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Foreword

It is difficult to find any place in the world in which the limits to the natural resources are
more acutely felt than in the small island states. Samoais no exception and it is becoming
more apparent that it is facing many environmental problemstoday. The rapidly increasing
population, coupled with the fast pace of economic development activities, is stretching the
productive capacity of the bio-physical environment to its limits. Besides, the impacts of
climate change and sealevel riseare also contributing to afurther exacerbation of these natural
resources.

It is therefore critical to acknowledge the need to utilise what is left of our natural endow-
ment to satisfy our needsfor today, to ensurethat thereis sufficient left to be enjoyed by future
generations. Accomplishingthisgoal isnot an easy task. Samoansareall aspiring to achieve
an acceptabl e standard of living, and most derive thisfrom the biophysical environment that
is already degraded. Any measure to control the rate of utilisation of, or to access natural
resources, needs to be acceptable and practical to all stakeholders.

Besides, there is compelling evidence that Samoa is going through a decade of unparalleled
circumstances spurred by ashift in the global weather patterns, dictating anomal ous climate
change. We only need to recall the 1998 prolonged drought spell that coincided with avery
negative southern oscillation index, causing water shortages of up to eight monthsin several
parts of the country. Furthermore, there are several components of the biophysical environ-
ment which are still recovering from the devastation caused by Tropical Cyclones Ofa and
Val in 1990 and 1991 respectively.

The Government of Samoa, as a result, joined the United Nations Framework Convention
on Climate Change (UNFCCC). One of Samod s first obligations under the UNFCCC is the
submission of its National Communication. This action however, will not produce miracle
solutions, but it is expected to perform an important rolein our fight against adverse impacts
of climate change, sea level rise and environmental degradation in general by encouraging
the need to:

* identify potential sourcesand sinksof greenhouse gases (GHG) and to completeagreen-
house gas (GHG) inventory,

* identify vulnerabilitiesto climate change and sealevel rise, and to completethe vulner-
ability and adaptation statement,

¢ identify suitableadaptation options,
* provideandto recommend feasible mitigation measures,

* identify areaswherethe UNFCCC can assist Samoa—whether financially, through the
transfer of technology, or sharing of scientifuc andtechnical expertise,

* identify possibleareaswherethe UNFCCC can beinvolved to accel erate the reduction of
GHG emissionsand simultaneously enhance ecol ogically sustainable devel opment.

* Samoasupportstheshift into ecologically sustainable devel opment. With the absence of
mineral or fossil fuel deposits, Samoareliesmainly onitsdegraded biophysical environ-
ment to provide sustenancefor itsfast growing population. Thismovethereforerequires
astrong commitment from the government, the business community and the general
public. Atthispointintime, Samoans should understand and appreciatethat their natural
resources, although degraded and finite, can still be productiveif they are given proper
care and wisely managed.

Anthropogenic activities are linked to climate change and sea level rise. Samoa’ s commit-
ment to ecologically sustainable development, therefore, not only hel ps the damaged envi-
ronment to recuperate, but it is also a sensible approach to mitigate adversities incurred by
changesin climate patterns and sealevel rise. Addressing climate change and sealevel rise
- with awide range of ramifications - requires a diverse group of experts. As aresult, the

iii



membership of the National Climate Change Country Team appointed by Cabinet includes
key government and non-governmental agencies. The Division of Environment and Con-
servation is responsible for chairing the team.

This first national communication was only made possible by the strong financial support
from the PICCAP, a GEF-funded programme executed by SPREP to enable Pacific Island
Countries to meet obligations under the UNFCCC. Technical assistance was provided by
the SPREP. The Government of Samoa wishes to acknowledge with gratitude all these or-
ganizations.

Thisreport istheinitial national communication that Samoais obligated to submit to the Con-
ference of the Partiesto UNFCCC. It is part of Samoa's own efforts as a Convention mem-
ber State and in its current role as Chairman of the Alliance of Small Island States (AOSIS),
to contribute to the devel opment of the Convention and the protection of the global climate
system. Further communications will depend to a large extent, on the continuing support
from all Samoa’ s partners in the UNFCCC and other agencies who share the same interest
in responding to the impacts of climate change and sealevel rise.

_ ~WQWQmW -

Honourable Tuala Sale Tagaloa
Minister of Lands, Surveys and Environment
Government of Samoa.



Executive Summary

National Conditions

General

Samoa has atotal land area of 2,934 km?and an exclusive economic zone (EEZ) of 12,000
kn?. It forms the western part of the 500km long Samoan Archipelago with American Sa-
moa forming the eastern end. It isa South Pacific Island country located between latitudes
13?15 Sand 14° 5 Sand longitudes 171° 23' W and 172° 48" W, hence, it liesin the tropi-
cal cycloneregion. Asit isclosely enveloped on all sidesby its adjacent neighbours, Tonga,
Wallis and Futuna, Tokelau Islands and American Samoa, thus it has the smallest EEZ in
the whole Pacific Region.

The main topographical features of Samoa are rugged mountains of volcanic origin, sur-
rounded by flat and rolling coastal plains. All theislands of Samoawere formed by volcanic
activity. Savai'i isregarded asstill volcanically active with its most recent eruption produc-
ing lava flows between 1905 and 1911. A large percentage of Samoan soils are porous, shal-
low and clay in texture.

Samoa’s climate is typical of small tropical islands, geographically isolated from big land-
masses. The rainfall and humidity are usually high. Distinctive wet and dry seasons are
experienced only on theleeward (northwestern) sides of the mainislands, Savai’i and Upolu.
Temperatures are high and generally uniform throughout the year. Samoa experiences south-
east trade winds almost throughout the year, however, severetropical cyclonesoccur during
the summer months, December to February. Samoais also vulnerable to anomalously long
dry spells that coincide with the EI Nino Southern Oscillation (ENSO) phenomenon.

Population

Samoa’ s popul ation, despite the high natural growth rate, has shown alow net increase, which
isadirect consequence of the strong emigration process that Samoa has experienced in the
last three decades. The last population census in Samoain 1991 recorded a population of
161298. Population estimates by the Department of Statistics (DOS) for 1994, 1995, 1996,
1997 and 1998 are 163729, 164548, 165371, 166694 and 168027 respectively.

The last population census also indicated, on the one hand, a resurgence of the percentage
under the age of 15 years, and on the other, a sharp decline between the age of 20 and 40
years. Despite a slight contribution from a modest fertility decline, the strong age-selective
bias of the out-migration process has been identified as the major causal factor.

Samoa’ s urban population is still growing and it is a serious threat to the biophysical, eco-
nomic, and social environments. Rural people are still moving into Apiain search of better
employment opportunities and to have easy access to better education and health services.
The urban population is deriving more from the limited natural resources and simultaneously
creating stresses on the social and economic fabric within the community.

The Economy

Samoa' s economy depends largely on its natural resources, foreign aid and remittances, al-
though there have been recent contributions from the tourism and manufacturing industries.
Traditional exports from Samoa have been mainly agriculture-based with arecent risein
significance of manufacturing and fisheries products. Samoan exports are always vulner-
ableto constraints generated by external factorssuch aspriceinstabilities, high transport costs
of overseas markets, and harsh weather. Foreign aid and remittances are also prominent fea-
tures of Samoa’ seconomy. Subsistencelivingisstill regarded asanormfor alarge percentage



of the population, particularly in the rural communities. Thislife style will continue to be a
salient feature of Samoa’s economy in the future.

Need for a National Communication

The Need

The UNFCCC requires that every Party must submit a National Communication as part of
its obligations and commitment. Fulfilling the ultimate objective of the UNFCCC which is
to reduce the atmospheric concentrations of GHG to a stablelevel within a specific timeframe
to ensure no adver se human-induced interference with the climate systemwill be enhanced
by the commitment of all Parties of the UNFCCC in providing National Communications
that delineate national circumstances, the status of GHG, emissions, removals, sources and
sinks, vulnerability and adaptationsto CC and SLR, and possibl e projects required to acquire
adaptation and for proper mitigation measures.

The National Communication also provides a mechanism through which the COP can assist
members that cannot meet their obligations and commitments under the Convention. Inthe
case of Samoa, aleast developed country, the National Communication enables it:

* toorganizeand present the CC and SLR related constraints,

* todefine Samoa sindividual and joint activities specifically designed to combat CC and
SLRimpacts,

* toimpressonexternal assistance, especially finance and technology, for Samoainits
endeavour to implement the UNFCCC.

* toconvincethedevel oped world that Samoa, and all similar countries—geographically
and economically - are extremely vulnerableto adverseimpactsof CC and SLR despite
itsinsignificant GHG emissions.

The National Communication also provides a yardstick to measure status and standards of
implementing obligations and commitments to minimize anthropogenically-induced stress
on the biophysical and socio-economic environments. Besides, through the National Com-
munication, Parties can disclose new mechanisms employed at the national level to reduce
impacts of CC, and promote participation in the global effort to reduce GHG emissions.

The GHG Inventory

Changesin the climate and the general weather patternsall over the globe have become very
anomalousand increasingly very devastating to human beings and the environment at large.
The South Pacific Region and more specifically our own small country, Samoa, is experi-
encing many changesin climate that present risksto both humans and the environment. The
greenhouse effect isidentified as one of the factorsthat may be contributing to these changes.

Samoa’ s decision to become a Party to the UNFCCC - is both wise and timely, and compil-
ingaGHG inventory isan essential activity for Samoa. An understanding of the GHG sources
and sinksis as vital as knowing the magnitude of GHG emissions and removals.

Easy accessto an accurate GHG database isavital factor required for abetter understanding
of the estimated contribution to enhancing GHG pollutants but moreimportantly to give guid-
ance in social and economic development planning. It also provides important information
to small countries that are extremely vulnerable to CC and SLR to adapt, and to call for glo-
bal action against the insensitive emissions of GHG into the atmosphere.
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In compiling the GHG Inventory, data collection was, in effect, the most difficult phase.
However, it provided auseful experience necessary to identify inadequaciesthat must beim-
proved to ensure better data quality in the future. Thisimprovement process needs to in-
clude the GIS which was not available at the time of the inventory.

Theinventory indicates that Samoa's GHG emissions in 1994 are: CO, = 20.22 Gg, CH, =
3.30Gg, N,0=1.26 Gg, NOx =0.97, CO=7.42 and NMVOC = 1.58 Gg. By world
standards, this is quite insignificant. However, a comparison of the 1994 and 1997 GHG
emissions deserves athorough examination because all the categories haverecorded increas-
ing trends during this period. For example, the net carbon dioxide emissions of 34.09 Gg
between 1994 and 1997, indicate a yearly increase of about 8.52 Gg. Without accounting
for the removal of carbon dioxide due to improvements in land use practices via upgrading
forest management and agricultural developments, there is an indication of an increase of
19.45 Gg in carbon dioxide during the inventory period.

Similarly the non-CO, GHG also show the same increasing trends. Methane records a net
increase of 0.52 Gg between 1994 and 1997. During the same period, all the sources of meth-
anealso indicateincreased emissions. Based on thisnet increase, methanein Samoahasbeen
produced at arate of 0.13 Gg annually. Nitrous oxide records an increased emission of about
0.23 Gg within the inventory period. It means this pollutant is being emitted in Samoa at a
rate of 0.06 Gg per year. An even smaller increased emission of 0.075 Gg has been recorded
for oxides of nitrogen between 1994 and 1997. Thisgivesan annual rate of emission of about
0.02 Gg for the oxides of nitrogen. Carbon monoxide, on the other hand, recorded a slightly
higher emission increase of 0.96 Gg within the same period. The resultant rate of emission
of carbon monoxide is therefore 0.24 Gg per annum. The last major GHG investigated is
the non-methane volatile organic compound, which also indicated a a very small increase
within the inventory period. Between 1994 and 1997, the inventories show that NMVOC
emissions increased by 0.199 Gg which gives an annual rate of 0.05 Gg.

In spite of Samoa’s relatively small GHG emissions, there is a parallel increasing trend in
each of the GHG examined. Thisincreaseislikely to continue if it is not addressed prop-
erly and promptly. Thisisnot atimeto becomplacent. To allow thisto go unchecked means
that Samoaisdenyingitself one of thetoolsrequired inthe achievement of itsultimate goal,
“to ensure a good and acceptable standard of living for every Samoan”.

A problem area, which has been repeatedly encountered when undertaking the GHG Inven-
tory, isthe lack of quality data and poor data management. Definitely, thereisaneed to
address this problem as soon as possible becauseit affects not only the GHG inventories but
also other research areas. Agencies like the Police Department where the officers are manu-
ally recording thousands of vehicles each year are certainly in need of assistance with respect
to an upgrade of physical facilities and through training human resources in effective data
management procedures.

Vulnerability and Adaptation

About 70% of Samoa’ s population and infrastructure are located in the coastal area. Thisis
a serious concern because nearly all the coastal settlementsin Samoa are located in low-ly-
ing areas, hence are, very vulnerable to CC and SLR. This vulnerability is particularly ex-
acerbated during extreme events, as illustrated when Tropical Cyclones Ofa (1990) and Val
(1991) devastated Samoa causing damage estimated to be about three times the GNP. The
cyclones caused severe damage to agriculture and to bio-diversity. Samoaisalso very vul-
nerable to other extreme climate events, for example, prolonged drought periods associated

with the ENSO events and coral bleaching stimulated by extremely low tides.
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Besides human life and health, the areas regarded to have the highest vulnerabilities are the
coastal zone, water, agriculture and bio-diversity. All these are vital components of the bio-
physical environment from which the Samoans derive their livelihoods. A ‘no-regrets' ap-
proach to adaptation is necessary, despite high initial costs, to provide effective measuresto
mitigate adverse impacts caused by CC and SLR. Undesirable last resort adaptation meas-
ures, for example population relocation or total displacement, usually arise from afailure to
acknowledge the need to adapt quickly and appropriately. Although, Samoa s vulnerability
will increase with future global CC, it isimperative to develop a national policy framework
to raise awareness about the need for adaptation and mitigation actions.

Outcomes of the V& A Assessment of Samoa show that:

¢ theincreasingly frequent intense cyclonesaffecting Samoaareamajor threat toits
sustainability inthe modern world and global economy;

* the'best guess scenarioindicatesthat by theyear 2100 temperaturewill haveincreased 2°
C, with SLR of 49cm, and rainfall increase of 4.1%. Thisisthe basisfor environmental
sensitivitiesdescribed withregardto CCand SLR;

e further detailed information isneeded in order to make better predictionsof V& A needs of
Samoa,

* 70% of thepopulation andinfrastructureissituated in the coastal zone, thusthereisa
need for adaptation measuresto befocused onthose areas;

* increased heat stresson organismsand altered water requirementsfor variousspeciesare
also associated with CC and SLR. Thiswould severely stress Samoa’ suniquely adapted
bio-diversity and thus necessitate further adaptation for alien and potentially invasive
Species;

* enhanced stressdueto environmental and socio-economic changes coupled with CC and
SLR;

¢ implementation of adaptation measures and strategiesin Samoashould takea‘ no-regrets
approach. Theleast cost adaptation optionsare consistent with thisapproach; and

* thereiscompelling evidencethat by global standards Samoaisone of themost vulnerable
nationsto CCand SLR.

Responses to Climate Change and Sea Level-Rise

Samoa has already taken positive actions to implement the UNFCCC objectives and aims.
The NEM S Report for Samoa (1993) identified 12 priority areas requiring urgent attention.
Samoaas aresult, complied accordingly by developing draft policies for Population, Water,
Land-use and Waste while, in the meantime, undertaking measures to address Bio-diversity
and CC. Developing the above draft policies was no easy task, but the unrestrained support
from all the stakeholders plus the initiative taken by the various committees and the |eader-
ship role of the DEC provided the necessary momentum to have them completed.

In addressing the CC and SLR issue, Samoa s NCCCT, in close collaboration with the DEC,
MAFFM, MFA, MOT, TD, SWA, NGOs, private businesses and the communities, has com-
pleted the GHG Inventory and the V& A Assessment. Projections and recommendationsin
this National Communication are all based on the outcomes of these two studies.

The completion of the GHG Inventory and the V& A Statement marksasignificant step taken
by Samoato implement the UNFCCC. These two studies provide the foundation for devel-
oping suitable and practical mitigation and adaptation strategies. In addition to the impacts
caused by CC and SLR, data-related constraints were also identified in both studies. Adap-
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tation and mitigation measures, therefore, should also address these problems because find-
ing proper solutionsisinstrumental to generating effective responsesto impactsfrom CC and
SLR.

Environmental awareness has pervaded through many sectors of Samoa’ s economy and, as
aresult, both Government agencies and the public at large have started to design and to con-
struct suitable residential accommodation, buildings, seawalls, roads, etc., to accommodate
adverseimpacts. The most obvious step taken by the Government in this respect isthe con-
struction of the Apiaseawall. The other toolsthat Samoa usesin its adaptation and mitiga-
tion campaign against CC and SLR are legislation, projects/surveys, and education. Within
these areas, there are specific needsto be addressed, either through national measuresor jointly
with external assistance offered under the UNFCCC and the Kyoto Protocol.

Samoais committed to the objectives of the UNFCCC and the Kyoto Protocol. It therefore,
welcomes the continuing assi stance from, and the opportunity to work collaboratively with,
the global community to raise awareness about the vulnerabilitiesto CC and SLR and to adapt
accordingly, and to promote cost-effective and culturally acceptable adaptation and mitiga-
tion procedures.
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Chapter 1

National Circumstances
and the UNFCCC

“Global Warming is not a distant, future threat. In fact, there is compelling evidence that a
shift in our planet’s weather patterns and changes in climate are already underway. A huge
array of data from all over the world clearly signals that change is occurring. From droughts to
melting glaciers and ice caps, from dramatic flips in ocean currents to regional increases in
extreme and violent storms, the indications are that climate change is happening now”. (WWF
1998)
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Table 1.1 National Circumstances

Criteria 1994
Popul ation 16372% (Source: DOS)
Relevant areas (square kilometre)
Total Land 2934
EEZ 120,000
GDP (1994 US%) 18,755,868 (Source: Treasury)
GDP per capita (1994 US$) 114.55 (Source: Treasury)
Estimated share of the informal sector
in the economy in GDP (%) Not applicable
Share of industry in GDP (%) 20.90
Share of servicesin GDP (%) 27.96
Share of Agriculturein GDP (%) 140
Land areaused in agricultural purposes (sg. km) 1,19547
Urban population as per cent of total population 45,000
Livestock population:
Cattle 11,066
Pigs 150,000
Horses 315
Poultry 300,000
Forest area (square kilometre) 99

Population in absolute poverty

Not applicablein Samoa

Life expectancy (years)

Mae 65.4
Femde 719
Literacy rate (% of adult literacy) o8

a_ Department of Statistics Estimates, P— estimated from Forest Area Statement (GWS 1992b),

¢ —Fairbairn & Vaai (1994)

1.1 Geography and Geology

L s aaaai)

Samoa s a group of small islands in the tropical South Pacific Ocean located between lati-
tudes 13° 15’ Sand 14°5’ Sand longitudes 171°23" W and 172°48 W in awest north-west to
east south-east orientation (Gilson 1970; Salale 1978; Saifaleupolu 1985). The inhabited is-
landsare Savai'i, Upolu, Manono and Apolima. The most populous and also the more devel-
oped island is Upolu, where the national capital Apiaislocated (Fairbairn & Va'ai 1994, GS
1999h).

Samoa lies approximately 3000 km north north-east of Auckland, New Zealand, 4500 km east
north-east of Sydney, and 4300km south of Honolulu (GWS 1990a; 1991a). Samoa’ s contigu-
ous neighboursare Tongato the south, Wallisand Futuna to thewest, Tokelau Islandsto the
north and American Samoato the east. It hasatotal land area of 2,934 k?and an exclusive
economic zoneof 12,000 kn?. Samoaformsthewestern part of the 500 km long Samoan Archi-
pelago with American Samoa forming the eastern end (Saifaleupolu 1985; GWS 1991).

A rugged and mountai noustopography characterizesthemainislands (Taule’alo 1993a). Ap-
proximately 50% of Savai’i and 40% of Upolu are composed of steep slopes derived from
volcanic activity (Curry 1955). Bothislandshave central mountain ridgesformed fromachain
of volcanic peaks and craters. In Upolu, the central mountain range runs along the length of
the island with some peaks rising more than 1000 metres above mean sea level (amsl), sur-
rounded by flat and rolling coastal plains (Curry 1955; Saifaleupolu 1985). Savai’i, onthe other
hand, contains a central core of volcanic peaks reaching the highest point of 1858m encom-



passed by a series of lava-based plateau, hillsand coastal plains (Curry 1955; SPREP 1993d;
Taule'alo 1993a).

All the islands of Samoa were formed by volcanic activity (Curry 1955; Wright 1962). The
island of Savai'i isregarded asstill volcanically activewith its most recent eruption producing
lava flows between 1905 and 1911 (Curry 1955; Kear & Wood 1959; 1963; Wright 1962; 1963;
Pearsall & Whistler 1991; SOPAC 1999). Kear, Camber and Brands (1979) have indicated that
the volcanic rocks are mainly olivine basalt, pictrite basalt and olivine dolerite. Most soils
were derived from basaltic volcanic flows differing largely in age and type of deposit. Theaa
and pahoehoe lavatypes and scoria and vol canic ash are the most common soil typesin Sa-
moa (Kear & Wood 1959; 1963; ANZDEC 1990). A large portion of Samoa s soilsare porous,
shallow and clay in texture (Wright 1963; ANZDEC 1990).

1.2

Climate

Theclimate of Samoais characteristic of small tropical islandsthat are geographically isolated
from big landmasses (GWS 1991, Saifaleupolu 1998). The main features of the Samoan climate
areasfollows:

* highrainfall and high relative humidity,

¢ ageneraly uniform temperature al year round,

* winds dominated by the south-easterly trades winds,

* the occurrence of tropical cyclones during the southern-hemisphere summer,

* |ong dry periods, particularly in the northwestern coastal areas, which coincide with
ENSO phenomenon.

Theaverageannual rainfall in Samoaishigh with adistinctivevariation in spatial distribution.
Theleeward sides of the mainislandsreceive an average of about 2200-mm of rainfall per year.
In contrast, an average rainfall of about 5000 mm per year has been recorded in the windward
sides, with the highlands of Savai’i and Upolu receiving more than 6000 mm annually (Camber
1978). Themgjor factorsthat influence therainfall distribution are theisland topography, the
meridional migration of the South Pacific Convergent Zone (SPCZ) and the persistent south-
east trade winds (Saifal eupolu 1985).

Samoaisusually hot all year round becauseit is close to the equator and itslandmassistoo
small to cause any significant seasonal temperature variation (Saifaleupolu 1985). Likewise,
the diurnal temperature variation is relatively small. Observations at the Meteorol ogical Of-
fice at Mulinu’u, have shown that the highest mean temperature of 27.1 °C occurs between
December and March. The lowest mean temperature of 26.0 °C on the other hand, occurs
between July and September. The highest temperature officially recorded in Samoa was 35.3
°C, at Asau Station 3m amsl, at the northwestern tip of Savai’i, whilethe Afiamalu Station, 750
amsl, in Upolu recorded the lowest of 11.1°C.

The most striking feature of Samoa’ s surface winds is the dominance of the south-easterlies.
These winds are directly associated with the meridional migration of the SPCZ (Saifaleupolu
1985). The SPCZ isgenerally located further north of the Samoan Group in winter but moves
southward to Samoa’ slatitudes during the summer. Therefore, the south-easterliesprevail in
winter months while the wind direction becomes more variable during summer. The close
proximity of the SPCZ to the Samoan islands during summer resultsin the winds being gener-
ally stronger thaninwinter. Heavy rainfall throughout the country and strong winds charac-
terize these periods. For instance the Samoan | slands were severely damaged by tropical cy-
clones‘ Ofa1990, Va 1991 and Lyn 1993 (Fairbairn 1993; GWS 1992a; Taule alo 1993a). These



natural disasters were very destructive to both the natural cultural environment and had se-
vereimplications for the economy of the country (Fairbairn 1993; Fairbairn & Va ai 1994).

1.3 Population

1.3.1 Growth and Trends

Table 1.3 portrays the growth pattern of the Samoan population in the last 80 years. The
population during this period, with the exception of 1917 and 1921, has always exhibited an
" increasing trend. The population declinesin 1917 and 1921 were a direct conseguence of
epidemics (UN Report 1948). For example, in 1918 an epidemic of influenza killed more than
= 8000 people which was about 20% of thetotal population of Samoaat thetime (Connell 1983;
- Lockwood 1971; UN Report 1948).

Samoa’ s population expanded rapidly after the Second World War and it acquired the highest
growth rate of 4.08% between 1945-1951 (Connell 1983). Theimproved quality of facilitiesand
efficiency in the health and medical services are the main factors underlying the rapidly ex-
panding population that hasincreased more than fourfold within thelast eighty years (GWS
1993b; UN Report 1948).

Despite the increasing trend, the net annual population growth has experienced a sharp de-
clinesincetheearly 1970s (GWS 1983). Table 1.2 showsthat the net annual growth rate never
exceeded 0.73% since 1971. This has been accredited to the high rate of net out-migration
(Connell 1983; Fairbairn 1991; GWS 1987a; 1993b). Although the fertility decline dueto birth
control may have contributed, this was more than offset by the corresponding decrease in
mortality rates (GWS 1987b; 1993b).

One of the major features of Samoa’ s population before the 1991 census was the large per-
centage under the age of 15 years (GWS 1993b). A 3% decline has been recorded in this age
group between 1981 and 1986 largely dueto afertility decline (GWS 1987b). The outcomes of
the 1991 census, however, have shown that the decline has stopped (GWS 1993b). The same
census has al so indicated a sharp decline in popul ation numbers between the age of 20 and 40
years. Despite aslight contribution from a modest fertility decline, the strong age-selective
bias of the out-migration process has been identified asthe major causal factor (GWS 1993b).

Table 1.2 Population of Samoa 1911-1991
Year of Census Samoan Totd Net Annual
Population Population | Growth Rate (%)
1911 3354 38084 051
1917+ 3404 37331 -0.33
1921* 32601 36422 -0.61
1926 36688 40231 209
1936 52232 55946 391
1945 62422 68197 243
1951 80153 84909 4.08
1956 91883 97327 293
1961 113101 114427 351
1966 130110 131377 2.96
1971 144111 146627 231
1976 150089 151983 0.73
1981 153920 156349 0.57
1986 156000 157408 0.14
1991 158121 161298 0.49

Source: DOS (GWS 1993b). * Mgjor epidemics.



A recent survey undertaken by the Department of Statistics (GS 1999b) hasidentified an ur-
gent need for improving the registration system of births and deathsto ensurethe availability
of up-to-date population statistics required for planning and policy purposes.

1.3.2 Urbanization and Internal Migration

Samoa’ s urban population is still growing, although it is not expanding as fast as in other
countries of the Pacific Region (Connell 1984, GWS 1987h; 1993b). Spurring this population
growth isthe urban migration of rural families (GWS 1981; 1990a; UN 1982), who aredriven by
the search for quality social service, and the need to find wage employment (Connell 1984; Pitt
1970; Saifaleupolu 1998; Taule' alo 1993b; Tuiteleleapaga 1980).

This has become a serious threat to the biophysical, economic, and social environmentsin
the urban areas (SPREP 1993d, Saifaleupolu 1998). |n common with many Pacific |sland coun-
triestoday, Samoa's expanding urban popul ation isdemanding morefrom the natural resources
which has resulted in unsustainable development (lakopo & Reti 1990; Taule’alo 1993a). In
agricultural land for example, Fairbairn (1991 & 1993) has observed amarkedly reduced fallow
period inthe Apiaurban area. The high demand for land has al so resulted in the conversion
of water catchmentsfor agriculture and settlement (Fairbairn 1991; GWS 1987a; |akopo & Reti
1990). Consequently, enhanced runoff from cleared areas during heavy rainsis contributing
to the rapid decline in quality of the urban area water supplies (Reti 1990).

Sewage disposal and the associated health hazards are other serious concerns regarded as
closely linked to the growing urban population (GWS 1992c; Taule' alo 1993b; Zann 19914a). In
the absence of apublic sewage system, the households are served with on-sitefacilities. This
isacritical health hazard as poorly maintained facilities allowed leaching of human wastes
that have polluted the ground water and nearby lagoons (GWS 1992c; JICA 1998; Taule'alo
1993a). The urbanization process is aso identified to have encouraged land reclamation in
the mangrove marshes and seafrontsin the Apiaurban area (Zann 1991a). Accordingtothe
NEM S Report for Samoa (Taule’ alo 1993b), the expanding urban population is al so associated
with the deteriorating quality of several social services.

1.4 The Economy in Brief

Asin many devel oping countries, Samoadepends mainly on its biophysical resourcesto main-
tain economic growth and to sustain the livelihood of its people (Bifani 1992; Fairbairn 1993;
GWS 1984; 1987a; Myers 1989).

The national economy, however, depends to avery large extent, on two other major sources
of income namely, foreign aid and remittances (Fairbairn 1991; GWS 1987a; 1992a; World Bank
1995).

Samoa’ s traditional exports have been dominated by agriculture-based and forest products
but more recently, manufacturing and fisheries products have become significant (Fairbairn
1991; Fairbairn & Fairbairn 1985; Fairbairn & Vaa 1994; GS 1999a; GWS 1984; 1987a; 1990g;
19923a). These export products are subject to a number of constraining factors, such as price
instabilities, high transport cost, lack of overseas markets, and harsh weather conditions
(Fairbairn & Fairbairn 1985; Fairbairn 1991; 1993; GWS 1987a). Hence, despite extensive ef-
fortsin agricultural and industrial developmentsin the last few decades, economic growthin
Samoa has been disappointing (Fairbairn 1991; Fairbairn & Va'ai 1994, GWS 1992a; 1993c;
Shankman 1993). Besidesthe above constraints, poor commodity prices, anarrow economic
base, and poor management were al so identified as contributing factorsto the poor economic

performance (Fairbairn 1985; 1991; GWS 1988; 1990a; 1992a).
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Subsi stence production continuesto be significant to the country’ seconomy today (Fairbairn
1973; 1985; 1987; 1993; Fairbairn & Va ai 1994; GWS 1987a; 1990a; 1992a). Eventhoughitis
difficult to measure (Fairbairn 1985), subsistence is considered an integral component of the
national economy and must be promoted (Fairbairn 1985; 1987; GWS 1980; 1984; 1987a; 1991b;

19924).

Samoa’ seconomy also exhibited a strong surge of industrial activitiesin thelast two decades
(Fairbairn 1991; GS 1998c; 1998d 1999a; GWS 1984; 1987a; 1992a). Government support for
developing this type of endeavour is manifested in the establishment of the Department of
Trade, Commerce and Industry (DTCI) under the Trade, Commerce and Industry Act, 1990.
Theprimary role of the Industry Division of the DTCI isto create and enhance moreindustrial

activities and opportunities through an incentive scheme (GS 1998d; GWS 1993c).

Table 1.3 GDP at Market Prices, by Industry (in WS$1000.00)

Indudgtry (at current prices) 1994 1995 1996 1997 1998
Agriculture 66,011 50,898 53,950 73,849 68,318
Fishing 20,562 19,252 24,198 33477 41,263
Food & Beverages 17,825 22,465 28,225 31,551 27,239
Other Manufacturing 80,826 75,859 73,038 72,791 71,023
Construction 33,310 37,318 39,715 45,009 44,804
Electricity & Water 12,838 13464 14,266 14,781 15,369
Commerce 58471 64,987 78,309 91,874 107,457
Hotels, Restaurants 11,180 11,090 13,850 14,390 15,560
Transport, Communication 45,926 50,702 59,473 65,782 77,556
Public Administration 45525 45,800 48,100 54,550 61,169
Finance & Business Services 27,800 28,963 33,968 338,850 43,489
Less: Enterprise share of FISIM -2737 -2743 -2950 -3246 -3880
Ownership of Dwellings 19,973 20,659 21,646 24,076 26,633
Value added at market prices 471,640 | 476,558 526,798 601,496 643,831
At constant 1994 prices

Agriculture 66,011 80,310 79,716 69,063 68,482
Fishing 20,562 20,508 22,019 26,641 33,930
Food & Beverages 17,825 23574 28,241 29,502 23542
Other Manufacturing 80,826 74,749 70,619 64,746 58,278
Construction 33,310 35,889 36,856 39534 38,229
Electricity & Water 12,838 13,338 14,285 14,717 14,525
Commerce 58471 64,175 72,964 79,557 87,078
Hotels, Restaurants 11,180 10921 13,238 12,656 12,697
Transport, Communication 45,926 50,086 57,334 59,652 65,399
Public Administration 45,525 46,729 50,066 54713 59,491
Finance & Business Services 27,800 28,609 32,739 34942 36,914
Less: Enterprise share of FISIM -2737 -2708 -2835 -2862 -3154
Ownership of Dwellings 19,973 20,395 20,806 21,225 21,653
Personal & other services 34,129 37,79 39,571 40,252 40,943
Value added at 1994 market prices 34,129 504,373 535,670 544,339 558,508

Source: Treasury Department (GS 1999).




Table 1.4  Exports by Commodity (WS$000).

Export 1994 1995 1996 1997 1998
Tdo 83 162 98 9 125
Coconut Cream 4006 4833 4913 4772 3864
Kava 0 0 74 80 110
Copra 0 2193 4078 7882 6078
Coconut Oil 0 6431 6825 6761 4153
Banana 216 699 724 474 178
Taamu 23 128 190 74 105
CopraMeal 3 365 622 608 215
Coconuts 95 262 279 123 149
Vegetables 0 5 7 16 8
Samoan cocoa 4 65 116 190 70
Timber 92 208 831 124 5
Fresh Fish 209 431 2246 12327 28401
Dried sea-cucumber 129 73 31 28 25
Samco snacks 1 55 116 190 70
Purified water 9 19 0 0 1
Beer 1123 1129 1107 1603 2355
Cigarettes 658 693 268 0 0
Corned beef 239 0 134 0 67
Garments 119 16 282 83 6
Scrap metal 174 58 192 45 97
Total 7193 17830 23066.4 35407 45983

Source: Treasury Department 1999.
The sector performance of Samoa’'s local economy in the last few years is depicted in the
Tables1.3and 1.4.

1.5

Agriculture

Agriculture hasalwaysplayed acritical roleinthe subsistencelivelihood of the Samoan people,
and, morerecently, in export production (Bell 1985; Fairbairn 1973; 1985; 1987; 1993; GS 1998c;
1999a; GWS 1984; 1990a; 1992a). Theresultsof the 1989 Agricultural Census haveindicated
the participation of about 72% of the population, at varying degrees, in agricultural activities.
The census also showed that only 19% of the households belonged to the home consump-
tion only category while nearly 50% derived both food and income from agricultural activi-
ties. Thedistribution of households, classified under agricultural active and non-agricultural
active categories, between the urban and rural regions, also presented markedly different
outcomes. Whereas only 30% of the urban households participated in agriculture, 94%inthe
Rest of Upolu and 97 percent in Savai'i were agriculturally active.

Government development plans have always stressed the significance of village agriculture
in promoting the national economy (GS 1999c; GWS 1980; 1984; 1987a; 1992a). One of the
fundamental factorsin these planswasthe acknowledgement of the fact that most of thelands
arestill controlled by thevillages. The government hasal so recognised rural community sup-
port asasalient component in devel opment planning and implementation (GWS 1992a; Taule' alo
1993a; 1993b). Despite its purported weaknesses, traditional agricultureis still important to
the economic base (Fairbairn & Vaai 1994; GS 1998c; GWS 1987a; 1992a; Hassall & Associ-
ates 1988) and it thus deserves support to ensure successful future development. Current
government economic strategies promote community participation via an enabling environ-
ment to undertake a partnership in agricultura projects.



1.6 Fisheries

Before European contact the Samoans derived most of their protein from fish and other |a-
goon and reef products (Bell 1985; 1989; Fairbairn 1985; Kramer 1901). Although early reports
indicated that Samoa’ sinshorefisherieswere abundantly endowed (Kramer 1901; Turner 1884;
Von Bulow 1902), Samoalacks continental shelves (Johannes 1982a). Thismeansthat its in-
shore fisheries are very much restricted to near-shore reefs and |agoons which enhance their
M vulnerability to over-fishing. Samoans were long aware of this and understood the finite
nature of their main source of protein (Elliot 1973; Forsberg 1973; Johannes 1982b; Klee 1980).
As aresult, they placed a high priority on husbanding their marine resources and devised
techniques that enabled sustainable utilization through many generations (Elliot 1973;
Johannes 1977; 1981; 1982a; 1986; Klee 1980). More recent studies, however, have shown a
genera declinein fishlandingsfrom the reefsand lagoons (Bell 1985; 1989; GWS 1990a; 19923;
Taule' ao 1993a; Zann 1991a; 1991b).

The Government is consequently developing a more effective and sustai nable management
strategy for its inshore fisheries which involves strengthening the physical and human re-
sources of the Fisheries Division and soliciting community participation through extension
services (Cook, Gilmour & Johannes 1993).

In addition, the Government is al so establishing more appropriate regulationsand enforce-
ment mechanismsto ensure an effective rehabilitation programmefor theseimportant resources
(GWS 1992a). The Fisheries Division with assistance from AusAlID iscurrently undertaking
afisheries extension and training program in both urban and rural areasto promote fisheries
potential. A strong and productiveinshorefisheries hasthe potential to reduce theimport bill
and encourage self-sufficiency (Fairbairn 1993; GS 1999b; Zann 1991b).

Despite continuing degradation, inshore fisheriesis still a significant source for subsistence
andincomeearning in many rural villages (Fairbairn 1993; GWS1990a). The 1989 Agricultural
Census has shown that 68% of the households in rural Upolu and 67% in Savai’i were en-
gagedin fishing. Incontrast, only 14% of the urban households have participated in fishing
activities. The census has also shown that 33% of all households derived part of their cash
incomes from fishing with 20% selling more than half of the catch (GWS 1990a).

Duetothelack of appropriate technology, the offshore fisheriesin Samoa has been under-
utilized (Bell 1985). It wasnot until the mid-1970sthat strong devel opment in offshore fisher-
ies began. Thiswas, however, only made possible with the help of an FAO/UNDP funded
boat building project channeled through the Government Rural Development Programme
(Fairbairn & Fairbairn 1985; Zann 1991a). Further UN assistance set up fish aggregating de-
vices- FADs. During the late 1970s, these FADs were deployed in specific areas in the sur-
rounding ocean which led to increased fish landings (Bell 1985).

Samoahasthe smallest 200-mile EEZ in the whole Pacific Region (Bell 1985; Zann 1991a). As
aresult the offshore fisheries do not possess the abundance of most popular fish species as
in other Pacific countries (Fairbairn 1991). Nevertheless, Zann (1991a) and Fairbairn (1991)
noted that several potential areas of offshore banks and seamounts are still untapped. They
claimed that these could be economically viableif properly developed. Thereisalso evidence
of high concentration of skipjacks and baitfish within Samoa' s EEZ that the Government re-
gards as having potential for future development (GWS 1987a).

Fish landings from offshore fishing are increasingly potential asaforeign earner. There has
been aresurgence of thistype of fishing in the last decade, which has an emphasis on long
lining. TheFisheriesDivision hasbeeninstrumental inthisrevival and hasalso designed and
implemented aregistration system that safeguards fishermen safety while at sea.



1.7

Forestry

Most traditional land uses and cultivation in Samoa, asin many Pacific Island Countries, had
never been developed individually. Forestry, agriculture, buildings, medicines, handicrafts,
and the production of other goods were all components of an integrated system designed to

= sustain the environment, and to meet the community needs. In Samoa, these traditional

systems adopted astyle of agroforestry that employed amixture of root crops, tree cropsand
trees either planted or saved for conservation or for unique cultural purposes.

The transformation from subsistence to a cash-oriented economy combined with the rapid
population expansion, however, have forced a change from the environment-friendly tradi-
tional systemsinto an intensified and extensive cultivation of root and tree crops at the ex-
pense of theforest (GWS 1992a; Pitt 1970; Thomas 1984). Such amassive shiftin cultivating
behaviour involving these land-use practices was difficult to control largely because of the
following (Fairbairn 1985; GWS 1993a):

* the nature of the customary land tenure system that governs more than 80% of all land
in Samoa,

* thelimited resources that constrain other non-agricultural development,

* astrong government subsidy scheme for agriculture that promoted further deforesta-
tion, and

* under-pricing of the forest products.

So consequently, intensified agricultural activities coupled with commercial logging under-
pinstherapid rate of indigenous forest depletion in Samoa (Fairbairn 1991; GWS 1987; 1992;
1993; lakopo & Reti 1990).

It was not until the last two decades that the Government acknowledged the multiple uses of
the forests, including the need for conservation (GWS 1980; 1984; 1987; 1992). The NEMS
Report for Samoaaccentuated this need and al so pointed out that the fast rate of forest deple-
tion was, at the time, the most critical environmental problem in the country that must be ad-
dressed immediately with prudence.

Hence, the Forestry Policy (GWS 1994) has been devel oped which stressed the need for bal-
anced utilisation of forests and forest lands as indispensable components of an integrated
land-use system. Thisemphasiscan provide an enabling environment with potential toraise
economic growth, to meet the socio-economic needs of an increasing population and to en-
sure that the cultural aspirations are accommodated. The emphasis also guarantees along-
term vision that benefits both the present and the future generations through ecologically
sustainable development.

Water Supply and Resources

‘& Thewater supply system in the Apiaurban area provides the urban population of morethan

45,000 people with piped water (Taule' alo 1993a; World Bank 1995). At the national level,
between 90% and 95% of the popul ation have access to piped water (GWS 1992a). Approxi-
mately 70% of the population are supplied from surface sources while bore holes and rain-
water account for the other 30% (GWS 1992a; Taule' alo 1993a).

Despite expensive upgrading of the urban water supply system, water shortage and dirty water

- are not uncommon (Taule' o 1993a; World Bank 1995). The following are among the major

constraints to water supply and resources in Samoa:



*  high permeability of most Samoan rocks,
¢ diminishing forest cover dueto fast rate of deforestation,
* |and tenure — disputes have occurred over land with water resources,

* inappropriate pricing due to the absence of suitable policies for effective cost recov-
ery, and

* excessive use of piped water.

There are only three water filtration treatment plants in Samoawhich are located in the Apia
urban area. The absence of treated water in other parts of the country isaserious concern for
consumers as this can enhance vulnerability to water related diseases.
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Chapter 2

The National GHG Inventory




Table 2.1 Initial National GHG Inventories of anthropogenic emissions by sources and
removals by sinks of all greenhouse gases not controlled by the Montreal Protocol 1994

Greenhouse Gas Sour ce and Sink Categories CO, CH, N,O
Total (Net) National Emissions (Gigagram/year) 20.22073 3.303743 |1.260135
1. All Energy 102.20193 0.017078 |0.000872
Fuel Combustion 102.20193 0.017078 0.000872
Energy and Transformation Industries 8.7906676 0.000360 0.000072
Industry 0 0 0
Transport 70.7483473 0.014148 0.000604
Commercia-Institutional & Residential 226629158 0.002570 0.000196
Other (please specify)
Biomass Burned for Energy na na na
Fugitive Fuel Emission 0 0 0
Oil and Natural Gas Systems 0 0 0
Coa Mining 0 0 0
2. Industrial Processes 0 0 0
3.Agriculture 0 2.140598 |1.244289
Enteric 0 0.899218 0
Rice Cultivation 0 0 0
Savanna Burning 0 1.145879 0
Other (sail) 0 0 1.2427131
4. Land Use Change and Forestry -81.9812 0 0
Changesin Forest and other woody biomass stock -240.19 0 0
Forest and Grassland Conversion 125.2084 0 0
Abandonment of Managed Lands -26.5833 0 0
Sail 59.58333 0 0
5. Other Sources (Waste) 0 1.146067 |0.0104974

na—not avalable

2.1

Introduction

This chapter highlights only the main features of Samoa s GHG Inventory, which identifies
the potential GHG sources and sinks and provides estimates of major GHG in Samoain 1994.
The GHG Inventory constitutesamajor part of Samoa’ s National Communication to the COP
of the UNFCCC.

Thisinventory closely followsthe methodol ogy provided in the |PCC Guidelinesfor National
GHG Inventories (IPCC 1996, Vol. 1-3). The data collection phase of the inventory process
was particularly difficult due mainly to theinadequacy and poor quality of the available data.
Consequently, estimates were made for those data that were not locally available using de-
fault values provided by the IPCC guidelines. Thiswasinevitable, althoughit raised concern
regarding thelevel of confidence. Thissimply meansthat the moretheinventory reliesupon
estimated characters, the lessits level of confidence becomes - a situation that the NCCCT
tried to minimize.

Thisconstraint, infact, was anticipated, especially since theinventory, encompassing awide
scope and unique requirement, was the first of its kind to be undertaken in Samoa. Despite
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these circumstances, some positive aspects actually emanated during the tenure of the project.
One of the amazing features was the reawakening of the awarenessthat “ what we derivefrom
or dump into the biophysical environment without proper control is always accompanied
by a deleterious effect”. Hence, thereis always aneed for wisdom and vision whenever we
utilize the biophysical environment otherwise we face undesirable consequences.

Community indifference was strong in the initial stages of the inventory process. Persistent
consultation and raising awareness about the greenhouse effect, however, resulted in enthu-
siastic participation and strong community support. The experience gained is useful in pro-
moting awareness about the global warming and an increased appreciation by the public that
they also are responsible for the alteration of the natural course of climate patterns.

2.2 Data and the Basis of Calculations

All the inventories compiled in this report were calculated using the set of methodol ogies
provided inthe Revised 1996 |PCC Guidelinesfor National Inventories. Thisrevised version
replacesthe IPCC 1995 Val. 1-3 which has been one of the main bases used in most devel oped
countriesfor their GHG inventories.

The compilation of the greenhouse gasinventories depends on acquiring “ activity data” and
“emission data”. Theformer datatype encompasses information such as the following:

* consumption of various forms of fossil fuel,
* the number and type of domestic livestock,

* thetypeand quantity of agricultural development including crop production, conver-
sion of forest into agriculture and land use,

* type of industrial/manufacturing operations and the rate of production,
* the quantity of waste water and sewage generation, and

¢ the amount of waste dumped into landfill sites.

Technical data specific to those prescribed by IPCC Guideline categoriesis very limited in
this country. Thisfeature has been identified in arecent survey conducted by the Govern-
ment of Samoa under the Department of Statistics (GS 1998a; 1998b), which reflectsthelimited
resources for data management, the lack of skills or both.

Emission data on the other hand defines the close association between the activity and the
production of GHG. For example, the quantity of carbon dioxide emitted after burning a spe-
cificmassof fossil fuel. Sinceactivity dataisafunction of thedomestic and external demands
thereisatendency for it to vary fromyear to year. Emission data, however, tend to be uniform
for those emissions originating from fuel combustion as this is determined by the chemical
composition of the fuel and, to some extent, the nature of the combustion process.

Emissions and removals from sources such as Livestock, Waste and Land Use Change, al-
though subject to variation, occur in amuch longer time period when compared to the activity
time change. Further, thetemporal relationship between activitieslike biomass decay or waste
decomposition and the subsequent greenhouse emissions or removalsis complicated. The
time lag between the activity and the resultant greenhouse emissions or removals may take a
period of more than twenty years for some categories, especially Land Use Change, Waste
and Agriculture. Hence, emission and removal values for these categories are often calcu-
lated from averages of several years.
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2.3

Table 2.2

Levels of Confidence

According to the IPCC Guidelines countries need to identify the levels of confidencein their
inventories (IPCC Revised 1996). The Samoan GHG Inventory adoptsthree different levels of
confidence summarised in Table 2.2 below. It must be pointed out that the definition of the
levelsistotally conceptual. Thissimply meansthat thelevelsof confidence were not derived
from astatistical analytical procedure, but were based purely on aprofessional judgement of
the task force that compiled the inventories. It isfor this reason that uncertainties are not
assigned to activity dataduring the computation phases. They are only assigned to the final
outcome of the emissions and removals.

Levels of Confidence

Level of confidence| Code number | Energy, Industry Agriculture, Land Use,

Waste, Industry

High
Medium
Low

1 uncertainty< 10% uncertai nty< 30%
2 uncertainty 10-50% uncertainty 30-80%
3 uncertai nty> 50% uncertainty> 80%

Thequality of the available activity dataisvery much reflected from the levels of confidence
assigned to the different categories. Further, in assigning thelevels of confidence, considera-
tion was given to the relationship between the activity and the emissions. Thisisillustrated
inthe Energy category in which the quality of somedataisquite accurate and therelationship
between combustion and emissions is not complex. Under this circumstance, the levels of
confidenceis rigorous compared to the other categories.

The majority of the data and, hence the conseguent emissions and removals, has been as-
signed alow level of confidence. In fact, thiswas expected because of the poor quality and
the limited quantity of availabledata. Theonly outcomewith ahighlevel of confidencearises
from the Reference Approach for CO, emissionsin the Energy category. Thisarisesfromthe
high quality of theimport record of fossil fuel into the country.

2.4

Special Characteristics of the Inventories

2.4.1 Missing Features

Thisinventory excludesall contributionsto the greenhouse effect from CFC and other “ ozone
depleting substances’. Aninventory of these pollutants has already been compiled for Sa-
moa, and the subsequent Refrigeration Management Plan is close to completion, hence the
exclusion from this report. Further, no estimation of SO, emissions was made in this inven-
tory. Without the appropriate information about the petroleum products imported into the
country therisk of achieving an extremely low level of confidence associated with SO, emis-
sions was seen to be too high if estimation procedures were to be applied. Hence, SO, emis-
sions and its associated share of the warming effect are excluded from this report.

A questionnaire survey was conducted to collect information about the use of fuel wood in
Samoa. The need arose because of the apparent significance of this fuel type in the local
economy. There hasbeen no formal record availableto the NCCCT of the use of thisfuel type.
The IPCC guidelines specifically pointed out that the CO, arising from biomass or fuel wood
burning isto be excluded from the national totals. Theteam acknowledged the rationale pro-
vided, but it isworth raising the point that the outcomes of the survey reflected ahigh reliance
of Samoans on the use of thisfuel type. The survey outcomesindicated that the rural com-
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munities, in particular, are utilising enormous quantities of biomassfor cooking and for drying
copra, cocoa and peanuts. Consequently, the share of the CO, emitted from this source, is
relatively significant. This share cannot be calculated unless the following are known:

* relevant dry matter mass for the various fuel wood types, and

* net calorific valuesfor each wood type.

Soil erosion is another anthropogenic-induced activity that has not been given any consid-
erationinthisreport. Thisactivity isnot required under the IPCC guidelines, however discus-
sionswith the MAFFM have shown that soil erosion isa problem associated with many land
developments, in particular, agriculture and commercial logging. The effect of soil erosionis
not well documented in Samoa (GWS 1993b, Saifaleupolu 1996, Zann 1991a, 1991b) but its
contribution to theremoval of carbon from the natural carbon cycle may besignificant. 1t may
be necessary that this feature can be included as part of Samoa’ s GHG inventoriesin the fu-
ture because of the increasing dependence of the population on the land to meet their every-
day sustenance.

2.4.2 Emissions, Removals and Net Emissions

Of the five categoriesincluded in Table 2.1, only the Energy and the Land Use Change and
Forestry categories recorded contributions to CO, emissions and removalsin 1994. The En-
ergy category, with anet emission of 102.2019 Gg, was clearly the strongest source of CO,in
Samoa. Land Use Change and Forestry, although emitted an amount of 184.792 Gg of CO, in
thesameyear, indicated anet CO, removal of 81.9812 Gg duetothe strong intake of CO, through
photosynthesis by forests and trees. This feature isimportant because it indicates that the
atmospheric concentration of CO, can be humanly controlled.

CH,and N,O, on the other hand, were emitted from three of the five categoriesin Table 2.1.
Comparedto CO,, all thethree categories— Energy, Land Use Change and Forestry and Waste
—generated very insignificant quantities of CH, and N,O into the atmosphere.

2.4.3 Energy

Energy is the only category with good quality data. The main data source - the Customs
Department - hasavery accurate and up-to-date database that includes petroleum products.
Keeping an accurate record of theseitemsisvery important because the government pricing
process for petroleum products depends on it.

The Transport, Residential/Commercial, and the Energy Transformation were the three major
components of the Energy category that contributed significantly to its share of the CO,
emissionsin 1994. Of thetotal CO, emissionsfrom the Energy category in 1994, the Transport
sector accounted for nearly 70%, followed by Residential/Commercial with 22% while only
8% came from the Energy Transformation. The CH, and N, O emissions from the Energy cat-
egory wererelatively insignificant.

2.4.4 Agriculture

Generally, the GHG Inventory data from the Agriculture category is scarce and out of date.
Some estimates used in thisinventory were based on astudy undertaken 10 yearsago (GWS
1990). Ironically, the majority of the Samoan population rely heavily on agriculture to meset
their everyday needs (Fairbairn 1985, 1991, 1993; Saifaleupolu 1996). Despite the strong em-
phasis placed by the MAFFM in collecting agriculture-based data, rural agricultureis still
poorly understood (Fairbairn 1985). Hence, it isan issue that requiresimmediate addressing.
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Samoan agricultureinvolves shifting cultivation that employsafallow system. Thisfeatureis
recognised in thisinventory under the Land Use Change and Forestry category in the Land
Abandonment sector. Most of the lands used for the taro industry have been put to fallow
since theincidence of thetaro leaf blight in 1993. A large portion of theselands arefound in
the wet and moist areas afair distance from the farmer’ s residence.

Most crop residues are non-combustible. These are usually left to decompose at the planta-
tion sites. Thelack of quantitative data about these items, however, excluded them from the
inventory. The only residues that are good fuels are the coconut husks and shells. These
have been used as part of the inventory under the Field Burning of Agricultural Residues
sector.

It isimportant, however, to point out that these residues are very rarely burned in the field
because they form asignificant part of Samoa s biomassfuel. Nonetheless, their inclusionis
important because it gives a truer indication of the emissions of GHG from the Agriculture
category. Itisalsointeresting to notethat the Agriculture category emitted only CH, and N O
—no CO.,,.

2.4.5 Land Use Change and Forestry

Land Use Change and Forestry wasidentified asamajor sink for carbonin 1994. Two sectors
within this category were recorded as net sources of CO, - Forest Conversion and Soils. The
other two sectors - Changesin Forest and Other Woody Biomass, and Land Abandonment -
were net sinks for carbon. Available literature, in particular the GWS (1993a) and Forenco
Consultants Ltd. (1995), although few, provided someinsight of the amount of deforestation
due to commercial logging in the past, present and the future.

Land Use Change and Forestry has been assigned a high uncertainty due mainly to the ab-
sence of quality datarequired for Inventory purposes. Minimising thisuncertainty depends
very much on the Forestry Division in soliciting the required information for future GHG in-
ventories. Although Land Abandonment has been included in thisinventory, there are un-
clear boundaries within this sector. Field observations indicated that there are many once
well-managed lands, in particular, the coconut plantations, that appeared to be abandoned
but owners are still collecting coconuts from them. These land types are not included in the
inventory under the Land Abandonment sector, although some are already overgrown with
secondary forests.

Forest burning, purely for forest fire safety precaution, isvirtually not donein Samoa, although
early writers of Samoa reported the use of firesto clear land for agricultural purposes. Forest
fires, on the other hand, although rare, do occur. Other type of burning which is not defined
in the IPCC Guidelines but is observed to be aregular habit in many villages today, is the
burning of grasscutting fromfamily lawnsand village greens. Thisfeatureis practised through-
out the country, and although its contribution to the greenhouse effect may be insignificant,
it isworth noting for future planning and management purposes.

2.4.6 Implications

Theemissionsof GHG in Samoaarerelatively insignificant by world standards. Notwithstand-
ing, Samoaisamong the most vulnerabl e countriesto theimpacts of the greenhouse effect. It
is ethical, therefore, that Samoa should recognise its obligation toward reducing GHG emis-
sions.

A crucial constraint reflected from the inventory isthelack of quality data. Itisimportant to
acknowledgethisas urgent, hence, Samoaneedsto addressthisissue properly and promptly.

Data management is also identified to be generally poor which makes it a priority issue that
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must berectified. If these constraints are resolved, an improved GHG Inventory will be guar-
anteed. Asaresult morerealistic estimatesof GHG emissionsand removalswill becomeavail-
able and accessible. Thisinformation isimportant to planning and policy making purposes,
both in the government and the private sector.

Another salient featureidentified with this GHG Inventory, isthe need to incorporate partici-
pation from all sectors of the national economy. Improvement of the aboveissuesis depend-
ent on awell coordinated system where sufficient quality data can be easily accessed and
managed. Addressing thisissue therefore callsfor an integrated system that employs com-
prehensible and user friendly mechanismsthat allow for closer cooperation between the key
government and non-government agencies.

The GHG estimates, despite being relatively small quantitatively, will definitely increase with
population growth and the fast pace of economic development that requires the use of high
energy equipment. Thus, in the absence of aproper control mechanism, GHG emissionsare
likely to be enhanced in the future.

However, itisevident from theinventory that, CO, alone can be controlled manually, either by
allowing more lands to be converted back to forests, or by improving land use techniques or
slowing down the rate of deforestation or a combination of these. So despite increased CO,
emissions, an enhanced uptake of CO, by theincreased forests and tree cropsislikely to off-
set emissions.

Other strategies are also available for controlling the emissions of all GHG including CO,.
These include regulatory measures that set up a piece of legislation that controls the impor-
tation of fossil fuel, carsetc., or enacting aregulation that activates a monitoring system for
the emission rate of greenhouse gases.

Theunderlying rationalefor all theseimplicationsisto ensure that Samoa, within its own ter-
ritory, can provide an optimum environment for its people. Thereiscompelling evidence, that
the greenhouse effect and CC areintimately linked. So for Samoato produce the best for its
people in terms of afavorable environment, it must prevent undesirable CC from occurring,
and simultaneously the people need to be more responsible by co-operatively engaging in
measures to reduce CC and activities at all levels..
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Chapter3

Mitigation




Steps taken by Samoa to Implement
the UNFCCC

Samoa, asanon-Annex | Party has already taken steps towardsimplementing the objectives
of the UNFCCC. The Government, through its NCCCT, in close collaboration with the DEC,
MAFFM, MFA, MOT, TD, SWA, NGOs, private businesses and the local community, has
completed its GHG Inventory and the V& A Statement. These two documentsform the major
part of this National Communication.

The GHG Inventory, which was completed in February 1999, hasindicated several salient is-
sues that require urgent addressing. It isvital to acknowledge that the approach used to
address these issues must clearly identify avision that it forms afundamental component of
anintegral national effort to adapt to and to mitigate CC adverseimpacts. Itisalsoimportant
at this stage to point out that the methodol ogy adopted by Samoawhen undertaking its GHG
Inventory isthat provided by the |[PCC. Sincethisisthefirstinventory of itskind, itisimpor-
tant to acknowledge that the primary problem encountered in the GHG Inventory wasthe dif-
ficulty associated with baseline data. Underlying this problem are the basic constraints dueto
the following:

* thedata, in general, are incomplete and incomprehensible,

* management of datais generally poor, and is further aggravated by the lack of physi-
cal management resources, and

* thescarcity of data management skills and capabilities.

Therefore, establishing a reference point for baselines, although constrained by the above
factors, is clearly identified as areal and urgent problem in Samoa, and was promptly dealt
with during the inventory compilation phase.

With the enhanced greenhouse effect as a major contributing factor to the CC, the current
situation regarding data quality, quantity and management isamatter of great concern. This
is especially so when thereis sufficient evidence to link CC extreme events, such as severe
hurricanes, to an increase in both frequency and magnitude of precarious threats to human
life and to the bio-physical environment. From the economics perspective, severe cyclone
damage dueto tropical cyclones Ofain 1990 and Val in 1991 dominated poor economic growth
over thefollowing two years. Fairbairnand Vaai (1994) haveindicated adropinthe GDPfrom
WS$180,000,000 in 1989 to about WS$172,000,000 in the 1992/1993 period, afall of 4.5 per cent,
or just over a1.0% per annum. Commercial agriculture (including fisheries and forestry) was
identified to have been among the most severely affected during the 1990-1992 period, which
included the cyclone phase. So undertaking the GHG Inventory istherefore timely and very
appropriate for Samoa, a small island country that is highly vulnerable to CC and enhanced
SR

Among the priority areaslooked at during the GHG Inventory are the need to:

* identify the mgjor sources and sinks of GHG,
* egtimate quantities of individual GHG,
* estimate uncertainties associated with GHG emitted and/or removed,

* identify existing trendsin emission/removals of individual GHG during the inventory
period,

* make comparative analyses of individual GHG based on existing trends,

* provide comparative assessment of Samoa’s contribution to overall global warming,

and
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* ensuretransparency, since without this, it isimpossible on the one hand to make any
logical analysis of the country’s contribution to the greenhouse effect, and on the
other to provide a comprehensive mechanism to compare Samoa’ s GHG emissions to
those of other countries.

It is also worth noting that public awareness plays a major role during the GHG Inventory
phase. Compiling the GHG Inventory for Samoarelied, to avery large extent, on the owners
of thedata. That is, those with aclearer understanding of the need for aGHG Inventory were
very supportive and were quick to respond positively. On the other hand, those with little or
no understanding about the greenhouse effect and its intimate relationship to the CC were
uncooperative andindifferent. Clearly therefore, promoting public awareness about the green-
house effect and its impact must be granted a high priority to enhance community coopera-
tion and support —amuch needed ingredient for assuring good quality dataand information.

3.2

Infrastructure

The Government has become conscious of the need to ensure that its assets, both infrastruc-
ture and natural, are safely protected from the impacts of CC and SLR. The Apia seawall,
which provides protection for the best part of Government assets, is anobviousindication of
thisawareness. |1n morerecent development activities, the PWD has embarked on construct-
ing aseriesof seawallsin Savaii to provide protection for the seaside main roads. According
to the PWD, more than 90% of all seaside main roadsin Savai'i are already protected by sea-
walls (Faalogo losefa pers. comm. Sept. 8, 1999). Faalogo also said that there are plans to
undertake similar programmes in Upolu, with assistance from the World Bank.

Thereisalso evidence of community-based effortsfocused on mitigating theimpactsof SLR,
enhanced storm surges and wave activities at the village level. Some villages have solicited
help from the Government and other donor agencies to assist in their seawall projects. In
some cases, Villages, of their own accord, have initiated their own seawalls to provide some
protection during cyclone seasons. Most of the latter efforts, however, are incomplete and
lack the necessary structural engineering that provides lasting endurance.

. The Government of Samoa has al so stressed the need to improve the processesinvolved with

the construction of buildingsto ensure maximum human saf ety during tropical cyclones and
other severe impacts of CC.

A village-based seawall project in Savai’i.

3.3

Policy

Samoa’ scommitment to the UNFCCC and the Kyoto Protocol may further be reflected by the
development of environmental policies and undertaking joint researches in various aspects
of the environment. The NEM S Report for Samoa indicated a need to formulate enlightened
policiesin 12 priority areas. Four of these areas:

* Population,
e Waeter,
* Waste Management, and

e Land-use
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have been addressed with draft policies now awaiting Cabinet approval. The Bio-diversity
and the CC and SLR are currently being addressed by Cabinet appointed committees coordi-
nated by the DEC.

Theinformation gaps which have become salient features of both the GHG Inventory and the
V& A Statement, are addressed appropriately in thedrafted policies. However, while awaiting
Cabinet approval, thereisan urgent need to improve the current situation asidentified in both
chapters 2 and 3 of this National Communication. For plannersand policy makersto come up
with prudent and practical national strategies and policies, they must have access to good
quality data.

Another glaring issue that also requires addressing in thisinitial National Communication is
thethreat posed by oil spills. Besides presenting apotential danger to both human and other
components of the bio-physical environment, oil spills also enhance emissions of GHG. The
oil spill in mid-August, 1999 in Apia, although regarded as minor, must be heeded as afore-
warning of what might occur in the future if no imaginative policy or regulation is promptly
established and adhered to.

3.4

Regulations

There are already suggestions regarding the devel opment of regulations under the Customs
Department Act (CD) to provideimport control of applianceswhich take ozone depleting sub-
stances (ODS). By the sametoken, an effective regulation that prohibits further importation
of ODS has been highly recommended. |mport of refrigerants, refrigerators/freezer/air-condi-
tioners should be tightly controlled under the CD Act which must be modified to accommo-
date the need to allow only those which are ozone-friendly.

Further suggestions for a regulation under the CD Act have also been made to ensure that
allowing second-hand motor vehiclesinto the country must be subject to stringent scrutiny
based on both ageand model. That is, old vehiclesand outdated models should not be brought
into the country because they are big GHG emitters.

New regulationsthrough either the DL SE or the MAFFM were part of arecommendation made
by the Bio-Diversity National Committee to ensure that Samoa’ s natural resources are safely
protected from foreign bio-prospectors. This suggestion also underlies the need to protect
the fast diminishing ecosystems from other human activitiesaswell asfrom theimpacts of CC
and SLR.

3.5

Projects and Surveys

A visioninto the future prompted the Government of Samoato taketheinitiativein providing
amechanism to control unsustainableland-use practicesin watersheds. Therising frequency
of harsh climate patterns — particularly heavy rains and anomalously long drought periods -
necessitates the Watershed Management Programme at the Vaisigano area. The project pro-
vides aleading role in promoting better and more suitable landuse practices, such as agro-
forestry, and simultaneously discourages poor development activities.

The Government, with financial assistance from FAO, has also launched the Food Security
Project. The project is geared towards assuring the availability of sufficient local food items
all thetime. Included in the project isthe need to identify fast cropsthat could be harvested
within a period of at most seven months so that the maximum damage imposed by tropical

cyclones and other climatic elements are minimised.
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Further, under the New Zealand bilateral assistance programme, the Community Forestry Project
isnow amajor part of the Forestry Division of the MAFFM. Thefocusisnow upon develop-
ing community capacity in managing their own forests and forest products. The project also
considersimpacts from CC and SLR so proper forest devel opment and management are also
highlighted.

The DOS and the MAFFM are planning an Agricultural Census at the end of the year 1999.
The censusisboth timely and very useful sinceit will providethe necessary information that
has been identified to be either lacking or incomplete in both Samoa’ s GHG Inventory and
V&A Statement.

A World Bank funded project, known as the “infrastructure Asset Management Project” is
about to begin in Samoa. It isalso regarded as both CC- and SLR-oriented. The project will
highlight the need to provide better management mechanismsfor the Government’ sinfrastruc-
tureassets. The scope of the project also includes collection and analysis of datafrom Geo-
graphic Information System (GI S), topography maps, coastal profiles, integrated coastal zone
management, and infrastructure engineering.

3.6

Education - School Curriculum

Government preparations for the environment issue, including CC and SLR have also per-
vaded the education system, for example, in the school curriculum. The junior secondary
school curriculum for Environmental Scienceiscloseto being finalised. Atthetertiary level,
there are courses and programs already approved by senate but awaiting council sanction,
which will address the environment issue including CC and SLR. Although programmes at
both levels are still on hold, there are indications that they will raise public awareness and
enhance appreciation of Samoa’s vulnerabilities to CC and SLR, hence, the need to adapt
accordingly and to start implementing proper mitigation measures.

The outcomes of the GHG Inventory and the V& A Statement have identified a need to edu-
cate and to train Samoans about the need to adapt to current CC and SLR. A large percentage
of the problem will beresolved if the communities recognise this need in keeping with changes
in climate patterns and trends as well asincreased SLR.

3.7

UNFCCC Mitigation Assistance

This National Communication clearly presents a setting that reflects a need for Samoato act
with prudence and vision regarding its preparednessto adapt and to impose mitigation meas-
ures against possible adverse impacts caused by CC and SLR. Despite Samoa sinitiativein
thisrespect, it is evident that external assistance is urgently required to fulfil its obligations
and commitments under the UNFCCC and the Kyoto Protocol. Sections 5.3.1 and 5.3.2 de-
scribe some of the possible projectsthat can beimplemented under this assistance. Samoais
fully committed to the UNFCCC objectives and it embraces all opportunitiesto fulfil them. It
also welcomes support from the global communities who share the same need to make the
world abetter placeto live through establishing suitabl e adaptive and mitigative mechanisms.
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Chapter4

Vulnerability
and Adaptation




4.1

Introduction

Samoa s GHG Inventory indicatesthat its GHG emissions arerelatively very small. This, how-
ever, does not imply that it will not be adversely affected by the impact of CC. The devasta-
tion inflicted by tropical cyclones Ofaand Val as pointed out previously is areminder of the
high degree of Samoa’ s vulnerability to the impacts of CC. Samoa, as aresult, needs to take
prompt and proper actions, to ensure everyone understands that the adverse consequence of
CC hasthe potential to endanger human life and imposes athreat to the biophysical environ-
ment, which sustains the livelihood of our communities.

Thereis compelling evidence that CC not only threatens the biophysical environment but it
also increases potential vulnerabilities of the people aswell asthe socio-economic structures
and activities.

An important aspect of this National Communication is to identify both the vulnerability of
Samoato the adverse effects of CC and the possible adaptation options. Samoa sV & A adopted
the IPCC Technical Guidelines to examine present conditions and to generate scenarios of
possible CC and SLR in Samoa. These scenarios were used to project the vulnerability of
Samoato CC and SLR.

Themain limitations of Samoa’ sV & A statement are the existence of many information gaps,
and the lack of necessary resources. Collected dataindicated several gapsand thereisalso a
parallel lack of appropriate models required to produce suitable scenarios for Samoa. This
V& A statement is based on Samoa’ s known and predicted vulnerabilitiesto CC.

4.2

Population and Food Security

Samoa’ s changing food production systems and high population density especially in urban
areas have posed athreat to food security in the country. This problem arises mainly fromthe
high food demand and the rapidly expanding population. A survey conducted in 1996 has
shown that the total food energy requirement has increased by 0.5% per annum due to the
population expansion. Thisincreaseisdistinctly pronounced in urban areas. Despiteaseries
of extreme events associated with CC plus pest and disease outbreaks, agriculture has shown
resilience and the capacity to adapt. Still, thereis an urgent concern about future food secu-
rity, largely because of the inevitableimpact of the deteriorating condition of the biophysical
environment.

4.3

Urbanisation and Water Resources

Urbanisation and over crowding is an increasing problem faced by Samoa as more and more
people moveinto the urban areas. The Apiaurban areahasavery high popul ation density of
about 565 persons per km?. Aspointed out earlier, although the mgjority of the urban areahas
accessto piped water, many urban dwellersstill experience frequent water shortages andsup-
ply interruptions. Water consumption isexcessively high and isamajor contributing factor to
water shortages and low pressures for some sectors of the community. Heavy rains exacer-
bate problems associated with water supplies, in particular, the high degree of turbidity. Pro-
longed dry spellsencouraged by the ENSO phenomenon, on the other hand, havedrastically
reduced water supplies. This has special implications for areas in the northwest of Savai’i
Island, wherewater supplieswere cut off for periods of up to eight months during these drought
conditions.
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4.4

Landuse, Deforestation and Land Degradation

Prior to the incidence of the taro leaf blight in mid-1993, the most dominant land-uses were
agriculture and commercial logging which have been responsiblefor the conversion of avery
large portion of the indigenous rainforest into arable land. Current deforestation for agricul-
tureisnegligible, hence, land clearancetoday, which ismostly in higher inland areas, isamost
completely timber-oriented. The absence of proper management during these land clearing
activities has enhanced severe soil erosion and flooding during heavy rains.

Theincreasein use of fertilizersand agricultural chemicalsfor agriculture activities has been
identified as potential threats to both water catchments and water supplies (Suluvale 1998).
The expanding population has also created an increasing use of forest products for building
purposes. Often, these activitieslack proper planning thus contributing to land degradation.

Plate 1.

Coastal and Marine Resources

Theincrease of development activities, urbanization, increased resource use and population
growth are continuously putting pressure on the coastal zone environment. Most Samoan
villages are located near the sea with an average coastal population density of about 75 per
kn? (Chase & Veitayaki 1992). Theimpactsof tropical cyclones Ofaand Val have caused some
coastal areasto suffer more from storm surge attacks, causing inundation of low-lying areas
and serious damageto theinfrastructure. Several coral reefsarestill recovering from the dam-
age caused by these natural disasters. Further, the same events have been responsiblefor the
relocation inland of many households including two neighbouring villages, Falealupo and
Papain northwest Savai’i. Development in the fishing industry is also identified with severe
degradation of the marine and coastal resources.

Poorly planned tourism activities are also contributing to the deteriorating condition of the
coastal environment.

Plate 1 depictsthe deserted traditional residence of thevillage of Papa. Today only one house
isstill standing there. Thevillage hasbeen relocated to higher grounds further inland, dueto
the impacts of storm surges and wave activities.

Other human activities such as sand mining, and land reclamation, are also inducing stresson
the coastal environments and the marine resources (Taul€ alo 1993b; Saifaleupolu 1996)
4.6 Climate and Health

Littleisknown about the relationship between health and CC in Samoa. Thelast major tropical
cyclones caused loss of lives, thus highlighting Samoa’s vulnerability to natural disasters
which may be an increasingly prevaling trend with global warming. V ector-borne diseases,
such as dengue fever, can significantly enhance health problems, especially in high popul a-
tion-density areas infested with inadequate sewage and drainage systems. Another signifi-
cant CC-health concern is the increase of water-borne diseases for example, gastroenteritis
and diarrhoea, which areidentified with poor water quality and flooding during rainy seasons.
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4.7

Sensitive Sectors and Exposure Units

Samoa has awide and rich diversity compared to other small islands, but its biophysical and
socio-economic systems are very sensitive to current changes in ocean and atmospheric
conditions. Five areas of focus are examined in this study, and theseinclude Coastal environ-
ments, Health, Water, Agriculture and Bio-diversity. They have been specifically selected,
because of their high priority and high sensitivity to CC and noting that they are all interre-
lated and interdependent.

4.7.1 Coastal Environments and Systems

Most of the economic activities, infrastructure and human settlement arelocated in the coastal
areas. These activities, have had adverse impacts on the coastal environment, particularly
thelagoons, coral reefs, mangroveforests and the shoreline (Bell 1989; Zann 19914). |n addi-
tion, the past two cyclones have devastated the coastlinesincluding traditional village sites
causing whole village relocation as explained in the previous section.

This has now prompted the Government to build a seawall. Apiais the most densely popu-
lated area, it also hosts most Government and businessinfrastructure. It isnow surrounded
by a high seawall, which provides protection from SLR and storm surges. Most coastal vil-
lages, however, lack robust seawalls, hence are still vulnerable to SLR. Observations have
shown that coastlines are continually eroding and inundated due to the absence of any form
of protection.

4.7.2 Human Health

Samoa shuman health trend issimilar to other Pacific | slands experiencing noticeabl e changes
in lifestyles and diets. Although the country’s morbidity is now stable, thereis still concern
about the noticeable increase of people contracting non-communicabl e diseases particularly
diabetes, hypertension and obesity, which are classified as diet- and lifestyle-related. There
have been two outbreaks of dengue fever in the recent past. However, developing a correla-
tion between the outbreaks and CC was not possible due to the absence of the relevant data.

4.7.3 Water Sector

Samoa has significant access to an acceptable level of surface and underground water. The
resource is dependent mainly on rainfall that averages about 3000 mm per year. Prolonged
drought spellsin the recent past have highlighted Samoa’ s vulnerability to the potential in-
crease of drought conditions through global warming. Stringent measures were put in place
during the dry spell to ensure all househol ds receive some water everyday.

Bore water is generally good except for those bore holes close to the sea and those located
where the rock formation is porous. Surface water on the other hand increases in turbidity
during heavy rains. Deforestation isidentified with increased soil erosion, which isamajor
causal factor to the deteriorating water quality and reduction in quantity.

4.7.4 Agricultural Activities

Agricultural activitiesare classified into two divisions: livestock and crops. Thesedivisions
and theforestsareall affected by exposureto units of alien/invasive pests, diseases and weeds.
Soil isalso an important exposure unit for these divisions' sustainability. The main crops of
Samoa are coconuts, cocoa, kava, bananas, giant taro, yam and taro (the latter isno longer in
mass production due to the leaf blight).
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4.7.5 Biodiversity

Traditionally, the people of Samoa depended entirely on Samoa’ snatural biodiversity for their
very livelihoods (Fairbairn 1985; Meleiseaet al. 1987; Saifaleupolu 1998). Today, Samoa’ s bio-
diversity still contributesto alarge percentage of the economy (GS 1998c; 1999a). At the glo-
bal level, Samoaisclassified under the Bio-geographical province number 9—aregion hosting
similar combinations of plants and animalsto those found in Samoa. Among the 226 islands
of the South Pacific Region, the Samoaislands rank fairly highinterms of their conservation
value.

Human activities unfortunately are increasingly threatening all the existing ecosystems. In
addition, several species are already endangered by CC extreme events. This assessment,
however, employs ageneral approach with no specification to clarify the impact of CC to Sa-
moa’ s biodiversity.

4.8

Climate and Sea-level Scenarios for Samoa

It isimportant to point out that thereis still uncertainty associated with the models used for
future climate projections, especially in the case of small island countries such as Samoa. The
IS92a emission scenario by the IPCC was used for this assessment because it is the IPCC
“best guess” with less uncertainty relative to the other scenarios1S92e-1S92f (defined in An-

A # nex 1). For theextreme event projection, historical analogswere used dueto the lack of appro-

priate models.

None of the following scenarios are specific predictions of climate and sea level change for
Samoa. They are however regarded asa basisfor asking “ what if” questionsinrelationto
the sensitivity of the country to future CC and SLR.. Uncertainties with the projectionsre-
main due to the lack of data and reliable models used for the Pacific Region.

4.8.1 Temperature and SLR

Thereisalinear trend of temperature with the projected years. The 1S92a“ best guess” sce-
nario projected that by the year 2100 therewill bean increasein temperature of 2°C. ThelS92a
emission scenario for sea-level rise assumesthat the sealevel will increase by 49 centimetres
by the year 2100.

4.8.2 Precipitation

The Scengen model was used for projecting precipitation scenarios. According to the time
horizon used, there is an increasing trend for precipitation. The CSIRO9M 2 | S92a projection
showsthat therewill bea“best guess’ increasein precipitation by the years 2050 (2.2%) and
2100 (4.1%). TheHADCM2 1 S92a proj ections show anincreasein precipitation by 3.7%inthe
year 2050 and 6.8% by year 2100. If therewill be anincreasing trend of ENSO eventsthat bring
long dry periods in the future, then thisincrease in precipitation projected by the modelsis
uncertain.

4.8.3 Extreme Events

Thereis limited knowledge available to determine the relationship between CC and extreme
events. Infact inthe past decade, there has been achangeinthetrend of natural disastersin
the Pacific region. There have been frequent occurrences of cyclones, ENSO and intense
drought, and Samoais vulnerableto all of them. Taking into consideration the present trend
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of the cyclonic occurrencesin the Pacific, Samoawill most likely be affected by more cyclones
in the future.

The ENSO westher pattern has become more frequent since 1977, bringing anincreaseinrain-
fall in the northeast Pacific and rainfall decrease in the southwest where Samoa s situated.
Thelast ENSO event in 1998 caused significant climate variationsin Samoa. It was associated
withincreasesin temperature and long dry periods, causing approximately 8 months without
rain in some parts of the country in that year.

4.8.4 Carbon Dioxide

Carbon dioxide buildup has recently been identified to reduce coral reef development by a
predicted 8% —17% by the year 2050 (Klelpaset al. 1999). High concentrations may reduce
the advantage of metabolism based on four-carbon (C4) over three-carbon (C3) compounds
ingrasses. Inview of these higher temperatures, growing crops with crassulacean acid me-
tabolism, e.g. pineapple, where carbon dioxideisfixed under lower night temperatures may be
afavoured option.

4.8.5 Ultraviolet Radiation (UV-B)

Ozone depleting gas concentrations are only just peaking about the year 2000 and their indi-
rect effects, dueto UV-B radiation, on organismsand thefood chain will continue beyond the
year 2100 (Fraser & Prather 1999).

4.9

Environmental and Socio-economic Scenarios

4.9.1 Population Growth

Itisdifficult to predict with accuracy the future composition of the populationin Samoamainly
because of the considerable under-registration of births and deaths (GS 1999c). It appears
that thereisareduction in emigration as more Samoans are returning to the homeland with the
intention of staying permanently (GWS 19924). At zero net out-migration, the Spectrum model
has projected that by the year 2100 Samoa’ s population will be 1.3 million. 1n 2011, the popu-
lationisprojected to be 263,069, which isfairly closeto the Department of Statistics projection
of 260,069. Provided this projection is accurate, greater demand will be placed on the bio-
physical environment thereby amplifying stress on these resources in the future.

4.9.2 Population Distribution

The current trend associated with internal migration indicatesthat morerural peopleare mov-
ing to urban areas, and that thiswill most likely continue in the future. Better job opportuni-
ties, better education, and better health services spur this urban drift. More and more people
seem to be moving back to Samoato stay permanently and to cultivatetheir lands. The coastal
areas are already under stresswith development activities, which are shifting inland, increas-
ing pressure on land unsuitable for agriculture and water catchment areas. The Government
proposal to devel op thetownship at Salelologa, on theisland of Savaii, will alleviate pressure
caused by the skewed population distribution in the future. Population redistribution is ex-
pected once devel opment iscompleted, creating new jobs and enhancing social serviceswhich
are currently under-developed in Savai'i.

4.9.3 Economy
Economic development istaking place at arapid rate with moreimproved infrastructureand a

wide range of investing opportunities. The Government has begun its planned reforms that
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favour the expansion of the private sector while simultaneously contracting the public serv-
ices. Industries such asfisheries and manufacturing are increasing production whilein com-
parison, agriculture is performing at a modest level partly because of the impacts of natural
disastersand diseases. Subsistence agriculture hasalways been important in Samoaand will
continue to play a significant role in the future. A properly planned tourism industry has a
promising future. Asmoretourists visit Samoa, there will be an increasing demand for more
local human and biophysical resources in this industry. The new township proposed at
Salelologa has the potential to boost both the national economy and to raise the standard of
living for those living on the island of Savai’i.

4.9.4 Changes in Landuse Patterns

Tropical cyclones Ofaand Val devastated a large portion of the merchantable forests. It is
estimated that only 14% of the remaining forests is merchantable with the balance providing
protection for water catchments and to conservethe biodiversity. Whiletheincreasein popu-
lation pressure and land development will most likely reduce the remaining forest cover, a
parallel resilient reforestation programme undertaken by the Forestry Division and the local
communitiesis predicted to provide an overwhelming opposite impact.

4.9.5 Social Changes and Health Problems

Samoans are moving away from traditional and subsistence lifestyles and have adopted some
(not all) western and introduced values and lifestyles. The increase in the incidence of life-
style-related diseasesis probably aresult of the changein diet and behavioural patterns. Mi-
gration to the urban areas poses problems, both social and environmental. Significant per-
centages of the population consume more imports and processed foods. Thereisathreat to
food security as people are more dependent on imports and fewer continue to grow signifi-
cant home gardens. Pressure on water resourcesisevident and will increasein the future, as
the demand increases from the public and industry.

4.10

Effects of Climate Change and Sea-level Rise

Gaining a better understanding of the implications of CC and SLR to Samoa’ s biophysical
environment is constrained at the national level largely by the lack of quantitative data and
limited analytical capability. However, thefew studies already undertaken have enabled some
fair judgements and assessments of what may be expected.

4.10.1 Coastal and Marine Environment

Freguent extreme eventsin the future are expected to affect the coastline drastically, asit did
during tropical cyclonesOfaand Val. Theimpact of storm surgesisexpected to severely change
the coastlines. The Falealupo coastline for example has changed due to more material s being
deposited, making it higher than it was before. The SLR will possibly cause erosion and re-
treat of beaches and marshlands. There will be areduction of some coastal habitats, and in-
creased exposure of structures like roadsto wave activities. It isalso anticipated that there
will be increased flooding in the low-lying flat lands during heavy rains as the water tableis
expected to rise (Chase & Veitayaki 1992).

4.10.2 Human Health

A predicted temperature increase of 2°C will directly affect human health not only from the

heat stress but also because of the amplified vulnerability to possible outbreaks of vector
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borne diseases. Similarly, an increase in rainfall and flooding, which provides favourable
conditionsfor waterborne diseases, can al so increase human vulnerability to CC. Thishuman
vulnerability is highlighted by the tragic outcomes of extreme events. For instance, tropical
cyclone Val in 1991 killed fifteen people. Hence, an increase in frequency of these events
amplifiesthe potential danger to human life.

4.10.3 Water Resources

Observations have shown that very few riversrun all year round regardless of high rainfall.
The availability of water in Samoais heavily dependent on heavy rainfall, land-use practices
and user demand. Anincreaseinrainfall intensity, which some models have projected, will
increase runoff, enhance soil erosion on cleared land, and accel erate sedimentation in the
existing water supplies (Chase & Veitayaki 1992; Saifaleupolu 1996; Suluvale 1998). Not only
will such an event reduce the potential of catchmentsto retain water, but it will al so exacerbate
water quality.

Thelong dry periods associated with the ENSO phenomenon have serious direct impactson
water supplies. Themost recent ENSO event in 1997/1998 has been identified with water short-
agesin many partsof the country. Tropical cyclonesand storm surges also affect water sup-
plies by damaging water supply infrastructure.

Similarly, SLR will enhance intrusion of salt water into freshwater lenses thus reducing the
quality and the quantity of potablewater. Underground water and coastal springswill conse-
guently become more vulnerable with increasein SLR.

4.10.4 Agricultural Activities

The SLR would force home gardens and other agriculture developments further inland. A
similar agricultural shiftisvery likely to occur with atemperatureincrease. That is, atempera-
tureincrease of 2°C would shift the cultivating zone further into higher elevation. Thismeans
that cropsthat are sensitive to low temperatures like coconuts can be introduced into higher
elevations with this temperature rise. Although this may seem aviable alternative, a closer
examination indicates that the landforms at this altitude are mainly steep slopes, appropriate
only for protection forests, and unsuitable for agriculture. Any form of cultivation at this
altitude is therefore ecologically unsustainable and uneconomically viable (ANZDEC 1990).

Although rainfall may increase about 4% in the “ best guess” scenario, it would be morethan
offset by increased evapo-transpiration at higher temperature. Thisisparticularly truein ar-
easwith very low rainfall like the northwestern coastal zone of Savai’i where soils are gener-
aly shallow and droughts are normal occurrences. The higher night temperature, in particular,
has been reported to increase respiration from soils (Beardsl ey 1998), which would reduce soil
organic matter and soil fertility. Higher rainfall would also increase the loss of soil nutrients
due to leaching, especially with the decreased protection of soil organic matter.

Drought tolerant pastures, e.g. Panicum maximum varieties, of guinea/green panic grasses
have been recommended (Reynolds 1995). Likewise, drought intolerant Hereford cattle have
already been cross-bred with Brahman to no more than one-eighth Hereford, and
Droughtmaster cattle breed has also been introduced.

4.10.5 Biodiversity

The projected CC with an increase in rainfall and temperature may be favorable for the rich-
ness of diversity. Thisisbecause awarmer world has greater potential for plant productivity
together with amovement of many speciestowards higher latitudes. Some species, however,

will die out or become extinct, as temperature exceeds their tolerance limits. Sufficient water
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supply will mean enough water for plants and animals for their survival and production. An
increasein SLR, on the other hand, will affect the coral ecosystems asthey may not keep up
with theincreasein sealevel thereby rendering coral reefs more vulnerable to bleaching.

The CC and SLR could have enormous impacts on forest and tree resources in Samoa. For-
eststhat are adapted to lower temperatures could be replaced progressively by tropical spe-
ciesover aperiod of about 50to 100 years. On Savai’i, in particular thismay mean merchantable
forest growing increasingly inland to where there are currently ‘asi (Syzygium
inophylloides),”a’ amatia (Eleocar pus tonganus), and possibly the main highest elevation
vivao situated (Reynoldsia sp.) (Imo & Cable 1996).

Different forest types, varying in tree species composition, will be affected by likely CC and
SLRinthefuture. During prolonged dry spells, theforest areas are very sensitivetofire. The
1998 forest fire during the ENSO period, affected up to 15,400 acres of land, which include s
agriculture plantations.

Plate 2 shows part of the Savai’i forests damaged during the 1998 forest fire that coincided
with the ENSO event.

Salt spraying is quite noticeable in coastal areas and this problem could be extended further
inland with CC and SLR.

4.1

Effects of Environmental and
Socio-economic Changes

Continuing environmental and socio-economic changes are already having adverse effects
on Samoa, and are expected to continueinto the future. The effects of the environmental and
socio-economic scenarios are briefly considered in relation to the possible direct effects of
climate and sea-level change identified in the previous section.

4.11.1 Coastal and Marine Environment

Theincreasein fishing activities and the movement of peopleto the coastal areahasrendered
the coastal environment more vulnerable to human induced stress. For example, increased
reclamation activities affect the coastline and the natural coastal protection. In addition, waste
problemswill be an occurenceinevitableinthefutureif not controlled. Theincreased genera-
tion of waste will cause pollution to the coastal environment. Uncontrolled tourism activities
also can contribute negative impacts on beaches, coastal vegetation, lagoons and reefs.

4.11.2 Human Health

The increase in both population and population density coupled with urban development
encourages favourable conditionsfor epidemic outbreaks of denguefever. Itisalsolikely that
poor sanitation and diet change will enhance the vulnerability to dengue fever and water-
borne diseases. Carel ess disposal of packaging of consumable goods has provided breeding
sites for vectors such as the mosquito carrying the dengue fever virus (Saifaleupolu 1996).
Although there has been some significant improvement in the waste management, there are
still problems that need to be rectified. Thisiscompounded by the poor drainage systemin
the country especially in the densely populated area of Apia.
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4.11.3 Water Resources

Inappropriate |land-use approaches employed in water catchment areas, in particular planta-
tion activities, cattle farming and solid waste disposal are seriously reducing water resource
potential to retain water and to prevent deteriorating water quality. Theincreasein economic
activities, especially the manufacturing industry, is contaminating the water resources
(Gangaiya & Wele 1994). Agro-chemicals are of particular concern in catchment areas. Not
only do they contaminate the immediate water resources, there is also concern about land
based pollution found in the lagoons, which may affect river intakes.

Theincreasein populationisalso likely to resultin aparallel increase of water usedemand. In
the absence of apublic awareness programme focused at proper water management, the cur-
rent changein life style is also regarded as increasing the water consumption rate. Both the
increasing population density and the lack of a proper sanitation and sewage system in the
urban area, have placed water resourcesin thisregion at a high risk of being contaminated.

4.11.4 Agricultural Activities

Urban migration has been established to have reduced agricultural labour in rural villages.
Consequently agricultural products are declining, and agriculture as an industry is no longer
thriving. Thismigration encourages dependency onimported food. Eventually thistendsto
amplify the import bill and simultaneously enhances the likelihood of contracting diseases
associated with affluence.

Besides, urban migration increases both urban popul ation and devel opment pressuresin Apia
and this has already resulted in the conversion of prime agricultural land into settlement ar-
eas. Agriculture, subsequently, isforced further inland and into unsuitabl e upland areaswith
lower fertility and steeper soilsthat erode easily during heavy rains.

Anincreaseintemperature, despite areductionin humidity, can reduce the ability of farmers
to work in agriculture.

4.11.5 Biodiversity

Theincrease in both population and socio-economic activities have contributed to the deg-
radation of Samoa' s biodiversity. If actionsis not taken promptly, the biodiversity and eco-
systems are likely to be seriously degraded in the future. By global standards, Samoa has
very few natural resources. Poorly planned activities, for instance agricultural cultivation for
short-term economic gain, create pressure on the activity sites as well as distant regions —
usually low altitude sites such as rivers, lagoonsand mangrove forests and the associated
ecosystems they encompass. Part of the damage to these coastal ecosystemsis generated
from increasing reclamation.

Unsustainabl e deforestation in the last several decades has depleted theforestsand hasalso
destroyed alarge portion of the biological diversity they host. Thereis also concern about
indiscriminate deforestation and unsustainabl e land-use since they accel eratetheloss of high
value forest and tree genetic resources and encourage the invasion of secondary forest and
weeds. Theintroduction of any exotic species al so has adverseimpacts on someindigenous
ecosystems when competing for food and space. Poorly planned development without an
Environment Impact Assessment (EIA) is also a potential threat to the bio-diversity regard-
less of location in the country.
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4.12 Integrated Assessment of Effects

Samoan life and culture are integrally related to the land and ocean. While current studies
provide someindications of thelikely impacts of CC and SLR on these particul ar resources of
Samoa, the netimpactsare very likely to be cumulative. Thiscumulative effect isdetermined
by the synergistic interaction between the above impacts and the continual environmental
and socio-economic changes.

Some of the salient CC and SLR impacts in Samoa and their interactions are identified in the
flow chart depicted in Figure 1. No attempt is made to provide a detailed description of the
interactionsand cumul ative effects, however, the flowchart i dentifies some of the most impor-
tant inter-relationships. The emphasis of this diagram is to highlight the intimate inter-link-
ages among all aspects of human and natural systems found in Samoa. The flowchart also
underlies the fact that no effect can be considered in completeisolation. Thereisan urgent
need for accurate information to provide an integral understanding of all interdependent ef-
fects. Itisimportant to devel op integrated assessment methodol ogiesthat are appropriate to
the unique but highly integrated biophysical, social and economic environments of Samoa.

Figure 1. Flow Chart of Interaction Effects of Cyclones and Storm Surge on
Sensitive Sector
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4.12.1 Assessment of Adaptation Opportunities

It isimportant that Samoa’ s adaptation strategiestake a‘ no-regrets’ approach. These strate-
giesshould increasethe ability of ecosystems and communitiesto cope with the present and
the ongoing environmental stressesand climate variability. The“no-regrets’ strategiesben-
efit both society and the environment in the long-term in spite of initial economic costs.

A range of sectoral adaptation measures has been qualitatively assessed, based on the eco-
nomic and the environmental cost, cultural suitability and practicability (Annex 2). Each of
these measuresis outlined below.

Coastal Environments and Systems
* Deviseasuitableintegrated coastal zone management plan.

* Plant moretrees e.g. coconut on the coastline to prevent soil loss.

¢ Conduct public awareness programmes targeting the general audience on issues of
reef and lagoon rehabilitation.

*  Build houses that are more suitable to CC.
* Initiate and increase government assistance programme for the coastal areas.

* Discourage reclamation practices.

Human Health

* Health education and awareness need to be implemented at a community level. Regular
cleaning campaigns for sites and places where the mosquito vector is abundant need
to be conducted.

*  Conduct research programmes on the use of biological control.

* Encourage development of proper waste disposal methods to minimise the existence
of vector breeding habitats.

* A reliableand safe drinking water supply is essential.

Water Sector
¢ Community involvement and awareness is very important in controlling the use of
water in a more sustainable manner.

¢ Establish new water catchment areas for conservation. A water catchment management
programme isin place under the Forestry Watershed Management Division for the
protection of water catchment areas. L and-use planning should be modified to control
deforestation.

* Improve and maintain water supply infrastructure such as water tanks, pipes etc.
Increase the number of water treatment plants to ensure safe drinking water for all
people.

Agricultural Activities
* Toreducetheinconvenience of activities, agro-forestry/agro-silvo-pastoral systems

may be utilised to reduce erosion and run-off on steep slopes. This could also be
used to mitigate heat stress and respiration problems and SOM soil fertility loss.

* Cropsand livestock and their cultivated varieties/ breeds may need to be more adapted
to extreme temperature and events such as alternating more severe ENSO cyclones and
droughts.

* Quarantine surveillance should be increased against alien/ invasive species with
higher temperature optima and others, which may be adapted to higher elevations.
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Biodiversity
¢ Community based forest conservation projects should be continued particularly in
areas where there are remaining natural forests with environmental significance.

* Themethod of forest management should be done in such away asto contributeto its
proper purpose, which includes national land conservation, water resource conserva-
tion, nature conservation, wood production, human living environment conservation,
aswell as contributing to prevention of global warming.

* Conduct research in developing social-economic system, which can ensure society
living in harmony with the natural environment.

* Development of appropriate legislation and policies for the conservation and sustain-
able utilization of the country’ s various resources such as forest and mangroves.

* Research tree species that are fast growing and more resistant to insect damage
diseases and forest fires.

* Encourage conducting EIAsfor any major developments.

4.13

Identifying Vulnerabilities

Theleast cost options (economic, social and environmental) for adaptation to CC are those
related to activities that are either on-going or likely to be easily implemented with local re-
sources. The highest cost options, on the other hand, are those that would be identified as
no-regrets strategies (e.g. seawalls) and are related to the most severe effects, and the great-
est vulnerabilities.

Samoans are highly adapted to their biophysical environment. Thisisreflected in their cus-
toms (faa-Samoa) and their traditional houses (fale). There has been considerable change,
however, due to westernisation aswell asthe variahility of the climate to which the Samoans
are still adapting.

Despitethe effectiveness of the no-regrets strategies, they are difficult toimplement through-
out Samoa because they can be expensive. However, with proper planning and good timing
these strategies can berealised within aset time-frame. Inthe case of acoastal areamitigation
strategy for example, ahigh and robust seawall using a“ best guess’ scenario of a49 cm sea-
level rise, atimeframe of about 100 yearsisrequired to complete the whole operation. Inthis
particular case, intermediate steps may involve relocation of people to higher land to avoid
inundation from storm surges. Simultaneous mitigation strategy work on the seawall must
parallel theinland migration to ensure that inundation and beach-erosionis combated. High
priority areas need to be identified for the mitigation work.

4.14

Identifying Gaps and Priority Needs

4.14.1 Information Gaps

Preparing the V & A for Samoahas been constrained mainly by information gaps and the dearth
of datain the following issues and areas:

* Links between CC and Health.

e Statusand health of coral reef ecosystems and their sensitivity to climatic and non-
climatic stresses;

* Land elevation and land at risk from flooding and inundation;
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Erosion processes, sediment transport dynamics and areas at risk from erosion,
especially in coastal areas;

Organisms and their climatic requirements;
Groundwater resources;
Climate related diseases such as diarrhoea and dengue fever;

Possible risk of damage from cyclones to housing and infrastructure (due to lack of
enforcement of building code and standards;

Future climate and SL change in Samog;
Future climate variability and extremesin Samoa;

Present cross-sectoral interactions and the possible effect of climate and sea-level
changes on these interactions;

Cumulative effects and indirect impacts of climate and sea-level change effects;

Costing environmental and social consequences, practicability, and effectiveness of
adaptation opportunities, including mitigative measures and policy strategies.

4.14.2 Capacity Building Needs
Further capacity building is needed to promote an awareness of Samoa’ s vulnerability to CC
and SLR impacts, particularly in the following areas:

Training in vulnerabilitiesto CC and SLR, especially in coastal areas, and feasible
adaptations that are culturally, environmentally and economically acceptable as per
Annex 2;

Public awareness to be prioritised for understanding vulnerabilities and achieving
practicable adaptations;

Strengthening institutions of environmental NGOs (e.g. O Le Siosiomaga Society Inc.,
and Fa asao Savai’i) as well as Government Deaprtments and Ministries, especially
MAFFM, DOE, DOH, DLSE, PWD, MOT, and SWA;

Educate communities to appreciate their own vulnerabilities, to make suitable adapta-
tions, and subsequently decide on the best feasible mitigation.

4143 Priorities
Priority needs to allow Samoato plan and implement appropriate and effective responses to
climate and sea-level changes have been identified and are summarized below:

Improve predictions of extreme events to assure preparedness, thus reducing impacts;

Better understanding of impacts of CC on agriculture (crops, livestock, forests,
cultivars and breeds) adapted to such change, and interactions with invasive/alien
species,

Enhance understanding of coral reef ecosystems, coastal erosion processes, and land
at risk from flooding and inundation. This requires an integrated approach encom-
passing ongoing research, monitoring, capacity building, training, developing local
expertise, strengthening institutional capacity and improving integration of traditional
and modern knowledge.

Improve understanding of impacts of extreme events on infrastructure, human health,
and agriculture - how the impacts change with shiftsin frequency and intensity.

Develop anational policy framework to facilitate implementation of appropriate and
effective adaptation strategies and mitigation measures;
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Incorporate institutional strengthening, community participation, and develop national
capacity and expertise locally and regionally;

Improve regional information on future climate and sea-level change and cumulative
and indirect effects of such changes. Thiswill include developing locally appropriate
methodol ogies for analyzing these effects and increasing understanding of current
interactions of climate, sea-level variation and environmental and socio-economic
effects and changes.
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Chapter 5

National Analysis
UNFCCC and the Kyoto Protocol




5.1 The UNFCCC

The UNFCCC, signed by signatory Governments during the 1992 Rio Summit, entered into
forceon 21 March, 1994. Samoaisone of the Partiesto the UNFCCC and has already under-
taken its associated initial obligations.

The UNFCCC itself isavery useful tool for mankind to achieve its commitment to protection
of the global environment by taking specific measures through sustained and deliberate
changesin lifestyle and industry, to reduce greenhouse gas emissions into the atmosphere.
Thismessageisclearly delineated inthe UNFCCC' s objectiveto reducethe atmospheric con-
centrations of GHG to a stable level within a specific timeframe to ensure no adverse hu-
man-induced interference with CC. Underlying thisobjectiveisthe urgent need to allow the
vulnerable ecosystems to adapt naturally to CC, to minimise threats to the food chain and
other natural productions via ecologically sustainable development.

The UNFCCC already identifies human devel opment activities with the substantial increase
of GHG concentrations in the atmospher e which subsequently generates a warming effect
that isintimately related to CC. The UNFCCC providesamechanism to accel erate CC under-
standing internationally, and simultaneously promote positive global responses to the chal-
lenging issues generated from CC. The UNFCCC al so provides a medium allowing countries
to declare their commitment to combat CC through participating in the global effort to reduce
GHG emissions and simultaneously increasing carbon sinks. Partiestothe UNFCCC can also
share resources —finance, technology and expertise - to ensure that the challenges posed by
CC are appropriately addressed in atimely manner.

5.2

The KYOTO Protocol

The Conference of the Parties (COP) to the UNFCCC at its third session adopted the Kyoto
Protocol in Kyoto, Japan, on 11 December 1997. The Kyoto Protocol not only reinforcesthe
need to achieve the UNFCCC' s ultimate objective, but also provides further mechanisms, to
elucidate all the processesinvolved in this pursuit.

Annex | countries which emit more than 55% of all GHG play acrucia role in facilitating the
objectives of both the UNFCCC and the Kyoto Protocol. Non-Annex | countries, also play a
significant role to ensure that the pursuit of the major objectives of the Kyoto Protocol are
successfully realised. Samoais already a signatory of the Kyoto Protocol and has started
initial dialogue among the stakeholders which include Government Departments, NGOs, the
business sector, and local communities.

5.3

Meeting the Obligations to the UNFCCC
and the Kyoto Protocol

The UNFCCC and the Kyoto Protocol provide a very useful set of guidelines for Samoare-
garding the strategic methodol ogies to combat the impacts of CC and SLR. There are, how-
ever, areas where Samoa, on its own, cannot satisfactorily undertake tasks specified within
the UNFCCC and Kyoto Protocol. The majority of the problems encountered by Samoainits
endeavour to fulfil itsobligationsto these two agreements originate mainly from the foll ow-

ing constraints:
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* Insufficient funds;
* Lack of data and poor information management;
* |nadeguate physical resources; and

* Lack of qualified human resource.

Thefinancial mechanisms set up under subsidiary bodies of the UNFCCC, such asthe PICCAP,
have enabled the Samoan Government to undertakeitsfirst GHG Inventory and to produceits
Draft V& A Statement. These areonly afew of the many tasksrequired to be compl eted as part
of Samoa’ s commitment to the UNFCCC and to the Kyoto Protocol. For Samoato fully im-
plement its obligations and commitments to these two agreements, it will continueto require
external financial assistance.

5.3.1 Sources of Funding

Samoaonitsown cannot effectively fulfil all the requirements stipulated under its obligations
and commitments under the UNFCCC and the Kyoto Protocol. Samoais one of the least de-
veloped countries of the world and one of the most vulnerable to the impacts generated by
theCCand SLR. Itslimited resourcesaredirected mainly at providing the most essential serv-
ices and to maintaining devel opments which engender an improved standard of living for its
rapidly increasing population.

Nonethel ess, the Samoan Government is fully committed to the objectives and the cause of
the Convention and its Protocol. The dialogue initiated between the Government and the
other stakeholdersin the CC and SLR issue hasindicated astrong support for prompt action.
But again, since Samoais constrained by limited financial potentia it will not be ableto fully
implement itscommitments unlessit gains accessto external sources of funds specifically set
up for such purposes.

5.3.2 Transfer of Technology

Technology was one of theissues commonly raised during the GHG Inventory exercise. Data
quality, quantity, and its management are all major constraining factors, asidentified by the
Government of Samoa in the implementation of the UNFCCC. An indispensable part of the
problem arises from the lack of technical equipment with the capacity and the capability to
improve datastorage and easy management. Thisissue hasbeen raisedinthe GHG Inventory
and is addressed again in this National Communication because future UNFCCC-related
projectsdepend to alarge extent on the availability of quality dataand efficient data manage-
ment.

Further, Samoa, like most | east-devel oped countries, is still relying upon outdated technol o-
gieswhich are already obsoletein most parts of theworld. Thisisvery apparent inthe energy
and transport sectors. For example, the diesel generators used by the Electrical Power Corpo-
ration are fairly old and very low in efficiency. In addition, office and household equipment
likerefrigeratorsand air-conditioners, require either proper retrofitting with non-ODS, or total
replacement.

Inthetransport sector, many motor vehicles, both government- and privately-owned, are not
operating at maximum efficiency. The old vehicles have not been properly retrofitted to take
the newly introduced unleaded petrol (the only petrol available in Samoa now), hence effi-
ciency isexpected to be very low.

A reliable database of good quality isurgently needed by Samoa’ s plannersand policy-mak-
ers. Quality datais an indispensable ingredient for imaginative and prudent strategic plan-
ning and policy-making. Inthefight against the current and the projected CC and SLR, Samoa

must possess an adequate database of good quality.
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For the above and the needsin other sectors, it is necessary to transfer proven, environmen-
tally-friendly, and culturally acceptable technology into Samoa. Article 4.5 of the UNFCCC
providesfor this necessity. Itisvital that the following aspects are taken into consideration
during the transfer of technology into the country:

1. Tomodify the technology to suit the local needs — environmental, socio-economic and
cultural - sinceits only through this process that any technology can be applied with
more effectiveness.

2. That the recipients of the technology need to understand and to appreciate the
technology. Thisrequires raising awareness through education and training of
communities about the benefit and the relevance of the technology to improving their
lives.

Technology transfer in the past has tended to neglect these two aspects and thus, has not
realised its full potential in the community despite good intentions.

A priority listisprovided, of areaswherethe UNFCCC can provide assistance with respect to
technology transfer.

* Energy —research into renewabl e energy sources including solar, wind, wave, bio-
mass and hydro.

* Energy conservation — awareness and education programmes targeting conservatiive
energy-use behaviour.

* Energy replacement
1. researchinto the potential of coconut oil to replace diesel oil
2. research into the potential of methanol from biomass to replace gasoline.

* Refrigeration — conduct workshops on proper retrofitting procedures and recovering
of CFC, and increasing appliance efficiency.

* SLR-need technology necessary for adaptation and mitigation including suitable
models to provide accurate projections.

¢ Datamanagement and processing — requires both training human resource and
upgrading physical facilities.

The Kyoto Protocol under Article 12 also provides for the Clean Development Mechanism
(CDM) which could be employed by the least developed countries like Samoa to accommo-
date the transfer of necessary technology through a voluntary partnership with an Annex |
country. Although the proceduresinvolved are not yet finalised, CDM can be a useful tool
for technol ogy transfer which may eventually achieve some of Samoa’ s needsfor adapting to
CCand SLR.
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Annex 1

Precipitation Scenarios Using SCENGEN Model

SCENARIO 2025 2050 2100
Precipitation Precipitation Precipitation

CSIRO9M2

| S92a (mid) 1.3% 2.2% 4.1%

1S92e (high) 1.9% 54% 7.6%

HADCM2

| S92a (mid) 2.1% 3.7% 6.8%

1S92e (high) 33% 6.1% 12.8%

46




Annex 2

Evaluation of Sectoral Adaptations for Samoa

Sector s/ Exposure Units

Economic
Cost

Environ.
Cost

Cultural
Unsuitability

I mpracticability

Coastal Environments
and Systems

Coastal protection structures:
*  Selected area

o Entire coast

**

* k%

* k%

* %%

* k%

* %%

* k%

Re-vegetation &
vegetation protection

*

(*** vs tourism)

Prevent aggregate removal

**

* k%

Conservation areas

* %

Human Health

Reduce mosquito breeding sites

Mosguito nets and screens

* %

Enhance quarantine measures

Water Sector

Protect catchments and storage

* k%

* %

Enhance ground-water reserves

* k%

More Treatment Plants

* k%

* %

Agricultural Activities

Adopt agro-silvo-pastoral systems

Adapted organisms

*k*

**

**

**

Depend on imported foods

* k%

* k%

* k%

* k%

Biodiversity

Conserve & sustainably use

**

**

**

Conservation covenants

**

**

EIA * k%

**

*k*k

Key: *=low **=medium

*+% = high

47



References

ANZDEC Ltd. Consultants 1990, Land Resource Planning Study Western Samoa Final
Report, Asian Development Bank TA No. 1065-SAM. A8.3

Beardsley T. 1998, “In the heat of the night” Scientific American, Oct. p.20.

Bell L.A.J. 1985, “Coastal Zone Management in Western Samoa” Report of Third South
Pacific National Parks and Reserves Conference, SPC 11:57-73.

Bell L.A.J. 1989, “Marine Conservation: Present Statusin Western Samoa’, Report of the
Workshop on Customary Tenure, Traditional Resource Management and Nature, ed
P.E.J. Thomas, SPC, New Caledonia

Bifani P. 1992, “Environmental Degradation in Rural Areas’, in Environment, Employment
and Development, ed A.S. Bhalla, International Lanour Office, Geneva, pp.99-114.

ChaseR. and Veitayaki 1992, | mplications of climate change and sea level risefor Western
Samoa. SPREP Reports and Studies N0.59, Apia.

Commonwealth of Australia 1996, National Greenhouse Gas I nventory 1988 to 1994, Sum-
mary and Analysis of Trends Department of the Environment, Australia.

Conndll J. 1983, Migration, Employment and Development in the South Pacific: Country
Report No. 22, Western Samoa, South Pacific Commission, New Caledonia.

Connell J. 1984, “Islands Under Pressure — Population Growth and Urbanisation in the
South Pacific” , Ambio, 13(5-6):306-312.

Cook J., Gilmour A.J. and Johannes R.E. 1993, Western Samoa Fisheries Extension and
Training Project, report for the Government of Western Samoa, and Australia, Apia.

Elliot H.F.1. 1973, “Past, Present and Future Conservation Status of Pacific Islands’ inNature
Conservation in thePacific, edsAB Costin & RH Groves, ANU Press, Canberra, pp.217-
227.

Fairbairn I. Te' 0 1985, “The Subsistence Sector and National Income” inlsland Economies:
Studies from the South Pacific, Institute of Pacific Studies, USP, Suva, pp324-376.

Fairbairn|. T€ 0 1991, The Western Samoan Economy: Prospects from Recovery and Long-
term Growth, Australian International Development Assistance Bureau, International
Development Issues No. 17.

Fairbairn1. Te€ 01993, Western Samoa’ s Censusof Agriculture—Major Featuresand I mpli-
cations for Development, Centre of South Pacific Studies, University of New South
Wales, Sydney.

Fairbairn|. Te€ oand Va ai K. Afoa1994, The Western Samoa Economy — Paving the Way for
Sustainable Growth and Stability, International Development Issues No.35, AIDAB,
Canberra.

Forenco Consultants Ltd. 1995, Western Samoa/New Zealand Forestry Project, prepared
under the NZ Official Development Assistance Programme Ministry of Foreign Affairs
and Trade, Wellington.

Fosberg F.R. 1973, “Past, Present and Future Conservation Problems of Oceanic Islands’, in
Nature Conservation in the Pacific, eds AB Costin & RH Groves, ANU, Canberra,
pp.209-215.

Fraser P.J. and Prather, M.J. 1999, Nature 398:663-664.

GangaiyaP. and Wele . 1994, Land-based Pollution Sources of the Marine Environment in
Western Samoa,: A Case Study, SPREP, Apia.

GS 19983, A Compendium of National Environmental Statistics, an ADB-funded project,
Government of Samoa, Apia.

GS 1998b, Samoa and the Environment: A Framework for National Environmental Statis-
tics, an ADB-funded project, Government of Samoa, Apia

(GS1998c, Strengthening The Partnership — A Statement of Economic Strategy 1998 - 1999,
Treasury Department, Government of Samoa, Apia.

48



GS1998d, Annual Report 1997, Department of Trade, Commerce and Industry, Government of
Samoa, Apia.

GS 1999, Treasury Quarterly Bulletin, Government of Samoa, Apia.

GS 1999, Demographic and Health Survey, 1999 — Analytical Report, Department of Statis-
tics, Government of Samoa, Apia

GWS 1980, Western Samoa’ s Fourth Five Year Plan, Department of Economic Devel opment,
Government of Western Samoa, Apia.

GWS 1983, Vital Statistics 1982, Department of Statistics, Government of Western Samoa,
Apia

GWS 1984, Western Samoa’s Fifth Development Plan 1985-1987, Department of Economic
Development, Government of Western Samoa, Apia.

GWS 1987, Western Samoa’s Sixth Development Plan 1988-1990, Department of Economic
Development, Government of Western Samoa, Apia.

GWS 1990, Report on the 1989 Census of Agriculture: Western Samoa, Department of Agri-
culture, Forestry, Fisheries and Observatory.

GWS 1991, Western Samoa’'s Tourism Plan 1992-2001, Revised Draft, Prepared by Tourism
Council of the South Pacific for the Government of Western Samoa, Apia.

GWS 19923, Western Samoa’ s Seventh Devel opment Plan 1992-1994, PrimeMinister’ sDepart-
ment, Government of Western Samoa, Apia.

GWS 1992b, Western Samoa — Forest Area Statement, Department of Agriculture, Forestry,
Fisheries and Observatory, Apia.

GWS 1992c, Apia Sewage Project — Review of Master Plan 1992, Report prepared by GKW
Consultantsand Associates, Apia.

GWS 19933, Western Samoa Forestry Policy Review — Revised Draft Forestry Policy State-
ment, Forestry Division, Department of Agriculture, Forestry, Fisheriesand Observatory,
Apia.

GWS 1993b, Report of the Census of Population and Housing 1991, Department of
Statistics, Government of Western Samoa Apia.

GWS 1993c, Department of Trade, Commerce and I ndustry Annual Report, Department of
Trade, Commerce and | ndustry, Government of Western Samoa, Apia.

GWS 1994, Western Samoa Forest Policy, Government of Western Samoa, Department of
Agriculture, Forests, Fisheries Observatory, Apia.

lakopo M. Asuao and Reti |. Muliagatele 1990, Review of Environmental Management | ssues
in Western Samoa, Department of Agriculture, Forestry and Fisheries, and Department
of Lands, Survey and Environment, Apia.

Imo S. and Cable W.J. 1996, Samoa: Reporttothe FAO I nternational Technical Conference
on Plant Genetic Resour ces, | nternational Conference and Programmefor Plant Genetic
Resources (ICPPGR) Sub-Regional Meeting for Southeast Asia and the Pacific, FAO/
RAP, Bangkok, Thailand, 3-6 October 1995.

IPCC 1994, The 1994 Report of the Scientific Assessment Working Group of | PCC: Summary
for Policymakers, Intergovernmental Panel on Climate Change.

IPCC 1996, Revised | PCC Guidelinesfor National Greenhouse | nventories, Intergovernmen-
tal Panel on Climate Change.

JCA 1998, Project | dentification Study on Waste Management for the | mprovement of the
Urban Environment in Samoa, prepared by the CMPS&F Pty Ltd., Chatswood, NSW,
Australia

Johannes R.E. 1977, “ Traditional Law of the Seain Micronesia’, Micronesia, 13(2):121-127.
Johannes RE 1981, Words of the Lagoon, University of California Press, California.

Johannes R.E. 19823, “ Traditional Conservation Methods and Protected Areasin Oceania”,
Ambio, 11(5):258-261.

Johannes R.E. 1982b, Reef and Lagoon Management in Western Samoa, unpublished report
to the Government of Western Samoa and the SPC, Apia.

49



Johannes R.E. 1986, Criteria for Determining the Value of Traditional Marine Tenure Sys-
tems in the Context of Contemporary Marine Resource Management in Oceania,
SPREP, New Caledonia.

Klee G.A. 1980, “Oceania’, inWorld Systems of Traditional Resource Management, ed GA
Klee & E Arnold, VH Winston & Sons, London, pp.245-281.

Kramer A. 1901, Die Samoa-Inseln, Band | and I I, republished 1988, by McMillan, Papakura,
Auckland.

Lockwood B. 1971, Samoan Village Economy, Oxford Universit Press, Melborne.

MeleiseaM. et al. 1987, Lagaga: A Short History of Western Samoa, eds M. Meleisea & P.
Meleisea, Ingtitute of Pacific Studies, USP, Suva.

Reti I. Muli’ agatele 1990, New Challengeto Western Samoa’ sEnvironment, aK eynote Paper
to UNDP Workshop on Challengesto Western Samoa s Environment, unpublished, Apia.

Reynolds S.G. 1995, Pasture-Cattle-Coconut Systems, FAO, Regional Officefor Asiaand the
Pacific (RAPA), Bangkok, Thailand. RAPA Publication 1995/7. 668 pp.

Saifaleupolu S. 1985, The I nfluence of the Southern Oscillation on the Climate of Western
Samoa, unpublished M.Sc. thesis, Victoria University of Wellington, NZ.

Saifaleupolu S. 1996, A Farmework for Environmental Management in Western Samoa,
unpublished Ph.D. thesis, Macquarie University, Sydney.

Saifaleupolu S. 1998, “An Overview of Western Samoa s Environment”, PRISMCS, National
University of Samoa, Apia.

Suluvale E.T. 1998, The Role of Contaminantsin Altering the Coastal Environment of Sa-
moa, unpublished Ph.D. thesis, University of Adelaide, Adelaide.

Tauledo 1. Tu' U u 19933, Western Samoa - State of the Environment Report, South Pacific
Regiona Environment Program, Apia.

Taule aol. Tu' u u1993b, Western Samoa: National Environmental Development and Man-
agement Strategies, South Pacific Regional Environment Program, Apia.

Turner G. 1884, Samoa a Hundred Years Ago and Long Before, London.

Von Bulow W. 1902, “Fishing Rights of the Natives of German Samoa’, Globus LXX(XI),
pp.40-42.

World Bank 1995, Managing Urban Environmental Sanitation Servicesin Selected Pacific
Island Countries: Western Samoa, Washington D.C.

Zann L. 1991a, The Inshore Resources of Upolu, Western Samoa: Coastal | nventory and
Fisheries Database, Field Report No.5, FAO/UNDP Project SAM/89/002.

Zann L. 1991b, Fisheries Resources for Management - Western Samoa Phase 1: Project
Findings and Recommendations, Second Draft of Terminal Report, FAO/UNDP Project
SAM/89/002.

WWEF 1998, PoliciesandMeasuresto Reduce CO, Emissionsin the United States: An Analysis
of Optionsthrough 2010, A Study for World Wildlife Fund by Stephen Bernow, William
Dougherty, Max Duckworth, Sivan Kartha, Michael Lazarus, Michael Ruth, Tellus Insti-
tute and Stockholm Environment Institute, Boston, M assachusetts.

50



	Executive Summary
	Acronyms
	Contents
	1. National Circumstances and the UNFCCC
	1.1 Geography and Geology
	1.2 Climate
	1.3 Population
	1.3.1Growth and Trends
	1.3.2  Urbanization and Internal Migration

	1.4The Economy in Brief
	1.5 Agriculture
	1.6Fisheries
	1.7 Forestry
	1.8 Water Supply and Resources

	2. The National GHG Inventory
	2.1 Introduction
	2.2Data and the Basis of Calculations
	2.3 Levels of Confidence
	2.4 Special Characteristics of the Inventories
	2.4.1Missing Features
	2.4.2 Emissions, Removals and Net Emissions
	2.4.3Energy
	2.4.4Agriculture
	2.4.5Land Use Change and Forestry
	2.4.6Implications


	3. Mitigation
	3.1 Steps taken by Samoa to Implement the UNFCCC
	3.2 Infrastructure
	3.3 Policy
	3.4 Regulations
	3.5 Projects and Surveys
	3.6 Education - School Curriculum
	3.7 UNFCCC Mitigation Assistance

	4. Vulnerability and Adaptation
	4.1 Introduction
	4.2 Population and Food Security
	4.3 Urbanisation and Water Resources
	4.4 Landuse, Deforestation and Land Degradation
	4.5 Coastal and Marine Resources
	4.6 Climate and Health
	4.7 Sensitive Sectors and Exposure Units
	4.7.1Coastal Environments and Systems
	4.7.2Human Health
	4.7.3Water Sector
	4.7.4Agricultural Activities
	4.7.5Biodiversity

	4.8 Climate and Sea-level Scenarios for Samoa
	4.8.1Temperature and SLR
	4.8.2Precipitation
	4.8.3Extreme Events
	4.8.4Carbon Dioxide
	4.8.5Ultraviolet Radiation (UV-B)

	4.9 Environmental and Socio-economic Scenarios
	4.9.1Population Growth
	4.9.2Population Distribution
	4.9.3Economy
	4.9.4Changes in Landuse Patterns
	4.9.5Social Changes and Health Problems

	4.10 Effects of Climate Change and Sea-level Rise
	4.10.1 Coastal and Marine Environment
	4.10.2 Human Health
	4.10.3 Water Resources
	4.10.4 Agricultural Activities
	4.10.5 Biodiversity

	4.11 Effects of Environmental and Socio-economic Changes
	4.11.1 Coastal and Marine Environment
	4.11.2 Human Health
	4.11.3 Water Resources
	4.11.4 Agricultural Activities
	4.11.5 Biodiversity

	4.12 Integrated Assessment of Effects
	4.12.1 Assessment of Adaptation Opportunities

	4.13 Identifying Vulnerabilities
	4.14 Identifying Gaps and Priority Needs
	4.14.1 Information Gaps
	4.14.2 Capacity Building Needs
	4.14.3 Priorities


	5. National Analysis UNFCCC and the Kyoto Protocol
	5.1The UNFCCC
	5.2 The KYOTO Protocol
	5.3 Meeting the Obligations to the UNFCCC and the Kyoto Protocol
	5.3.1Sources of Funding
	5.3.2Transfer of Technology


	Annexes
	1. Precipitation Scenarios Using SCENGEN Model
	2. Evaluation of Sectoral Adaptations for Samoa

	References

