information
Considered Relevement of the
Achievement of the Objective
of the UNFCCC

Organizational improvement

Additiona to NCEA whichwasformedin 1990 asa
main policy body for environmental protection, to
coordinate environmental mattersinthe country to
act as the national focal point for environmental
relations with other countries and international
organizations, the Environmental Conservation
Committee (ECC) wasformedin 2004 to effectively
and systematically carry out environmental
conservation activitieswithinthe country.
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Thechairman of theNCEA dso chairsECC. Deputy
Ministers from seven related ministries act asthe
committee members and as heads of the seven
working committeesresponsiblefor seven Statesand
seven Regions. These working committees make
assessmentsof theenvironmental situationsintheir
respective regions and take necessary measuresto
address environmental problems.The National
Environmental Conservation Committee (NECC) has
beenreformedin 2011 asafull flash foca organization
for theenvironment sector throughout the country and
the NCEA was abolished. Moreover, to speed upits
environmenta protection measuresthe Ministry of
Forestry wasrenamed to Ministry of Environmental
Conservation and Forestry (MOECAF) in 2011.

In recent years, there has been a substantial
development of the non-governmental environmental
organizationssuch as Forest Resources Environment
Development and Conservation Association
(FREDA), Biodiversity and Nature Conservation
Asociation (BANCA), Ecosystem Conservation and
Community Development Initiative (ECCDI),
Economically Progressive and Ecological
Development (ECODEV) and Renewable Energy
Association Myanmar (REAM), Wildlife
Consarvation Society (WCS) (country program) and
severd others. TheseNGOshave been rehabilitating
forests and conserving the environment and are
actively involvedintheclimate changemitigation and
adaptation activities.

FREDA wasst upin 1996 withtheaim of consarving
forest resources, environment and promoting
sustainable development in the country. These
activitiesare being promoted through community
devel opment and participation of thelocal people.
FREDA is now actively promoting mangrove
rehabilitationintheAyeyarwady deltaarea

BANCA wasfoundedin 2004 to conservethenature,
primarily biologica diversity though actionsbased on
research and survey, advocacy, partnership, network
building, education, peopl € sparticipation and public
awareness.

ECCDI was established in 2006 with the main
objectivefor ensuring sustai ned environment through
enrichment of biodiversity by conserving and
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improving naturad ecosystem. ECCDI isnow actively
engaged in environmenta restoration and community
development activitiesfor securing food, water and
sanitation aswell asvillage e ectrification from solar
power and biogas.

ECODEV was set up in 1999 with the objective of
promoting environmental governance through
improving community access to environmental
information and buildingloca capacity for community
forestry management. ECODEV hasdsoinvolvedin
theimplementation of theINC project, particularly in
promoting education, training and public awareness
raising on climatechange.

REAM wasfounded in 1993. It isactively engaged
inpromoting dternativeenergy in severa rural areas
acrossthecountry. At present, REAM isundertaking
aproject foringtaling solar pumping systemand other
community development activitiesin ddtaarea.

WCS local program started in 1996. The main
activitiesinclude promotion of the protected areasand
conservation of keystone speciessuch astiger and
eephantin Myanmar.

International cooperation for addressing climate
change

After sgningtheUNFCCCin 1992, Myanmer ratified
the conventionin 1994. Myanmar wasone of the 12
participating countries in the Asia Least Cost
Greenhouse Gas Abatement Strategy (ALGAS)
proj ect supported by UNDP/GEF and executed by
the ADB from 1995 to 2000. The project made an
assessment of GHG sources and sinksinthe energy,
forestry and land use change, and agriculture sectors
setting 1990 asthe base year. Myanmear ratified the
Kyoto Protocol in 2003.

Regarding CDM projects, there has been cooperation
between Myanmar and Japan mainly intheform of
feasibility studies and demonstration projectsto be
undertaken under the CDM program. The Designated
National Authority (DNA) of Myanmar was
established in 2006 for approving proposed CDM
projectsand to provideinformation on CDM projects.

With support from UNEP, MOECAF carried out air
qudity surveysinYangon and Mandaay in 2007 and
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2008 respectively. Thesesurveyswerecarried out in
cooperation with the Ministry of Health and City
Devel opment Committeesof Yangon and Manda ay.

Myanmar participated regularly in the Conferences
of the Partiesof the UNFCCC and in the meetings of

itssubsidiary bodies. COPsand all climate change
related meetings had been attended mainly by
representativesfrom MOECAF, Ministry of Foreign
Affairs, Department of M eteorology and Hydrol ogy,
and from someother related ministries.

In order to make Myanmar safer and moreresilient
to natura hazardsafter the country had suffered from
adisastrous cyclone Nargisin 2008 which claimed
more than 138,000 lives and affected 2.4 million
peopl e, the National Disaster Preparedness Central
Committee (NDPCC) wasformed inthesame year
The Committeeischaired by the PrimeMinister and
has 38 members. It isthe highest body for disaster
management in Myanmar.

Myanmar Action Plan on Disaster Risk Reduction
(MAPDRR) 2009-2015 hasbeen prepared. It was
prepared by aninter-ministerid task forcecomprising
thirteen government ministries, Myanmar Red Cross
Society (MRCS), UNDP, UNOCHA,ASEAN, and
Asian Disaster Preparedness Center (ADPC). The
Plan hasidentified projectsand activitieswhich are
necessary to meet the Hyogo Framework for Action
(HFA) and ASEAN Agreement on Disaster
Management and Emergency Response
Commitments.

Astheimpactsof globa warmingand climatechange
arebeingincreasingly feltin the country, and public
awareness on climate changeisgrowing rapidly in
recent years, thereisno doubt that therewill bemore
programsand activitiesin Myanmar for addressing
climate changeintheyearsto come.
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Constraints and Gaps, and Related Financial, Technical and Capacity Needs

13.1. Introduction

Myanmar has severd variant climate zonesranging
fromthetemperateregion of thenorth tothedry zone
in the central part and the monsoonal beltsin the
northwest, west and south. Asitislocated mainly in
thetropica region, Myanmar hasatropica monsoon
climatewith three seasons: the hot, the monsoon or
rainy andthe cool.

The country’ stopography has animportant effect on
theclimate Themountainstothenorthand east shield
Myanmar fromthemuch colder climatethat prevails
in Tibet and western China. Elsewherethe Northern
and Western Hills cause heavy rainfall along their
western slopes. On the eastern slopes, thereisfar
lessrainfall. Temperaturerecordsfrom 1901 to 1996
indicateagenerd warming trend, especidly since1979
andinthecoastd areas, though the northeastern part
of the country may have atendency for cooling. The
averagetemperatureis0.7 °C higher thantheaverage
recorded temperature over thelast two decadesin
most townsand citiesof Myanmar.

Myanmar liesinaclimatezone, whichisfrequently
subjected to cyclonesand river flooding. Flooding,
sometimes caused by cyclones, but more often by
excessi ve preci pitation in mountai nous watersheds,
isaregular feature of Myanmar’sextensiveriverine
plains. Much of Upper Myanmar lieson atectonicaly
activezone. Inmost partsof the country, earthquakes
arecommon and occasionally devastating.

13.2. Development of National
GHG Inventory

Present efforts in national greenhouse gases
inventory

Apart fromthepreiminary greenhouse gases (GHG)
inventory and mitigation options assessment
undertaken in the ALGAS-study based on some
limited 1990 data, very limited activitieson climate
change have been undertaken in Myanmar. Myanmar
was one of the 12 participatory countries in the

ALGAS project implemented by UNDP/ GEF and
executed by ADB from 1995 to 2000. The project
aimed at improving the understanding and the
estimates of the sourcesand 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 (CO,), methane (CH,)
and nitrous oxide (N,O) for the base year 1990in
five source categories, namely:

(1) Energyi.e. fud combustion, energy
indugtries; trangport: commercid inditution
only (residentia wasnot considered), and
others,

(2) Industrial Processes,

(3) Agriculture(i.e., entericfermentationfrom
domesticlivestock); manure management
andricecultivation (CH,emissiononly):
agricultural soils(N O emissiononly),
prescribed burning of savannasand field
burning of agricultural residues(CH,and
N,O emissionsonly).

(4) Land usechangesand Forestryi.e.,
changesinforest and other woody biomass
stock; forest and grasdand conversion;
abandonment of managed lands; and on-
siteburning of forest (CH,and N,O
emissionsonly) and

(5) Waste, CH, emission only for solid waste
disposal onland; wastewater treatment;
others, usingthe |PCC- methodol ogies
(both ReferenceA pproach and Detailed or
Bottom-Up Approach).

Based onthisinventory, projectionsof nationd GHG-
emissionsto 2020 had been made, and the options
for mitigation of GHG-emissionsidentified for the
energy, land use change and forestry, and agyriculture
sectors.
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Myanmar is preparing to receive some proposed
projectsfor the financial assistance and technical
support from the devel oped world aswell asfrom
theUnited Nationsandinternationa donor agencies.

Under theINC project, national GHG Inventory for
direct greenhouse gases namely carbon dioxide
(CO,), methane (CH,) and nitrous oxide (N,O) and
for indirect greenhouse gases namely carbon
monoxide (CO), nitrogen oxides (NO,) and non-
methanevolatile organic compounds (NMVOC), as
well assulphur dioxide (SO,), was undertaken for
the year 2000. While the database for CO,, CH,
and N,O of theALGA S project was updated, anew
database for NO, CO, NMVOC, SO,, HFCs,
PFCs, SF, (whereavailable) was established.

Reevant globa and/or regiond circulation moddsmay
be used to generate climate change scenariosfor the
region that includes Myanmar. Detailed climate
scenarios for Myanmar up to the year 2100 based
on“downscaing” of the outputs provided by these
modelswill be devel oped to assessthe vulnerability
of thekey socio-economic sectorsto climate change.
In collaboration with relevant university research
groups, it is proposed to undertake the following
research activities.

(& Assessment of theeffectsof dimatevariahility,
aswdl| astheimpactsof increased probability
of extreme weather events (flood, drought,
typhoon) associ ated with climate changeon
the key socio-economic sectors;

(b) Trend analysison precipitation patternsin
Myanmar based onthebest available data;

(c) Assessment of existing water resources,
including underground water resources, and
its implications for socio-economic
development;

(d) Thetrendsof EI Nino and itsimpactsin
Myanmar,

(e) Thereseemsto beadecreasingtrend of the
frequency of storms and depressions that
formed annually in the Bay of Bengal and
Andaman Seasincethelate 1960s. Further
analysisonthisaspect isneeded;

(f) Assessment of theimpactsof climatechange
on oceanographic processes and ocean
productivity;,
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(9) Assessment of the marine ecosystems; i.e.,
thereef systems, for better management of
reef resources which are one of the main
sourcesof protein (food security);

(h) Deve opment and congtructionof vulnerability
mapsfor key socio-economic sectorsandin
key areaswhich are most vul nerable under
variousclimatic scenarios,

() Climaechangeand sustainabledeve opment
inMyanmar.

Cooperative efforts of the United Nations
organizations, such as IPCC, UNEP, INGOs and
LNGOsareimportant to addresstheclimate change
issuesand research activities. Public awarenessand
education on climate change issues have to be
enhanced fromthevery basiclevels.

Information and technology of climate changerdated
issues haveto betrandated into Myanmar language
and disseminated to schools, universities, public
librariesand government agencies. Posters, banners,
|eaflets and other information material s should be
distributed on special occasions or events.
Broadcasting of climate change information on
Myanma Radio and Television Programs will be
effectivefor public avareness. Workshops, seminars,
public education and essay contests, aswell aspublic
parti cipation programs on environment and climate
changeissueswill be necessary to devel op adaptation
measures.

Climate change could have significant effects on
sustainable development. Climate change will
adversely affect Myanmar agriculture and fishery
sectors, which arevital for food security andincome
generation. Public health will aso bethreatened by
climatechange. It ispredicted that theincidence of
malaria, dengue fever and diarrheawill increase.
Performance can be assessed against national
objectivesand international commitmentssuch asthe
United Nations Framework Convention on Climate
Change (UNFCCC).

Environmenta pollution and environmenta hazards
arisefromindustridization and increased urbanization.
GHG inventory and mitigation option analysisteam
(GHG study team), established under this INC
project in January 2008, has successfully
accomplished national GHG inventoriesfor theyear



Chapter 13 Constraints and Gaps, and Related Financial,
Technical and Capacity Needs

2000inenergy, industria processesand product use,

agriculture, forestry and other land use, and waste
sectors. GHG inventory in different sectorswould be
aparticular initiativein the context of improving and
updating the reliable data on GHG emission/
absorptionin Myanmar.

Data availability constraints

Identificationand remova of barrierstothegpplication
of ESTsaredtill needed. Accessibility of user-friendly
databaseon ESTS, including endogenoustechnologies
isan example of such constraints. Improvement of
climate data bank should be enhanced. Climate
changerelated papers are very few. Data and case
studies have some gaps, and data on climate
fluctuation and frequency of extremeanomaliesare
not fully available. Thereare noforecasts of ENSO
(El Nino- Southern Oscillation) eventsin Myanmar.
Onemagjor barrier for water resource planningisthe
unavailability of sufficient information and dataon
watershed resources. The methods used for the
devel opment of vulnerability indices and maps need
to beelaborated. Information supportsfrom various
sectorsaretill required.

Needs for GHG inventory on a continuous basis

Report the desired data on a continuous basis.
Indtitutiona networkingand coordination play acritica
role to establish new data frameworks and report
formatsinvarious sectors.

Energy and industrial processes sectors constraints
and needs

Theenergy sector isusudly themost important sector
in greenhouse gas emission inventories. In energy
sector, GHGs are emitted from combustion of fuel
and fugitive emission fromfossil fuel production.
During combustion, the carbon and hydrogen of the
fossil fuelsare converted mainly into carbon dioxide
(CO,) andwater (H,0), releasing thechemicd energy
in the fuel as heat. Greenhouse gas inventory for
energy sector includes carbon dioxide and nitrous
oxideemissonsfromfoss| fud combustions, methane
emissionsfromfugitivecoa mining and post-mining
activities, fugitiveoil and naturd gassystem, NMVVOC
fromfud combustion.

Sincethereareinsufficient country-specificemisson
factorsin Myanmar for emi ssion assessment, default
vauessuggested by IPCC guiddinesare used either

innet caorificvalueestimation or in CO, emission
sudiesor infractionsof carbon oxidization. Emissons
fromtheuseof fosdl fud sfrominternationa bunkers
areexcludedinthecurrent national GHG estimations.
Therefore, CO, emissonsfromaviaionand maritime
fuel burning are not accounted for in the National
Inventory.

A wide variety of industrial activities produces
greenhouse gases. GHG emissionsfrom industrial
processes are related to chemical and physical
transformationsof materias. During these processes,
many different greenhouse gases, including carbon
dioxide(CO,), methane(CH,), nitrousoxide (N, 0),
hydrofluorocarbons (HFCs) and sul phur hexafluoride
(SF,), can be produced as by-products of many non-

energy related activitiesand use of greenhouse gases
in products.

Key emission sourcesof carbon dioxideincludethe
production processesof cement, lime, urea, ironand
steel, and calcium carbide used in acetylene
production. These are the major sources of
greenhouse gasemissionsfrom industrial processes
in Myanmar. The total CO, emissions from the
industrial processesin Myanmar were estimated at
248.59 Ggin 2000.

Therest of theemissonsarosefrom glassproduction,
urea production and carbide used for acetylene
production. CO, emissionsfrom cement production
had adominant share at 82 percent, the production
of lime, iron& sted and production of glassand others
contributed 12 percent, 2 percent, 1 percent, 3

percent, respectively.

Agriculture sector constraints and needs

Chemical-based, conventiond sysemsof agriculturd
production have created many sourcesof pollution
that can contributeto degradati on of theenvironment
and destruction of natural resourcebase. Themisuses
and excessveuseof chemical fertilizersand pesticides
have often adversely affected the environment and
created many problems associated with (a) food
security and quality and (b) humanand animd hedth.
Furthermore, the production of methanefrom paddy
fields and ruminant animals and of CO, from the
burning of fossiIsfues, |land dearing and organic matter
decomposition have been linked to globa warming
as'GHG’ (e.g., CH,,N,0O, and CO,).
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Themajor challengeisto promote abalanced and
efficient use of plant nutrientsfrom both organic and
inorganic sourcesat farm and community levelsto
intensify agriculturein sustainablemanner.

Livestock sector constraints and needs

Among domesticated livestock, ruminant animalsare
themgjor emittersof methane becauseof their unique
digestive system. Ruminant animal s possessarumen
or largefore-stomach in which bacteriareside and
enteric fermentation occurs. As part of this
fermentation, themicrobesbreak downthefeedinto
volailefatty acidsand other productsthet theruminant
anima s can absorb and useto maintain body function
and grow. Thisprocess enablesruminantsto digest
coarse plant materia sthat non-ruminantsincluding
humans, cannot digest. Because of this rumen
fermentation, ruminant animals have the highest
methaneemissionsamongal animal types.

Based on dataavailability and theimportance of the
emission sources, methods were determined for
cd culating methaneand nitrous oxideemissonsfrom
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 theemissionsinventory
fromthelivestock sector, the Tier 1 method of 2006
IPCC guidelines was used for the calculation of
emissonsfrom cattle, buffalo and swine. Sincethere
were no emissionsfactors developed in Myanmar,
the default emission factors of the 2006-IPCC
guiddineswereapplied.

Waste sector constraints and needs

GHG inventory for the waste sector mainly
includes methane emissions from Municipad 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 isgenerated in these
areas. However, in urban towns, solid waste is
disposed by landfilling 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 isdifficult to obtain
data of the industrial wastes separately. Only a
small number of countries has comprehensive
wadte data covering dl waste types and treatment
techniques. Also very few countrieshave dataon
historical waste disposal |ate several decades. In
Myanmar , such data cannot beachieved and so
default data has to be used.

Land use, land use change and
forestry sector constraints and needs

Extensiveenvironmental damagesresulting mainly
from both over-logging and land use change have
been frequently observed in Myanmar, and virtualy
very few forested hilltops remain in the region.
Deforestation on hilltops causes severe soil erosion,
which again, makesthesiltation and sedimentation
happen inthelowland areas, e.g. inthereservoirs,
damsand deltaregions, through downstream flow.
Improper land uses, such as cultivation on steep
slopes, shifting cultivation without proper fallow
periods and overgrazing haveled to the degradation
of forests. Besides, commercial oil palmand rubber
plantationsareoneof themain causesof deforestation
insomepartsof Myanmar.

In situationsin which popul ation pressureleadsto
reducefallow period cycles, shifting cultivation can
become a major cause of forest depletion and
degradation threatening thesustainability of theforest
estateand forest resources. The changesinland use
take placein responseto variousunderlying factors,
including popul ation growth, economic devel opment
and poverty. Thedeforestation problem arises partly
from the expansion of human activitiesin forested
areas and partly from land use mismanagement.
Frewood collection contributesmuch to the depl etion
of treecover, especidly inlocdities whicharelightly
wooded. According to FAO/UNEP-estimation
(1981), fuel wood, including wood for charcoal,
accounts for 88% of the round wood removal in
tropica Asa
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Table 13.1; Carbon emissions from forest and
grassland conversion during 1990

Source/Sink ktC

Quantity of biomass burned on
site and off site (Total)

on site 7,916
off site 7416
Carbon released from decay of
above ground biomass 1184
Carbon released from soil 8240
Total annual carbon release
from the forest and 17.340

grassland conversion

Overgrazing is another important factor in the
degradation of forests, mainly of openforests. The
problemisparticularly acutein areaswhereforests
are often the only placeswhere livestock can find
vegetationfor grazing. Inadditiontothedamagedone
to the vegetation cover, trampling by livestock
hardensthe soils, preventswood regeneration and
promotes soil erosion.

Shifting cultivation practice, inwhich origind forests
arecut and burnt, emits carboninto theatmosphere.

Myanmar Selection System offersagreat advantage
inreducing carbon emission becauseit limitsminimum
girthsfor teak and hardwood for harvest preventing
severe destruction and losses of existing primary
foreststhat serveasnatural carbon sink.

Countrywide, annual deforestation has been
estimated approximately at 0.3%, only dightly above
the global average. Forest |lossesaregreatest inthe
mangroveforestsof theAyeyarwady delta, whereas
much as 20% of mangrove forests disappeared in
only 10years. Agricultural expansionisdriven by
human popul ation growth, and its effectson natural
habitatsareexacerbated by thelack of comprehensive
land use policiesand planning. Themost important
types of changes in land use to record are in the
bal ance between forest, dry land agriculture, and
irrigated agriculture. Rain-fed agriculture, grazingand
degraded landsarelikdy tohavelarger levd sof ranfdl

runoff thanirrigatedland, whichgenerdly hasinward-
sloping terraces that accumul ate water. Likewise,

well-managed forestsreduce pesk flowsat themicro-
and lower meso-scale.

Theexpansion of agriculture, forest exploitation and
popul ation growth are causing much environmental
degradation. Within upland watersheds and bel ow,
landslides and floodsinflict much loss of life and
damage to property and infrastructure. Dam
congtruction caninundateriverine habitatsup-stream,
and alter seasonal flow regimes and natural
sedimentation processes downstream. Mining for
gold, gemsand other minera sisanother maor source
of pollutionin Myanmar.

Very few studies on carbon absorption capacity of
natural forest have been conducted. Species-specific
and ecologica zone-specificdataare still lacking.
There are somereliabledataof carbon absorption
capacity of forest plantations in Myanmar. Most
conventional inventory data emphasized on the
commercial volume of the timber species
(dbh>20cm). Thus, thedry matter (biomass)-based
inventoriesfor planted species should be carried out.

Substantia areaof deforestation wasencounteredin
Myanmar but the deforested area by different causes
and land use change pattern cannot be traced.
Inventory activitieswith new approachesto address
the deforestation, its causes and land use changes
should be conducted. Forest firesarecommonindry
season of Myanmar. However, most are surfacefires
andthelitter (leavesand small twigs) areconsumed
duringforestfires Actua biomassburningtakesplace
during land use change (shifting cultivation, land
clearing, etc.). Reliabledataon typesof fire, actua
areaburnt annually and emission of greenhousegases
aredill lacking.

Satelliteimagesand related skillsare essential for
inventories. Different sectors and stakeholders
(Forestry, Agriculture, Mining) have been conducting
many inventory activities, but information sharing
between different sectors is crucia to make the
national GHG inventory comprehensive and
coordinated.
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13.3. Financial Needs

Financia resources for climate change outreach
programs and activitiesare needed in Myanmar at
present. As adevel oping country, Myanmar needs
adequateand continuousfinancid ass stancefromthe
developed nationsfor long-term research projects
on climate change. Myanmar’s contribution to the
mitigation of and adaptationto globa climatechange
certainly depends to a great extent on transfer of
technol ogies and capacity building, aswell ason
funding support from international governments,
NGOsand donor agencies.

Developing countriesrequire substantial financial
ass gancefor adgptation, technol ogy cooperation and
mitigation. It is crucial to simplify access to the
diversity of international funding sources, vertical
funds, and investment opportunities, which posea
heavy burden on deve oping countriesthat areseeking
toenhancenationd devel opment through internationd
finanang.

Dueto financia resources so far, not much hasbeen
donein Myanmar to raisethe public awarenesson
climatechangeissues.

Addressing climate changewill requiresignificant
changesin the patterns of investment and financial
flows. It may need to redirect investmentsand flows
fromadl sourcesto moresustainableclimate-friendly
dterndivessuchas scaing-up of internationa private
and public finance dedicated to investment in
mitigation or adgptation activitiesor technologies, and
optimizing theallocation of the fundsavailable by
spreading therisk acrossprivateand publicinvestors.
The UN system has an important role to play in
supporting and enabling devel oping countries to
participatein the carbon market and benefit fromits
enormous potential as well as prepare for future
funding opportunities to catalyze climate action.
Myanmar should try to get financid support fromthe
UN to addressclimate changein anumber of critical
aressincludingthefollowing.

Support for access to financing by
devel oping countries

Strengthening nationa capacity indeveloping
countriesto assessinvestment and financial
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flowsto addressclimate change; creating an
online interface to assist developers of
adaptation programsin screening, identifying
and ng adaptation funding; casestudies
to help emerging economiesassessthe costs
and benefitsof lesscarbon-intensive options,
examinefinancing sources and mechanisms
andidentify candidate projectsand programs,
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 invol ved; devel opment
of technical methodol ogies/tools and data
collection for specific sectorsthat facilitate
developing countries' access to financial
resourcesby helpingthemto meet digibility/
verification criteriaof financia mechanisms
(e.g. agricultureand forestry, energy options);
assistance to countries in combining/
sequencing GEF resourcesfor policy change
and leveraging new sourcesof 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
countriesin leveraging carbon financefor
clean energy devel opment and sustainable
land use practices; exploring a number of
avenues to deepen the reach of carbon
financeto support long-term, dimate-friendly
investments (Carbon Partnership Facility) and
harnessnew carbon finance potentia s (Forest
Carbon Partnership Fecility); linking large-
scaleongoing tree planting and afforestation
programsin devel oping countriesto 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 thedevel opment of new financia
productsthat accel erate adoption of climate
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technologies and markets; equipping
financierswiththetools, support, and global
network; workingwith municipdities, 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 renewabl e energy

Mobilizing fundsfor greater energy access
and security, energy efficiency and clean
energy development projects in over 100
countries, improving effectivenessof public
financing in catalysing sustainable energy
sector growth; facilitating regional
cooperation on energy efficiency for climate
changemitigation.

Support to pilot innovative sources of
finance and market mechanisms

Development of a voluntary global
financdid mechanisnVportfolio approach/forest
financing framework for all typesof forests
to support theimplementation of the Non-
Legdly Binding Instrument onAll Types of
Forests and the achievement of the Global
Objectives on Forests; support of effortsto
customize new insurance and re-insurance
productsfor catastrophic and climate-related
risksand expand their reach; promotion of
Payment for Environmental Servicesasan
incentivefor carbon sequestratior/mitigation
a thecommunity level.

Mobilize new and innovative
concessional finance

A new Climate Investment Funds (CIF)
portfoliowithanexpected capitalization of about
USS$ 6 hillion, to build on progress made by
many of the developing countries, with the
objectivesof scaing up investmentsinlow-
carbon technol ogies, and supporting various
programs to test innovative approaches to
dimaeaction, includingfor adgptation, 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 contributionsto relieving theincrease
of greenhouse gas emission and protecting global
climateby adjustingitseconomic structure, improving
its energy efficiency, developing and using
hydropower and other renewabl e energy.

Myanmar’sforest sector playsanimportant rolein
GHG emission/reduction processes- partly because
theforestscan be carbon sinksif properly managed,
and partly becausetheforests can be source of GHG
emissonsdueto deforestation. Devel oped mitigation
strategies aim at reducing carbon emission and
increas ng carbon sequestrationin theforestry sector
of Myanmar. Both short-term and long-term
considerations aretaken into account to determine
the effective mitigation strategies to achieve the
sustai nabl e carbon sequestrati on and soci o-economic

responses.

Diverting unwanted agricultura resduesto become
energy resource supplementsfor usein agricultura
production would reduce demand pressures on
energy sourcesavailablein thecountry.

Most of thelivestock farmers only focus on low-
profilefeeding strategies, and thenutritiona statusof
livestock especidly for dairy cattleareusudly given
only sub-maintenanceration when they areindry

period.

Expanding urbanization and growth inthenumber of
private vehicles have degraded air quality due to
smokeand gasemissons, including oxidesof nitrogen
and carbon. Knowledge of different optionsinthe
energy ba ancewithin thetransport sector and their
relationship to the overall energy balance in the
country will assistin theformulation of policiesand
strategies for achieving sustainable energy
development. Themost important actionsto mitigate
GHG emissionsduring the period (2000-2030) are
economic and effective use of energy and use of
renewableenergy.
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InMyanmar, most of themunicipa wastewasburied
inlandfillsand someamount of landfillsincreased to
create urban land. Allocation of waste treatment
expenses to the waste producers (volume-based
wadtefeesystem), efficient management of food waste
and food waste policiesfor minimizing waste are
needed.

Sincethenational inventoriesof GHGsindicatethat
the energy, forestry, land-use and agriculture sectors
dominate the GHG emissions in Myanmar, the
identification and analyses of mitigation optionsand
abatement projects are focused on these sectors.
Based on the year 2000 GHG inventory, fifteen
abatement project profileson GHG mitigation and
adaptation areidentified 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 CO,, N,O, CH,, and new
assessment of mitigation options for CO, NO,,
NMV C(Non-Methane Volatile Compound), SO,,
HFCs, PFCs and SF, for the year 2000, including
gppropriate mitigation technologies, are needed. Lack
of legal and economic instruments for mitigation
measures, lack of a nationa strategy for GHG
mitigation, andlack of technica capacity inquantitative
mitigation optionsanalysis, including application of
relevant methodol ogiesaswell as capacity-building
are undoubtedly obvious. Technical capacity to
effectively integrate V& A assessment and mitigation
options analysis into sustainable development
programs, and henceto devel op nationa adaptation
and mitigation programsof actionisdtill lacking. Under
theALGAS project, anumber of mitigation options
have beenidentified for GHG emissionreductionin
thefollowing sectors: energy, agricultureandland use
andforestry, but largely inarather quditative manner.

Technology needs for adaptation to climate
change

Lack of cost-effectiveanaysisof various adaptation
options, including adaptation technol ogies, lack of
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national strategy and action plan for adaptation to
climate change and itsrelated disaster prevention,
preparedness and management and lack of local
expertiseinthefield of vulnerability and adaptation
(V&A) assessment and integrated assessment
(including assessment modeling) arethesameasin
themitigation. Studiesonthevulnerability of Myanmer
to climate change had not been undertaken previoudy,
and hence adaptation strategy or action plans had
not been devel oped.

Recognizingthat littlework hasbeen donein Myanmar
to conduct vulnerability assessment, dl selected priority
areaswill requireparticipatory rapid gppraisds(PRAS)
withtheamof collectinginformationonvulnerabilities
to climate change, coping measurescurrently inplace
and possible adaptation measures. Theobjectiveof the
PRA will betoidentify vulnerability totheimpactsof
climate change, coping measures and adaptation to
climatechangeand criteriafor sdecting priority coping
and adaptation activities, specificdly onthefollowing
sectors. water resources, coastal zones, agriculture,
forests, biodiversity, energy, trangport, industry and public
hedth.

Adaptation measuresthat can be considered include
ingtdlation of better soragefadilities, drought resistant
crops, effective pest and disease control programs,
and generally improved agronomic practices. Other
coping optionsthat may be appropriatefor Myanmar
are improvedirrigation efficiency; crop divergfication,
improvement in agricultural extension services; and
research and devel opment on new drought-resi stant
crops. Cost-effective technological and policy
adaptation measuresthat are gppropriateto Myanmar
should beidentified. Thebarriersfor the adoption
andimplementation of thesemeasuresshould asobe
highlighted.

Policieson climate change adaptation arestill needed
to be addressed. Progress in the field of climate
changerelated assessmentsisinsufficient to obtain
up-to-date situation in many aspects. Thereis an
inadequate andysisof existing databy local expertise,
such asclimate variation dueto ENSO event.
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Inadequate computersand internet access, inadequiate
information networking, limitedinternet facility (both
withinand outg dethecountry), limited dimatechange
related information to function asaclearing house,
and limited practice of sharing information among
departmenta personnd aremost commonly obvious.
Insufficient training, information and lack of experience
on ESTIS (Environmentally Sound Technologieson
Information System) ared so condraintsinthisregard.

The hydro-meteorological datasetsprovidealong-
term baseline againgt which theimpact of changein
land use and |and management on water quality and
quantity canbemeasured. Thisisanimportant source
of information for understanding the impact of
processes and of changesin these processes. This
information reinforcesmuch of theknowledgedready
availableontheintensity and distribution of rainfall.
Such informationisuseful for other researchers, in
particular, for understandingissuesrelated to global
climatechange.

Assessment on the development and transfer of
environmentaly sound technologies (ESTs) hasbeen
initiated in Myanmar and the assessment on the
Research and Systematic Observation should be
promoted.

Traditional water management system canno longer
meet therequirementsof the market economy. Thus,
water management system, incl uding theestablishment
of ahigh-level nationa agency for water resources
management hasalready beenformed. Theavailable
information on adverse effectsof climatechangein
Myanmar could be compiled, synthesized and
andyzed, including trend andysisin temperatureand
precipitation patterns aswell as sea-level riseand
frequency of extremeweather events.

Research by the Department of Meteorology and
Hydrology showsthat climate change has affected
the onset and the duration of monsoon rainfall, and
thiswould havesignificant implicationsfor thewater
resources of Myanmar. In addition, the melting of
Himalayan glaciers would affect the future water
supply to the rivers: Ayeyarwady, Chindwin and
Thanlwin. Theimpactsof climate change on water
resources and its associated impacts should be

assessed inanintegrated manner. Adaptation measures
for water scarcity and drought includewater supply
and demand management, improved watershed
management, water conservation and increased
storage of water. The proposed NAPA will review
recommended adaptation measures and suggest
priority optionsfor near-termimplementation.

To enhance the systemati c observation and research
activities, technical/ financia/ expertise support will
be certainly necessary from variousinternational/
regiona organizations.

Myanmar needsto repl acetheexisting conventional
ingrumentswiththeautometic/ digita oneswhichwill
sgnificantly reduce manua operation, and assessment
of datawill be carried out and transmitted to targeted
pointson control buttons. Human capacity devel opment
needs smultaneous undertaking so that the usua
information of WM O/IPCC standard may befollowed
innotime. Climatechangeinformationnetwork should
besgtrengthened nationd ly/regiondly andinternetiondly.
Thismay beachieved phaseby phase.

Researchworksof climatechangewill be particularly
focused on El Nino—Southern Oscillation (ENSO),
tropica stormsand associated hazardsand droughtsin
Myanmar. Cross-cutting issuesof climateimpactson
various key national economic sectors, such as
agriculture, forest, hedlth, fisheries, energy, transport,
universtiesand rdaed agend esnecessitatestrengthening
humean resourcesinthesearess.

Myanmar hassgned some30internationd andregiond
environmental trestiesand conventions, including the
falowing

(i) ViennaConventionfor the Protection of the
Ozone Layer (1985) (ratified on 24
November 1993);

(i) Montreal Protocol on Substances that
Depletethe OzoneLayer (1987) (ratified on
24 November 1993) and its London
Amendment (1990) (ratified on 24
November 1993);

(iii) United Nations Framework Conventionon
Climate Change (UNFCCC) (ratified on 25
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November 1994) and its Kyoto Protocol
(acceded on 13 August 2003);

(iv) Convention on Biologica Diversity (CBD)
(retified on 25 November 1994) and Biosafety
Protocol (signed on 11 May 2001);

(v) United Nations Convention to Combat
Desatification (UNCCD) (ratifiedon 2 January
1997);

(Vi) Stockholm Conventionon Pergstent Organic
Pollutants (acceded on 18 April 2004);

(vii) Convention for International Trade in
Endangered Speciesof Wild Faunaand Flora
(acceded on 13 June 1997);

(viii)TheConventionfor theProtection of theWorld
Cultureand Naturd Heritage (1972) (ratified
on 29April 1994);

(IX) United NationsConventionontheLaw of the
Sea(ratified on 21 May 1996);

() Internationd Tropicd TimberAgreement (ITTA)
(ratified on 31 January 1996);

(xi) ASEAN Agreement on Transhoundary Haze
Pollution (ratified on 13 March 2003) (the
Agreement entered intoforceon 25 November
2003); Myanmar has participated in the
National Performance Assessment and
Srategic Environment Framework (SEF 1)
of Greater Mekong Subregion (GMS) project
incollaborationwithADB, GEF, UNER, IGES
andNIES. TheSEF 11 projedt, initiatedin 2003,
amsto promotesugtainabledeved opment inthe
GMS through the creation of nationa and
subregional environmental performance
assessment system, aswe | asdeve opment of
national and subregional capacities for
implementingsuchassessment.

13.5. Needs for Capacity Building

An overview of capacity needs

Limited capedity a dl levels(humen, scientific, technicd,
technologicd, organizationd , indtitutiona and resource
capabilities) relating to climate changeissues, limited
cgpacity in dimatechangenegotiation, limited capacity
in preparation of climate changeprojectsfor bilatera
and multilaterd funding, limited cgpadityinassessingthe
impactsof both technologica and policy measuresfor
mitigation and adgptation, andlimited cgpedity ineffective
implementation of variousmultilateral environmenta
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agreements, indudingthe UNFCCC, are prominent
bariers.

Human capacity and climate change information
network should be strengthened nationally/regional ly
and internationally. Capacity development in the
Department of Meteorology and Hydrology,
universitiesand related institutionsin the context of
climate changeisurgently needed.

Training needs for the development of
greenhouse gases inventory

Capacity buildingin PCC- methodol ogiesfor GHG-
inventory isstill very much needed. Itisa so urgently
needed inV&A assessment, including trainingon
relevant methodologies. Limited human and
ingtitutiona capacitiesin ng, evaluating and
verifying ESTs andinadequatehuman andindtitutiond
cgpacitiesindimatedatamonitoring areevident. Apart
from some experiencesgained from the participation
in the ALGAS project on GHG-inventory and
mitigation optionsandys's, Myanmar hasvery limited
human, scientific, technical, technological,
organizationd, ingtitutional and resource capabilities
that the country requirestofulfill itscommitmentsto
the Convention.

Thefollowing needsfor capacity building have been
identified during the informal stakeholders’
consultation mesting:

¢+ Thereisaneedfor acontinuingtraining and
capacity building programthat coversal
maj or aspectsrelating to climatechange at
educationa, scientific, technicd,
technologica (mitigetion & adaptation),
legal and policy levels, both nationally and
locally;

¢ Regular participationinregiond and
internationa forumsto shareinformation
and experiences,

s TraninginV&A assessmentinthe
following sectors. coastal zone(including
tidal movement and sealeve
measurements), marine resources and cora
reefs, forestry, agricultureand waste
management;

++ Capacity buildinginidentifying, evauaing
and verifying appropriateand
environmentally sound technologies;
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X/

% Capacity building in assessment of the
impactsof both technologica and policy
measuresfor mitigation and adaptation;
Training of legd officersand policy makers,
Improvement ininternationd negatiationkills;

X/
X4

L)

>

R/
*

*

Initiating programs of school education and
public awareness on climate change

Thereareafew of outreach materials (especidly in
Myanmar language) on climate change issues for
different target groups (general public, community,
especially for children and young people, policy-
makersand privatesector). Theneed tointroduceor
strengthen climate change science at the primary,
secondary and post- secondary levelsand through
non-formal public education. Inschool leve education,
itispreferableto integrate environmentd issuesinto
exiging subjectsinthecurricula rather than atempting
to introduce environment asa separate subj ect.

Diagramsand illustrations should be considerably
improved, bothin quality and quantity, especially in
thetext books prescribed for the primary and lower
secondary levels. Learning materiasother than text
books, such ashandbooks, supplementary readers
and audio-visual aidsneed to be prepared for school
teaching programs. Findings of climate change
research carried outinunivergtiesand other ingtitutions
need to be continually made availablein appropriate
formfor use by schoolteachers.

Itisdesrablefor practica activitieson dimatechange
and environmental studies to be based as far as
possibleontraditiona conservation practices, andto
involve interaction of schoolchildren with local
villagerssothat they can understand theissues. Public
education, awareness, and training programsneed to
be conducted on alarge scal ethroughout the country
with particular emphasison areasof critical concern
such as pollution, natural resources depletion and
globa climatechange.

Formulation of the communication network
among researchers, institutions and policy
makers

Climatechangepalicy, srategy and programs, aswell

as the integration of this policy and strategy into
sudtainabledevel opment areneeded. Althoughthereare

some public awareness activities on climate change
Issues, induding dimate-induced disaster preparedness,
itisanead to Srengthen community educationondimete
changeand disaster preparedness.

Enforcement of policy measurestointegrate climate
change concerns into national long-term socio-
economicand environmenta planning isimperative.
Theex-sectord policy conflicts 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-
sectord policiesiscritica . Admittedly, communication
network among researchers, variousingtitutionsand
policy makersisessential.

Thereisalsoalack of aneed-based working system
asastrong and demanding unit which could ensure
linkages between land use capability, land carrying
capacities, resource production, forest industriesand
marketing and integration of theforestry sector with
al other related sectors of theeconomy so that forestry
planning would contribute effectively tothe overall
planning process of the Government. Institutional
wesknessesneeding priority attentionincludesirategic
planning and policy anaysis, resource management,
environmental impact assessment, biologica and
economic research, forestry extension and
establishment of inter-sectoral linkages.

Building up of acritica massof human resourceswith
required skills, therefore, is a basic need for any
progressintheinditutiond framework. Theformulated
Nationd Environmenta Policy haseevated theprofile
of environmental consideration inthecountry. The
Policy calls for harmony and balance between
environment and devel opment through theintegration
of environmental considerationsinto devel opment
process and it forms the basis for developing
environmental strategies, programs and plans.
Moreover, Myanmar haspromul gated Environmental
Conservation Law in 2012.

Climate changeisasustai nable devel opment i ssue
that linksto all socio-economic and environmental
sectors. Myanmar has undertaken afew activities
relating to other Multilateral Environmental
Agreements (MEAS). Although Myanmar has
prepared its national Agenda 21, the issue on the
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integration of dimatechange concearnsinto sustainable
development plansand programsstill remainsto be
addressed effectively. Indeed, the public awareness
on climatechangeinthecountry islow at al levels.
Accessto and theuse of information technology such
asinternet will beessentia toensureefficient exchange
and sharing of information both within and outside
the country. Information networking isan important
activity inany project cycle.

13.6. Activities for Overcoming Gaps

Attemptshavebeen madeto esimate GHG emissions
from dash and burn, especidly inrural areasfor the
year 2000. Both the reference and the sectoral
(bottom-up) approacheswere used to estimate CO,
fuel combustion emissionsasrecommended by the
Guiddines.

The activity data of hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs) and sul phur hexafluoride
(SF,), whichare controlled by the Kyoto Protocal,
have also been collected for the same base year
whereavallable. Animproved factor of CO, emission/
sink from/to soilsin Land-Use Change and Forestry
intheregionwith smilar conditionsto Myanmar has
been assessed and identified, as well as methane
emissionfactor fromricefieldsand agriculturd soils,
withaview toreduc ngtheuncertaintiesand enhancing
thedataquality in these sourcesand sinks.

Asfar ascapacity-building isconcerned, 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
ConventiononBiologica Diversity (CBD) and United
Nations Convention to Combat Desertification
(UNCCD). The Nationa Capacity Needs Self-
Assessment for Globa Environmental management
(NCSA) project would provideagood basisfor such
synergies. In addition, aCapacity-Building Srategy
that highlightsthe prioritiesand options, including the
development of South-South capacity building
programs, will bedeve oped.
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Systematic observations of the climatic and
hydrological data collected at 162 observatory
stations set up across the country by DMH have
disclosed that theclimate change hasbecome gpparent
in Myanmar sinceyear 1977: theareaswith higher
latitudesin northern and centra partsof the country
have experienced atrend of changefromwarmingto
cooling starting from 1977; there hasbeen agenerd
warming trend of mean annual temperaturesinthe
whole country since 1979; theannua precipitations
in most of the Regionsand States have decreasing
trend; coastal areashave been hit by cyclonesevery
year since 2002 (except 2005); onset of southwest
monsoon hasbecome late and itswithdrawal early.
In consequence, the country has been facing
increasingly theadverseimpacts of climatechange
year by year.

Myanmar isstill richin natura resources. However,
many have been depleting, dueto exploitation inan
unsustai nable manner. Tomakethesituationworse,
the adverseimpactsof the climate change speed up
theresourcedepletion and disrupt thelivelihoods of
the grassroots poor, farmersin particular, who are
dependent on agriculture, fisheries, livestock and
forestry all of which arevery vulnerableto climate
extremes. The CycloneNargisin 2008 hasvery well
demonstrated how vul nerabl e the country and the
peopleareto the effects of the climate change.

Myanmar hasproved more than being acarbon sink
nation, with anet removal of 67,863 Gg CO,ein
2000, which had been made possible by the vast
forest resources. Thus, itisof vital importance that
theforest resources, the only source of carbon sink
and reservair, are sustainably managed in order not
to reversethecurrent trend of the carbon flow.

During the recent decades, in the process of
devel oping nationa economy following the market-
oriented economic system, the Government of
Myanmar has accomplished a sizeable number of
measures contributing to mitigation of and adaptation
toclimatechange, like promoting re-afforestation and
forest conservation programs, encouraging
conservation agriculture, improving livestock

management , fud switching from petroleumto CNG
rapidly devel oping renewabl e energy sourcessuch
ashydro-, solar- andwind- powers. Still, alot more
remain to bedoneinthefaceof thechanging climate.
To successfully addressthisissuetherearelimitations
toovercomeintermsof finance, facilities, ingitutions,
human capacities, public education and awareness.

To ensurethe nationa soci 0-economic devel opment
continueundisturbed, thefollowing recommendation
have been identified, based on the findings of the
thematic groupsinvolvedintheINC project, for timely
implementation inorder to addresstheclimatechange
concernsthat are happening and projected to happen
intheRepublic of theUnion of Myanmar:

Energy and Transport

1. Energy efficiency and conservation, and
increasad useof lessenergy intensiveproducts
should be promoted.

2. Environmenta stlandardsfor energy efficiency
should be set and efficiency gradeslabeled
on products.

3. Deveopment of renewableenergy resources
such ashydropower, biomass, and wind and
solar powers should be encouraged.

4. Toreduce GHG emissionfromthetransport
sector, maintenance of good road networks
and fuel switching from petroleumto CNG
should be expedited and CNG pipdinesand
dations 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
stovesareto behighly prioritized to reduce
the need for wood-fue.
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Tap all potential power sourcesincluding
renewable energy for increased power
generationand utilization.

Bio-energy production from all available

sources should be promoted without
compromising food security and viability of
forestsand soils.

Upgrade existing power-generation and
transmissonsystems.

Improve roads and road networks, traffic
demand management and all transport
modes.

. Makedl| publictrangportsmoredttractiveand

afordable.

Light-emitting diodesshould beincreasingly
usedfor trafficlighting.

Energy audit should be performed

Raise public awarenesson GHG emission
reduction and energy conservation.

Buildinditutiond cgpacity tomonitor ambient
arqudlity.

Industrial processes

Power supply fromthenational grid should
be continuousandreliable.

Industrial zones should introduce GHG
emission reduction measures such as
ingtdlationof individua or centrd wastewater
treatment system, replacement of fossil-fuel
engines with low-carbon fuel enginesin
trangportation vehicles.

Industries should haveimproved accessto
updated EST information so asto help the
industriesidentify thetechnol ogiesmogt suited
tothem

Theboailers, ventilation system, factory layout
and waste disposablesystem in many factory
and plantsshould be substantialy upgraded.
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5.

10.

11.

12.

13.

Renewabl e energy resources, efficiency and
conservationinenergy use, fuel switchingto
CNG cost-effective EST and good house-
keeping practicesinindustriesand buildings
aretobeimproved.

Eco-housing and eco-transportation to save
energy and raw materials initiated by the
private sector should be encouraged.

Set high energy efficiency and environmentd
standards. Conduct at each industry
Efficiency Audit and providegreen labelsand
tax benefitsto theindustry and the product
that meet the set standards.

Further promotethe use of CNG, LPG and
renewableenergiesby providingincentives.

Introduce energy-saving and process-
specifictechnologies.

Initi ate the devel opment of carbon capture
and storagefor energy-intensive plants.

Implement energy-saving regul ations and
improved energy management systems.

Congtruct buildingswith designstoincrease
crossventilation, prevent direct sunlight in
the afternoon and reduce heat gains with
shadecovers.

Advocate extensvely conservation of energy
and utilization of cleaner energy.

Agriculture and Livestock

Agriculture
1. Inricecultivation, intermittedirrigationwith

intervals should be conducted rather than
continuousflooding.

Sulfur-containing fertilizers, slow release
nitrogenfertilizers, nitrificationinhibitorsand
gypsum should be used instead of ureato
mitigate CH, emission without affecting
yidds.
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3. Thesdectionof highyieldingricecultivars
withlow CH emission potential could bea
promising strategy to mitigate CH, emission.

4. Compost making and organic agriculture
should be encouraged to reduce GHG
emissonsfrom biomassburninginthefieds.

5. Tillageshould bereduced and crop rotation
practicedinricefields.

6. “Conservation Agriculture”, “Sloping
Agricultural Land Technology” and other
climatefriendly advanced technologiesshould
be promoted.

7. Water, crop and crop residue management
should beimproved.

8. Organicfarmingandbio-fertilizer useshould
be promoted and the use of chemical
fertilizersreduced.

9. Fertilizersand pesticides must be applied
properly.

10.Farm management including post-harvest,
processing and storage needsimprovement.

11. High-quality and stress-resistant plant
varigtiesshould beused and climate-resilient
agricultureensured.

12. Water impoundment systems should be
expanded through clustersof smaler dams,
ponds, lakesand rain water collections.

13. Dry-land agricultural technol ogies should be
promoted.

14. More investment is recommended to
strengthen climaterisk reduction measures.

Livestock

1. Livestock extension services need to be
strengthened.

2. Supplementary feeding of urea molasses
blocks and treatment of straw with ureato

dairy cattle should be promoted to reduce
CH, emissionsfrom enteric fermentation.

3. Access to advanced livestock breeding
technologiesisto beimproved.

4. Improved nutritivevaueand digestibility of
diet and provision of correct “energy to
protein” ratiointhediet should beensuredin
order to reduce methane emission from
entericfermentation.

5. Recycling of manurefor biogasproduction
and making compost from manureshould be
promoted.

6. Improved genetic varietiesandimproved feed
conversonefficiency should begiven priority
inlivestock farming.

7. Pesture, grasdand, andforageanditsquality
should beimproved.

8. Theuseand management of anima wasteto
harvest producer gasand to use gasification

9. Fermentation-control medicine, fermentation
stabilizers and micro-organi sm repressors
should be added to animal diets.

Land use change and forestry

1. Re-afforestation programsshould be
strengthened and the forest ecosystems
managed inasustainable manner.

2. Privatesector involvement in establishment
of forest plantation should be encouraged
to enhance forest restoration and restore
environmentd baance.

3. Naturd forest conservation and management
with the participation of the private sector
should be strengthened.

4. Community forestry should bewidely
advocated and expanded.
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Waste

Chapter

Activitiesbased on CDM, REDD+ projects
and LULUCEF projectscould beintroduced
asmitigation measures.

EIA and cost-benefit analysis should be
conducted prior to any mgjor forest land use
changes.

Forest fire management should be
strengthened.

Environmental awareness on forest
conservation and utilization should be
promoted.

Integrated land use practice among the
relevant sectors should be enhanced.

Forest laws and regulations should be
enforced moreeffectively.

Open-dumping sites need to be properly
designed so that emergence of anaerobic
conditionwill be checked.

Controlledincineration should be encouraged.

Toxic and hazardous wastewater from
industriesshould betreated properly toavoid
environmenta pollution.

Waste-to-Energy power plants for waste
combustion in the major cities should be
installed and operated.

Producer respongibility system, volume-based
waste fee system or polluter pay system
should beexercised.

Recyclableand reusablematerid sshould be
used for packaging.

The practice of reducing, recycling and
reusing of variousitems of waste should be
encouraged.
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A database on waste generation, disposal and
treatment for both solid wasteand wastewater
should be created.

Biological trestment of organic solid waste
should be promoted.

Waste should be categorized and disposed
properly at designated landfills.

Theuseof polyethylene plagtic bagsmust be
discouraged.

Waste treatment facilities, e.g. landfill,
composting and controlled incinerating
burning, should be expanded.

Market opportunities for recycled waste
products should be promoted.

Public awareness on proper waste
management (generation and disposa)
should beraised.

Meteorology and Hydrology

1

Thepossibleextent of water stressand its
likely impact onwater availability and use
should bestudied.

The possibleimpactsof rising temperature
on human hedlth, agriculture, water resources,
etc. should be observed and investigated.

Preparation and distribution of user friendly
publicinformation on extremewesather
events should beimproved both
qualitatively and quantitatively.

M ore observing stations should be opened
toensureevendigtribution al over thecountry
and to enabl e to observe climatein remote
and hilly areas. The stations should be
equipped with digital sensorsand AWOS.

Preventive measures against heat stressand
water stress should be undertaken not only
inEl Ninoyearsbut d sointhepreceding and
following yearsof El Nino events.



6.

Chapter 14 Conclusions and Recommendation

Multi-hazard Early Warning Center under
DMH must beupgraded to ensurethetimely
issuanceof hazard warningsand bulletinsas
required.

Disaster risk reduction should be prioritized
asMyanmar isvulnerableto climate change-
related natural disasters

Daily and seasonal weather forecasting
should be strengthened.

Environmentally Sound Technologies

1.

Information onpollutionproblemsarisngfrom
gaseous wastes, waste water and solid
wastes are to be made available through
regular monitoring.

Awarenessraisng campagnson ESTsshould
beincreasingly conducted for industriesin
both public and private sectors.

Theestablishment of auser friendly database
for EST isessentid for the devel opment and
transfer of ESTsto Myanmar public.

EST Information System (ESTIS) should be
installed. Capacity building for ESTIS,
particularly on-the-job training must be
strengthended.

Capacity Building

1.

CapacitiesinMOECAF, DMH, universties
and related institutions concerning climate
change should be enhanced.

Human resource development in key
economic sectors should be promoted to
manage climate-rel ated cross cutting issues
andtherimpacts.

Training of trainersinthe context of climate
change should be carried out fromtimeto
time

New generations of climatologists and
meteorol ogists, agro-meteorologists,

hydrologists, environmentalists, biologists,
etc., should be devel oped.

. Vaiousenvironmenta organizationsshould

be given opportunitiesfor capacity building
to ensure competency to cope with climate
changeissues.

. Public awareness campaigns on climate

change and adaptation strategies should be
launched fromtimetotime, and NGOsshould
asobeinvolvedin such campaigns.

. Technicad andtechnologica capatiilitiesinthe

useof ICT should bestrengthened intackling
theclimate changeissues, and ICT trainings
should beincreasingly organized onaregular
basisto update and upgrade thelocal ICT

experts.

. Climate-oriented conferences, seminars,

workshops and networking as well as
negotiation skills for securing necessary
financia and technical support for addressing
climate changeissues should be promoted.

. Technologiesand rel ated trainings on global

warming and climatechangeissues, suchas
clean development mechanism (CDM),
power generation from renewable energy
resources should beidentified asthepriority
capacity-building needs.

Institution
1. Badcinfragtructure inindustriesof both public

and private should beimproved.

. Theexisting conventiona instrumentsat the

DMH stations must be replaced with
automatic/ digital ones.

. Inordertoavoid dataloss, it isessential to

establish acentrefor dataarchiving.

. Data sources on which to base GHG

inventory should bestrengthened in order that
the GHG egtimatesaremorerdiable.
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A new ministry should be established to
manage the environmental affairs more
efficiently and effectively.

A fund raising mechanism should be created
for mitigation and adaptation of climate
changeissues.

Research and development

1.

Demonstration projects and R&D on
technologica innovation should bepromoted

Research works on £STs and aternative
fossil fuel -saving technol ogies should be
promoted with greater investment.

Research and development relating to
vulnerability and adeptation (V&A) todimate
change hasbeen initiated inthe agriculture,
livestock, fisheriesand hedth sectors. R&D
inthese sectors should be promoted.

Research activitieson climate mattersareto
be encouraged and networking should be
established among higher education
inditutions.

Climateresearch should particularly focuson
theareasof climatevariability, climatechange,
tropica storms, droughtsand El Nino, ENSO
and LaNinain Myanmar.

Myanmar should participate in the
development of regional systematic
observation system.

Parti cipation of Myanmar researchersand
field staff, including station managers, in
regiond andinternationa trainingworkshops,
seminars, forumsand other relevant meetings
should befurther promoted.

A climate change research centre or a
research division under aresearchinstitute
or attached to a government department
should be established to continuously
generate competent scientists, conduct
national GHG inventories, monitor climate
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change and suggest mitigation and adaptation
measures.

Legal framework

1

GHG mitigation srategiesshould not haveany
negetive effectson energy security andonthe
advancement of socio-economic
devel opment of the country.

Whilefinancid and technica support, aswell
asincentives will be needed for the wider
application of the ESTsintheindustries, an
environmental policy may help promotethe
transfer and application of the ESTSs.

A National strategic plan of Research and
Systematic Observation with specid focuson
climate change, tropical storm and drought
should be devel oped.

Institutional capacity, clear policy guidance,
investment strategy and incentive system
should beenhancedto mitigate GHG emission
fromall sectors.

Nationa Land UsePlan should bedevel oped
and implemented asapriority.

ElIA rulesand regul ations should be enacted
asmattersof urgency.

Finance

1

Financia support for technology and human
resource development is in need of

Srengthening.

To enhance the systematic observation and
research activities, technical and financia
support will be necessary from various
internationa and regiona organizations.

Financial and technical resources used for
promoting dimatechangeinformation sharing
and networking should be considered as
promisnginvesments

Regiona andinternationa supportsshould be
mohilized tofinancedimatechangemitigation
and adaptation measures.
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5. Payment for environmenta servicessystem
as well as polluter pay system should be
developed.

Networking

1. Networking within the country and with
relevant regional and international
organizationsshould befurther strengthened.

2. Information exchange among departmental
personnel needsto be enhanced.

3. Cooperationwithregiond, international and
UN organizationson climate change matters
should be promoted.

4. Climatechangeinformation networks, being
essential for promoting climate change
information exchangeaswell asfor enhancing
cooperation and coordination among the
stakeholders, should be established at all
levels.

MOECAF

1. MOECAF iswell placed to undertake the
task of coordinating line ministries and
ensuring theintegration of climate change
concerns into the national and sectoral
development plansand programs.

2. MOECAF should bestrengthenedto beable
to coordinateand cooperateamong ministries
and agencies for the integration of
environment and development at dl levels.

3. MOECAF should coordinate and manage
the EIA processin Myanmar. Therefore, it
should berestructured and significantly
strengthened in order to be ableto carry
out thistask.

4. MOECAF should beempowered to ensure
theintegration and monitor theimplementation
a al levelsand in all localitiesrelating to
environmentd affairs.
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Annex |
Abatement Project Profileson GHG mitigation and adaptation in Myanmar

Project No 1

Project Title: Rural Electrification Through Bio-energy

Project Brief/ Introduction: The proposal isarequest for project development support. Fundsfrom the
grant will be used to conduct the necessary pro-investment activitiesto develop apilot bioglectricity project.

Theexpected outputs of the project devel opment activitiesare:

i)an evauation of resourceavailability, demand for energy, and manpower avail ability;

ii)identification of location and s ze of thepilot project;

iii)assessment of the project GHGs abatement potential;

iv)estimation of both theincrementa costsand thetota budget for the project;

v)identification of sourcesof basdinefunding;

vi)deve opment of theindtitutiona and organizationd structuresfor planning, design, implementation, management
and monitoring of theproject;

vii)participation of loca community, private, and public sector; and

viii)identification of barriersto bio-energy and measuresto overcomethem. Based on theresults of the project|
devel opment activities, apilot project will bedetailed for implementation. Itintendsto cover fivevillagesinthe
Kachin State of northern Myanmar with atota population of 20,000. Thepilot project will contain thefollowing

Mg or components.

i)Designandingallation of a1MW biodlectricity system.

ii)Formulation of the organizational and ingtitutional arrangementsfor the operation and management of the
system.

lii)Monitoring and verification of GHGsemissions.

iv)Devel opment of the necessary ingtitutiona arrangementsfor thelarge-sca e dissemination of biod ectricity
technology.

v)Deve opment of sustai nable biomassfeedstock production.

Project Basdline: Thebasdlineinvolvestheuseof diesdl oil for power generation and the use of kerosenefor
resdentid lighting.

Proj ect Objectives. The principal goalsof the project areto:(i)achievelarge scal e dissemination of bio-
energy technology for rural dectrification,(ii)reduce GHGsemissions,(iii)install aspilot projectal MW bio-
energy system, and(iv)demonstrate the operationa and functional viability of abio-energy system.

Global Environmental Benefits: It isestimated that 1 MWh of bioelectricity substituting for 1 MWh of
electricity generated from adiesd -fired power plant leadsto carbon emissionsreduction of 0.88-1.3 tonnes of
CO,. Therefore, al MW capacity biomassgasifier system, if operated at 75 percent capacity, can mitigate
4,404 — 6,606 tonnes of CO, annually, and from 132,120 — 198,180 tonnes of CO, over the expected 30
year lifetime of the pilot project. The mitigation potentia of bioelectricity asasubstitutefor kerosene home
lighting has not been estimated.
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Other Social and Environmental | mpacts: Additiond environmental benefitsof theproject arethereclamation
of degraded land, the protection of va uablewatershed zones, and the conservation of biodiversity. Furthermore,
significant employment opportunitieswill be generated to assist in growing and processingwood, aswell asin
the operation and maintenance of the system.

I mplementation Plan/ Dur ation: With project devel opment support, apilot biod ectricity project will be
designed for implementation inthe Kachin State of Myanmar. With lessons|earned from the pil ot project and
the establishment of institutional arrangements, aprogram may be devel oped to disseminatethe biod ectricity
technology onalarge-scale.

Agency: Ministry of Environmental Conservation and Forestry

Cost: US$ 120,000 for project development support

Source: ALGASProject Report

Project No 2

Project Title: Dissemination of Biogas Technology for GHGs Emissions Reduction

Project Brief/ Introduction: Thefull project will promote the use of biogasin rice growing areas of Shan
State by installing 1,000 biogas plantsasademonstration project in sd ected villages. The project development
activitieswill indude:

(i)Identification of exact |ocationsfor the 1,000 biogas plantsthat will be constructed.
(ii)Preparation of atechnica design packagefor each biogasplant, cooking gas system and el ectricity generation
system.

(ifi)Formulation of anindtitutiona arrangement for project implementation, operation, management and monitoring.
(iv)Creation of awarenessand training programsfor village community membersand other potentia players
such asNGOsand government staff.

(v)Preparation of adetailed budget by activity for thefull project and estimation of theincremental costs.
(vi)Organization of meetingsto bring biogasplant buil dersand manufacturerstogether.

(vii)Formation of awell defined project proposal for internationa funding.

Project Basdine: Thebaselinefor thebiogas project isthe continued use of unfermented manure asfertilizer
for riceproduction, kerosenefor lighting, and firewood for cooking.

Proj ect Objectives: Themain objectivesof the project areto:

(i) Demongiratetheadvantageof biogasdudgefertilizer hasover unfermented organic manurefor rice production
and methaneemissionsreduction.

(i) Substitute fuel wood with biogas asacooking fuel in order to help reduce deforestation.

(iii)Provide decentrdized biogas d ectricity to village communities, substituting for kerosene, thus providinga
reliablesourceof dectricity and improving theliving standards of village people.
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Global environmental benefits: Thegreenhousegasmitigation potentia of biogasdudgefertilizer compared
to unfermented organic fertilizer is0.072 tonne of methane per haper year or 1.5tonnesof CO,, equivaent per
haper year. The 1,000 biogas plantswill produce biogas dudgefertilizer for 6,000 ha, resultingin 430 tonnes
of methane emissionsreduction per year or 9,000 tonnes of CO, equivaent reduction per year. Furthermore,
f 70 percent of the biogasgenerated isused for cooking and 30 percent for lighting, the biogaswill replace 22,
tonnes of fuelwood and 1,500 liters of kerosene per year. Thiswill also lead to carbon emissionsreduction by
reducing the use of fuelwood and kerosene, aswell asconserving forest sinks.

Other Social and Environmental Impacts. Theuseof biogaswill bring about varioussocia and environmental
benefits.

(i) 1twill savevauableforeign exchangefor the country asasubstitutefor imported ureafertilizer for agriculture
and foss| fuelsfor cooking and e ectricity.

inltwill improvetheliving slandards of rural inhabitants, especially women, dueto ashift from fuelwood and
kerosenelamps.

iif)Biogasfor lightingwill lead to savingsfor villagecommunitiesasit costslessthanfoss| fuels.
iv)Forestsand biodiversity will be conserved dueto reduced extraction of fuelwood.

v)Farmerswill experienceanincreaseinriceyiedsand profits.

vi)Loca employment will begenerated asthebiogasindustry grows.

mplementation Plan/ Dur ation: A detailed planinduding theingtitutiond arrangementsfor theimplementation
of 1,000 biogas plantswill be devel oped during the project development phase. With lesson learned from the
nitid biogasplants, afull programfor further dissemination of biogas plantsin Myanmar may beimplemented.
6 monthsfor project development activities 3 yearsfor installation of 1,000 biogas plant.

Agencies. Ministry of Environmental Conservation and Forestry & Ministry of Agricultureand Irrigation

Cost: US$0.2 millionfor project devel opment support
US$9.0millionfor ingtallation of 1,000 biogas plants

Source: ALGAS Project Report

Project No 3

Project Title: Developing I nstitutions And Capacity for I nventory of GHGs In Myanmar

Project Brief/ Introduction: Theproject will form thebas sof anationa institutiond framework for addressng
theissues of climate change. It will aso alow Myanmar to devel op the technical and analytical capacity to
explorevarious|east-cost optionsfor reduction of GHGsemiss onsand to assemblepoliciesaimed at reducing
future growth in emissions. Most importantly, it will help Myanmar to carry out periodic GHGsemissions
nventoriesand enabl eit to report findingsto the United Nations Framework Convention on Climate Change
UNFCCC). Theproposed project includesthefollowing activities:
i)Cregtion of aninstitution for monitoring GHGsinventory.

Page 219



Annex |

(ii)Procurement of equipment necessary to carry out monitoring activities.

(i) Training of loca staff inmonitoring practices.

(iv)Procurement of externd assistancefor training purposes.

(V)Publishing of inventory resultsonaperiodic basis.

(vi)Conducting awareness building programstargeting policy makersand thegenera public.

Proj ect Basdline: The proposed project isacapacity building project, thus establishment of aGHGsemissions
basdlineisnot relevant.

Pr oj ect Objectives. Themain goasof theproject areto:
(i)deve op aningtitution for monitoring and verification of GHGsinventory, and
(ii)create the capacity in Myanmar to conduct long-term monitoring and inventory of GHGs.

Further, the specific transport sector goa srelatingto GHGsinventory areto:
(i)devel op the capacity to define and establish motor vehicleemission standards,
(i)improveair quality standardsin metropolitan cities, and
(iii)reduceemissionsfromvehicles.

Global Environmental Benefits: The CO, abatement potential of thisproject isnot quantified. Oncethe
necessary ingtitutionsand capacity to measure GHGsarein place, the benefitswill beredlized in future GHGs
mitigation projects.

Other Social and Environmental | mpacts: Successful execution of the project will increasethe awvareness
of thegeneral public and policy makers about theimportanceof climatechange. Theproject will dsoactasa
demongtration for other capacity building endeavorsin Myanmar.

I mplementation Plan/ Duration: The project will establish an internationa framework for updating the
GHGsinventory. A training program will a so be conducted to further increase the technica and ingtitutiona
capacity in the country for devel opment of accurate GHGsinventories. Threeyearsfor capacity building
activitiesand establishment of institutionsto addresstheissuesof climate change.

Agency: Ministry of Environmental Conservation and Forestry

Cost: US $ 250,000

Sour ce: ALAGA S Project Report

Project No4

Project Title: Fuel-Efficient Cook stovesAnd Participatory Forestry for Carbon Emissions Reduction
Project Brief/ Introduction: The program cons sts of three main components:

(i)Dissemination of 400,000 improved cookstoves. This component has three parts to its successful
implementation: (i) amarketing and promotion program; (ii) aninformation, educational and communication
(IEC) program and; (iii) institutional support for government agencies and private sector participants.
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ii)Reforegtation of 20,000 hathrough community forestry. Thiscomponent hasfour partstoitsimplementation:
1) design of afuewood supply master plan; (i) preparation of forest management plansinvillages, (iii) launching
of theinformation and education campaign programin villagesand; (iv) reforestation of 20,000 haof land.

Ii)Forest monitoring and assessment of forest vegetation status. Thiscomponent intendsto 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 ayear ininefficient cook stovesin urban and rura households,
respectively (Domestic home cooking congtitutes approximately 99% of total fuelwood usein the country);
and (ii) continued current forestry practicesthat have led to an average deforestation rate of 220,000 haper
annum (Average deforestation ratein Myanmar from 1975 to 1989).

Project Objectives. Themain goal of the programisto achieveforest and forest carbon sink conservation
through adoption of improved furl-efficient stoves, aswell asinstitutingamore participatory approach to the
reforestation of degraded foreststhan hastraditionally been promoted.

Global Environmental Benefits: Theestimated abatement potential of the cook stovescomponentis1.25
million tonnesof carbonin 5 yearsdueto areduction in theamount of fuelwood needed for the moreefficient
stoves. Themitigation potential of theforestry component of the program hasnot yet been estimated.

Other Social and Environmental | mpacts. Theimplementation of programwill provideanumber of loca
environmental and socioeconomic benefits. Theloca benefitsare:

i)improvement inthequdity of lifeof rura women;

il)generation of rurd employment from reforestation activities, and themanufacture and di ssemination of improved
cooking stoves;

lif)conservation of biodiversity dueto reduced pressureonforest;

iv)reclamation degraded land; and

Vv)strengthening of the capacity of rural communitiesto better manage natural resources.

mplementation Plan/ Dur ation: With project development support, the program proposa will befurther
developed. Theprogram may asoincludeapilot project and amonitoring programintheinitia stageprior to
mplementation of thefull program. Fiveyearsfor capacity building activities, dissemination of 400,000 improved
cook stoves, and reforestation of 20,000 haof degraded forest.

Agencies. Ministry of Environmenta Conservationand Forestry

Cost: US$10million

Sour ce: ALGA S Project Report
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Project No5

Project Title: Promotion of Liquefied Petroleum Gas Cookers to Replace Electric Cookers

Project Brief/ Introduction: The pilot project is designed to help removethe barriersto LPG cookersin
Myanmar through the dissemination of 100,000 L PG cookers. Thepilot project will establishaprimary LPG
Storage station and severd distribution facilities. Theproject will dso trainacorpsof personnel intechnica and
management activities. Further, public avarenessand advertising campaignsto promote thetechnology will be
conducted aswell.

Project Baseline: Thebaseline scenario for the project iscontinued use of el ectric cookersinthetargeted
areas.

Project Objectives: Theprincipa goalsof thepilot project areto:

i)removetheimplementation barriersfor theuse of LPG asacookingfud;

ii)conserved ectricity and hence natural gasused initsgeneration; and

iii)save on resources needed for el ectricity generation, transmission and distribution facilitiesand to divert
those resourcesto other needy sectorsof society.

Global Environmental Benefits: It is estimated for every electric cooker replaced by an LPG cooker,
approximately 0.24 tonnes of CO, are abated annually; thusthe use 100,000 L PG cookstoves will avoid
24,000 tonnes of CO, emissions per year.

Other Social and Environmental Impacts: Local social and environmental benefits of the use of LPG
cookersare; (i)lessdegradation of theloca environment dueto reduced requirement for power generation;
and

ii)conservation of resourcesusualy needed for dectricity generation and transmission and distribution.

I mplementation Plan/ Dur ation: A monitoring and eva uation programwill beincluded intheinstitutiona
arrangement of the pilot project. With lessonslearned from thedissemination of initia 100,000 LPG cookers,
afull program may be developed to mainstream L PG cookersintheresidential sector. 4 year for dissemination
of 100,000 L PG cooker.

Agency: Ministry of Environmental Conservation and Forestry

Cost: US$225,000for pilot project

Source: ALGASProject Report

Project No 6

Project Title: Green House Gas (GH Gs) mitigation of bio-energy potential to improvethelivelihood
and to attain the energy security of rural communitiesin Myanmar
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Project Brief/ Introduction: Myanmar, traditionaly agricultural country, basically relied on agricultural sector
hastotal land areas of 67.65 million hectares (ha), of which 6 million ha(8.84%) istill availableto expand for
different crops. Many farming systemsas crop production produce GHGsmainly CH, because of continuous
flooding inrice growing, CO, dueto organic matter decomposition and N,,O owing to nitrogen fertilizer

application. Theproject will congst of:

(HEvaluatethe users' acceptable bio energy production technologiesin target aress.

(iMake awareness of GHGs mitigation measuresthrough participating in bio energy production and
utilization along with the effective use of biomassmateria whichiseasily avail ableto respectivetarget
regionsby organizingtraining and public demonstration.

(ili)Foster national agricultural research and extension syslem (NARES) and farmers’ perceiving capacity
in bio energy production and utilization with GHGs mitigation option.

Proj ect Baseline: Thebaselineinvolvesthe use of diesel oil and gasoline for power generation and rural
energy.

Project Objectives: Theoveral goa of theproject istoimprovethelivelihood of rura communitiesthrough
effective use of ubiquitous biomass materia sin accord with bio energy production and to attaintherura energy
security under adverse environmenta scenario dueto climate change. Themain objectivesare:

I)to identify themost feasible bio energy (bio-fuel, bio-gas, bio-mass) production technol ogiesto enhance
rural energy security.

ii)tofoster thecapacity building of partners (farmers, researchers, and extension agencies) fromingtitutional
evel, and from private sector involved.

Global Environmental Benefits: Oneof thefunction of major global warming potential (GWP) accounted
as 25% isbrought about by increased facilities of regional mobility. Asaconsequences, such kindsof GHGs
contributors, the climate change impacts coul d be subjected to impinge on sustainable devel opment of rura
communities.

Other Social and Environmental mpacts: Improving public awareness of opportunitiesassociated with
bio-energy viaeducation system. All bio-fuel users, researcher and extensionist will betrainedin GHGsmitigetion
rel ated bio-fud production and utilization technol ogies. Reductionin cost of firewood andlighting infrastructure.
Improving recyding of biomass so asenhancing persona and environmenta hygienicand protecting deforestation.
Reducing GHGsemission and relatively sourcerura energy supply.

I mplementation Plan/ Duration: 3years

Agency: Department of Agriculture Research, Ministry of Agricultural 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

Project Brief/ I ntroduction: Bamboo materia isorganic matter of high polymer, composed of cellsof different
shapes and properties. Myanmar has over 100 species, falling under about 17 genera, covering an area of
nearly (7000 sg. miles) 18000 sq. kilometres. Bamboo growsmixed with tree species. Bio ethanol isonekind
of the clean energy. Young bamboo (1-3 years) are used asthe bio ethanol production raw materia. Thebio
ethanol/ clean energy production and utilization technol ogy will bedisseminated to the 3 villagein Sagaing,
Pegu and Mandalay Divisonwhich arelocated near bamboo forest.

Project Basdine: The basdineinvolvestheuseof diesdl oil and firewood for rural energy.

Pr o ect Obj ectives: To reducethe carbon emiss on and perform the clean environment through the production
and utilization of bamboo bio ethanol inrura areaespecialy for theareanear bamboo forests.

Global Environmental Benefits: By production and utilization of bamboo bio ethanal, it can reduce carbon
dioxide emission and can perform the clean environment.

Other Social and Environmental I mpacts. Bambooisrichin starch and cellulose content. Bio ethanol can
be produced from the starch and celluloserich raw materials. Bamboo i s one of the most important forest
products next to timber and haslong been utilized by the human being.

| mplementation Plan/ Duration: Durationwill be 1 year.

Agency: Forest Research Institute, Ministry of Environmenta Conservation and Forestry

Cost: US$ 14,900

Source: INC Project GHG Team Report
Project No 8
Project Title: Low Cost Plastic Bio-digester Proposal

Proj ect Brief/ Introduction: Theproject description will consist of:

i)Identification of villages,

I)Awarenessraising among thelocal villagecommunity on the advantages of biogas plant in cooking, time
savingfor collection of fud wood, using dudgeasthefertilizer andimproving thequality of lifeand environment;
iif)Conducting Training for ingtdlation of biogasdigesters;

iv)Planning and procumbent of biogasdigesters,

v)Installation of biogasdigesters,

vi)Operation and maintenanceof biogasdigesters;

vii)Monitoring and eva uation of the effectivenessof the program.
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Project Basdine: Thebasdinefor the plastic bio-digester project isthe continued use of unfermented manure
asfertilizer in agriculture sector and fuelwood for cooking.

Project Objectives. Thebiogasdigester will beinstaled in Dry zoneand Shan State of Myanmar. Fuel wood
for cooking will be conserved by using biogasfor cooking. Biogasdigester producing sudgewhich canuseas
fertilizer inAgriculturesector.

Global Environmental Benefits: It will improveair quality, reduce ground water pollution and green house
gas emissionsand reduce deforestation and resulting soil erosion.

Other Social and Environmental impacts: The use of low cost plastic biogas digester will bring about
various socia and environmental benefits. It will improve health and reduce respiratory eements. It will be
better management of anima dung and human excrement. Thedurry providesan exce lent fertilizer and thereby
increases crop production, or can be sold to generateincome.

| mplementation Plan/ Dur ation: Thefollowinginstitutionswill beinvolvedin planning, implementation,
operation and monitoring.

(DMinigtry of Livestock and Fisheries,

(i)FAeldimplementation, Livestock Breeding and Veterinary Department;

(iii)Monitoring Myanmar Technica Expert, Livestock Breeding and Veterinary Department;

(iv)Project Coordination and Management, Livestock Breeding and Veterinary Department. Duration for 50,000
low cost plastic biogasdigester will beingtalledin 4 years period.

Agency: Livestock Breeding and Veterinary Department, Ministry of Livestock and Fisheries

Cost: US$ 210,000

Sour ce: INC Project GHG Team Report

Project N0 9

Project Title: Dissemination of A-1 Fuelwood I mproved Cookstoves for GHGs Emission Reduction

Project Brief/ Introduction: Thefull project will promotethe use of A-1 fuelwood improved cookstovesin
dry zones and other regionswhere fuelwood is scare by distributing 100,000 A-1 cookstovesin selected
villages

Theproject development activitieswill include:

(i)Identification of exact |ocationsfor theA-1 cookstoves manufacturing factoriesthat will be established.
(i)Preparation of atechnical design packagefor each factory.

(iii)Creation for awarenessfor saving of fuelwood and training programsfor makingA-1 cook stovesfor
village community membersand other potentia players such asNGOsand government staff.

(iv)Preparation of adetailed budget by activity for thefull project and estimation of theincremental costs.
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(v)Formation of awel |-defined project proposa for international funding.

Project Basdine: Thebasdinefor the project isthe continued use of inefficient wood stovesand theresulting
high demand for fuelwood from natural forest. Dissemination of A-1 cookstovesarea ready accepted by most
of thefuelwood users.

Project Objectives: Themain objectivesof the project areto:

(i)Establish A-1 cookstoves manufacturing factoriesat proper places.

(i) DigtributeA-1 fuel wood cookstove at free of chargeto thevillageswherefuelwood isscare.
(iii)Demonstrate the proper usage and maintenance of A-1 cookstovein order to extend theservicelife (life-

span) of A-1 cookstoves.
(iv)Givetrainingson makingA-1 cookstovestoloca potterswho arewell-versedin pottery.

Global Environmental Benefits. The greenhouse gases (GHGs) mitigation potential of 100,000 A-1
cookstoves compared to traditiona open-firestoveis 120,736 tonnes CO, yr™. Taking the average service-
lifeof A-1stoveas 3 years, total amount of CO, which can bereduced by using 100,000A-1 cookstoveswill
be about 362,208 tonnes CO,,.

Other Social and Environmental I mpacts: The saved fuelwood from improved cook stoveswill reduce
anthropogenticimpact on forest resourcesand thetimerequired by therural popul ation especialy womenand
girlsinthecollection of fuelwood. Theloca environmenta benefitsare:

()improvement inthequdlity of lifeof rural women;

(ii)generation of rura employment from manufactureand dissemination of improved cooking stoves,

(iii) conservation of biodiversity dueto reduced forest degradation of thelocal environment.

I mplementation Plan/ Dur ation: Duration will be 3 years.

Agency: Forest Research Indtitute, Ministry of Environmental Conservation and Forestry

Cost: US$ 200,000

Source: INC Project GHG Team Report

Project No 10
Project Title: Agricultural Opportunitiesfor Green House Gas (GHGs) mitigation in Myanmar

Project Brief/ Introduction: Owingto an agricultura country, Myanmar basically relied on agricultural sector
hastota |and areaof 67.65 million hectares, of which 16%isnet sown areas. Among the diverse cropsgrown
asrice, oil seed, pulses, ceredls, industria and culinary crops, rice occupied aslargest as41% whileothersas
upland crops are accounted as 59% of total sown areas. Total population of the country is58.38 millionin
2009 with 15% growth rate and projected to be 60 million in 2012, Energetic effort to increased crop production
will have been engaging asever-lasting activities. Methane, N,O and CO, arelong lived in theatmosphere and
arethemgjor contributor to postiveincreaseinradiaiveforces, resulting climatechange. Nordiableinformation
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savailableregarding quantifying GHG emission and itsimpact, and planned effective mitigation measures so
far inMyanmar, low land aswell asup land crop production will have been existing for increasing populationas
historictask. Theproject will consist of:

() Identify integrated crop management technol ogies eval uated and adopted in target region.

(if)About 5000 farmersinvolved in rice production were made aware of effective mitigation measures
throughtrainingandfield days.

(iif)Enhance NARES and farmers percel ving capacity in rice producti on with miti gati on aspect.

Project Basdine: Agricultura activitiesaresgnificant producersof Green House Gas(GHGs), mainly consst
of CH,, N,O and CO.,.

Project Objectives. Theoverall goa of the project isto improvethefarmers, researchersand extension
agenciesto achievebetter livelihoodsthrough sustainabl e crop production by meansof utilizing mitigation and
adaptation measures. Themain objectivesare:

1) To eva uatetherice production technol ogiesto enhance food security, soil sfertility with reducing GHG but
without decliningcropyields.

I1) To strengthen the capacity building of partners (farmers, researchers and extension agencies) with rice
production technol ogiesthat mitigatethe GHG .

Global Environmental Benefits: Increased crop production acrossthe country to meet domestic consumption
and export. At least 10% yield increasein rice productivity for export.

Other Social and Environmental | mpacts: Farmersincomewill increase by 20% (through saving fertilizer
cost, |abor cost and yieldincrease) and the cost of cultivation will reduce 5000 farmersand al researchersand
extensonistintarget regionswill betrainedin environment friendly crop management technol ogies associated
with climatechangemitigation.

mplementation Plan/ Duration: 3years

Agency: Department of Agriculture Research, Ministry of Agricultura and Irrigation

Cost: US $ 300,000
Source: INC Project GHG Team Report

Project No 11

Project Title: Mitigation of CH, Emission from Rice fields by Fertilizer Management Practices

Project Brief/ I ntroduction: Ricegrowswell indl Statesand Divisonsof Myanmar. Most ricefarmersapply
organicfertilizersintheform of residuefrom the previousrice crop, which isleft standing, ploughed, and
ntegrated into the soils. Being an agricultural country, Myanmar’seconomy largely relieson the agricultural
sector. To uplift itseconomy, agricultural production must have been increasing, including rice production. The
ntengfication of ricecultivation by increasingirrigationwill causefiel dsto beflooded more often and for longer
duration, thusenhancing CH, emission. Thetota amount of CH, rel eased depends primarily ontheamount of
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organic substrateavailable. Theapplication of synthetic fertilizershasa so beenfoundtoinfluence CH, emissions.
Theexperimenta set upwill becarried out for CH, emission measurement fromthericefieldsat Yezinagricultura
University Farm. Theexperiment siteswill be sel ected as sandy loam soil and rice cultivar isManawthuka, a
highyielding variety with 120-130 days of maturity, representing the most agro-ecosystemsof the Pyinmana
Township, over the entirerice cropping seasons. The experiment will be0.5ac (0.2 ha) inasplit plot design
with 4 replicates.

Project Basdine: Thebasdineisthe continued current practice of traditional rice cultivation which produces
arelaively high rate of methaneemission.

Project Objectives: To generate an appropriate method (fertilizer management) for reducing CH, emission
fromricefieldsof different ecosystemsof centra Myanmar.

Global Environmental Benefits: Theknowledge and experiencefrom theresearch project canimprovethe
assessment of GHG abatement options and formul ation of |east cost strategies.

Other Social and Environmental | mpacts: The experimental resultswill contribute to accelerate the

improvement of GHG inventory as akey to mitigation actionsin ameasurable, reportable and verifiable
manner.

I mplementation Plan/ Duration: Theexperimentswill be conducted for 2 different agro-ecosystemsunder
irrigated and rain-fed farming system. Durationwill be 2 cropsin success ve seasons.

Agency: YezinAgricultural University, Ministry of Agricultureand Irrigetion

Cost: US$12,320

Source: INC Project GHG Team Report

Project No 12

Project Title: Mitigation of CH, Emission from Rice fields by Water Management Practices

Project Brief/ Introduction: Flooded ricefields serve asanimportant source of CH, emission. Most of the
riceinal Statesand Divisionsin Myanmar (morethan 90%) aregrown inflooded fieldsaswet-landrice. The
water management system under whichriceisgrownisone of the most important factors affecting CH,
emissions. InMyanmar, about 70% of riceisgrown under rain fed condition in monsoon season, whileabout
30% isunder irrigated in pre-monsoon and monsoon seasonsand all are continuously intermitted flooded
conditions. Theexperimenta set up will becarried out for CH, emission measurement fromthericefieldsat
YezinAgriculturd Universty Farm. Theexperiment siteswill be selected assandy |oam soil andricecultivar is
Mnanwthuka, ahighyielding variety with 120-130 daysof maturity, representing themost agro-ecosystems of
the PyinmanaTownship, over theentirericecropping seasons. Theexperiment will be0.5ac (0.2 ha) withand
Randomized Complete Block design and 3replications.

Project Basdine: Thebasdineisthe continued current practiceof traditional ricecultivation which produces
ardatively highrate of methaneemission.
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Proj ect Objectives: To generate an appropriate method (water management) for reducing CH, emission
fromricefieldsof different ecosystemsof central Myanmar.

Global Environmental Benefits: Theknowledge and experienceform theresearch project canimprovethe
assessment of GHG abatement options and formulation of |east and strategies,

Other Social and Environmental I mpacts: The experimental resultswill contribute to accelerate the
improvement of GHG inventory as akey to mitigation actionsin ameasurable, reportable and verifiable
manner.

| mplementation Plan/ Duration: Theexperimentswill becarried out for 2 timesin pre-monsoon seasons of
successiveyears.

Agency: YezinAgricultrua University, Ministry of Agricultureand Irrigation
Cost: US$ 11,480

Sour ce: INC Project GHG Team Report

Project No 13

Project Title: Mitigation of N,O Emission from Lowland Paddy field by Organic Manuring and
Water Management

Project Brief/ Introduction: Rice(Oryzasatival..) paddy soil shavethe potentid to emit both of the greenhouse
gasesmethane (CH,) and nitrous oxide (N, O), depending on redox potential. Many researchersreported that
CH, emissionismitigated by water management treatmentsthat decreasethelength of flooding time, however,
emission occurs most prominently when floodwater disappears. N,O emissionisaggravated by inorganic N
fertilizer goplication. Nitrousoxideemission hashigher impact (310timesof CO,) togloba warming potentid
compared to CH,. Paddy production is one of the most important economic sector of Myanmar for won
consumption as staplefood and export earning. Flooded rice cultivation with improper water management and
fertilization may causethe higher N,O gasemissionaswell asCH,. A field study will becarried out at Yezin
Agriculturd University Farmfor N,O emission measurement with inorganic and organic fertili zation and water
management. Rice (Oryzasatival..) variety Manathuka(Myanmar ahighyieding variety aready well adapted
inMyanmar) will be used asatest crop. Tota experimental sitewill be 0.5 acre (0.2 ha) and theareahad been
under lowland ricecultivation for many years.

Project Basdline: Thebasdlineisthe continued current practice of traditional rice cultivation which produces
arelatively high rate of nitrousoxideemission.

Proj ect Obj ective: To establish asuitable management practice for mitigation of N,O emission from paddy
fieldsusi ng organic manuring and water management.

Global Environmental Benefits: Theknowledge and experienceform theresearch project canimprovethe
assessment of GHG abatement optionsand formulation of least cost strategies.
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Other Social and Environmental | mpacts: The experimental resultswill contribute to accel erate the
improvement of GHG inventory asakey to mitigation actionsin ameasurable, reportable and verifiable
manne.

I mplementation Plan/ Dur ation: Theexperiment will beconducted for 2 seasonsinirrigated riceand monsoon
rice (May to September and November to February).

Agency: YezinAgricultura Universty, Ministry of Agricultureand Irrigetion

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
N,O Emission from Commercial Cabbage Production in Myanmar

Proj ect Brief/ Introduction: Cabbagesaregrowninacommercid scalein Shan Statesand afew areasin
centr Myanmar. N, O emissionsduring both oxidationsof NH, and denitrification areincreased by N fertilizer
applicationsto soils. N,O emissionsfrom agricultural landsarealso likely toincreasein Myanmar in future
because of increasein both theextent of cultivated land and fertilizer input. Consumption of N fertilizerinAsia
will increase gpproximately 50% by 2030 whichwill most likely be accomplished by aproportiona increasein
N, O emission. Vegetabl esgrowers can be recommended for the proper method of application and integrated
fertilizer management to reducetheN,O emissionfrom soil without affecting their cropyields A field experiment
will becarried out a two experimenta sites(YezinAgricultural University Farm and grower’sfield at Nweyit
villagein Tatkone Township) in post-monsoon season 2011.

Proj ect Baseline: The basalineisthe continued current practice of other crop cultivation which producesa
relaively high rateof nitrousoxideemisson.

Proj ect Objectives: Themain objectivesof theproject are:
(i Toinvestigate the effect of integrated nutrient management system using organic manure, with and without
inorganic N fertilizer on cabbage production and N,O emissionfrom soil;

(i) To study thegpplication methods of chemical fertilizerson N,O emissionform soil.

Global Environmental Benefits: Theknowledge and experiencefrom theresearch project canimprovethe
assessment of GHG abatement optionsand formulation of least cost strategies.

Other Social and Environmental | mpacts: The experimental resultswill contribute to accel erate the
improvement of GHG inventory asakey to mitigate actionsin ameasurable, reportableand verifiable manner,

Implementation Plan/ Dur ation: Theexperiment will be conducted for 2 seasons (winter and monsoon).

Agency: YezinAgricultura University, Ministry of Agricultureand 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: TheAyeyarwady deltaisone of the areaswhere most serious deforestation
took placeduring this period. The proposed project activitiesareaimed at demongtrating the applicability o
the CDM processto rehabilitate mangroves on such degraded croplandsand grasslands. The proposed proj
areawill beinthe southern part of Ayeyarwady Delta. It isproposed to establish the CDM AR plantation o
fivestripsof landsthat have beenidentified asA, B, C, D and E with the GPS | ocations. The nature of proj
areaiscroplandsdegraded dueto repeated incursion of seawater with asmaller extent of smilarly degrad
grasslandsand aninsignificant part of theinter-tida lands.

Project Basdine: Thebasdinefor the project consistsof minima afforestation effortswith no mechanismst

determine appropriate tree species or provide other support services. The carbon sequestration potentia o
thebasdineiscurrently unknown. Thelossof mangroveforestsresulted from charcod production, aquaculture,
fuelwood extraction under mangroves has decreased to | ess than 40% of that recorded in the 1920s.

Project Objectives. Demonstration of the possibilities of rehabilitation of Mangroves on the Ayeyarwady
Delta Coastlineto protect communitiesfrom cycloneusing A/R CDM processthereby mitigation climate
change, conserving biodiversity, and enhancing incomesof local community.

Global Environmental Benefits: Theproject shall result in net Anthropogenic removal of 8000 tonnes of
CO, per year. A totdl estimated 185258.664 metric ton of net anthropogenic GHG remova sby mangrovetree
plantation isenvisaged throughout 20 yearsperiod.

Social and Environmental |mpacts: Theproject will positively impact to the socioeconomic or livelihood of
local peopleby to be achieved CER and spin of f benefitsfrom project.

I mplementation Plan/ Dur ation: Theproject activitieswill beimplemented in theAyeyarwady Ddlta. Duration
will be5years.

Agency: Forest Department, Ministry of Environmental Conservation and Forestry

Cost: US $ 350,000

Source: INC Project GHG Team Report
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Annex |1

PROJECT ONINITIAL NATIONAL COMMUNICATION

Repot on
Resear ch on ENSO I mpact on climatefluctuation and frequency of extremeclimateanomaliesin
theregion and in Myanmar
By
RESEARCH AND SY STEMATIC OBSERVATION GROUP (Department of M eteor ology and Hydr ology)
January, 2010

ENSO

Thewestward spread of warm seacurrent from south east Pacific, off coast of Peru has someimpact on global
weather and climate. Myanmar isno exception. During the period 1900 to 2008, strong El Nino hasoccurred
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 El Nino year istaking place s multaneously with the Southern Oscillation of the near global scale
atmospheric circulationinthesouth Pacific and the Indian Oceans, theclimate of Myanmar was more rampant
and adverseextremeweather prevailed inthe country insuch years as 1982/83 and 1997/98.

Maximum highest temperaturesrecordswere set in 1998 ENSO year in Mandalay Division, Rakhine State
,Shan state, Magway, Bago, Yangon, Ayeyawady and Taninthayi Divisions, Kayah, Mon and Kayin States
which isamost thewhole country except Sagaing Division, Kachin, and Chin States.

Maximum temperaturerecordsin 1997-98 ENSO yearsin Myanmar are shown in Table (1). Eleven out of
fourteen Statesand Divisions experienced theever recorded heat. In 1998, Maximum Record Temperature of
Hpaan was43.6°C whichis2.6°C higher than thelast maximum in 1988.

Table(1) - The highest maximum temperaturerecordsin 1998 in Myanmar

State/Region | Station L ast Recor d 1998 Record

o (d-my) | (°C) (d-m)

M andalay M giktila 424 - -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
M agwe Minbu 45.2 17-4-73 45.8 9-5
Bago Taungoo 42.2 10-5- 59 42.9 8-5
Tharawady 42 14-3-63 43.6 9-5
Yangon Mingaladon 41.7 25-4-58 42 8-&
Kaba-Aye 41.3 27-4-83 42 8-t
Ayeyawady Pz_athei n 41 27-4-83 41 8-
Hinthada 42.9 30-4-95 43.6 9-&
Mon M awlamyine 40 21-4-95 40.2 8-t
Thaton 40 16-4-75 41 8-t
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-E
Taninthayi |Myeik 38 4-5-83 38 6-&
Kawthaung 38 3-4-98 385 6-&
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( TunLwin, 2007 ; El Nino of 1997-98. A girl named LaNinaand collection of natural disaster related
articles, Myanmar heritage, Yangon, p-260.)

In 1998, ENSO set new lowest records in Shan, Kayah, Kayin and Mon States, Bago, Ayeyawady and
Taninthayi Divisions. Thelowest annual rainfallswererecorded in 1991 El Nino year in Shan state Sagaing,
Manda ay, Bago and Kayah states. Thelowest annual rainfallsever recorded in 1998 wereshownin Table(2).
Thedataperiodisfrom 1902 to 2003 with some years missing particul arly around the World Wars. The most
significantly low annual rainfall occurred in Taungoo of Bago Divisionin 1998 with 1366 mmwhichis19%
lessthan theformer record of 1682 mmin 1989.

Table(2)- Least annud rainfalls ( mm) recordedin 1998 ENSO year*

State/Region |Station DataPeriod [Oldrecord(Year) | 1998 Record
] 1903-1941
Shan Taunggyi 1950-2002 1208 (1976) 992
M agwe Magwe 1971-2002 445 (1972) 442
1903-1930
Pyay 19462007 816 (1972) 798
1903-1937
Taungoa 1951-2002 1682 (1989) 1366
1902-1937 -
Bago Bago TO61-2005 | 2096 (1987) 2373
) 1907-1937
Kayah Loikaw TO52-200C 770 (1993) 751

*(Tun Lwin, 2007; El Nino of 1997-98. A girl named LaNinaand collection of
natural disaster related articles, Myanmar heritage, Yangon, pp-260.)

In 1998, the most extensive heat waveisfound to cover 156,250 sq milesor 60% of the country. It may be
noted that theyear isthe ENSO year when El Nino and Southern Oscillation were both active.

El Nino:  DuringtheEl Ninoyears, the southwest monsoonwas negatively affected on severd features.
M onsoon onset and withdrawal :- Themonsoon onset dates arelate and thewithdrawal earlier
inEl Noyearsingenera compared to thenormal and this patternisparticularly truefor the preceding years of
theepisode. Thustherainy season haveshorter durationinthe El Nino years. Recently, El Ninowasstrongin
1991-92 and very strong in 1997-98. The monsoon onset in the country waslate by 12 daysin 1991 and 16
dayslatein 1998. Monsoon withdrawal wasearly by 16 daysand 21 daysin 1991 and in 1998. Thelength of
monsoon duration wasreduced by 24 daysin 1991 and by 36 daysin 1998. Strong monsoon days decreased
in 1991 and 1998 by 17 days and 28 days.

Monsoon intensy:- Thereiswesk relationship between thelate monsoon intensity and
the El Nino event though thereislikelihood of rather awesk monsoonintensity particularly inthe preceding the
peak El Nino event. Thusthe monsoonintensity asawholeismorelikely to benormal duringthemajor El
Nino yearswith apossibility of 80% based onthelast six eventsduring thelast 48 yearsi.e., 1951 to 1998.
Though the rel ationship between the early monsoon intensity and the EI Nino event doesnot perform well,
below normal to normal monsoon intensitiesare morelikely during the early monsoon periodsof both the
preceding and thefollowing years of the peak El Nino events. More than 50% of theintensity

Page 233



Annex ||

of peak monsoon during El Nino events could experiencefailure or weakening of monsoon comparingto
normal condition. Thisisparticularly truefor the preceding year of theepisode.

During the southwest monsoon peak season, therewas anormal occurrence of inactive monsoon period
commonly known as“ M onsoon Break” . It wasalmost totally absent in most of the yearsthrough 1989 to
1997. Thisisparticularly truein 1993 to 1996. However avery prolonged monsoon break condition returned
in1998. The 1990s marked thewarmest decade of Myanmar in the 20" century.

. Frequency of storms:- Therelationship between the EI Nino events and the frequency of
stormsinthe Bay of Bengal hasbeen acontroversial for longtime. However the storm frequency is below
normal in the preceding year and it isbelow normal to normal inthefollowing year of the peak of EI Nino
events.

. Temperature and Rainfall:- Theimpactsof the EI Nino are al so observed upon the general
climate of Myanmar during thepreceding year aswell asduring thefollowingyear of the El Nino. About
70% (preceding year) to 85 % (following year) of the El Nino events, the maximum temperaturein most parts
of thecountry werehigher than normal during the dry monthsof April and May. In 70% (preceding year) to 85
% (following year) of the El Nino events, both theannua rainfall and monsoon rainfal arebelow normd inthe
country.

La Nina
During thelast two decades, thetemperatures have beenrising by day and by night in most part of the country.
However record low minimum temperatureswere observed in cool season of 1999-2000 whichisthelLa

Ninayear, in many parts of the country. Thelowest minimum temperatures of some selected stationsin
different states and divisions, observed in 2000 LaNinayear areshownin Table (3).

Table(3) - Lowest minimum temperaturesrecords of the capitalsof statesand Regions

State/Region Station ,LOWESt Date Remar k
MinTem(C)

Kachin Myitkyina £ 2/1/1962 LaNina
Chin Haka -6 30-12-91

Upper Sagaing Homalin 3 8/2/1980 None
Lower Sagaing Monywa 6.7 31-1-64 LaNina
Mandalay M andalay 7.2 31-1-64 LaNina
Northern Shan Lashio -2.2 16-1-89 LaNina
Eastern Shan Kyineton 17 27-1-52 H Nina
Southern Shan Taunggyi 03 20-1-74 None
M agwe M agwe £ 26-1-92

Rakhine Sittwe 8.9 21-1-70 LaNina
Kayah Loikaw 0 27-1-52 H Nina
Northwest Bagao Pyay 72 17-1-HA

Northeast Bago Taungoo 8 30-12-75

South Bago Bago 7 11/2/1997 |H Nina
North Ayeyawady Hinthada 7 29-12-97 H Nina
South Ayeyawady Pathein 10 30-12-75 LaNina
Yangon Yangon 9.1 9/2/1997 H Nina
Karen Paan 94 1/1/1974 None
Mon M awlanyine 10.8 2/1/1976 H Nina
Taninthayi Dawei 55 26-12-99 LaNina
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2012

SomeLaNinaeither develop just prior to or following the El Nino event are shownin Table (4).

Table(4) - LaNinayears preceded or followed by El Nino years during 1950-1989.

LaNina followed by E Nino |LaNinapreceded by B Ning
LaNina H Nino H Nino LaNina
1950 1951 1953 1954
1955-56 1957-58 1963 1964
1964 1965 1968 1970
1967-68 1969 1972 1973
1970-71 1972 1982-83 1984-8-
1975 1976 1987-88 1988-89

Myanmar, belonging tothenon-Annex |, invitessupportsfrominternationa/regiona organi zation/ingtitutes.
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Annex Il
Estimation of CH4 Emission from Rice Cultivation in Myanmar
Field Survey Research Papel

1. Introduction

Dueto the specific conditionsinwater availability and constraintsin cultivation, rice ecosystemsin Myanmar
aregenerally categorized into five categories: Regular / favourablerainfed lowland, Drought-pronerainfed
lowland, Deep Water Rice, Submerged and Sdt Affected Riceand Upland Rice. Ricegrowswell indl regions
and 20 - 30% isirrigated and therest are under rain-fed condition. According to itscropping patternsand
agro-ecologica regions, ricevarietiesused and the agronomic management practicessuch aswater and nutrient
management considerably vary among the different regionsof Myanmar. Riceismostly growninflooded fields
under anaerobic conditions and it has been recognized that significant amounts of CH, arereleased to the
atmosphere and consequently contributing to globa warming morethan any other crops.

Theleve of emissionsvarieswith soil conditions, climate and production practices. Intensification of rice
cultivation by increasing irrigation will causefieldsto be flooded more often and for longer duration, thus
enhancing CH4 emission. Based on the scientific research findings, severa cultivation practicessuch asuse of
chemica fertilizer (ureg) and organicfertilizer (cow dung) have shownto increase methaneemissionfromrice
fields. Crop management practi ceslikewater management and weed management a so haveimpactson CH4
emission. Different ricevarietieshave different durationsaswel | asdifferent morphol ogical and anatomical
characteristics. Theseared soinfluencing factorson CH4 emission. Rice—based cropping patternsof rotation
of upland crops (pul ses, oil seed crops) after ricewerefound to produceless CH4 than rice after rice cropping
pattern. All thesefactorswhich havesignificant influencesontherateof CH, emissonfromricefieldsshould be
takeninto account for theestimation CH, emission. For theimplementation of Initid Communication Inventory
of Myanmar, itis, therefore, necessary to study the conditions of ricecultivation for obtaining the activity data
aspreciseaspossible.

2. Methodology

Being adevel oping country, Myanmar isweak in agricultura statistica data, particularly intheavailability of
activity datarel ated to the estimation of GHG emission. Moreover, officid statistical datado not includesuch
kind of agronomic practicesessentia for estimation of CH, emission.

2.1 Survey Resear ch Period:

A largenumber of sample surveysacrossthe country were carried out from A pril 2009 to December
20009.

2.2 Survey Sites:

Thesurvey steswereMaubin Township (Ayeyarwaddy Divison, Delta), Boga ay Township (Ayeyarwaddy
Division, Delta), Kalaw and Aungban Townships (High land, Southern Shan State), Kyaukme Township (for
upland riceand Taung-yar farming), Pyinmanaand Yamethin Townships (Central Myanmar) and Nyaung-u,
Manda ay and M agwe Townships (Central Dry Zone).

2.3 Data Collection:

M ethods such as sampl e survey and on-site observation were used to obtain theinformation necessary
for preparingthe GHG inventory. Farmersinterview with questionnaireand group discuss onwerea so conducted.
Thedatacollected wererice varieties used (duration and plant type), water management practices (rain-fed,
intermitted irrigation or singleirrigation), and nutrient management practices (type and amount of chemical
fertilizersand organic manure, timeand method of application.), etc.
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2.4 Survey Research Team:
Dr. KhinLay Swe: Team Leader, Pro-rector (AcademicAffairs), YAU

Dr. Nang Sang Hom: Member, Associate Professor, Agricultural Botany Department,
Dr. Kyaw Kyaw Win: Member, Associate Professor, Agronomy Department, YAU

U Kyi Toe, Member, Lecturer, Agricultura Botany Department, YAU

Dr. ThandaMin: Member, Lecturer, Agronomy Department, YAU

a s WD R

3. Survey Research Finding

IntheNC report, Tier 1 method, IPCC 2006, was used for the estimation of CH4 emission fromfloodedrice
fidds. Default emission factorsand scaing factorstogether with activity datafor harvested areaand cultivation
period was cal cul ated based on the survey results and secondary data collected from Myanmar agriculture
Serviceand Settlement and Land Record Department of respective townships. Thefollowing assumptionsare
theexamplesof caculatingthe CH4 emission.

For determining the va ue of SFp (default CH4 emission scaling factorsfor water regimesbeforethe cultivation
period), water management pre-season and rice cultivation period were noted.
1. Underirrigation: Early Riceand Latericeof doublericecropping
Non-flooded pre-season < 180 days. SFp =1
2. Regular Rainfed Rice: SingleRiceCropping (May / Juneto Oct./Dec.)
Non-flooded pre-season > 180 days:. SFp =0.68
3. Drought-proneRainfed Rice:
Non-flooded pre-season > 180 days. SFp =0.68
4. DeepWater Rice:
Non-flooded pre-season < 180 days. SFp =1
For the assumption for organic amendments and determination of thevalueof CFOA (default conversion
factor for different typesof organic amendment), the survey findingsweretaken into account.

Straw areincorporated shortly (<30 days) beforecultivation CFOAI =1

Farm yard manure CFOAI =0.14
Annually, amount of straw (Rice stubbles) incorporatedinto thefield =1ton/ha(Straw production= 4 -

5ton/ haof ricefidd, “aleftinthefield)
Amount of cow dung (Farmyard manure) added to thefield =1.5ton/ ha
(Average applicationis3 bullock-carts/ acre = approx. 0.6 ton/acre)
For theassumption of cultivation period of rice(tijk) for different rice ecosystems, the most commonrice
varietiesused invariousregionswererecorded.
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

No. Particular s Amount (FEC)

1|Mar ch 2008: Feld surveys to Ayeyarwady, Bago and 300
Yangon Divisions - 3 persons x 10 days
Traveling costs, meals and accommodations
2|April 2008: Field surveysto Mandalay and Magwe 200
Divisions - 3 persons x5 days

Traveling costs, meals and accommodations
Sept. 2008: Field surveysto Kalaw and Aungban 300
Townships, Southern Shan State - 5 persons x5 days
Traveling costs, meals and accommodations

410ct. 2009 Field surveys s to Kyaukme and Lashig 300
Township (Northern Shan State) - 3 persons X 7 days
Traveling costs, meals and accommodations

€y

5|Daily Subsistence Allowance/ Honorarium 900
150 FEC X 6 persons

6|Laboratory soil analysis for five different rice growing 200
regions

7|Cost of materials (questionnaires survey forms, 100
photographs, labour charges, etc.)

8|Data analysis and paper writing 200
Total 2,500

5. Survey Research Outcome

For the INC report and the national GHG inventory, the agri culture sector includesthefollowing categories.
1. CH4 emissonfromflooded ricefidds,
2.N20 emissionfrom agricultura soilsand
3. GHG emissonsfromfield burning of agricultural resdues

Inthe survey tripsthe data.concerning with all these categorieswererecorded. Asan example, for theN20
emissionfromagricultura soils, theinputsof chemical fertilizer (Urea) and organic manure (cow dung) to the
upland agriculturefor cered s(rice, wheet, mai ze), oil seed crops (sesame, groundnut, sunflower), pulses, fruits,
vegetables, and kitchen cropsweretaken into account. Therefore, theamounts of ureaand cow dung application
to the cropswere recorded from different regions. Moreover, the use of previous crop residuesfor the next
cropwasdso aninfluencing factor tothiscategory. Intheregionswherethe cattlefeeds and household fue are
scarce, especialy in dry zone areas of Myanmar, theresidues of pul ses, rice and corn are used for cattleand
stem residues of sesame, pigeon pea, and cotton are used for fudl. Therefore, no significant amounts of crop
residuesareappliedtothefied.

Thefarmers practicesof field burning of agricultural residuesdiffer fromregionsto regionsaswell asfrom plot
toplot. It variesaccording to thelr cropping systems, economy, avail aolelabour, topography and etc. Concerning
with rice stem residues, field burning can be seen in somefiel dsof thedoubl erice cropping system (summer
rice— monsoonrice). It isbecause the harvest time of summer ricecoincides
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with themonsoon rains, the wetted rice straws are not suitabl e for cattle feed and they were burnt down for
clearing. Theresiduesleftinthefield, such assugarcane, whest, corn and riceare burnt with the purposemainly
for land clearing of next crop. Questionnairefor farmer’spracticeof resdueburningweredsousedininterviews
withlocd farmers.

Thesurvey resultswill provide moreaccurate datafor the assumption of activity dataand scaingfactorsfor the
national GHG inventory. Thesurvey resultswill contribute to accel eratetheimprovement of GHG inventory as
inameasurable, reportable and verifiable (MRV) manner. Theknowledge and experiencefrom theresearch
project can aso be used asabaseline datafor the assessment of GHG abatement options and formul ation of

mitigetion Srategies, and consequently it hel psinthefulfillment of Myanmar’scommitmentsunder the UNFCCC.
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Draft National Climate Change Policy, Strategies and Actions

1. Introduction

Thedraft nationd dlimate change policy addressesclimate-rd ated i ssuesresultingfrom GHG emissonsoriginaing
intheenergy, industrial processes, agricultureand livesock, land use changeand forestry, and waste sectors.

In developed countriesthe energy and theindustry sectorsused to bethelargest GHG sources, whileinthe
devel oping countries, which arelessindustridized, agriculture, land usechangeand forestry, and waste production
contributemost to globa warming.

In thisperspective, the 1997 GHG inventory conducted for thefirst timein Myanmar, under theALGAS
project atempted to describe the state of GHGs emitted in 1990 from the above-menti oned sectorsof economy.
The GHG inventory had indicated that Myanmar was anet sequester of CO, with 5,910 Ggin 1990. But, with
emissonsof CH,, N,O, NO,_and CO the country emitted atotal of 41,500 Gg of CO, ewhichincluded 6,086
Gg of CO,e(14.67%) from Energy, 180.44 Gg of CO,e (0.43%) from Industrial Processes, 39,203 Gg of
CO,e(94.47%) from Agriculture & Livestock, -6,656 Gg of CO,e (-16.04%) from Land use change and
Forestry, and 2,686 Gg of CO,e(6.47%) from Waste sectors. It is evident thereforethat agriculture had been
the biggest contributor of GHGsin 1990 followed sequentially by energy, wasteand industrial processes.
Land usechangeand forestry removed GHGs morethan it emitted by avery big marginwhich made Myanmar
anet sequester in 1990 intermsof CO, emissions.

Intheagriculture & livestock sector, net CO, eemissionsdropped to 25,342 Ggin 2000 from 39,203 Ggin
1990 contributing approximately 57.41%to thetota net CO,eemissionsin Myanmar. Notwithstanding the
vast amount of methane emissions, rice cultivation hasto be and been being increased yearly by expanding
cropping areaand enhancing per unit areaproduction. Furthermore, theincreased popul ations of the cattleand
buffal os, compounded the problem, but for Myanmar, they aretheinevitablein agricultural development.

Energy hastwo-way effectson socid, educationa and economic deve opmentinacountry. For thedeve opment,
energy isadriving force. Myanmar has been promoting resource-based industries, and asaresult net CO2e
emissionsin both energy and industrial processes sectors had increased enormously. Thenet CO,eemissions
of 6,086 Ggin 1990 had increased to 45,140 Ggin 2000 in theall energy sector, whilethat of 180 Ggin 1990
had increased to 3,014 Ggin 2000 in theindustrial processes. The continuing economic devel opment will
certainly lead toincreased GHG emissonsbeyond limitsif not properly planned and effectively controlled.

Thanksto theland use change and forestry, Myanmar again became anet sequester of CO, gasesin 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.

Adverseimpactsof climate changewill lead to forest depletion, degradation and compl ete destruction over
timeif no appropriate responsive measuresare undertakenintime. It isextremely necessary to enlargeand
conserveforeststo reduce global warming. Additionally, people need foreststo surviveand prosper inalivable
environment. Inview of this, sustainableforest ecosystem management, together with privateforestry and
community forestry isto behighly prioritized for climate change mitigation and adaptation.
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Inthe waste sector, the net CO, e emissions had increased by 140 Gg only - from anet total of 2,686 Gg CO,
equivaentsin 1990t0 2,826 Gg CO, equivaentsin 2000. Inthiscase, reduction of per capitawastegeneration,
wastetreatment and recycling arethemain strategies.

Thisdraft nationa climate change policy isnot fully comprehensivein termsof scopesinceit coversonly five
priority economic sectors. Ontheother hand, it isconsidered agood and inevitabl einitiativefor futureexpanson
and improvement to base upon.

2. Goal and Objectives of the Policy

Goal:
To progressively devel op nationd economy inastable and environmentally sound climate
Objectives:
To stabilize greenhouse gas (GHG) concentrations in the atmosphere below dangerous levels without
compromising nationa economic growth; To mitigate climate change and itsadverseimpactsby limiting or
reducing anthropogenic GHG emissionsin vari ous economic sectorsand sources.
1. Topreserveand enhance GHG reservoirsand sinks.
2. Toenableadaptation measurestoimmediatdy copewith theimpactsof changing climateand minimize
thedamages.
3. Toensurethat food productionisnot disrupted enabling national socio-economic development to
proceed inasustainable manner.

3. Priority Sectorsidentified for Climate Change Concerns

Fiveeconomicsectorsnamey Energy, Industrial Processes, Agricultureand Livestock, Land UseChangeand
Forestry, and Waste sectors have beenidentified aspriority areasin the context of climate changein Myanmar-

4. Climate Change Concerns

Both causesand effects or impactsof climate change are climate change concerns. Although not exhaustive,
they areidentified sector-wiseand presented in thefollowing table.
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Sector
Causes Effects
Energy o Fossil fuel combustion emitting CO, . Reduced hydroelectric power supply due to inadequate water resources
resulting from shortened monsoon period and intense drought
« Fugitive emisson from oil and natural gas . Increased consumption of electricity dueto risng ambient air
systems and coal mining, contributing CH , temperature
o Trangport {(mobile combustion of &l . Increased expendituresto replace energy inefficient equipment, vehicles
kinds of fuel) emitting CO,, CH,, N0, CO, and machinerieswith more efficient ones
NMVOC. O,, PM, NO,
« Fugitive emisson from fuel inefficient . Increased invegtmentsto improve roads, road networks, and
old vehicles, poor roads, road network, transportation facilities
traffic jams producing various GHGs
. Loss of old, outdated and energy inefficient vehicles and machineries
Industrial o Production of congruction materias such . Increased investment for development and use of energy efficient and
ascement, glass, iron and steel etc. and of environment friendly technologies
foods and drinks producing CO,, CH,,
NMVOC.
Processes e Product use such asrefrigerators, air . Increased invegment to develop and deploy new energy technologies
conditioners, electrical appliances emitting including GHG capture, sorage and utilization for power generation in
CO,, CFC, HFC, PFC, &, industrial processes
. T he technical and regulatory need involving probably heavy financial
investment to implement environmental sandardsfor energy efficient use and
for congructing GHG-efficient infrastructures.
Agriculture « Ricecultivation emitting CH, . Change in growth rates of crops
and » Land clearing emitting CO,, CH,, N,0 o  Water stressin some regions due to freguent and intense droughts
Livestock e Application of chemical fertilizers and o Water excess and flooding in some regions due to fluctuationsin rainfall
pegticides producing N,O, NO _, etc.
¢ Managed s0ils Contr-ibuting CO,.N,0 . Changesin crop productivity {increased or decreased yields of some
major crops due to increased warming)
» Enteric fermentation of ruminant . Declinein food quality due to increased CO, concentration in the
livegtock and manure management, leading atmosphere
to CH, emission
o Farming of smne and its manure . Increase of agricultural pests and diseases due to rise in temperature
management, leading to CH , emisson
¢ Animasdirectly emitting N,O o Increased vulnerability of some crop strainsto climate extremes
« Animal wagte management producing . Loss of arable lands due to drought, floods, salt water intruson and sea
CH,, andN,O level rise
. Heat stress on livestock including aguaculture
. Increased incidence of animal pedt and diseases due to fluctuationsin
rainfall
Land Use o Deforedation contributing CO,, CO, ° Shiftsin the ranges of treesand animals
CH,, N,O, NO_
Change and o Forest degradation contributing CO, . Change of species compostion
Forestry o Forest fires contributing CO,, CO, CH,, o  Effect of sealevel rise on the digribution and abundance of mangroves
N,O, NO,
o Burning after forest clearing contributing . Forests becoming drier
CO,. CO, CH,, N,0, NO,_
« Soil disturbance emitting CO,, NO, . Risk of extinction of rare or geographically restricted species
. Increasesin the frequency & severity of forest fires, and the lengthening
of fire season
. Increase in pests and diseases.
o Changein growth rates and yields
Waste o Solidwaste emitting CH,, N,0 and other

CGHGs
o Domesgtic and industrial waste water
emitting CH,

. Environmental pollution

. Loss of aesthetic values

. Soread of various diseases
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5. Basic Principles

Thenational climate change policy will befounded on thefollowing basic principles:

¢ TheClimate Change Policy (CCP) shal enable key economic sectors climate-adaptive and resilient
whilesecuring continued progress of nationa economic growth.

e CCPghal becommitted to promoting low-carbon economy

e CCPghdl becountry-specific, scientific-based, technol ogy driven and cost effectiveinimplementing
climate change mitigation and adaptation measures.

e CCPsndl contributeto global effortsof stabilizing atmospheric CO e concentrationsunder dangerous
level through enhanced carbon sequestration, reduced GHG emiss onsand efficient energy supply and
demand

e CCPrecognizesthat disagter risk reductionisstrongly linked with climate changemitigetion and adaptetion
efforts.

e CCPrecognizesthat innovation, transfer, deployment and dissemination of ecologically sound
technol ogies, and research and devel opment (R & D) arethekeysto addressthe challenges of climate
change, particularly inthelong run.

e CCPrecognizing theclimate change asaglobal issueshall encourage cooperation and collaboration
with all state and non-state actorsglobdly.

6. Objectives, Policies, Srategies and Actions

6.1 Energy Sector

6.1.1 Objective

ToreduceGHG emissonsfromal typesaf production, ditribution and utili zetionof energy, and from trangportation
6.1.2 Poalicies

To improve energy conservation and efficiency, to enhance energy producti on and ensure energy security, to
promote efficiency in transportation, and to regul ateimports 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 renewabl e energy, to improvetraffic control and public conveyance
system, andto establish nationd ambient air quality standards

6.1.4Actions
Mitigation measures- Demand Side:

1. Setenergy efficiency standardsand label efficiency gradeson the products
2. Providefinandd support and tax benefitsfor energy-efficient products

3. Provideenergy advices and inspection, and encourage the use of energy-efficient appliances and
equipment, and energy-saving compact fluorescent lamps

Capturefugitivegaseousemissionsat fudl service stations.

Eliminatethebehavior of using stand-by settingsinal energy-consuming appliances

Develop voluntary agreementswith incentive measuresfor increased use of highly energy-efficient
electrical equipment and appliances

o Ok~
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Muitigation measures- Supply Side:

CoNOOA~AWNE

Invest moreintheexploration and utilization of natural gas

Construct hydro-electricfacilitiesfurther where EIA permits

Promotethe production of cleaner fuelsand wind and solar power

Implement nuclear power generation project to meet increasing demand for el ectricity
Removeor upgrade existinginefficient power generation systems

Upgrade cod-burningindustrial boilersthrough theuse of quality coa

Extract cod-bed methaneto reduce methane emissionfrom coa mining

Improve power transmission and distri bution system to reduce power loss
Promote combined heat and power generationat commercid buildings

10 Promateproduction of bio-energy from agriculturd residuesand, human and anima wasteswithout adversdy

affecting food security, soil statusand forest resources

Muitigation measures- Transport:

© N~ WNE

Accelerate converting gasolineor diesdl vehiclesto CNG

Congtruct CNG pipdinesand CNG gationsacrossthe country

Improveenergy efficiency through retrofitting and managing vehicleusage

Implement stringent standardsfor reducing CO, emissionsfromvehicles

Improverailway and waterway systemsfor increased containerized freight transport

Improve roadsand road networks, and construct road detours

Increasetheingtdlation of light-emitting diodesintrafficlighting

Undertakeland use, urban and transport planning to improvetraffic management, transport systems,
including non-motorized trangport (cycling, waking)

Adaptation measures

1.

Nouokow N

Congtruct buildingswith designstoimprove crossventilation, prevent direct sunlight inthe afternoon,
and reduce heat gainswith shading covers
Devdop andimplement environmental sandardsfor efficient useof energy

Discouragetheimport andthe useof outdated and fud - inefficient motor vehicles

Impose heavy taxes on theimported luxury cars and encourage car pools

Makepublicroad, rail and water transports more comfortable and affordable

Buildingtitutiond cgpacity tomonitor ambientar qudity andar pollutionregularly

Rasetheawarenessof the public onthevauesof energy conservation andreduced GHG emissions, and
their uncontrolled impacts

6.2 Industrial Processes Sector

6.2.1 Objective

Toredize energy saving, conservation and efficiency through improved management systems, increased use of
cleaner energy, energy-e€fficient technol ogies and equipment, and adoption of environmenta regulationsand
standards.

6.2.2

Policies

Toadopt energy efficiency standardsand labeling system, to prohibit manufacture and import of GHG inefficient
products, and to promote energy efficiency and emission control technologies

6.2.3

Strategies

To practice Green Certification Program, to promote clean technol ogiesand cleaner production
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6.2.4Actions

Mitigation measures
1. Sahighenergy efficiency and environmenta standardsfor efficient useof energy
2. Conduct at eachindustry Efficiency Audit and label theindustry and the product, if they satisfy the set
sandards, for example, Green Industry, and High Efficiency Product respectively.
3. Support suchindustriesby providing tax benefits.
4. Encourage useof renewabl e energies such assolar and wind by providing incentives.
5. Further promoteuseof CNG and LPG inindugtria processingthrough subsidies.

Adaptation measures

Encouragethe use of more energy efficient boilers, motors, and furnaces

Introduce energy-saving, process-specific technologies

Initiate the devel opment of carbon capture and storagefor energy-intensive plants

Implement measuresto capture nitrous oxidefromindustria processes.

Implement energy-saving regul ations, standards and improved management systems

Provide energy efficiency-related information services such as handbooks and educationd 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. Toreduce GHG emissionsfrom theagricultural sector whileincreasing food production that secures
sdf sufficiency and surplusfor export.

oSoukrwpnRF

2. Tokeep CH, emission under control in enhancing paddy production
3. Tolimittheemissionof CH, and N,O fromlivestock throughimproved management.
6.3.2. Palicies

Follow “ Code of GoodAgricultural Practice” strictly, ensureincreased food productioninaclimatefriendly
manner, and improvelivestock management so asto mitigate GHG emissions.

6.3.3. Srategies

Improverice cultivation method and water management, promote organic farming,research and develop on
climate-resilient crop varieties, breed geneticaly improved strainsof anima sand regul atetheir popul ation, and
improveanimd feed with quality forageand minera supplements.

6.3.4Actions
Mitigation measures
1. Reducetillageinricefields, andimprovewater and crop management, select ricevarieties properly,
practice crop rotation, and promotedimatefriendly technol ogies such as Conservation Agricultureand
SopingAgricultural Land Technology (SALT).
Apply herbicidestoinhibit nitrification and de-nitrification to reduce N O emission.
3. Practiceintermittent irrigationtechniqueinricefieldsto reduce CH4 emission.
4. Reduceuseof minerd fertilizers, use phosphor-gypsumin combination with ureato reduce CH, emission,
and apply slow releasefertilizersto reduce N, O emission.
5. Promoteorganicfarmingwithincreased use of bio-fertilizersand viaimproved crop res due management
and manage properly the gpplication of fertilizersand pesticides.
Introduce straw mulchingwith zerotillagein deep-water ricefields
Produce high quality forage, avoid over-grazing, and improve pastora management.

N

No
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8. Improve manure management, and Storemanurein lagoonsto useasbio-fertilizer

9. Useminerd supplementsto reducefeeding amount, and supplement poor quality roughagewith urea
molasses, legumeand/or low-cost agricultura by-products.

10. Storemanurein anaerobiclagoonsto useasbio-fertilizer by deep application

11. Collect CH, emitted frommanureand useasfuel for heatingand lighting

Adaptation measures
1. Adjust agricultura cropping systemssuch ascrop diversfication, and multiple, mixed, inter-cropping,

and improve management measures, such aswater saving, optimized fertilization, soil and water
conservation, and increased use of bio-fertilizers.

2. Promote stress-resistant genetic strains of crops, encourage theincreased use of high-quality stress-
resigtant plant varieties, bio-fertilizersand eco-friendly pesticides.

3. Devdopincentive/disncentivemessuresand practicecrop-mix and organicfarmingto ensureagricultura
ecosystem to adjust better and resilient to climate change effects.

4. Increaseand expand water impoundment systemsthrough ponds, dams, lakesand rainwater collection
facilities, andimprovewater use conservation and efficiency

5. Upgrade and enhance dissemination of weather-rel ated early warning system

6. Improve post-harvest treatment and use better storagefacilities

7. Identify andintegrate climaterisk reduction measuresinto agriculture, and ensure human resources,
budget and advanced technol ogy for implementing these measures.

8. Promotedry-land agriculture, and preserve soil moistureand fertility inthe Dry Zone

9. Protect pasturesagainst wild fires, man-made burning, over-grazing, and soil erosion.

10. Supplement ruminant fermentati on-control medicineinlivestock diets.

11. Add fermentation stabilizersand micro-organism repressorsto anima diets

12. Breed high-quality varietiesto increase productivity and total production with optimized number of
animals, and protect livestock against hest stress

13. Egtablishlivestock farming zonesto facilitatethe livestock management withjoint undertakings, induding
ingtd lation of common manuredisposa, anong others.

6.4. Land Use Change and Forestry

6.4.1 Objectives
1. Preserveand enhanceforest carbon reservoir and sink to help combat climate change
2. Tominimize GHG emissionsfromland usechange

6.4.2 Policies
Promote carbon sequestrati on through sustai nabl e forest ecosystem devel opment, and cause change of land
useto be preceded by EIA in accord with broad National Land Use Plan

6.4.3 Srategies

Introduce privateforestry, manage state (or public) and non-state forestsin asustainable manner, intensify re-
afforestation programmes, promote community forestry and urban tree plantings, encourage manufacture of
long lasting value added forest products, develop nationa land use plan, and let EIA precede any mgor land
usechange

6.4.4Actions

Mitigetion measures
1. Protect existing forests, expand forest extent, and increaseforest density and growth
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2. Expand Protected Areas System, conservebiological diversity and productivity, recover endangered
species, and maintain structurd diversity of forest and speciesmixture
3. Avoidclear feling of forestintimber harvest, practice* reduced impact logging system”, and restore or
replant harvested areas, depl eted areas and degraded forests
4. Increase advocacy and educate public about community forestry (CF)
5. Apply agro-forestry or agua-forestry systems, asgppropriate, to establish CFsin order to generateearly
financid bendfitsand thusensurecommunity participation
6. ContinueForest Department’sprogram of freedistribution of seedlingsfor roadsideand urban greening,
and consider incentivesto ensurethesurvival of the planted trees
7. Develop technol ogies of manufacturing superior quality forest productsto extend thelives of wood
end uses, and meet forest rel ated human needs
8. Promotetheuseof wood productsin place of energy-intensive construction materias.
9. Deveopandimplement nationd land useplanto sustain permanent forest estate
10. Conduct EIA and cost-benefit analysis prior to deciding any major land use change.
Adaptation measures
Enrich and sustain biodiverdty, and develop stress-resilient genetic strains
Practicemulti-cultureand structurally complex forest ecosystems management
Promote private and community forestry, and intensify mangrovere-afforestation
Conduct research and encourage planting drought- and fire- resistant tree species

Establish an efficient forest firefighting mechanism
Rai se public awarenessand participation in forest management and devel opment.

oukrwnNE

6.5. Waste Sector

6.5.1 Objectives

To reduce GHG emissionsthrough improved waste management and energy recovery from waste, to make
both urban and rural areasfreefrom environmental pollution and health hazards, and to enhance aesthetic
appreciation of cities

6.5.2 Policies
Strengthen* Green and Clean Country” campaignto makethe country green and clean reducing GHG emissons
and environmenta pollution.

6.5.3 Srategies

Minimizeper capitawastegeneration, recyclewaste, generate hest and dectricity fromwastetrestment, advocate
sdf-cleanlinessand public hygiene, practice” Polluter Pay System”

6.5.4Actions

Mitigation measures

1. Reducethevolumeof wasteper capita, and educate the public on waste management.

2. Categorizewasteand disposeit properly at designated landfills, expand waste storage and treatment
facilities, and generatedectricity using landfill gas

Encourage waste recycle and promote market opportunitiesfor recycled products
Eliminatetheuseof polyethyleneplastic bags.

Enforceregulations, standards, and “pol luter pay system” for waste management

ok ow
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Annex V
EST Database on Emission Reduction Projects

1. GHG Emission reduction(EST) projectsproposed under theAL GASproject in 1998.

The proposed projectsbased on GHG emissionreduction under theAsaleast-cost Greenhouse GasA batement
Strategy-Myanmar(ALGAS-Myanmar) project implemented by National Commission for Environmental
Affars(NCEA) in cooperation with GEF, ADB and UNEPin 1998 are asfollows:-

(1) DevdopingIngtitutionsand Capacity for Inventory of GHGsin Myanmar.
(2 Rurd Electrificationthrough Bioenergy.
(3) LPG cookersto replaceelectric cookers.

(4) Dissemination of Biogas Technology for GHGs Emission Reductionin Shan State.

(5) Fud-Efficient Cookstovesand Participatory Forestry for Carbon Emissions Reductionin Shan State
of Myanmar.

2. Emission reduction(EST) projectsidentified for Myanmar in 2005 to be selected asCDM
project.

Taking advantage of the Projects on needs assessment on Technology Transfer to Mitigatetheeffect of Global

Warmingin Myanmar, implemented in 2005 by the Nationa Commissionfor Environmental Affars(NCEA),

Myanmar in cooperation withNEDO, KRI., Inc, Japan. Thefollowing 33 ESTswereidentified for Myanmar

to be selected as CDM projects.

TheOutlineof 33 Environmentally Sound Technol ogiesidentified for Myanmar to be selected asCDM projects
areshowninAppendix (A).

Themost preferred technol ogies of various ministries concerned are asfollows-
1 Generation of wind power, waste power and solar power
Utilization of energy from methanefermentation
Rehabilitation of dye-works, introduction of energy saving equipments
Making boiler plantsmoreenergy efficient
Spread of low-pollution vehicles, clean energy automobiles
Moddl shift
Rehabilitation of petrochemica plants
Introduction of energy-saving equipment
Fuel converson
Promotingincreased use of biodegradableplastics
Rehabilitation of refineries, introduction of energy saving equi pment
Introduction of new transportation systems (dua-mode bus system, etc)

RO N AN

B
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CDM related projectsundertaken in cooper ation with NEDO, Japan 1998-2004

CDM reated projectsbased on emission reduction under the Kyoto Protocol have been implemented by
various ministriesin Myanmar in cooperation with NEDO, Japan ( 1998 to 2004). The statusof these
projectsareshown in Appendix (B).
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1. Proposed emission reduction(EST) projectsunder UNFCCC-INCin 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) GreenHouseGas(GHGs) Mitigation of Bio-energy Potentia to ImprovetheLivelihood and
toAttainthe Energy Security of Rurd Communitiesin Myanmar.
2) Bamboo Bio- ethanol Productionand Utilizationin Rural Area.
3) Low cost plastic Biodigester Proposal.
4) Dissemination of A-1 Fuel-wood Improved Cook-stovesfor GHGs Emission
Reduction Project.

5) Agricultura opportunitiesfor Green House Gas (GHGSs) mitigationin Myanmar.
6) Mitigation of CH4 Emission from RiceFieldsby Fertilizer Management Practices

7) Mitigation of CH4 Emission from Rice Fieldsby Water Management Practices

8) Mitigation of N20 Emission from Lowland Paddy Field by Organic Manuring and Water
Management

9) Effectof Integrated Nutrient Management and Method of Fertilizer ApplicationonN,O
Emissionfrom Commercia Cabbage Productionin Myanmar.

10) Project Proposa for Small Scale Reforestation Pilot Project in Ayeyarwady Delta.

11)  Wind power generation.

12) Waste power generation.

13)  Utilization of energy from methanefermentation.

14) Rehabilitation of dye-works, introduction of energy saving equipments.
15) Makingbailer plantsmoreenergy efficient.

16)  Spread of low-pollution vehicles, clean energy automobiles.

17) Modd shift.

18) Solar power generation.

19) Rehabilitation of petrochemica plants, introduction of energy-saving
20) Equipment

21) Fue conversion.

22)  Promotingincreased useof biodegradableplastics.

23) Rehabilitation of refineries, introduction of energy saving equipment.
24)  Introduction of new transportation systems (dua -mode bus system, etc).
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Appendix V(A)

Sr.
No

Environmentally
Sound
Technol ogies

QOutline

Specification

Cost

Solar power -Direct conversion |-Efficiency < 15% -A pprox$ 5,000/ 1IKW { moduled
generation by solar cell
panel -Battery, trans, inverter | systemfor housing, Japan basis)
-For housing, -Panel size: 1.3 X 0.9m
industries, public
use
-Depend on sun Output : 190W
shine
Wind power -Low emission of |- Various scale 0.4- - Nearly M$ 3/ 1unit (1,000KW
generation COs 2,000KW

-Energy efficiency
< 40%

M edium and Small-
scale hydraulic

-Electrical
generation using

-Ex) 10-50 kW h. W ater
flow

power generation | flowing water 0.1-8m’/<

power

-Especially useful |-Suitable for

in rural or combination

non-electrified with solar or wind

dredas power
W aste power - Carbon neutral - W aste 150-1,000 - Nearly M $ 30/1 unit(10,000kW )
generation tons/day

- Efficiency < 20%

Utilization of -A gricultural waste, [-Continuous supply of
Biomass energy  [wooden waste
such as from
wood/chaff -Power generation | biomass material

by direct

combustion of gas
formation
-Pelletization for
easy handling
-Carbon neutral
{(No more CO»

-100kW h = 60-70kg
CO2

reduction (crude oil,
NG

generation)

emission)
Utilization of - CH4 Gas - Gas engine generation |- Nearly M$8/ 1,700kwW Plant
energy from reduction

Fuel Conversion
of Power Plant :
switching crude
oil or coal to
natural gas

-Existing fuel(Crude
oil or coal ; much
CQO3, SO, emission

- Natural gas ; 10-
20% CO:2
reduction

- Boiler burner system
change

-M ain equipment;
burner and

gas supply system

-Approx. M$1
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Introduction of
combined cycle

- Comrbined power generation
systemby gas and steamed
turbines

-Suitable for heat
consumption facilities

-650-10,000 KWh

-Generation efficiency ,
45%

existing gas turbine; 20-
25%

(assumed)

-Approx $ 1,000/ kWh

Reduction of
transmission losses

- Reduction of transmission

losses of electric power
-Reduction of power

transmission system

- Replace or rehabilitation
of

transmission facilities
(transmission loss in
Japan ; 6-9%)

10|Rehabilitation of heat |- Rehabilitation of heat -COz reduction ; 10-20%
supply facilities, fuel |supply
conversion, updating | facilities or boiler house -Improving energy
of equipment consumption
-Fuel switching fromheavy efficiency
ail or
coal to natural gas -Main equipment; burner
and gas
supply system
11|Repair and -Inspection of gas leakage - Pipe replacement
Optimization of gas  |-Maintenance of gas pipe line|-Anti-corrosion treatment
pipelines
-Corrosion-proof, painting
12(Methane gas -M ethane gas recovery from [-Generation efficiency; 25
recovery from coal cod 40%
mines mines -100kWh ---60-70kg-c02
reduction {crude oil, NG
generation)
-Power generation, waste
heat
recovery
13|Associated gas -Catching head gases fromoil |- EX) LPG, butane 95%,

recovery fromoil
fields

fields as LPG

-Gas supply to town

propane 5%
B LPG; butane 95%,
propane 5%
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14

Rehabilitation
of steel mills,
introduction of
energy-saving
equipment

-W aste heat

recovery from
furnaces or

exhausted gases of

iron work industry
(ex. Coal

oven gas)
-High efficiency

power with

inverter drive

- Depend on theresults of

diaghosis

-100kW h----60-70kg-co2 reduction

15

Rehabilitation
of refineries,
introduction of
energy-saving
equipment

- Heat recovery
system (e.g.

steam generation)
-High efficiency
equipments{e.g.

oil heater)
-Recovery off gas,
LPG, hydrogen

-Reduction heat
losg

- Depend on the results of diagnosis

- Depend on situation;
Approx. M $ 1-100

16 |Rehabilitation |- Heat recovery - Depend on theresults of diagnosis |- Depend on situation;
of system (e.g. Approx. M$ 1-100
petrochemical steam generation)
plants, -High efficiency
introduction of equipments(e_g.
energy-saving | ojl heater)
equipment -Reduction heat

loss
-Energy saving of
total plant

17 |Rehabilitation |- Power generation |- Depend on the results of
of cement by waste heat
plants,
introduction of |-Vertical mill, high- diaghosis
energy-saving |efficiency
equipment

equipments
-High efficiency
power with
inverter drive
18(Rehabilitation |- Rehabilitation of |- Ex) black liquor boiler

of pulp & paper
mills,
introduction of
energy-saving
egquipment

black liguor
evaporator, dryer
hood and
press machine

-Introduction of
private power
generation
-Energy saving of
whole factories

Black liguor 2,900ton/day, generation
85,000kW

Calorific value of black liquor; 12.6

M Jton{dry)
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plants more energy-
efficient

-Various scale 100 kg/h — 10
ton/h

19|Rehabilitation of  |-Low liquid ratio -Energy saving 40-60% - Nearly M$0.2/ 1 unit
dye-works, dyeing machine
introduction of
energy-saving system -Water saving 30-50% (200ton/y)
equipment -Waste heat
recovery
equipment
20|Rehabilitation of - GHGreduction |- Heat pump
food factories, fromwaste-
introduction of water or waste |[-Coefficient of Performance
energy-saving disposal
equipment -High efficiency | (COP): 1-3
boiler, reduction
heat losss and
switching fuels
21|Making boiler - Heat efficiency 90-95% - Nearly M$0.02 1 unit

(1.5ton/h

road and traffic
information

-Support drivers

to choosethe

best route
-Reduction of
energy
consunption

-Emissions of
GHG
accompanied

22(Spread of low- -CNGvehicle |- Usage of CNG - Remodeling cost $8,000/ 1
pollution vehicles, -CQz reduction- 30% vehicle
clean ene_rgy -NOxreduction- 95% -Construction of CNG
automobiles .
station M$1
23|Modal shift - Long-distance |-Reduction of COz - Improvement of energy
transport - to 1/5 by Railway consumption efficiency
transport
- to ¥4 by Seatransport
24[Useof ITS -Provide drivers

B

Introduction of new
transportation
systems( Dual-
mode bus system,
etc.)

- GHGreduction
in Urban Area
-Busrunsin
economical
speed

onthe
exclusiveroad
-Improvement of
convenience of
bus
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26

Adoption of co-
generation by
businesses

-Utilization energy
efficiently
-Introducing
cogeneration into
private facilities

- Hospitals

- Hotels

- Office
buildings

- Shopping
Centers etc.

- M$5,000-7,000 /55M W

27

Making electric
household
appliances more
energy-efficient

- Lower standby
electricity of
home electronics

- Standby electricity requirement

accounts for 105 of al power
consumption
-Videocassette recorders(VCR)
-Gas-burning water heaters
-Audio appliances
-Telephone with FAX

-Television
28|Introduction of |-Reducing the -Making of lighting Fluorescent -Two times general Lamp
high-efficiency [power larmp
lighting consumption _LED Traffic lights:
-power consumption is about
U5 of the lamp types
29(Making - Reducing the - Introduction of energy
buildings more  [power

energy--efficient

consumption

consunption technique inta
Buildings or Hotels

30|Making water |- Introducing - Reduction of power - M$1.53/ 100kw
and sewage inverter-controlled
treatment plants | systems consumption(Effect of 30% or
Imore energy-- more

31|Promoting - EffectiveUse of |- Performance equal with general |- Manufacturing cost :
increased use of |incineration $250/ton (Capacity
Eco-cement and | Ash, sewage plant| cement 110,000ton/year)

Ready-mixed sludg

32|Utilization of - Recycle food - Making of food wasteloss in
Recycled food |waste to conmposts
waste or feeds weigh

33|Promoting - Carbon neutral - Reduction of CO; - Material Cost: Three
increased use of times
biodegradable -Plastics of biomass origin general plastics
plastics -Resolve by microorganismin soil
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Sr. Project Name Counter part Agency Implementation Dur ation of
No. Site Pr oject
1{Demonstrative Research on Prediction|Ministry of Electric Nationwide 1999
M ethod of Average Wind Speed Power(M OEP)
2|Wind power and Photovoltaic Energy  [Department of M eteorology |Nationwide 1999
Assessment by Numerical W eather and Hydrology
M ethod
3|Feasibility Studies for Research Ministry of Electric Power Nationwide 1998
Cooperation on Photovoltaic Power Enterprise(M EPE)
Generation System
4|Cooperative Research Project on Water |Kownship Development Kyaukse 2001
and W astewater ; Small Equipment Aftairs Township
Adaptation by Photovoltaic Power
Generation System Utilization
E|Feasibility Studies for the M odel Project [Ministry of Energy(M OE), |MOE, MPE, No. 2
Implementation Saving Energy in Petrochemical Kyaw Zwa 1999
Fertilizer Plant Enterprise(M PE) Fertilizer Factory
€|Feasibility Studies for the M odel Project M inistry of Electric DPE, M OEP, 2001
for High Efficiency Gas Turbine Power(M OEP) Ywama Power
Technology Plant
7|Basic Research Project for Efficient Foreign Economic Relations |Yangon 1999
Energy consumption and Cooperation |Department{(FERD), Ministry
Project for Energy consumption of Energy
Seminar
8|Survey on Adaptation of Energy Ministry of Industry No.(1) |Myanmar Paper 2001
conservation Equipment for a Pulp Plant and Chemicals
Enterprise,
Sittaung Paper
Mill
9|The Adaptation of Pipeline in the Crude M OE, M PE, 2001
Oil Unloading System at Thanlyin Thanlyin
Refinery Refinery
10 |Feasibility Studies for Greenhouse M OE, M PE, 2000
Gases Reductions by Installing M odem Thanlyin
Refinery Facilities at Thanlyin Refinery Refinery
11|The rehabilitation Project as CDM Tharkayta Gas 2000
Aimed at Reducing Emissions of GHG Turbine Power
Plant, owned by
the Myanma
Electric Power
Enterprise(M EPE)
12 |Project for Reduction of Integrated Loss Bago, M agwe 1998
from Supply and Demand/ Thermal and Mandalay
Power Generation
13|Demonstrative Research on a Grid- Department of electric Chaungthar, 1999-2004
Connected Photovoltaic power Power, Ministry of Electric |Ayeyarwady
Generation System power Division
14|The M odel Project on High-Efficiency |Ministry of electric Power Myanmar electric 2002-2004
Gas Turbine Technology Power Enterprise,
Yangon
15|The M odel Project for Energy Myanmar Petrochemical No. 3Kyaw Zwa 2000-2002
Conservation in Fertilizer Plant enterprise(M PE), ministry of |Fertilizer Factory,
eneryy M PE
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