South Pacific Reglonal Environment Programme

Assessment of Coastal Vulnerability and Resilience
to Sea-Level Rise and Climate Change

Case Study:
'"Upolu Island, Western Samoa

Phase | : Concepts and Approach

Kay, R.C, Elisara-Laulu, F.M.
I'ask Team Leader Consultunt
Managing Director Apia
Coustal Risk Management Internanonal Lid Western Samoa
Norwich, England

and; Research Consultant

Centre for Environmental and Resource
Studies

L miversity of Waikato

New Lealand

Cole, R.G. Yamada, K.
l'.'unr;u]t;mg Iverseas FKiwlronmental Coupseration
Leigh Marine Laboratory e
I'he Liniversity of Auckland faater (OECC)
New Zealand Japan

Funded by
Environment Agency Government of Japan (EAJ)

Apia, Western Samoa
March 1993






FOREWORD

Smi il orsiands in Scuth Fasiiic region are giving spectal atlenlion and
challenges Lo coyironmental planning and sustainable devslopment, Swall islands
tave oumerogs environmenlal problems tneluding the vartous pressures |ike
cronomics aud population cencenlraled an the coastlal gouse or o Limited land
drea.

in addition. extreme climale events. tor example. high tides. tvpheons.
cyelunes and storm sarges Lhrealens island evxistence. The aslands are
eenlngical iy and gconomcal by fragile and vulaerahie to the effecls of climate
change and have identified as Lhe priority acltion area Ter develeping adaplive
respanse strategies Tor tulure sea Tevel rise.

Toe abjeet of Lhes study T5 10 conlelbule to the sntearabed coaslal zone
management al natoonaliWestern Samoa). regiowal (Suulh Pasilic) and inlernational
Fevels, The study consisls Lwo prase projecls to achieve Lhis objert.

This study was spansored by the Environment Agency nl the Japaness
Government and was carried oul by the Overseas Eopvironmental Cooperation
CenlertECe: in ol labaratlon with Santh Facilir Beg:onzl Environment
Prigramme(SPREDS .

Weowre wery gratelul to Lhe Goveramenl ol %estern Samoa providiog this
wtudy worh naetnl data and informatiog.
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| 2 Executive Summary

This report summarises Phase [ of a two-phase project which analyses the powntal future impact
of climarte change and sea-level rise on the coast of Westem Samoa.

Phase 1 focussed on the development of a broad new stress-impact assessment framework for the
assessment of vulnerability to climate change and sea-level rise. Upolu Island, the most
populated, and second largest island of Western Samoa was used as a case study, The
conclusions and recommendations of Phase [ will form the basis of the workplan for Phase [1.

The development of o new stress-impact assessment framework was required because of the
inapplicability of economic (cash) cost-benefit vulnerability assessment techniques 1o the
subsistence economies and customary land tenure systems of Western Samoa. The feasibility of
the new stress-impact assessment framework was tested by use of a series of preliminary case
studies,

The development of the new siress-impaci assessment framework was carried out without
consideration ol specific climate chunge and sea-level rise scenarios. Consequently, no specific
assessments of the potential future impacts of climate change and sea-level rise are undertaken in
thig report.

Phase 11 atms o contribute 10 & natonal acton plan which wall assist in reducing the impact of
voastal hazards, including furure sea-level nise, within Western Samoa. Coastal management
policies and plans are required of Western Samoa under the Framework Convention on Climate
Change (FCCC) and encouraged by Agenda 21, Moreover, Phase [1 aims Lo conmbute to regional
and international work pragrammes, particularly those of the South Pacific Regional Environment
Programme (SPREP). It was also intended that the methods used in this study would conibute
iy the development, by the IPCC Coastal Zone Management Sub-Group (CZMS), of an
approprigte vulnerability and resilience assessment methodology for the specific characieristics of
small island stazes with largely subsistence econonnes.

The Western Samean study has been carried out 1n parallel with & study of the impact of external
and internal stresses on the 1sland of Vid Levu, Fiji, Both studies form pan of an ongoing
programme of sea-level nise and climate change impact assessment studies coordinated by the
South Pacific Regional Environment Programme.




Central to this study was the srong coastal-dependence of the people of Western Samoa. The vast
majority of its population, services, infrastructure, culmral cenrmes, social facilines and
conservation areas are located within coastal arcas, and are thercfore vulnerable to stress. The
people and government of Western Samoa are already well aware of coastal and climauc hazards.
Powerful cyclones struck in Samoa in 1989, 1990 and 1991 and the country was still recovering
from their impucts at the ime of this study.

The Coastal Svstem vulnerability and resilience analysis undertaken in this report has highlighted
the wide range of critical issues requiring the intervention of coastal managers. Critical coastal
mandgement issues ocour in Western Sumoa because of the impact of external and internal stresses
on complex and strongly interacting Coastal Systems.

Important external stresses to the Coastal Sysiems of Western Samoa include: cyclones, tourists,
Auctuanons in global markets, aid donor requiremenis and remittances, Two additional external
stresses, future sea-level rise and climute change, are likely to add 1o the already exiensive amray of
axternal stiresses. When external stresses are imposed on Coastal Sysiems already stressed by
considerable tnternul stresses, critical coustal management problems resull.  Important internal
stresses  in Western  Samoa  include: pollution; the social pressures of
unemployment/underemployment, migration and poverty: cultural change: land reclamation;
modernisanon; and natural resource exploitaton.

Critical coasmal management problems that result from the interaction of internal and cxternal
stresses inclikle: coastal erosion, Nooding, and degradation of reefs, mangroves and coasial plamns.
In many cases coastal manggement problems result from the impact of more than one stress.
Further, iniernal and external stresses ofien interact. Consequently the resultant coastal impacts do
not have clear cause and effect  As a result, formulating and implementing appropriate
management responses was exmremely difficult. For example, coastal emsion in rural "Upolu was
probably due to the combined impacts of many stresses. Some stresses which exacerbate coastal
erosion include: cyclones, beach and lagoon sand mining; reduction in reef productivity due to
overfishing and sediment runoff from poorly managed watersheds; and the consouction of poarly
designed seawalls by willagers,

However, despite multiple and interacting stresses there are significant opportunities for the
effective and integrated management of the Coastal Systems of Western Samoa. This opportumity
stems from both recent national government initiatives and the continued strength of involvemeni
in the day to-day use and management of coasral resources at the village level.
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At the national level, the most recent Development Plan 1992-1994 swrongly advocates sustainable
resource management, There was also a comprehensive array of environmental management
legislution which may be enacted to achieve the gosl of sustainable coastal resource management.
In addition, a range of envirnnmental and disaster management issues are being addressed through
nativnal povernment initdatives, including the National Environmental Management Strategy
(NEMS) and those of the National Disasier Council. All of the twelve Targel Environmental
Components which NEMS has identifed as being of high priority for natonal consideration have
direct significance o the coastal areas of Western Samoa

The Oprimal Management Response for the reduction of the umpact ol stresses 10 Coastal Systems
will require the integration of such enviranmenial management, disaster management and
development planning policies and initatives. Effective implementation of national policies and

striteies in urban Apia wall require the creation of the proposed Apia Municipal Authority.

The customary ownership of much of ‘Upolu’s coastal land, and the madibonal ties of coastal
villagers with coastal land and water, also provide a significant coastal management opporuniry.
Western Samoans retain srrong links to coastal resources through subsistence economic
exploaation,  [n additnon, the decision-making powers of village councils remain strong.
Consequently, there was scope for villagers to develop, implement and enlorce coastal resource
management strategies through village rules and taditional methods of enforcement.  1f villagers
do not feel that thev are responsible for the success of a coastal management strategy. 1t is likely 0
fail. Therefore, the success of nanonally conceived coastal management strategies in Western
Samod way likely to be greatly enhanced through the sharing of coastal management strategy
development with viliage decision-makers.

Unfortunaely, notwithstanding the opportunities for effactive and integrated coastal zone
management w1 Western Samow. thers are important constraints hindening effecuve policy
development and implementanon. There are two crinical consoraints. The first 15 the financial and
human resource constraints of key central government agencies, such as the Division of
Environment and Conservation. Second, poor linkage between the national and village levels of
decision-making hinders effective policy developraent. The poor linkage of national and village
lewvel decision-making, will result in sub-optimal policy implementaton, assuming national
government siaff will be provided with enough resources 1o develop such coastal management
stralegies. The limited resources in central government mean that the development of an inegrated
coastal zone management plan in Western Samoa will be a slow and frusmating process. Specific
recommendations are made in order to alleviaie these constraints,




Development of the new stress-impact assessment approach

The new stress-impact assessmenl approach to the development of coastal zone management
strategies w mitigate the potential future impacts of climate change and sca-level rise considers
chimate change and sea-level rise as additional siresses within a broad smess response framework.
‘I'his broader framewaork takes into account the soresses imposed on Westen Samoa’s coastal zone
from outside iy borders. These “external stresses” include the physical stresses of cyclones, and
waves, as well as social and economic stresses including: tounsts, remittances, and [luctuations
and trends in global economic markets

In addition, the new stress-response framework considers the impact of stresses generated within
Western Samoa. These stresses are generally the resull of human actions, but can also be due 1o
natural facrors. Internal stresses within Western Samoa’s coastal zone include: polluton, social
stresses. cultural chuange, population pressure. land reclamution, developmental stresses and
resource exploiation. The magnitude of the internal stresses varies markedly around the island.

Internal and external stresses, including sea-level rise and climate change, are viewed as impacting
on separate, vel strongly interacting "Coastal Systems™.  This "Systems Approach™ was a
management-oriened view of coastal zones, Coustal Systems are divided into "Huard™ and *Soft™.
This division follows the terminology used in the computer industry for “hardware™ and
“software™ for tangible and intangible components respectively. Thus “Hard Coustal Systems"
include all tangible componenis of the coasial zone, including beaches, cliffs, coastal inhabitants
and coastal infrastructure.  “Soft Coastul Systems™ encompass the intangible components of
coastal zones including their socio-culrural and institetional Systems, and the economic benefits
gamed [nom the use of hard coastal resources. Soft Coastal Systems can also be thought of as the
values and amrudes penple have regarding the land and water resources of the coastal
environment.

Each Coastal System was made up of 4 number of “Sub-Systems™ which were in wrn made up of
“Coastal Sub-Sysiem Elements™. The coastal zone of 'Upolu 1sland contains six Coastal Systems,
twelve Sub-Systems and numerous Coastal Sub-Svstem Elements. The six Coastal Systems are
human, nataral, infrastructumal, cultural, economic and institutional.

The assessment framewaork considers that each Coastal System contains attributes which
contribute 1 a System’s vulnerability, and armibutes which conrtribute 10 a System’s resilience.
These vulnerability and resilience atiributes are artificially divided and analysed separately. This
scparation was undenaken in order to clanfy the range of management responses available to
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reduce future climate change and sea-level rise stresses, as well as 10 reduce the impact of the
broader range of internal and exiernal smesses considered,

The “systems approach™ developed in this report was a flexible, non-prescriptive method for
analysing the diverse coastal zones of the South Pacific region. The three levels - Systems, Sub-
Systems, and Sub-System Elements - create Mexibility by allowing a hierarchy of commonality
between. and within, the coastal zones of the region’s nations, Many, and probably most, Cuoastal
Svstems will be applicable to the majority of the region's coastal zones, There was less
commuonality at the Sub-system level. Sub-System Elements will be markedly different between
coastal nations, and will also show yariations within countries ar a case study level.

The term “vulnerability” was used to describe the atmbutes of a Coastal System which will react
adversely o the occurrence of an internal or external stress. Such anributes will tend w0 produce a
negative outcome. The erm “resilience” was used in the opposite sense to vulnerability. Resilient
attributes of @ Coastal System will tend 10 reduce the impact of internal and external stresses.
Resilient System atributes can be inherent characteristics which allow adaptation to stress, or be
conscious adjustment decisions and actions taken by people in order 1o reduce damage.

The el impact on cach Coastal System due 1o internal and external stresses was the net ditference
between the System's vulnerable and resilient arributes. This net System impact was interpreted
1 he a measure of the Sysiem’s ability 1o cope sustainably with stress, and was lermed the
“Sustainable Capacity Index (SCN". The concept of sustainability was introduced in order to

highlight the long-term viability of Coastal Sysiems shown by the difference between vulnerability
and resilience scores,

The analysis of coastal sysiem vulnerability and resilience was undertaken through a qualitanve
scoring process, supported by principles of risk assessment, engineering analysis and resource
management. Resilience and vulnerability scores were carried out for present day stresses and
Systen conditons. The scoring process was then repeated for “furure conditions”. Furure
condinens include the additonal stresses of climate change and sea-level rise, continuing internul
and external stresses, as well as assumed changes o Coastal Systems. Thus the assessment
framework considers a “real life” evolving and dynamic coastal zone,

Future condition vulnerability and resilience scores ure assigned assuming rwo management
intervention scenarios. The “No Management™ scenario assumes no attempts will be made by
national or village decision makers W reduce the impuct of stresses in addition 10 the present
voastal management regime. In contrase, the “Optimal Management Response (OMR)" scenario




assumes that a suite of management interventons will be undertaken which will oplimise the
reduction of stress-induced impacts on Coastal Systems. These may include national coastal
management and disasier management policies and plans, and education and training ol village
level decision-makers. Detatled OMR strategies will be examined in Phase 11.

Clearly, the approach requires refinement. At present the assessment framework is & way of
approaching the issuc of the potential nisks 1o coastal zone Sysiems from niernal and external
stresses, including sea-level rise and climate change. In order for this framework to be
runsformed into 4« methodology which can be formally apphed 1o support coastal management
decisions within countries, and compare the efficiency of management decisions between
countrics, further development s required. Two major areas tor the development of the
vulnerability end resilience assessment approach are given below: clanfication of vulnerabulity and
resilience scomng; and hnking the Coastal System siress assessment framework o Impact Zone
and Connected Area Analysis (IZCA).

In its present form the qualitabve scoring assessment framework cannot be systematically repeated
in other coastal rations, nor can it be repeated in Western Samoa by another study team. This
non-repeatability was caused because the vulnerability and resilience scores are assigned hy a
study team through a consensus process, based on the available information. As a result, the
scores have a dependence on the compasition, professional backgrounds, expenence and value
judgements of the study ream. In order lo develop a repeatable, and hence regionally applicable,
vulnerability and resilience assessment framework, further work will need to concentrate on
establishing boundarics between scores. Determination of the confidence in assigming scores
derived from different amounts of informanon also jusufies further investgation.

Thresholds between scores must be closely examined in future development of the Sysiem
vulnerability and resilience assessment approach. Clear delincation of the difference between
scares will be required if the broad assessmem framework was developed further into a
methodology which can be readily applied by coastal managers and decision makers,

[n addition, a future refinement must relate 1o identifying the interactions between System
allrsbutes that compnise vulnerabilipes and resibences. In this imnal framework they are
considered independent, and can be added together o give an indication of the overall vulnerability
and tesihence of the Systems being studied. Future work in Phase 11 13 likely 1o show that the
vulnerability and resilience are highly interactive, and that the vulnerability and resilience scores
cannot simply be added ogether,




Coastal System vulnerability and resilience assessment may be embedded within Impact Zone -
Connected Area (IZCA) analysis. [ZCA was a recently developed generalised framework for the
formulation of stress mitigation srrategies, within which Coastal Sysiems analysis was an integral
part. 1ZCA is a four stage process. The analysis required in each stage is listed below.

Stage |: Suess-impact zone delinearion

Stage 2: Vulnerahility and resilience analysis of Coastal System within smress-impact zones
(undertsken in this study )

Stape 3 Analysis of links between Coastal Systems within the stress-impact zone and non-

stress-impact zone Systems (partially undertaken in this study)

Suge 3 Formulation of management strategies within the stress-impact zone and Connecled
ATERs

Phase | of this privject has tested the applicability of the Coastal Systems approach without linkage
o the Tmpact Zone and Connected Area (12CA) framework. The 1ZCA frumework was not
considered due to Ume constraints, and the desire w undertake thorough inital testing of the
appropriaieness of the Systiems approach. The 1ZCA approach was recommended for testing and
possible implementation in Phase IL

Testing the stress-impact framework

The vulnerability and resilience of separate, vet strongly interacting, Coastal Sysiems are analysed
through loosely strucisred subject-based analysis, The new assessment framework considers the
coastal areas of small islands, such as "Upolu, as highly interconnected. This approach recognises
thar stresses occur o a different extent around the island's coast. This concept of “differential

stress” was particularly important for the analysis of internal siresses, which are largely due 1o the
intensity of human use.

Discussion of the initial 1esnng of the assessmen; framewnrk was structured around three main
1ssues, or subjecr areas. These are:

I The vulnerability of "Upolu’s rural coastline populated by villagers. This section describes
traditional Samoan society. Where specific examples are required of Coastal Sysiem
vulnerahility and resilience, these are given from the villages around Safata Bay on the
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south coast of ‘Upolu and the villages along the south-east coast between Saleapaga and
Lalomanu,

I The range of smresses and resuliant vulnerahility and resilience of the Coastal Sysiems of
urban Apia. This section highlights the multiple and intensc stresses currently being
expenenced in Apia and

i1 The large coastal infrastructure projects of the Internanonal Airport and Mulifanua Wharf.
The ferry linking the islands of ‘Upolu and Savai’i saiis from Mulifanua Wharf.

Finally, the ininal testing of a Geographic Informanon System (GIS) for aiding the implemeniation
of the new vulnerability and resilience assessment framework was described.

The case study of tural "Upolu concluded that there were significant resiliences within the Coastal
Systems to internal and external stresses. These resihences included reef and lagoon adapubility,
the resilience of traditonal Samoan culture 0 external stresses, and the ability of communal
infrastructure 1o migrate inland o other areas of customary land if threatened by coasmal ernsion
and flooding. Remittances and gilt giving were concleded ta be an imponant part of the resilience
af Samoans to stresses. particulary extreme extemnal stresses such as cvclones.

[lowever, there are also factors which were found to contribute to the vulnerability of rural Coastal
Systems. Inland migranon of village infastructure is not withaut social ensions and conflicts.
Reef and lagoon fisherics are in many cases resulting in gradual ecosystem degradavion. The
subsistence economy alb villages will suffer if unsustainable fishery pracuces are allowed 10
continue.

The rural coast case study concluded that villagers have significant opportunities to reduce the
future impacts of furure climate change, sea-level rise and other stresses, through adapration and

the mainienance of Coastal System resiliences.

The urban Apia case study found that many of Apia’s 35,000 inhabitants and much of ts
nationally important infrastructure is ar extreme risk from mulnple and imensive internal and
external stresses. The intense land use, lack of sewerage, industnial pollutton and poor land vse
planning are critical internal stresses. The integration of coastal management, disaster management
and development planning through an Oprimal Management Response was concluded w be an
urgent prionty to reduce the impacts of these stresses on Apia's Coastal Systems.
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The predominance of freehold land., and the intensity of population und infrastructure requires a
different management approach in Apia than rural 'Upolu. The proposed Apia Municipal
Authority is essential for the control of landuse planning. building codes and standards, social and
economic activities and other services in Apia. The implementation of this range of policies and
plans is urgently required if the future impacts 0 Apia of sea-level rise and climate change isto be
reduced.

Analysis of the factors which contribute 1o the vulnerability and resilience of the infrastructurs of
Faleola Airport and Mulifanua Wharf revealed an approximate balance between the vulnerabilities
and the resilisnces, The lagoon and reef systems which protect the Airport and Wharf from ocean
waves remain relatively healthy, In addition, the national economic importance of the Airport and
Whart has accorded this infrastructure high priority for pratection from external and internal
SITesses.

The scawalls fronting Faleolo Airport have been efficient in reducing the cyclone and wave
damage ta the airport's infrastructure, The seawall may need to he upgraded as the airport is
expanded, us # precaution against sei-level rise and climate chunge, und internal sresses such as
reef degradation and lagoon pollution. However, reduction in seawail effectiveness is nof
considered a priority due to the relatively high resiliences of the protective lagoon and reef system.

Mulifanua Wharf may also require upgrading as a result of fulure sea-leve! rise and climate
change. The direct effects of sea-level rise on the Wharf will be exacerbated by the internal stress
caused by its design. The stability of the Wharf is affected by downward force exerted by its
submerged weight. Sea-level rise would reduce this submerged weight, and hence reduce its
stabilitv. If the upgrading of the Wharf iy undertaken in the near future to facilitate the

development of Savai'i, it would be wise 1o build 1n a factor of safety against pussible future sea-
level nise and climate chunge.

The Geographic Information System (GIS) case study made significant progress in assessing the
wiility of GIS in Western Samoa. Initial GIS analyses highlighted the strong dependence of
“Upolu on the coast. While only 9% of the land arca of ‘Upolu is between (-50 [t above sea level,
714 of the schools and 78% of the churches are within this coastal lowland area. The survey of
existing data revealed a number of critical data-bases which will be required for Turther work.
Two key areas identified for future G1S research are: the support of environmental management
through the linkage with the existing land capability datzbase, and the support of disaster
maragement through the identification of cyclone hazard-nisk areas. However, the GIS case smudy




highlighted significant technical, financial, and human resource constraints in Western Samoa. As
a resulr, staff rraining and education programmes must be part of future GIS development

Recommendations

The research undertaken in Phase | has revealed a number of issues requiring immediate action.

Thesc are:

[ ]

Expedite proposed national environmentzl management plan amendments to Part VIII of
the Lands. Surveys and Environment Act 1o allow better linkage belween national
government and village level decision-making.

[mprove the coordination of, and communication between, government agencics
responsible for environmentul management, development planning and disaster
management.

Build awureness of, and support education on issues of reducing vulnerability and
enhancing resihience of Coastal Systems.

Implement the recommendanons made in the report “Implications of ¢limate change and
sea- level rise for Western Samoa" by Chase und Veitayuki (1992), These
recommendations are:

(i) Upgrade the meteorological station.

(i Improve knowledge of Western Samoa's reefs.

{111} Develop a land- and coastal water-use plan.

(v) Establish a regional informaton system on the effects of climate
change.

(v} Undertake a number of desk studies. including Coastal System

sensitivity studies, studies which identily indicators of climarte
change impacts, improvement of climaie models, the study of
cyclone frequency and intensity, and analysis of historic
meteorological records. S

e — e =

Specific Recommendations resulting from case study analysis

Recommendations 1 - 3 have general applicability in Western Samoa. In addition, the case studies
require that a number of specific recommendations are made for each study site.




Apia

Safawa Bav

Sufata Bay
and Saleapaga 1>
Lalomanu

Falenlo
and
Mulifanua Wharf

Expedite the establishment of the proposed Apia Urban
Authority and associated planning legislation.

Iniriate a comprehensive programme of mangrove protection, and
the limitanon of new reclamation (especially in Vaiusu Bay).

Approve and imuate the Apia Sewerage Project as soun as possible.

Suppont and expedite the South Pacific Biodiversity Conservatian
Programme project for Sanapu-Safaua/Safata areas

Direet the Western Samoa Visitors Bureau to invesngate
and include the Safata Bay and Saleapaga to Lalomanu
cousts in the proposed ecotourism pilot project.

Direct the Fisheries Division (in conjunction with the Division of
Environment and Conservation) o investigare the pomential of
aquaculiure development.

[nirect the Public Works Department (in conjunction with Airport
the Division of Environment and Conservation) 1o begin
invesngatons on Optimal Management Strategies,

including options for upgrading the Airport's seawalls;

upgrading the Wharf; reducing wave energies through reef

and lagoon management, and reducing poliution entering

the lagoon from the Airport and Wharf.

The Phase | research has clanfied the objectives for Phase 1l research. Phase | has also specifiied
the rescarch tasks required 1o achieve these research obectdves. The recommended objectives for

Phase Il are;
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Recommended objectives for Phase 11

11

v

1,',1'

Thar the conceps and principles outlined in this report are lo be further developed and
mmplemented.

That Phase [l be undertaken within the ongoing projects of the Government of Western

Samoa, specifically the Division of Environment and Conservation,

Phase 11 15 to support the formulation of vulnerability reduction and resilience enhancement
plans and policies appropriate to Western Samoa.

Phase IT actividges are 1o enhance the inlernal capacity of Western Samoa 1o implement and

monitor the recommended outcomes of Phases [ and 11 of this project.

Building awareness and supporting education on issues of reducing Coastal System
vulnerahility and enhancing resilience within Western Samona.

Recommended research tasks for Phase II

Five research tasks are recommended for Phase II. All five research tasks support the Phase II

objectives listed above. The research tasks are:

lined in thi It

The initial testing of the new approach has proved successful. However, the approach
requires further development if it is to be directiy applicable to Western Samoa or other
countries in the region. Phase II work should include: rigid analysis of the factors
contributing to vulnerability and resilience scoring decisions: development of guidelines for
making scoring decisions; methods of combining Coas:al System scores, including
limiting fuctor techriques. The feasibility of inking the Systems approach to Impact Zone
and Connected Area Analysis (TZCA) should also be addressed.

nlification.
A rentative list of external and internal stresses to the Coasial Systems of Western Samoa
has been created. Stress identificanon requires further analysis. Also, the relative
strengths of intermal and extemal stresses in different parts of the coast requires additional
work.
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rclopment and implemengmoon of the Optimal Management Response (OME] concep

The OMR concept has proved 10 be a useful device for clarfying the range of management

activns reguired to achieve the maximum reduction of stress-induced impacts on Coastal
Systems. Further development of the OMR concept is to be be underaken,

1V [ovestigation of Coastal System interconnectedness.
The Coastal Systems of 'Upolu have been shown to be highly interconnectad. The smength

and spanal extent of Coaswl Sysiem connection requires addinonal research.

Initial testing of GIS has shown its value for the support of Coastal System vulnerability reduction
und resilience enhuncement. Extension of the GI1S work by integraring existing GIS data-bases
and photographic data is required. The GIS research should be integrated with the development of
GIS staff truining and education programmes (o increase the GIS capacity within Western Samoa.
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2. Project Aims

The aim of this project is 10 contribute to integrated coastal zone management, integrated coastal
hazard managemeni and sea-level nse impact mitigation at naonal (Western Samoa), regional
(South Pacific) and intermational levels. The aim will be achieved through a rwo phase project.
This repont relates 1o Phase | of the project.

Phase | aims 10 develop an appropriate methodology for the assessment of external and internal
stresses on the coastal systems in Western Samoa, and to assess its feasibiliry through a senes of
preliminary case studies. This methodological development is carried vut without consideration of
specitic chimate change and sea-level nse scenarios. Consequently, no specific assessments of the
potential future impacts of climate change and sea-kevel rise are underwken in this report.

Phase 1 focusses on ‘Upolu, the most populated, and second largest island of Western Samoa.
The conclusions and recommendations of Phase 1 will form the basis of the workplan for Phase I1.

Phase I aims 10 contribute 1o a narional action plan which will assist in reducing the impact of
coastal hazards, including future sea-level rise. Moreover, Phase [T aims to contribute to regional
and international work programmes, particularly those of the South Pacific Regional Environment
Programme (SPREP), and the Intergovernmental Panel on Climate Change (IPCC)

The Western Samoan study has heen carried out in parallel with a study of the impact of external

and snternal stresses on the island of Viti Levu, Fiji. The Fiji study is summarised in Nunn et al.
(1993),

2.1 National, regional and international project context

National

Central to this study is the strung coastal-dependence of the peaple of Western Samoa, A vast
majority of its population, services, infrastruciure, cultural centres, social facilities and
conservanon areas are located within coastal areas, and are therefore vulnerable to stress. The
people and government of Western Samoa are already well aware of coastal and climatic hazards.

Powerful cyclones struck in Samoa in 1989, 1990 and 1991 and the country is still recovering
from their impacts.




There are also increasing stresses on natural resources, infrastructure and services from increased
population, and in parncular from urban migration. In response to natural resource depletion
issues the government adopted sustainable management principles in its Seventh Development
Plan (DP7) for the vears 1992 to 1994. In addition, the Naticnal Environment and Development
Management Smaegy (NEMS) (Government of Western Samoa 1993) for Western Samoa
attempts 1o provide a planned and systematic approach o the integration of development and
environmental concerns. All of the twelve Target Environmental Components which NEMS has
identified for prionity for national consideranon (listed in Appendix 2) have direct significance to
the coastal areas of Western Samoa.

Regional

This study iy part of a regional environmental research programme coordinated by South Pacific
Regional Environment Programme (SPREP). The 1991-1995 SPREP Work Programme 15 driven
by the requirements of the region’s member governments. ‘The Work Programmes are contained
in the SPREP Acrion Plan which provides a regional approach to environmental issucs by
addressing the unique concerns of South Pacific countries and people (SPREP 1992 ab). The
SPREP Work Programme contains nine programme areas. This study is part of the Climate
Change Programme, and has strong links with the complementary Coastal Resource Management
and Planning Programme.

The SPREP Climate Change programme has coordinaled a number of sea-level nse impact
assessments and studies i the region, including the present study, Some invesligations have
tested rhe regional applicability of the IPCC's Common Methodology for Assessing Vulnerability
o Sea-level Rise (IPCC 1992). Swudies using the Common Methodolngy have focussed on the
vulnerability of the awoll nations of Kiribat (Woodroffe and McLean 1992) and the Marshall
Islands (Holthus eral. 1992) . An initial study of the low island of Tongatapu, Kingdom of
Tonga using the Common Methodology has also been undertaken (Fifita ef al. 1992). The present
project extends the work programme onlo high volcanic islands through the study of 'Upalu,
Western Samoa and the island of Viti Levu, Fiji (Nunn et al. 1993).

In addition 10 studies which used the Common Methodology in the Pacific, a series of SPREP-
funded “preparatory missions™ were carmed out in order to idenofy the priority areas for in-depth
studies of the potential impacis of sea-level nise and climate change. The countries visited by the
preparatary missions include the Cook Islands (Sem and Underhill 1992), Tuvalu {Aalbersberg
and Hay 1992), Kiribati (Sullivan and Gibson 1991), Tokelau (McLean and d'Aubert - in press),
the Marshall Islands (Connell and Maata 1992) and Western Samoa (Chase and Veitayaki 1992),




[t has been recognised that these studies support the priorily areas of the governments of the region
as identified in their National Environment Management Stategy (NEMS) reports.

International

This srudy also conrributes ta the development of coastal management policies and plans within the
region required under the Framework Convention on Climate Change (FCCC) and encouraged by
Agenda 21, both outcomes of the UNCEID conference (LN 1992a), Amicle 4 (Section le) of the
FCOCC requires that nations “... develop and elaborate appropriate and integrated plans for coastal
zone management”. Other Secuons of Aricle 4 require national programmes to “facilitate
adaptation o climate change” and “promote sustainable management ... including coastal and
marine ecosysiems' .

It 15 also intended that the methods used in this study will contribute 1o the development of
methodologies and guidelines tor the assessment of the vulnerability and resilience of coasal
svslems to external and internal stresses, including the potential impacts of sea-level rise. This
study is especially intended 1o aid the development by the IPCC Coastal Zone Management Sub-
Giroup (CZMS) of an appropriate vulnerability and resilience assessment methodology for the
specific charactenistics of small island states with largely subsisience economies,
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Ds An Introduction to Western Samoa, its Coastal
Zone and Coastal Zone Management

3.1. An introduction to Western Samoa

Western Samoa comprises two main islands: "Upelu {1123 kmzl and Savai'i (1708 k:mz}. and
several smaller ones, as pan of the Samoan volcanic archipelago in the central south-west Pacific
(Figure 3.1}, Figure 3.2 presents the main features of the island of "Upolu and locates the case
study sites used in this invesngation.
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The climate of Western Samoa is influenced by the dominant atmospheric circulation features of
the South Pacific, specifically the south-easi rade winds and the South Pacific Convergence Zone.
Warm and humid climatic conditions prevail throughout the year, with & temperature fluctuation in
average monthly temperature of 1-2 °C. The mean annual temperature at sca-level is 26-27 °C.
Rainfall occurs throughout the year, although the rainfall patterns delineate a “rainy” (Ociober -
March) and “dry"” (April - September) season (Burgess 1988). Rainfall tends o be greater on the
southern and western flanks of the two main islands, with rainfall tals between S000 and 7000
mm/yr (Burgess 1988; Chase and Veiwyvaki 1992),

Three very severs tropical cyclones have hit Western Samoa over the past five years, in 1989,
199} and 1991, a frequency unknown in the previous 1(K) years (Caner 1990)). The effect of all
three cyclones has been drumatic. It is estimated that the loss of production during the 3 weeks
‘ollowing Cyclone Val (1991), was equivalent to 2% of Gross Domestie Product (GDP) for the
whole year. The estimaled value of homes, crops and infrastructure destroyed by Cyclone Val
otalled more than WS$600 million (UJS$ 228). The latter figure does not include damage due to
coastal erosson, loss of biediversity, damage o catchments and resultant increased soil erosion,
loss in conservarion areas. damage to reef and lagoon systems, or losses 1o many other coastal and

nutural systems.

The population of Western Samoa is approximately 161,300 (Government of Western Samou
1992f). The populaton is almost entirely Polynesian, forming the largest single Polynesian
population in the world (O'"Meara 1990). The capital, Apia has a population of spproximarely
35,000 people. Population distribution is characterised by four distinct regions: Apia urhan area
{21%), the narth-wesi coast of "Upolu (25%), rural 'Upolu (253%), and the island of Savai'i
{29%) (Government of Western Sumoa 1992¢). Approximately 80% of Western Samoans live in
the 362 villages. The vast majoriry of villages are located on the coast,

Agriculture is the backbone of the Western Samoan economy. Along with forestry and fishing,
agriculture is a major employer of the population (64%) (Figure 3.3). Despite high employment
in this sector, agriculture, forestry and fishing contributed only 21% 1o the (GDP) in 1989, while
subsistence economic activities contributed 26% (Figure 3.3). Western Samoa has expenienced a
slow rate of GDP growth with agricultural commodities contributing the bulk of exports in 1990
(Figure 3.3). The laner is a result of agncultral production levels remaining constant over the last
30 years, and declining world prices for agricultural commodities. The constant level of
agriculrural production reflects the constraints of the dominant system of customary land tenure,
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and the poor economic retums to village farmers (planters) from agricultural products. The
subsistence economic actvities which take place in villages. may appear to some as unproductive
und uneconomic, but allow villagers 1o survive economically through communal reciprocal sharing
acrvities.

As Polynesians, Western Samoans have chiefly authority determined by patrilineal descent. The
land tenure system in Westem Samoa remains dominant today; 80% of all land is under customary
title and control of the village chiefs (matui). the heads of extended family groups.

3.2, The coastal zone of Western Samoa

The general geological structure of ‘Upalu is controlled by five distunct volcanic episodes (Kear
and Wood 1959 Keating 1992). Each episode produced extensive lava flows which flowed
seaward from high volcanic cones, the remnants of which now form the cenwzl highlands of
‘Upolu, The lava flows solidified 1o form olivine rich basalt rocks The oldest volcanic event
deposited luva flows during the Pliocene 1o Mid-Pleistocene period. The most recent lava flows
on Upolu are mid Holocene in age. In contrast, the laest erupnon on Savar'i wasin 1911,

‘The lava flows from each successive volcanic event were deposited onto older lava flows and
volcanic deposits. The chemistry and volume of each lava flow determined its progression from
the volcanic cone 1o the coast, where cooling by sea water would slow and eventually halt the lava
Mow's progression. As a consequence, the lava flows produced by each volcanic episode
produced distinctive land-slopes between the volcano and the coast, and disuncuve types of
coastline. This disrinctnon provides the basis for a division of the coastline of "Upolu into three
“coastal types” (Richmond 1991, 1992} The distribution of the three coastal types is shown in
Figure 3.2, while each coastal type 1s described in detail in Table 3.1,

Reefs almost encircle the entire coast of ‘Upolu. Fringing reefs are most common (Tyvpe 1 coast),
but bammer (Type 1II coast} and patch reef types are also present. Reef flms are widespread and
typically compose s variety of substrata: corul; algae; cemented reef pavements: marine plants: and
carbonate and terrigenous sand and gravel (Richmond, 1991). Reef crests are charactensed by
cither compact coral colonies, encrusted coralline algae, or rubble pavements. High wave
energies at reef crests encourage the deposinon of coarse sediments between coral formations.
Well developed fringing and barrier reefs are usually fronted by submarine terraces. They are
separated from the reef crest by very steep reef fronts and are rypically covered by wave resistant
compuct coruls, A number of "blue holes" or sinkholes occur in the harrier reefs around ‘Upolu,




Coastal Type Reel characteristics Depositional Features Inshore geology
== ==- = —=
Type | Wide fringing reef fransifional 10 a shallow Footly developed mixed carbonateterigenous | Hierland of gently seaward
barriar roef sedimans in a narrow ringing raaf shoping Mulifanua and Salina
Volcanics
Type 1l Cliffed coast with little or no reef developrment | Limited or no depositional leatures Puapua Volcanics or older
Fagakoa Volcanics
Type il Either; (a) Fringing reef (&) Namow coastal strip consisting mosily | Predominantly Salani Volcanics
{s)] Wider fringing reai with ol slorm-derived carbonate sand beach | but may aiso include Lefaga and
promnan gaps where ndgesis) with lesser amounts ol Fagaloa Volcanics
freshwalar cutput is high terrigencus maleria
() Beaches, barrigrs, spits, and coastal
swamps associated with rivers and
streams
Tabie 3.1, "Upoin Coastal Clussification. Source; Richmond (199/1)




They were developed 1n the limestone reefs by freshwater during times of lower sea-levels and
have unique sedimentation patterns (Richmond, 1991). The shallow lagoons which nccur behind
barrier reefs average berween 2-3m in depth and are up o several kilometres wide, Lagoon
bottoms are composed of either smooth-floored sediment, marine floral blanketed substratas, or
coral pinnacles interspersed with sediments (Richmond, 1991).

Pocket beaches are the most commeon beach formauon on 'Upolu (Richmond, 1991}, The
heaches are prone lo erosion during storms, and constantly change profile and alignment in
response o wave condittons.  Beach elevations around the island are indicative of wave energy
and runup heights as well as the width of the adjacent reef flat.

Streamns and rivers affect the coastline of 'Upolu by delivering large amounts of freshwater and
sediments 10 the coast. Freshwater inpur and increased turbadicy inhibits coral growth around niver
mouths. The sediment discharge patterns of rivers and streams around Upolu are largely
uncharacteristic. Incomplete records indicarte that floods are the major contributor of sedimenr 1o
the coust. While some material may be incorporated in depositional features, most is transported
directly into deeper water offshore (Richmond, 1991).

Swamp and mangrove communities located in low lying coastal regions are common fzatures in
‘Upolu, particularly in drowned valleys and barrier impounded river/stream mouths. The larpest
mangrove swamps are positioned behind the Mulinu'u peninsula (Apia) and Vaie'e Peninsula
(Safara Bav) (Park er @f 1992). These rwo peninsulas are large barrier spits formed from
Hoelocene sands. Smaller swamps also back some beach ridges. Mangroves are believed to have
once begn more extensive. Mangrovas often fronted sand beaches, but were removed for
firewood (Richmond, 1991). Mangrove swampiands are currently suffening destruction us a
result of land reclamanon, especially around Apia.

The coast of Western Samoa appears to be undergoing widespread erasion from a combinanon of
direct wave attack, possible island sinking, shoreline adiustment, sand mining, poorly designed
sea walls and revermenis, and the destruction of protecnve vegetation and other natural features.
Evidence related to the sea level history for Western Samoa is conflicting, but Richmaond (1991)
concluded that there 1s reason to believe that sea levels were not higher than present levels at any
nme during the past 10.(KK} years.

Both Moron er @l. (in press) and Zann (1991), present descriptions of the biological characieristics
of the coastal Western Samoa. Specific fauna are located in the different ecosystem habitats of

mangroves, fringing and barrier coral reefs, and terrestrial, rock and sand communirties.

10



However, the sbundance of marine organisms is dwindling - declining fish catches were recently
described as "alarming” (Government of Western Samoa 1992b,). This change is believed to be
due to considerably modified coastal ecosysiems caused by exploitation, and disruption and
alteration of coastal habitats.

Reef ecosystems in Western Samoa have been severely damaged by tropical cyclones as well as
outhreaks of Acanthaster planci {crown of thoms starfish) which have destroying large arcas of
reefl i many arcas of ‘Upolu within the last 20 vears (Zann and Bell 1991),

Western Samoa’s coastal environment has been modified by a variety of human activines. Despite
the limited industry and lsck of mineral mining in ‘Upolu, there has siill been significant
maodification of the coasial environment (Ko Win 1989). Major arcas of industrial and residential
development occur in and around Apia. This development has involved extensive clearance of
original vegetation, river course alteration, infilling of the lagoon, construcnon of sea walls and
wharves, dredging of harbour sediments, and rubbish dumping. The mangrove, lagoon and reef
waters near Apia have industrial wastes and residues, pesticides, municipal rubbish and untreated
sewape discharged into them. No swdies of the impacts of chemicals on the local faana have been
undertaken, although concern has been expressed regurding their impact {Government of Western
Samoa 19920), However, there has bean a number of studies and feasibility plans undertaken to
reduce the amount of sewage discharged into the sea (Government of Western Samoa 1992d).

Coustal zone modification s also influenced by events inland, paricularly defores:ation and
erosion.  This has led o increased depositon of sediments in lagouns and, in some places,
eutrophication (Baisyet 1989). Soil erosion is exacerbated by the large rainfalls in Western
Sumoy. Inland erosion and eutrophication by fine sediment lvads may be exacerbated by
quarrying for the extraction of rock for the construction of harbour walls, breakwaters, and roads.

There are 19 conservation sites on "Upolu, with 13 bordering the coast (Pearsall and Whistler
1991). The O Le Pupu Pu'e National Park in south 'Upolu is adjacent o the coast and extends
well mto the highlands, ‘The Palolo Deep Marine Reserve near Apia was established in 1979, and
is Western Sumoa's only declared marine reserve. An aren around the Aleipata [slands on the

south-eastern tip of 'L polu was proposed as a Marine Park by Andrews and Holthus (1989), but
hus not yet been established.




3.3 Coastal management decision-making framework in Western
Samoa

Western Samoa was the Tirst Pacific 1sland country to gain independence when, in 1962. it broke
colonial ties with New Zealand. Western Samoa possesses two styles nf gnvernment, A
Westminster style parliamentary system of national government is superimposed upon customary
village-based decision-making structures (Figure 3.4),

Customary systems of decision-making prevail over the majority of coastal land and nearshore
waters. Only in Apia is the customary decision-making system of reduced importance.
Customary decision-making is effectively semi-autonomous from national decision-making
(Cornforth 1992). Therefore, coasial resource management decisions are expressly made within
villuges. Ttis at the village level that any decisions will be made 1o reduce the impacts of exwernal
and internal stresses. including funure sea-level rise and climate change.

At the village level. decisions made by the Village Council of Chiefs and Orators (Fono) are
usvally expressed by the formulation of rules (Comforth 1992). Rules can be either long-
standing, forming an integral pam of village culture, or short-term in response 10 immediate village
concems. Rules are enforced and policed through the village Council of Chiefs and Orators and
heads of fumilies. and non-compliance results in a punishment that depends on the seventy of the
offence. Punishment can he through various forms of shaming, and in extreme cuses involves
banishment from the village. Rule breaking is not usually referred to the police, but is instead
settled according to custom.

Recognition of the legality of village council rules by the national government in the Fono Act
(1990}, effectively pives each village the right to manage its own traditional fishing grounds and
coastal areas. However, it 1s not clear whether this authority extends to the prevention of private
individuals, other villages or companies from fishing in a village's waters. Certainly the Acr does
not hind government to village rules or decisions regarding the villager's fishing and coastal areas.
Although all the waters from the high tide mark to the boundary of the 200 mile Exclusive
Economic Zone (EEZ) are under the lega! control of the national government of Western Samoa,
the inshore walters and their fish stocks are under the de facto control of each Village Council.
Each village has tradizionally fished its nearshore waters, and has effectively laid claim to the
waters on an existing use basis. Similarly the foreshore and esplanade reserve. whilst legally
controlled by national government, is effectively under de facto control by each village.
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MNatonal level decisions are made by the elected members of parliament. Members of parliament
represent electoral districts, usually made up of a group of villages. Acts of parliament are passed
by parliament and implemented and enforced by government departments and the police. There
are a number of Acts of Parliament of imponance for the management of coastal land and water
tAppendix 1). In addition, all land below the high water mark 1s public land controlled by
povernment (Article 104 of the Constitution of the [ndependent State of Western Samoa).

The povernment initiative which most strongly reflects the concern and present priority for
environmental and coastal arca management in Western Samoa was the establishment in 1989 of
the Division of Environment and Conservation (DEC) within the Department of Lands, Surveys
wnd Environment, The legislative and procedural mechanisms o address competing pressures and
o resoive conflicts between development propoesals and environmental protection will form an
impartant part of the future work of the Division, Other DEC functions include the development
of environmen:al impact assessment procedures, increasing public awareness of environmenral
1ssues, and monitoring the state of the environment.

The DEC is alsa respansible for the coordination of the Western Samoa Natianal Environment and
Development Management Strategy (NEMS) (Government of Western Samoa 1993), The NEMS
15 an artempr 1o provide a planned and sysiemanc approach 1o the integration of development and
environmental concerns. [mplementation of NEMS will promote the use of 2 consistent and sound
sel of principles and guidelines that will assist sustainable developmenr. Based on the main
principles laid out in Agenda 21 (UN 1992a), NEMS places the well-being of people foremast and
recognises that people and the environment are interrelated and inseparable. All the rwelve critical
envirenmental issues identificd in WNEMS for priority national consideration {(Iisted in Appendix )
have direct significance to the sustainable management of the coastal areas of Western Samoa.

A number of narional agencies and ad-hoc government committees also control regulations

important in the formulation and implementation of 4 natdonal coastal management policy. These
include:

National Planning Office;
- Cabinet Development Committee:
Economic Policy Advisory Committes;
- Nanonal Disaster Council; and
- Pulenu'u Committec,

Future government programs will place a greater emphasis on integrated natural resource

management and sustainable economic growth in comparison to previous practice. The Weslern




Samoan government in its most recent development plan (DP 7), has acknowledged that reduced
emigration opportunities will increase population growrh in the country and place increasing
pressure on the environment. Proposed development projects will be subjected 10 more rigorous
scrutiny for their environmental impact than in the past. Donors will be invited to focus their
anention on human resource development, institutional strengthening and maintenance activies,
rather than building new infrastructures. Private sector initiatives backed by government include
development of an ecotourism industry around Apia and Western Samoan villapes. The
ecotourism imuatve ams o allow sustainable coastal resource use by tourists and assures that
tounsm does not conflict with Samoan culture (Government of Western Samoa and Tourism
Council of the South Pacific 1992).

The Western Samoan government has also recently refocussed the nation’s development goals
with respect to institunonal stuctures and arrangements. Past insumudonal problems are presently
being modified through altempts 10 improve the public administration system through the re-
organisation of personnel management, public service incentives, financial planning, and the
coordination and distribution of aid.  The Government is also adopting a fundamental change in
its philosophy by encouraging an economy in which the private sector plavs a greater role in the
development and growth of Apia, with the intention that the rest of Western Samoa will also
benefit.

It is planned to be intrduce legislation to establish an Apia Municipal Authority, with powers 1o
vontrul landuse in urban Apia, s well as 10 improve services o residents and promote the town's
ecenomic and social development capacites. Apia is the capital of Weslern Samoa and is on low-
lying coastal land. A new Apia Municipal Authority would 1ackle unplanned urban expansion in
Apia and manage the high rate of migration into its urban and hinterland areas. Proposed planning
legislation will promote appropriate sown planning in urban Apia.

Western Samoa is party to a number of convennions which implicitly recognise the need for coastal
management: the Convention for Conservation of Nature in the South Pacific (Apia Convention),
the Convention for Conservation and Protection of Natural Resources and Environment of the
South Pacific (SPREP Convennon), the South Pacific Nuclear Free Zone Treaty, and the
Framewaork Convention on Climate Change.

However, the implementation of the range of nanonal strategies and legislation described above is
fraught with difficulty. Implementation problems arise principally because of the lack of any
insnmtonalised and practiced form of srategic planning and the ongoing problems in commitment
and implementation by villages or government, This situation is exacerbated by the lack of an




adequate mechamsm o integrale national government and village level authority. Draft
amendments to the Lands, Surveys and Environment Act (1989 offer some solution to the laner
problem (Cornforth 1992). However, the lack of commitment 10 the formal procedures for land
use or development planning are likely to continue to impede effective policy implementation,
Again the institutional linkages berween national legislation and local adminisoaton need to be
strengthened and clarified to ensure the successful implementation of any proposed coastal
management strategy.

As the previous discussion has shown. there is no lack of national legislation for sustainable
management of coastal and manne areas, or lack of implementation capacily by Yillage Councils.
Heowever, a recent analysis of environmental management legisladon in Western Samoa found that
“very few laws are comphed with, and even fewer enforced” (Cornforth 1992). “There is a
widespread belief amongst resource manugers in Western Samuoa that harmonising the wwo
systems of nanonal and village level regulation and management is gradually being achieved.
Such harmomisation will inereasingly lead to improved compliance and more effective
enforcement. Therefare, present government policies and legislation do provide a sound basis for
successful coastal zone management in the future. Their apphication to the management of external
and intemnal smesses, including future sea-level rise and climate change, are discussed in Secuon 7.
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4. Development of an Appropriate Framework for
the Assessment of Sea-level Rise and Climate
Change Impacts in Western Samoa

4.1. The Common Methodology for the assessment of coastal area
vulnerability to sea-level rise

In September 1991 the Coastal Zone Management Sub-group (CZMS) of the Intergovernmental
Panzl on Climate Change (1PCC) released its "Common Mcthodology for Assessing  Vulnerability
10 Sea-level Rise™, hereafier abbreviated 10 the "Common Methodology” (IPCC 1991). The
Commaon Methodelogy was developed from an onginal proposal, made at the 1990 Miami IPCC-
CZMS workshop. o send & questionnaire to all coastal nations. The questionnaire attempted to
guin a first order estimate of the economic vulnerahitity of the global coastline to potental sea-level
rise due to global warming, The original version of the Common Methodology has been revised

slightly as a result of comments received at the April 1992 Margerita Island TPCC-CZMS meeting
(IPCC 1992),

The Common Methodology uses monctury valustions as an estimate of a coastl naton’s
vulnerublity to future sea-level rise. A crude cost-henefit test is applied to these results to assess
the preierred “response option™ o mitigale fulure coastal impacts. Response options include
defeading the coast with shoreline protection works, accommodaring coastal change, or gradually
retreating from the vulnerable coasial area. The Common Methodology has been applied through
case studies in over twenty-five countries throughout the world (IPCC 1992).

As the name suggests, the Common Methodology aims 1o be a method which can be commonly
applicd to all coastal nations. As such, the Common Methodology should be applicable to
Western Samoa and possess the ability to deal with the inmmeacies of Samoan socio-economic life
in as much detail 4s the geological and biological aspects of its coastal regions. In particular, the
Common Methodology should inplicitly recognise the importance of the following len issuey for
Western Samaoa (listed in approximately decreasing order of importance):

I- Subsistence economy;
] Close ries of Swmoans to land through customary land tenure;

lI-  Importance of extended family structures,
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1V~ Giift giving and rermittances as a mechanism for extended family economic resilience;
V- Lack of urhan (Apia) land use planning or building codes;
VI-  Imponance of the proximity to roads in rural arcas;

VI- Incffective linkages between national (parliamentary) and village (customary) decision
making;

VIl-  The day-w-day decision-making powers of village committees (Fone),
[X- Strength of religious beliefs; and

XK= Human resource, technical and dara limitations.

‘The Arst two 1ssues listed above render the Common Methodology, and any economic-based
assessment techniyue, fundamentally inappropriate in Western Samoa. Issues II to VII present
serious operational problems in carrving out any assessment using the Common Methodology,
while issues TX and X could be dealt with through minor adjustments to the Comman
Methodology. These shortcomings of the Common Methodology, especially the inapplicability of
cconomic-based assessment techniques in countries with impartant subsistence economies and/or
customary land tenure systems, has necessitated the formulation of a new assessment framework
appropriate for Western Samoa, described later in this section.

Concerns have been also been raised as 10 the appropriateness of the Common Methodology by
other studies carried out elsewhere in the Asia-Pacific region. These misgivings range from minor
operational problems (Holthus er al. 1992), 10 fundamental methodological concerns. The latter
concemns centre on four main issucs:

I the applicability of economic-based assessment techniques within primarily subsistence
economies (Woodroffe and McLean 1992, 1993);

[l the utility of the Common Methodology lor aiding coastal managers in formulating sea-
level rise impact assessment policies (Kay er al. 1992);

I the lack of time dependency in the Common Methodology does not allow realistic
assessment of potential sea-level nse impacts on highly dynamic coastal systems, including
socio-economic and cultural systems (Kay eral. 1993); and




IV the narrow geographic conception of the “coastal zone” does not take into account
impartant interactions with the adjoining land and marine systems (Holligan and de Boois
1993; Warrick 1993).

These four fundamental concerns with the Common Methodology add support to the development
of a new approach to the assessment of potential future impacts of sea-level rise and climate
change in Western Samoa. This approach is introduced in the following section, Tt is intended
that this new approach has the scope be further developed into a methodology which can be
applied o allow coastal managers and decision makers to formulate polices to reduce the impact of
stresses, including sea-level rise and climate change to Coastal Systems, both in Western bamoa
and throughour the South Pacific,

4.2, A new approach to sea-level rise impact assessments within a
broader stress analysis framework

A new and innovative approach, which takes note of the concerns regarding the regional
applicability of the Common Methodology, is used tor the first time in this report. This approach
builds on and expands the Common Methodology to provide an assessment and decision-making
support framework appropriate for the South Pacific, and generally applicable 1o the Asia-Pacific
region. Further, the approach is not limited to analyses of the effects of sea-level rise and climate
change. Instead a flexible conceprual framework is adopted which assesses the vulnerability,
resihience and sensitivity of coastal systems to a range of external stresses such as waves, tropical
cyclones (typhoons), fluctuations in global economic markets, ourists and sea-level rise and
climate change. In addition, internal svstem stresses, such as population pressure, natural
resource depletion, peliution and culural changes are implicitly considered in the decision support
framework. The new approach is similar in concept to the interacting systems approach for the
suppon of decisions to mitigate potential climate change impacts on Caribbean islands, recently
explored through compurer modelling (Engelen er al. 1992).
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The approach adopted here is to view the coastal zone as a set of separate, but interacting, “Coastal
Systems™ (Figure 4.1). This “systems approach™ 15 a management-vriented view of coastal zones,

zilored to the needs of sea-level rise impact assessment, and set within broader and flexible




considerations of exiernal and internal stresses o coastal zones, Coastal Svstems can be divided
into two groups:

| “Ilard” Coastal Sysiems; and
I *Soft” Coastal Systems.

The division berween “Hard" and “Soft” follows the division in the computer industry between
“hardwarc” and “soltware™. Tangible computer equipment (computers, printers etc.), is called
hardware. The intangible programmes that operate compurers, are called software. Thus, “Huard"
Coastal Systems include all tangible elements of coastal zones; their natural geomarphological and
hinlogical components, such as beaches. reefs and cliffs; coastw! zone inhabitants, and coastal zone
nfrastructure. “Soft” Coastal Sysiems encompass intangible companents of coastal zones; their
soci cultural and institutional systems, and the economic benefits guined from the use of “Hard™
coastal resources. Salt Coastal Systems can also be thought of as the values and artitudes people
have regarding the land, warer and resources of the coastal environment. Each Coastul System is

made up of a number of “Sub-Systems”, which are in wrn made up of “Coastal Sub-System
Clements™.

This “systems gpproach™ is a Mexible, non-prescriptive method for analysing the diverse coastal
zones of the Asia-Pacific region. The three levels of Coastal Systems, Sub-Systems. and Sub-
Svstern Elements create flexibility by allowing a hierarchy of commonality berween, and within,
the coastal zones of the region’s maritime nutions. Many, and probably most, Coastal Systems
will be applicable 1o the majority of the region’s coastal zones. There is less commonality at the
Sub-Svstem level, Sub-System Elements will be markedly different between coastal nations, and
will also show variations within countries at a case smudy level.

1.2.2.  Valnerabili | resili ( C LS

The vulnerabilitics and resiliences of Coastal Systems are analvsed separately in the decision
support sysiem. This is an amificial separation undertaken in order to clarfy the range of
management responses available ro reduce future chimate change and sea-level rise impacis.
“Therefare, impact reduciion responses are divided into measures for “vulnerability reduction™ and
“resilience enhancement”.
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Figure 4.1, Coastal Systems, Sub-Svstems and Sub-System Elements af the Western Samoan
Coastal Zone.
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As a general concept, vulnerability is “the degree 1o which a svstem may react adversely to the
accurrence of a hazardous event” (Timmerman 1981). In this sense, vulnerability may be
interpreted to describe the potental for damage or the net outcome of a hazardous event on a
particolar system. However, Timmerman warns that “valnerability is a term of such broad use as
o be almiost useless for careful description at present, except as a rhetorical indicator of areas of
grearest concern”, This last point allows a wider interpretation of “vulnerability™ o be used for the
analysis of the risk to coastal systems from external and infemal stresses.

Vulnerability is interpreled here to describe the atinbutes of a system which will react adversely 1o
the occurrence of a hazardous event. Such attributes will tend 1o produce a negative outcome,
such as poor (vulnerable) building design or location within low-lying (vulnerable) land. The
decision support framework inwoduced in this paper analyses each Coastal Sysiem separately in

lermns of 8 ability o react adversely o external and internal siresses (Figure 4.2).

Mareaver, the decision support framework, assumes that there are also attributes within each
svstem that act to reduce the impact of hazardous events on systems.  Such atmibutes can be
inherent characteristics of Coastal Systems which allow adapration to external and internal
stresses, An example is natural reel growth in response o sca-level nise (Buddemeier and Kinzie
1976). There are also conscious decisions and actions, called “adjustments”™, taken by people in
order 1o reduce damage (White 1945; Burton ef al. 1978). Adjustment and adaptation mechanisms
io external and internal stresses are ermed “resiliences” in the decision support framework,

Thus, the ner impact to coastal zone systems resulting from external and internal siressss is the
difference between the resiliences and vulnerabilities of Coastal Systems. [n the decision support
systemn the net impact 10 Coastal Systems is measured by the Sustainable Capacity Index (SCI), a

measure of a system:'s overall ability 1o cope sustainably with external and internal stresses.

The analysis of coastal system vulnerability and resilience outlined above is undertaken through a

process of qualitative scoring, described in the following section.

4,2.3 ] it '

This decision support technique deliberately forces the separation of the vulnerable and resilient
attributes, or “components”, of Coastal Systems (Figure 4.1). Qualitative (ordinal) scores are
assigned to the vulnerable and resilient compeonents of each Coastal System for present day
external and internal stresses.
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Figure 4.2, Framework for the Assessment of the Vulnerability, Resilience and Sustainable
Capacity Index of Coastal Systems to External and Internal Stresses.
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The gualitative scores for the vulnerability component of each Coastal System run from €} o -3,
with -3 being the most vulnerable (Table 4.1). Qualitative resilience component scores run from 0
tw +3, with +3 being the most resilient. Each resilience and vulnerability component score also
has a short descriptor; ranging from exreme vulnerability or resilience, through high, moderate to
low (Table 4.1).

The scoring procedure is repeated for “future conditions”. “Future conditions” consider changes
e external and internel stresses (including sea-level rise and climare change). In additon, the term
“future conditions” also rakes into account possibie future changes produced by internal stresses
within each Coastal System. Such internal Coastal System stresses, und the resultant changes, are
assumed to occur in isplation from the external smesses of sea-level rise and climate ¢hange,
Internal stresses may include: population increases, changes in socio-econemic condizions and
changes to culrz] and administrarive sysiems. Thus, the decision suppon framewaork considers a
“real life” set of evolving Coastal Systems. Each Coastal Syswem has some atributes that will
change in the future independently of the changes caused direcrly by climate change and sea-level

rIsC IMpacts.

Two qualitative scoring exercises for "future conditions™ are undertaken. First, it iy assumed that
there will be no significant management interventions to reduce vuinerability, or enhance
restlience. This is iermed the o Management” scenario, Second, Coastal System vulnerability
and resilience component scores are assigned assuming the implementation of a suite of coastal
managenent responses 0 reduce vulnerability and enhance resilience. Such management
responses are assumed to optimise the reduction of vulnerability and the enhancement of
resilience, and are called the “Opnmal Management Response (OMR)" scenarin.

The decision an the rank score of a particular Coastal System’s vulnerability or resilience
compenent is achieved through a qualitative analysis of the Sub-Systern and Sub-Systerm Elements
which conmbure 10 a Sysiem’s vulnerability, and those which conmibuie 10 its resilience. The
analysis of each Coastal Systern can be made by a variety of techniques applicable to the range of
issues at a particular study site. Appropnate techniques include: risk analysis and assessment,
natural hazurd analysis, environmental impact assessment, and environmental policy and
management analysis framewaorks. The choice of techniques will also be driven by the amount
and quality of site-specific information. It is important to note that the qualitative scoring
tlechnique does not require perfect and/or complete data. As such, the technique has particular
applicability in countries where incomplete data sets occur, and where decisions are required under
conditions of uncertainty, Such uncertainties and data-gaps occur in the majority of countries in
the Asia-Pacific region.
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Qualitative Equivalent Descripior
Score
.3 Extreme vulnerability
-2 High vulnerability
-1 Moderate vulnerability
0 Low vulnerabiliry
U] Low resilicnee
«1 Moderae resiliencr
=2 High resilience
+3 Eamcme realicnce

Tabie 4.). Qualirarive Coastal Svstem Viudnerability and Resilience Scoring Scale

Probability-consequence curves, adapied from qualitative nisk assessment methods (e.g. Roval
Society 1983; CSA 1991) are useful as an aid 1o assigning vulnerability and resilience component
scores (Figure 4.3). Frequency-consequence curves are used by risk assessors to display the
consequences to systems of 4 range of probable harmful events, Such curves can be used w0
consider the range and likely occurrence probability of a range of external and intermal stresses.
As a result, the vulnerability and resilience component scores assignaed with the aid of such curves,
are cffectively time-integrated summaries of the potential impacts of high probability “normal™

events and low probability “extreme” events. Probability-consequence curves are also useful in
the delineanon of the OMR.

On compleuon of the qualitative scoring process, the net difference berween vulnerability and

resthience component scores, the Sustainable Capacily Index (SCI), 18 calculated. The utility and
meaning of SCI is discussed further in the following section.

At present the information and knowledge of Coastal System responses to external and internal
stresses does not warrant sophistication beyond the simple addition of the component scores of
vulnerability and resilience. However, future development of this decision support framework
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will need to consider weighting the vulnerability and resilience compaonent scores, and establishing

quantfied boundanes berween scores. Possible furure development of the tool is examined in
Section 6.
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4.2.4, Sustaipable capacity indices (SCI)

The valnerability score and resilience score for each Coastal Svstem are added together to derive
the “Suswuinahle Capacity Index (SCI)” for each Coastal System. The result of this addition is a
measure of the net impact, or risk. to each Coastal Systemn from external and internal stresses. The
SCI can also be wken as a surrogate measure of each System's ability, or capacity, 1o cope with
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probable external and internal stresses. The concept of sustainability 1s introduced in order to
highlight the implications for the long-term viability of Coastal Systems shown by the difference
between vulnerability and resilience component scores. In this sense, “sustainability™ 1s used in
the context of “sustainability thinking” which “modifies the context to which it is applied” (Turner
1991,

The average of the Sustainable Capacity Index for all the Coastal Systems gives a rudimentary

indication of a study site’s ability 1o cope suslainably with external and internal siresses.

'The application of this assessment technique through four case study sites is described in detail in
the nexl section. ‘The case studies show thet there is significant scope for the reduction of future
sea-level rise impacts in Western Samoa,

4.3, Future development of the assessment framework

Cleurly, the approach requires refinement. At present the assessment [ramework is a way of
approaching the issue of the potentiul risks lo coastal zone Systems from internal and external
stresses, including sea-level rise and climate change. In order for this framework to be
transformed into methodology which can be formally applied o support coastal management
decisions within countries, and compare the efficicncy of management decisions between
countrics, urther development is required, Two major areas for the development of the
vulnerability and resilience assessment approach are given below: clarification of vulnerability and
resilience scoring, and Linking the Coastal System stress assessment framework to Impact Zone
and Connected Ared Analvsis.

! 3 ] !‘I -E - [ \ I ]ilq-i I ...I. .

In 1ts present form the qualitative scoring assessment framework cannot be systemarically repeated
in other coastal nations, nor can it be repeated in Western Samoa by another study team. This
non-repeatability is caused because the vulnerability and resilience scores are assigned by a study
ream through a consensus process, hased on the available informarion. As a result, the scores
have a dependence on the composition, professional backgrounds, experience and value
judgements of the study tearn. In order 1o develop a repeatable, and hence regionallv applicable,
vulnerability and resilicnce assessment framework, further work will need to concentrate on
establishing boundaries between scores. Determination of the confidence in assigning scores

denived from differsnt amount of information also justifies further investgation.
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Thresholds between scores must be closely examined in future development of the System
vulnerability and resilience assessment approach. Clear delineation of the difference between a
scores will be required if the broad assessment framework is developed further inta a methodology
which can be readily applied by coastal managers and decision makers.

In addition. a furure refinement must relate to identifyving the interactions between System
auributes thar comprise vulnerabiliues and resiliences. In this initial framework they are
considered independent, and can be added together to give an indication of the overall vulnerability
and resilience of the Systems being studied. Furure work in Phase Il is likely to show thart the
vulnerability and resilience are highly interactive, and that the vulnerability and resilience scores
cannot simply be added logether.

A possible future direction for clarifying the interaction between Coastal Systern vulnerability and
resilience is ta adapt agriculwral crop modelling ischniques which consider addartative,
multplicative and limiting factor methods for combining strongly interacting systems (Hacken
1958). The concept of limiting factors may prove 1o be of particular use in the future development
of the assessment framework. The limiting factor concept views that the overall performance of a
System is determined by the level of the least favourable factor, and that other favourable factors
do not compensate [or the limiting factor. Exploring system interacuons through limitng factor,
and other, concepts is recommended to be undertaken in Phase 11

Impact Zone and Connected Area Analysis

The vulnerability and resilience assessment approach described in the previous Sections iz a
flexible method analysing the potential impact of stresses on Coastal Systems. The approach has
been tailored t the needs of sea-level nise and climate change impact assessment. This approach
may be applied in its existing form to whole islands or any area in which impacts are assumed to
be approximately equal throughout the area being studies. Alernatively, Coasial System
vulnerability and resilicnce assessment may be embedded within Impact Zone - Connected Area
(IZCA) analysis, 1ZCA 15 a recently developed generalised framework for the formulation of
siress mitigation strategies, within which Coastal Systems analysis is an integral part (Kay and
Waterman - in press).

[ZCA 1s a four stage process. The analysis required in each stage is listed below.
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Stage 1:

Stage 2:

Stage 3:

Stage 4;

Stress-impact zone delineation

Delineates and maps zones of potential stress impacts. Impacis can be due to external
and/or internal soesses. The impact of one stress can be mapped, or the impact of
multiple stresses can be evaluated. For example, areas of siorm surge inundation can
be mapped within contour lines, and coastal erosion impact assessed by coastal change
models. Delineaton of areas of stress-impact takes into account physical and
biological conditions and any human modification of the shoreline.

Vulnerahility and resilience analysis of Coastal System within stress-
impact zones

L ses the mteracnng Coastal Systems approach for the assessment of vulnerability and
resilience of Svstems within the stress-impact zone(s) delineated in Stage 1. The
impact of stresses on the human, culwwral, natural, economic, institutional and
infrastructurai Systems are analysed.

Analysis of links between Coastal Systems within the stress-impact
zone and non-siress-impact zone Sysiems

An analysis of the sirength of the linkage between the Coastal Systems within the
sress-impact zone(s) and svstems outside the stress impact zone(s) is undertaken.
Arcus outside the stress impact zone which have links with Systems within the stress-
impact zome are called “Connected Arcas”. A gradient of stress-impacts which occur
outside the impact zone is established, Delineating the extent of connection is not
anempted, hence, Connected Areas have no clearly defined boundaries.

Formulation of management sirategies within the stress-impact zone and
Connected Areas

The lnal stage considers that the Impact Zone and Connected Area has two distinct,
vel interacting, coastal management and disaster management issues. The siress
impact zone(s) could be managed through a suite of hazardous ure policies, including
reduction in infrastructure intensity through land use planning, building code
requirements and disaster preparedness.

Policies formulated to reduce the impact of stresses within Connected Areas would
depend on the analysis of the strength of linkage with Impact Zone Systems (Stage 3).
For example, in the case of flood impact zones, connected area policies would address
issucs including the flow of people leaving the flooded area, and assess the economic
impact of lost crops und livestock from the flooded arca.




Phase | of this project has tested the applicability of the Coastal Systems approach described in
Section 4.2, withoul linkage to the Impact Zone and Connected Area (IZCA) framework. The
[ZCA framework was not considered due to time constraints, and the desire to undertake thorough
tnitial testing of the appropriateness of the Systems approach, The 1ZCA approach is
recommended for testing and possible implementation during Phase [L




5. Initial Testing in Western Samoa of the
Framework for the Assessment of Coastal System
Vulnerability and Resilience

The initial testing of the new framework for the assessment of Coastal System response 10 a range
of stresses is described in this section.

The stresses 1o coastal systems are divided into internal stressey, which arise within Western
Samoa, and external stresses which are imposed on Western Samoa from external sources. Sea-

level rise and climate change stress are considered as two additional external stresses to an already
wide range of external and internal stresses (see Section 4).

The vulnerability and resilience of separate, yet strongly interacting, Coastal Systems are analysed
through loosely structured subject-based analysis. The new ussessment framework considers the
coastal areas of small islands, such as 'Upolu, as highly interconnected. As such, geographically
defined site-specific case studies have reduced meaning, and a “whole island™ approach 1o the
assessment of Coastal System vulnerability and resilience must be undertaken. However, the
whole island approach recognises that stresses oceur 1o a different extent around the islund’s coast,
As such, specific areas ol the coast are viewed as being stressed to different degrees, and as &
result, show different degrees of impact. But because the Coastal Systems of ‘Upolu are s0
interconnected 'Upolu would suffer “differential but shared' impacts. This concept of
“differential stress and differential but shured impact™ is pamicularly important for the analysis of
internil stresses, which are largely due to the intensity of human use.

Discussion of the initial westing of the assessment framework is structured around three main
155ues, or subject areas. These are:

I The vulnerability of "Upolu’s rural coastline populated by villagers. This section describes
traditional Samoan society. Where specific examples of coastal system vulnerability and
resihienceare required, these are given from rhe villages around Safata Bay on the south

coast of ‘Upolu and the villages along the south-east coast between Saleapaga and
Lulomanu:

11 The range of stwresses and resultant vulnerability and resilience of the Coastal Systems of

urban Apia. This section highlights the multiple and intense stresses currently being
experienced in Apia; and
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Il The large coastal infrastructure projects of the Iniernanonal Airport and Mulifanua Wharf,
The ferry linking the islands of 'Upolu and Savai’i sails from Mulifanua Wharf.

The ininal testing of a Geographic Information System (GIS) for aiding the aiding the development
and implemenzzarion of the new vulnerability and resilience assessment framewaork is described in
Section 6.

The implicanons for the integrated management of ‘Upolu's coastal zone concluded from the case
study analysis is summarised in Section 7,

5.1. The rural coastline of 'Upolu with special reference to the
coastlines of Safata Bay and Saleapaga to Lalomanu

Approximately 80% of the population live in the 362 villages of Western Samoa, the majority of
which are located on coastal lowlands, Samoans are disinclined 1o live inland, and what sparse
inland serlement there is in "Upolu follows the major cross-island roads. The Incation of villages
1% determined by recent volcanic activity, employment opporturnties and placement of new coastal
round-island roads (Thomas 1986). The size of Samoan villages is vanable but the average
population in each village is between 200 and 50(). Mugch larger villages are found in the peri-
urban rrea extending along 'Upolu's north-west coast from Apia to Faleolo International Airpor,
where populations average between 1,000-2,000 per village. The “rural” coastline of "Upolu
described in the following section is the entire coastline of 'Upolu excluding urban Apia and the
peri-urhan cnast berween Apia and Feleolo airport

The resilient and vulnerable components of each Coaszal System of 'Upolu's rural coastling are
described in the following section. Each Coastal System is descnbed separately, although the
linkage berween Systems is so strong on the rural coast that this disnnetion i1s made only 0 clanfy
the major coastal munagement issucs and constraints. A range of external and internal stresses is
considered (Tahle 5.2). Seo-level rise and climate change are considered as rwo additonal external
Stresses.




Stresses Source

Interna {resses

Pollution Industrial
Sewage/household rubbish
Land sediment runoff
Agricultural runoff

Social Unemployment
Migration
Poverty
Alcoholism
Culmral change Reducdon of cultural values

Populatdon pressure

Resource exploitation Overtishing
Mangrove cutting

Land reclamation

Developmental Reliance on imporned goods
Increased waffic
Reducnon in culral values

External Stresses

Tourists Resource use
Reduction in cultural values

Aid donor requirements  Reduction in cultural values
Inappropriate development projects

Cyclones

Global economic markets  Reduction in value of primary produce

Climate change Changes in temperature and rainfall
Possible changes in frequency and magnitude of
cyclones

Sea-level rise Changes in patterns of sedimentation and erosion
Changes to extent and frequency of coastal
inundarion

Remittances Flucruatons in cash income

Tuble 5.1. Iririal List of Internai and External Stresses on the Coastal Systems of Western

Samna,




3.1.1. Humap system

The population of rural coastal villages is gradually increasing. Population growth is slowed by
the general our-migration from the rural coast of 'Upolu 1o urban Apia, and the north-west coastal
region (Government of Western Samoa 1986). There is also likely 10 be internatonal out-
migration from rural coastal villages, although this appears to take place after initial migration from
rural viilages to Apia,

Villagers raditionally ear the staple foods of aro, yam, coconut, banana and breadfrait. Protein is
genetully supplied through the exploitaton of the fish and shelllish resources of the reef and
lagron. Impored foods have become increasingly imparant in villages, but much less so than in
urban Apia. The increased vse of imported goods is thought 10 be heightening the stress o the
health of Samoans, with increasing rates of abesity, hyperiension and diaberes (Hanna er al.
1986).

S.1.2. Cultural System

Western Samoa has maintained the madidonal way of life (the fa'a Samoa), despite over 200 years
of European contact. Probably the most important change to pre-European culture has been the
mroducnon of Chnsnamty. Western Samoans are now amongst the most devout Christians in the
world., The traditional way of life 1s especially stong in the rural villages of Savai'i and 'Upolu.

The influence of the fa'a Samoa permeates all aspects of coastal resource use and management in
rural ‘Upolu. Hence, the discussion in the following sections of natural, infrasmucrure, economic
Coastal Systems will be strongly influenced by cultural considerations. Therelore, future changes
i Samoan culure will be crucial for the management of future stresses 1o the coast, including sea-
level nse and climate change. Measures 10 reduce fulure coastal impacts will be implemented
through the madinonal village decision-making framework.

In the fa'a Samna, as in other Polynesian cultures, extended families are ruled by their elected
chiefs (matai). Typically one member of an extended family holds the matai title. Villages are
governed by the council of chiefs, or fone, Each village also has a women's commiuee, which is
responsible for health, sanitation and other issues.

Traditionally each extended family owns plots of both residential and agriculiural land. The
members of the extended family own property together, work together and share products of
work. In the smictest sense, land is not inherited under the maditnonal tenure sysrem. Exrended
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families act as corporate groups, owning land in perpewiry. Individual members may come and
go but ownership remains in the family and in the name of the family's matai title (O'Meara 1990).

The land tenure system has undergone significant changes since colonial intervention. Two new
principles, individual ownership and inheritance, now influence land tenure. Today, any
individual who is the first to ¢lear and plant the land may become the individual owner, and is able
10 pass land directlv on 1o his/her children regardless of marai status. The change from traditional
extended fumilies w new individualism is part of a long and conunuing process of land tenure
changes resulung in a mosaic of old, new and altered tenures in each village setting (O'Meara
1987, 19940 This change is associated with the efforts of Samoan planters to maintain economic
viability and 15 also an indicadon of concemns for future generations by clarifying inheritance
rights.

Another significant change which has occurred over the last three decades is a dramatic increase in
the number of men holding matai titles, t the point where most adult men, who control their own
economic affairs, are now matai. The proliferation of mazai siems from attempts to anain political
status. This process of appointing many matai titles is seen by many Sumoans as facilitating the
ultimate collapse of the matai system. Most marat today do not hold equal authority and thus the
power Of the matai as a whole is being eroded. This is particularly evident in the way in which
trachitional conservation practices are not being applied, enforced or adhered to. On the other hand,
the growth in marai ntles, is seen by others as an opportunity 1o mect the desires of Samoans who
are experiencing escalanng social, political and economic changes.

The changes to land tenure and matai tifles are significant in that they show that Samoans are not
necessarily inflexible or bound by adition. They can, and do, adapl to changing economic
conditions, O'Meara (1990) believes that in order to take sdvantage of new opportunities,
Samoans have shown their ability and willingness to adapt their culure. As a resull, present day

cultural resilience to external and internal stress has been rated as extremely high, and its
vulnerability rated as low (Table 5.2).

Samoan culture will change in the fumre, just as it has changed in the past. Furure cultural
changes muy be expected in response to increased stresses imposed by heightened exposure to the

cash economy and the availability of a wider range of consumer goods, increased tourist numbers
and through changes in migration patterns,
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However, 11 15 uncertain to what extent cultural dilution will take place, and if such dilution will
produce fundamental changes to the fa'a Samoa. From the experience of the last two hundred
vears it seems likely that future social and cultural changes may be reduced. if the continuation of
the Samoan culture continues to be the desire of Samoans. The Optimal Management Response
(OMR) assumes that cultural strength is maintained, and as a result the resilience of the culrural
Svstem 10 smress remains high, and the vulnerability low (Table 5.2). These [uture vulnerability
and resilience scores assume that the OMR scenario includes plans for the maintenance of cultural
strength, possibly including a Nauonal Museum and Culwral Cente. In addition, existing
traditional family units, churches, women’s comminees and organisations, youth groups and
village councils could be strengthened and developed. The OMR may be more likely o be
implemenited through these existing systems rather than altempling 1o creale new organisations.

The futers No Management scenario assumes that there will be no attempts to maintain cultural
mlegrity, Samoan cultural integrity gradually erodes, becoming increasingly Westernised. These
cultural changes are reflected in the resultant increase in vulnerability of theculural System, and
decrease in its resillence (Table 5.2).

5.1.3.  Natural Svst

The nawral physical and biological Sub-Systems of Upolu were described in Section 3.2.
Seenion 3.2 showed that the rural coastline of *Upolu could be divided into three coastal types
(Figure 3.2; Tahle 3.1).

Type 11 coasts are the least common coastal type. Tvpe 11 coasts have sieep plunging cliffs and
no. or limited, reefs. These couasts are generally not exposed to human-induced internal stresses.
cause they are both un-populated and contain limited economic resources.

Type I and type I11 coasts have gently seaward-sloping volcanic coastal plains, beaches, lagoons
and reef complexes. Type 1 coasts are fronted by fringing reefs, while type I11 coasts are fronted
by extensive barrier reef systems (Figure 3.2; Table 3.1),

The relative vulnenubility and resilience of the reef systems of fringing and barrier reef systems is
dependent on a range of factors:

I- biological diversity;

1= coral type;
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-  the impact of cyclones;

IV-  inensity of human ose for fishenies;
V- pollution load: and

VI-  relative cullural significance.

For cxample, the reefs in Safata Bay suffered moderate damage during Cyclone Ofa in 1990.
About 5-10 % of corals on the upper reef slope were dislodged or overtumed. A low tdal cyclone
bank was formed. There was severe erosion along sandy beaches of the seaward side of the Vaie'e
Peninsula of the older littoral forest which shelters secondary vegetation and the inner lagoon
mangroves were seriously damaged. Cyclone Ofa also overturned many older, top-heavy
mangrove rees. The mangrove ecosvsiems on the Vaie'e Peninsula appear to have survived the
buttering of Cyclone Val in 1991, butl the Satuoa-Sa'anapu mangrove forest suffered 30%
defoliation (Government of Western Samoa 1992¢).

Present day coastal resilience of the physical and biological sub-systems of the natural coast is
extremely high and has been rated with a resilience component of +3 in this study (Table 5.2).
‘The main reason for this resilicnce is the natural processes of deposition from niver sources are
maintaining a balance with ernsion, evidence for which is provided by the barrier spit formed off
the coast - Vaic'c Peminsula. The iagoon behind the peninsula has remained colonised by
mangroves which not only stanlise the sand of the spit but provide habitats for numerous biota.
Further cvidence of resilience is provided by the recovery of corals after the Acanthasier outbreak
of the 1980s {Zann 1991). The formarion of low cvclone sand-coral banks off Fusi indicate
natural patierns ol altcration in reef and lagoon environments. Extensive harvesting within the
lagoon and estuaries of Safata Bay have heen maintained at constant levels for some time. which
suggests that biological sysiems in this arca are modified, but resilient to exploitation because of
the healthy and productive mangrove wetlands.

Present day sustainahle capacity of the physical and biological sub-systems of Safata Bay's natural
environment is moderate. Like many other coastal locations, Safata Bay undergoes both
depositional and eresional processes, However, with its large number of rivers und streams
draining the inland region of "Upolu, depositional landforms and associated ecosystem
environments, unique 1o Western Samou have formed in this locaton. The large barrier sand spit,
Vaie'e Peninsula, and the mangrove wetlands and estuary are unique natural systems which have
high resilience and flexibility 1o change, but only if natural or human-induced change do not
exceed their capacity to adjust. The most serious cause for concern, is damage to the mangrove
ecosystems by human removal, infilling or cutrophication. Biological systems are placed in great
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jeopardy when such activities occur and if unmanaged will reduce their present sustainable
capacity. Historically, mangroves were more extensive along the coastal regions of Western
Samoa but were removed by people for timber and firewood.

The future vulnerability of the natural physical system in the Safata Bay area is likely 1o be
extremely high, especially if no management strategies are put in place.  With respect to sea-level
rise, inundadon of the wide lowland and erosion of low-lying coastal beaches, sand barriers,
mangrove swamps and estuaries is expected 1o be the greatest vulnerability of this region. Even
gradual sea-level rse could significantly affect the morphology of the Vaie'e Peninsula, leading to
acceleradon of beach erosion which would in turn affect coastal currents and depositional patterns.
Despite high biological diversity within the lagoon, estuary and coast the biological ecosystems
are expected 1o be extremely vulnerable to siresses in the future, especially if no management
strategies are implemented.  Harvesting pressure placed on specific species of aquatic fauna could
lead 1o iocalised stock collapses, and for those species harvesied mainly for sale in Apia there is
greater potential for over-exploitation, Biological ecosystems may also suffer depending on the
changes to inland runoif and sediment flow into coastal lagoon and esluary waters.
Eurrophication may lead to decreased coral abundance and increased algal biomass.

Future coastal resilience of the natural physical system under a No Management response is
expected 10 be high but lower than present day resilience. The coastal region and associated
depositonal landforms have been subject to fluciuations in deposition and erosion for many years.
However, the speed of sea-level rise may determine whether or not the landforms can adapt o a
changing ocean environment. The rate of sea-level rise, sources of sediment and rates of
sediment supply will also determine the stability of the mangrove ecosystems, which are prolific in
this region.  Future resilience will depend on the physical natre of the changes which occur, e.z.
whether Safata Lagoon remains proected from wave action, and whether extreme events remove

mangrove ecosysterns. Loss of mangrove wetland areas would greatly alter the stocks of
organisms ‘within the lagoon.

The future sustainable capacity of the natural physical and biological system in Safata Bay is
expected o be moderalely vulnerable if no management strategies are implemented,  This is partly
due to the fact that the systems are expected Lo become extremely vulnerable ro coastal changes in
the future but are alzo expected to show some natural resilience because such coastal environments
have undergone fluxes in deposition and erosion before. However, the narural sustainability of
the ecosystems will be significantly threatened by misdirected human activities, particularly with
respect Lo the important role of the mangrove swamps. Local villages must be careful not to

dispose of household wasles into the lagoon and mangrove swamps, or undertake indiscriminate
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infilling or reclamation of the mangrove ecosystems, and must also consider the impacts of
causeway construction on the flow of water and sediment in and out of lowland mangrove
wetlands. Future sustainability of fish stocks will depend on the health of the mangrave
ecosystems as well as the harvesnng acuvities of local people, Careful management of [ish stocks
will have 1o be implemented if the livelihood of the bulk of villagers is to be maintained by this
resource in the furure.

s 1.4, Institutional S

The decision-making instirutions of rural ‘Upolu consist of village level systems located within the
rural coasl. and the influence of national policies and plans formulated in Apia (Figure 3.4). A
detailed descniption of local and nanonal coastal management decision-making was given in
Section 3.3, where the dominance of village level decision-making in rural areas was discussed.

Village level decision-making is an integral parnt of the Samoan way of life (the fa'a Samoa).
Hence, internal and external stresses which influence the vulnerability and resilience of Samoan
culture will also have direct effects on the vulnerability and resilience of village based decision-
making. Cultural swresses are analysed above in Secnon 5.1.2. The close ties of village
institutions with the Culwral System are reflected in the similarity of their vulnerability and
restlience scores (Table 5.2).

The village institutional structures may become increasingly vulnerable in the future as external and
internal stresses increase significantly. Such vulnerability could anise if stress-induced impacts
require difficult and contruversial decisions o be made. Such decisions could result in conflicts
within the village and other social smesses, especially if decisions are required which have not
previously been within the range of the experience of decision-makers.

The future OMR scenario assumes that enhancing the resilience, and reducing the vulnerability of,
village level decision-making institutions is intimately linked 1o Cultural System OMR strategies.
There is also considerable scope for additional measures 1o support village level decision making
through educanon, training and knowledge sharing. Enhancing the knowledge base of village
decision-makers is likely to result in better informed decisions and rules. In the long term, an
increased knowledge base could resull in sustainable resource management practices bewng adopted
at the village level.
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In addition, the OMR assumes that village level decision-making will be co-urdinated by natonal
government. Also the OMR assumes that enhanced village level decision-making ability and/or
power will be formally linked with national policies and strategies, made possible by the
formalisation in law of village aspirations and rules (Cornforth 1992). National coordination
would ensure that a consist approach is taken by villages in different parts of 'Upolu, This would
require an increase in resources for a national coordination institunion, possibly the Division of
Environment and Conservanon.

OMR smraregies 10 increase the capability of village level decision-making institutions would have
critical Mow-on effects on the vulnerability and resilience of the natural, economic, infrastructure
and human Coastal Sysiems. For example, the adopton by villages of sustainable fishing
management pructices would reduce an important internal stress on lagoon and reef ecosystems.
Consequently, the long-1erm economic vulnerability of the subsistence fishing economy would be
reduced In addition, healthy reefs and lagoons would assist in the reduction of wave arack an

shorelines. hence reducing the vulnerability of village infrastructure and people to erosion and
flooding.

In conrrast, the No Management scenario assumes that there is no future support given to local
level decision-making by national governmenlt departments, or attempls to maintain cultural
integrity. As a resuls, the ability of village decision-makers 10 cope with internal and external
stresses declines (Table 5.2). with sagnificant negative effects on natural, economic, infrastructure
and human Coastal Systems.

S5, Infrastructural Svstem

The Western Samoan village is charactensed by a rraditional layout-pattern that has persisted
despite the juxtaposition of traditional and modern housing styles. Each village has an individual
nfrastructure of houses and cooking houses. Each village also usually has its own communal
infrastructure of church or churches, a primary school, bathing sites and cricket pitch/central
communal ground. The structural layour of & rypical village is shown in Figure 5.1. Frequently,
coastal villages have all houses facing the lagoon, with the villuge green directly on the coast
(Figure 513, Behind cach village, plots of land belonging (o the extended families of the villages,

usually stretch from the coastal lowland up to the nearest ridge, upon which plantations are
cultivated.

Infrastructure within villages funded whoily or panially by the national government includes
reticulated water, gas, electricity supply, wlephone lines, roads and district hospitals,
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Figure 5.1, Two idealised Coastal Western Samoan Villages. Source: Adapted From O'Meara
[1990)

Much of the villuge infrastructure 15 vulnerable to the external stresses which cause erosion and
inundarion. Hpuses, schools and churches are all. ta varying degrees, vulnerahle, This
vulnerabilily is reflected in the scores assigned 1o individual and communal vulnerability (Table
5.2). lHowever, there are powerful resilience mechanisms within villages, which offset and 1n
some cases overtide vulnerable infrastructure location.

Customary land tenure provides the ability to adapt to coastal impacts. If threatened, individual
and communal infrasmucture can be moved inland 1o other areas of communallv owned land. For
example, infrastructure in many villages has been moved inland in recent vears as a result of the
external stresses of cyclone-induced coastal erosion and flooding (Faucolo 1993), In addition,
some rural villagers have moved their houses closer 10 the new round-island road in order o ease
access o Apraand its markets. Villages on the south and south-east coasts show clear evidence of
such inland infrastrocture migration. As a resulr, the present day resilience scores of individual

¥



and communal infrastructural of rural villages are considered 10 be extremely high (score of +3)
{Table 5.2).

However, the migration of village infrastructure can result in considerable social tension. Tension
occurs particularly when moves are forced hy external stresses, such as coastal erosion, and less
50 when moves are deliberate, such as moving closer 10 a road. Tensions arise due to leaving
hehind the sites where villagers grew up, their old homes, their past, and burial sites near the
coast. Conflicts may arise between old and new generations if some are reluctant to move and this
may in wm threaten or weaken the maditional system of authority. Tensions may aiso be produced
due 1o changing social stalus associated with migration (Fauolo 1993). However, in some cases
the strong ries 10 previous coastal sites may result in the construction of seawalls 1o halt erosion
and recession of coastlines rather than trigger migration, especially near burial sites.

The OMR assumes thar the ability for the inland migration of village infrastructure within
customary land will continue in the future, and that villagers will generally decide not 1o stay
adjacent to eroding coasts by building seawalls. Consequently, the resilience of infrastructure
would remain extremely high. To allow the possibility of furure inland migration, village land
must remain in customary ownership, and hence cultural strength must also remain high, The
OMR ulso assumes that vulnerability to village infrastructure will only increase slightly . In order
10 minimise the increase in vulnerahility, OMR strategies must enhance the resilience of fringing
reel, lagoon and mungrove systems. Resilicnce enhancement measures include the implementation
of sustainable fishing practices and the maintenance of lagoon and beach sediment volumes.

The OMR scenario also assumes thar decisions made on the location of new coastal roads will take
into account issues of vulnerability and resilience. Road siting decisions can be made to
deliberately fucilitate inland migration of individual and communal infrastructure. For example, in
carly 1993 the decision was made o locate the round-isiand road on the south-east coast between
Lorofaga and Lalomanu inland from the present coustal route. Villagers who were informally
interviewed said that they would probably huild new houses close to the new road. ‘This action

will significantly reduce the amount of infrastructure on the very narrow and potentially hazardous
couastal plain, and so reduce the exposure to future smresses,

The future No Management Scenario assumes that the above enhancement measures for natural
system resilience will not be adopted. Also, measures for the maintenance of cultural srength will
fail to be implemented. As a consequence, the No Management scenario assumes an increase in

vulnerability of village infrastructure to extreme, and a reduction of resilience from extreme (o high
{Table 5.2)

43



In general, national infrasooctural facilities are less vulnerable to present day stresses than
individual or communal infrastructure duc o the protecton of sea-walls. Seawalls front much of
the round-island road where it runs adjacent to the coast. However, the protection afforded to the
roads by sea-walls, and the taking of customary land required to site the road effectively fixes the
road’s location. For example, coastal roads were extensively damaged by cyclones in recent
years, and have been rebuilt in the same location, often fronted by large sea walls, In this case
inland migration of national infrastructure is more difficult than for village infrastructure. Asa
result, the resilience score for national infrastructure is low (Table 5.2).

Primary production

The village economies of rural 'Lpalu are dominated by the primary producnon of agricultural and
marine resources. The majority of resources harvesied by villagers becomes purt of the village's
subsistence econnmy, shared between either members of an extended family or the entire village.
For example, in the villages around Safata Bay, subsistence fishery is very important, with a low
proportion (17 %) of the cawch sold {Zann 1991). Some primary resources are sold in Apia,
forming part of the cash economy.

Primary economic resources in rural villages include: fish and sheilfish caught in lagoon and reef
areas: coconuts, taro and breadinut from plantanons; domestic animals, mainly pigs; and the
produce from household gardens. These resources are usually regularly harvested up to scveral
times each week. In addition, occasional cultural events require extra harvesting, possibly the
slaughtering of a pig, or the calching of « particular lagoon fish. Such events include visits 10 the
village by dignitaries from neighbouring villages.

The harvesung of primary economic resources for subsistence and cash markels may be thought of
as having different degrees of vulnerability and resilience 1o stresses. Local cash markels are
subject to price fluctuations, which are in tem influenced by global market prices. Global prices
will have an effect on the volume of locally produced goods exported, versus those placed on the
Incal marker hecause of weak global prices. Thus, the cush component of primary village
production is sensitive to both internal and external economic siresses.  Subsistence practices
within rural villages are extremely adaptable to changing conditions (O'Meara 1987, 1990).

Subsistence fishing activities involve large numbers ol people who go fishing at least once a week.
Fish catches have declined an estimated 35 % between 1983 and 1991 (Zann ez al. 1991). The

AL



cause of this decline is likely 1o be from over-fishing through the use of increasingly damaging
techniques, including fish fences, underwater worches, dynamiting and poisoning. In additon,
lagnons and reefs are being degraded by pollution, pnncipally nutrient loading, sedimentation duc
W forest clearance and the loss of productive inter-tidal habitat, especially mangrove. The impact
nf recent ropical cyclones may also be contributing to coastal ecosystem degradation,

Additional stresses to primary village production include pollution and over-exploitation.
Pollution may include pesticide pollution of plantations, and runoff pollution of pesticides,
sediment and sewage into lagoons. Thus the sustainability of the primary production component
of the village economy is closely tied w the sustinable management of the village's physical and
biological resvurces. These resources are currently under threar from the stresses listed above.
The future No Management scenario assumes that there will be no management interventions to
ulleviale the smess, and as a result pnmary economic production will gradually decline. In contrast
the OMR scenaric assumes that villugers will be made aware of the dangers (o their primary
eeonomic resources from non-sustainable use and other human-induced stresses. As a result, it is
assumed in this scenario that village and national levels of decision-making will form a parnership
o implement sustaimable management policies and practices 1o ensure sustainable cconomic use.

The cash component of village cconomies consists of agriculural and fish resources sold in Apia,
remittances, some lxal service businesses and wage eamning jobs, such as those in schools and
hospitals. Wage-earming jobs are much less common in rural villagss than in Apia, as shown in
Figure 5.2.

Remittances

Remittances are monetary gifls endowed by extended family members currently living overseas.
Remittances play a major role in Samea's village economies. In 1989, the 76,200 Samoan
migrants overseas contributed a total of USS 38.2 to families in Western Samoa (Ahlburg 1991).

New Zealand is the largest source of remittances for Western Samoa (48%), followed by the
United States (30%), American Samoa (12%) and Australia (10%),

The flow of remittances into villages is influenced by the economic status of those sending
remittances, and the strength of the ties with their extended villages. Thus, the value of
remiltances sent 1o rural villages is sensitive 1o economic fluctuations and trends external 10
Western Samoa. The value of remittances sent is also sensitive to the needs of those receiving
money. For example. remittance is especially noticeable aficr cyvelone disasters. Tn 1990
remittences peaked at WST$92 million (US$ 35 million) after Cyclone Ofa. Much of this income
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was spent in Apia 10 purchase building malerials, food, pay bills, school and hospital fees, and
finance funerals and community meetings.

Apia Rural 'Upolu
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Figure 5.2, Fmplovmen: Sectors in Rural ‘Upol and Urban Apia.
Source: Government of Wesrern Samaoa (1992¢)

Therefore, remittances can be viewed as a critical mechanism for enhancing the resilience of the
village cash economy. The important role of remitances may he expected to continue in the
future, influenced by the factors described above. Thus, remittunces may play an important role in
reducing the economic impact of future sea-level rise and climaie change on rural villages.
IHowewer, this resilience enhancement elfect assumes that culturel ties will continue to be strong,
that migrants will be economically able 1o send remittances, and that Western Samoan migrants
now overseas themselves do not live in coastal areas impacted by sea-level rise and climate
change. In addition, 1t assumes that banking, postal and intemational transport facilities in
Western Samoa will not be impacted, and continue to allow remittance Alow to rural villages.
Iinally, sucral and economic changes in Western Samoa and in the countries in which migrants
npw live mav encourage, or even force, migrants to return hume (o their family’s village. The
return of large numbers of overseas migrants would both reduce the amoun: of remitiances and
place increased smess on the village's natural resources.

The OMR scenario assumes that cultural tics will be encouraged and maintained, and thar banking,
postal facilities and international ransport facilities will be protected. This scenario also assumes
that large numbers of migrants will not return home, and will be cconomically able to send
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remittances. These later factors are obviously beyond the control of decision-makers in Western
Samoa.

Tourism

Tourism is not well developed on the rural coast of ‘Upolu. There are no major hotels outside
Apia, and only a handful of small tourist developments. The majority of these developments are
on customary owned land. There are no tourist developments on the Safata Bay coast.

There are approximately 15 small beach houses (fale) at Aleapata, on the Saleapaga (o Lalomanu
coast. The fale front directly onto the beach, lagoon and fringing reel. The fale are built to the
traditional Samoan style of wooden floors, open walls and a roof supported by wooden pillars.
Each fale costs WST$ 10 per night (US$ 3.8). The fee is paid to extended famaly members who
live hehind the fale. A number of families rent out fale at the site.

This type of tourism development is extremely resilical to external smesses, particularly those
which cause beach erosian and coastal Nooding. The fale can be moved landward to other areas
of customary land if threatenad hy erosion.

There are 6 higher standard fale at Vavau beach , just west of the Saleapaga w Lilomanu coast,
capahle of sleeping 12 people. These fale cost USST0 per night, and are built in a mixture of
Samoan and western styles. The walls are enclosed, and there is air-conditioning.

Tourist numbers are planned to increase by 10% per year between 1992-2001, from 41,000 visitor
arrivals in 1992 to over 100,000 in 2001, Such increases in visitor arrivals are being actively
encouraged as one method of reducing Western Samoa's balance of payment deficit, Six of the
seven future tourist development areas an ‘Upolu are locuted on the rural coastiine (Apia is the
seventh) (Government of Western Samoa and Tourist Council of the South Pacific 1992), Small
to medium sized, high quality tourist developments on the rurul coastline are recommended to be
the major focus of future wurist expansion. This tounsm developmeni smrategy is being persued in
order o schieve sustainable growth through the maintenance of the strength of Samoan culture and
environmental guality. The government plans to attract “discerning, environmentally and
culturally aware visitors”, and does nor envisage Western Sumoa becoming a mass tourist
destination (Government of Western Samoa and Tourism Council of the South Pacific 1992).

Tourist growth in Tural areas is planned 1o be owned and run by Samoans, and managed through
customary extended family srructures.  Thus, customary land may be used for tourist

developments undertaken in partnership with foreign investors., Toerist resort design will he
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encouraged 10 be in keeping with traditional Samoan architecture, and will be subject to
environmental impact assessmemts (EIA) in order to reduce the environmenial impact
(Govermment of Western Samoea and Tounst Council of the South Pacific 1992),

This strategy for tourist growth on the rural coastline would significantly increase the resilience of
the tourist economy to external and internal stresses. Inlemal stresses on the culturul system
would be significantly reduced though village involvement. In addition, tourist development on
customary land would have the capacity 1o move inland if exiernal stresses, including sea-level rise
and climate change, were 1o erode the coast. This resilience building capacity would be lost by
constraining resort development within the boundaries of freehold land,

As a result of the above discussion, the vulnerability, resilience and resultant SCI scores for the
economic Sysiem of rural villages of Upolu are shown in Table 5.2.

5.2, Urban/commercial - Apia

The second case study focuses on Apia, the capital of Western Samoa. Located midway along the
narthern coast of 'Upolu, Apia is the only town and the political, economic, commercial, urban,
industrial and social service centre of Western Samoa.  Apia streiches from the village of Letwogo
in the east, to the village of Vaigaga in the west, incorporating & total shore length of 18.5 km.

Urban Apia contains a wide range of businesses including: supermarkets, hotels, travel agencies,
health and emergency services. education and library fucilitics. diplomatic centres, government
departments, communication and transportation facilities, a port and wharf, Most commercial
activities in Apia 1ake place along the waterfront on Beach Road. The new multi-siorey Central
Bank and government buildings are sited on the new Apia coastal reclamation.

Strung out along the Mulinu'u Peninsula and the Beach Road waterfront are numerous historical
monuments and colonial buildings. Mulinu'u Peninsula is the site of Western Samoa's Parliament
Buildings, the Government Legislative Assembly, the Lands and Titles Count, the Broadcasting
Department, the Ohservatory and Metweorological Station, the Yacht Club and a number of Chiefly
tombs.

Located at the eastern end of Apia Harbour, opposite the mouth of Vaisigano River is the port and
wharf.




A Sysiem by System vulnerability, resilicnce and sustainable capacity analysis of Apia's human,
cultural, natural, institutional, infrastructural and economic Coastal Systems is undertaken in the
following Sections.

5.2.1. Human System

Apia has & core population of approximately 35,000, including the suburbs sprawling along the
coastal lowland to the east and west and up the gentle hill slopes owards Mount Vaea and
Afiamalu. Apia East has a population of some 14,700 people residing in 24 coastal villages with a
population density of 1,425 per square kilometre of shoreline. Apia West has a population of
7,40 residing in 9 coastal villages with a population density of 740 per square kilometre of
shoreline,

Apia's population has grown dramatically over the past 100 years, The growth in population
density in this coasial region is driven by a strong trend in rural-urban migration from Savai'i and
rural coastal villages of "Upolu. However, the overall population of Apia has been relatively
stable during the last 10 vears due w overseas out-migration from Apia (Government of Weslern
Samoa 1992e}. The motivation for the rural population 1o migrate 10 Apia is growing
dissarisfaction with agricultural prices, and the finite labour absorption capacity of traditonal
subsistence activities. Also, pard work in Apia and the “freedom” of an urban lifestyle actas a
strong magnet for some rural inhabitants.

The number of people living in Apia in the future will continue to reflect the difference between
rural urban migration and international out-migration, The factors that will control the relative
strengths of internal and internations] migration in the future have not been analysed in detail
during Phase 1 of this project.

[n the absence of an analysis of potential future rends in migration, the OMR scenario assumes a
relatively unchanged future urban population, The No Management scenario assumes future
pupulation growth in Apia. However, it must be noted that management strutegies to reduce urban
population grawth, or whether such strategies are required and/or appropriate, have not heen
analysed. Clearly the analysis of internal and intermational migration patterns of Western Samoans
15 recommended as an integral part of Phase 11 research.

Unemployment rates are iow in Western Samoa, being less than 1% in 1986. However,

unemployment figures are difficult to interpret. This interpretation problem is summarised in the
report of the 1986 census as follows:
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“in a subsistence economy such as that of Western Samoa, the concept of
unemployment does not always have a clear meaning, because unemployment is
ransformed by the subsistcnce economy into underemployment™ (Government of
Western Samoa 1991e).

Thus, unemployment can be considered 10 be a munor internal human system stress at present,
although this minor stress may be the strongest in Apia where the unemployment absorprion-effect
of the subsistence economy 15 weakest (Fairbairn 1991).

It is uncertain how unemployment will evalve in Western Samoa as the economy and society
hecoms increasingly modermised, both due to the modifying effects of the subsistence economy
and the uncertainties in the development path Western Samoa will take in the future. The Seventh
Development Plan (DPT) suggests that, where the subsistence economy and the social control
within villages weakens, unemployment may become a major concern. Such future conditions are
mast likely to occur in Apia, and in lwm may lead to “social alienation, crime and abuse of alcohol
und drugs (DP7)", Apia’s internal human System stress may increase in the future as a result

(besity, diabetes and hypertension have become increasingly prevalent in Western Sumou,
particularly in urban Apia. These increasing health risks amongst Samouns are closely tied o the
process of modernisation, through the heightened use of imported foods, including sugar, flour
and canned foods and the more sedentary litestyle of urban dwellers than villagers (1lanna er al.
1986). Thus, modernisation in urban Apia is an internal stress 10 human health.

Future health problems in urban Apia resulung from increased use of imported goods, and a more
secentary lifestyle, may also heighien internal human-system stress if nol managed through health
awarencss programs (Hanna et a/. 1986). Such an increase in stress may contribute 1o the reduced
resilience of the inhabitants of urban Apia. The impact of future modernisation on human health
may be investigated through the study of Samoan migrants living in Hawaii, mainland America
and New Zealand (Hanna er ai. 1986). Studies of this kind would help to clarify the relative
importance of health changes to the residents of Apia in relation to other memal stresses including
changes in population, unemployment and culural conditions.

5.2.2. Cultural System

The rapid growth of Apia has resuited in a variety of social and cultural changes characieristic of
many cities in the developing world, but which have a unique Western Samoan {lavour,

a0



1§

Coastal systems Coastal sub Vulnerability Resillence Sustainable Vulnerability Resilence Sustainable
sysiems component component capacity indey | component component capacity index
! Future
-] [ c
e S e & @ o

Present day < £ < S S & & g &

£, z3s ziell I si|f s3] § s

$SE §SE §SE e E®| &8 Eg| B2 EZ

@ u u E ﬂ‘ = - —

EE® TE® TES 2 88| 2 oGE| 2 Ok
Natural physical 2 4 =l 3 0 i -3 1
biological -3 0 -3 3 1 0 +1 -3 0
Cultural -2 +1 1] -3 .2 0 1 -3 b
Institutional village -2 +1 -1 -3 -2 1 2 -2 0
nauonal -3 +1 -2 -3 2 0 1 -3 -1
infrastructure  individual -3 0 -3 -3 -2 0 1 -3 -1
communal -3 0 -3 -3 .2 0 1 -3 -1
national -3 0 -3 3 - 0 1 -3 -1
Economic subsistence -2 +3 +1 i, .2 +2 +3 -1 +1
cash *3 +1 -2 -3 -2 +1 1 -2 -1

Human -2 +1 -1 -3 -1 +2 o -+1 -1
Average Sustainable Capacity Index -1.7 -2.5 -0.6

Table 53. Urban Apia Present Day and Future Coas

Indices.

1al System Vilnerability and Resilience Components and Sustainable Capacity



Traditional Western Samoan culwre, which remains strong in rural village communities, has been
eroded in Apia through European contact and the process of modernisation, However, the fa'a
Samoa remains the central social force within Apia where the council of Chiefs and orators (fono)
supplements the adminisirative powers of national and town executors, judiciary and parliament.
The effect of cultural erosion is an increased dependence on urban infrastructure, utilities, services
and imponed goods. In addition, the decrease of village authority and control has played a role in
the increase in social and cultural problems in Apia, including unemployment, social alienation,
cnme, and abuse of alcohol and drugs.

Despite cultaral changes and problems in urban Apia there are a number of atrributes in the
traditional Sumoan way of life which assist people in times of crises, The most importamt of these
is gift and remiuance giving. These cultural resiliences do not completely counterbalance cultural
vulnerabilioes in Apia, compared 1o rural Samoa (Table 5.2, as gift giving appears to be sustained
for only shor perinds after disasters.

Secton 5.1 derailed possible future changes to rraditional Samoan culture. Secuon 5.1 concluded
that cultural integrity may remain strong in the future if this remains the will of Samoans, and is
managed effecdvely by national and local policies. Culrural integrity is at present much weaker in
Apia than in rizral areas. ‘Thus, any Samoa-wide colural weakening which may occur in the fumre
is likely 1o further lower cultur] integrity in Apia. However. il is unclear whetber a weakening of
an already weakened cultural System in Apia will have more overall impact on the resilience and
vialnerability, than cultural weakening of 4 presently strong culture in rural 'Upolu.  This issue
requires turther study in Phase 11,

Cultaral infrastructure, for example the chiefly tombs on Mulinu'u Peninsula, may be at nisk in the
future, with a negative effect on truditional culture.

The OMR scenanio assumes that cultural strength can be mantained in Apia through management
strategies (Table 5.2). However, the development of these strategies may be more difficult in Apia
than rural 'Upolu because of the already weuakened culture, and the varying cultwral and
commercial values associated with the mixture of customary landownership and freehold land
enure in Apia. The No Management scenario assumes that cultural strength will gradually decline
and become mcreasingly Westernised,
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The L85 km of coastline fronting urban Apia contains 20.3 km of reef edge, 1,160 hectarcs of
reefl and 93 hectares of mangroves. The coastling contains two major inlets a1 Vaiusu Bay and
Apia Harbour separated by the Mulinu'u Peninsula. Apia is on the border berween Type | coasts lo
the east, and Type Il coasts to the west (Richmond 1991).

The reef edge in front of Apia Harbour has a prominent 500 m wide gap, a natural result of the
freshwater discharged by the Vaisigano River which drains into the harbour. There is also a delta
al the mouth of the Vaisigeno River formed by the deposition of river-derived sediments
tRichmond 1991}. In conwasi, the reef in front of Yaiusu Bay does not have a gap in the reef,
because of the different Ireshwater drainage characteristics of the river systems of Vaiusu Bay.
The Fulusou River and Gasegase Stream mouths in Vaiusu Bay are classed by Richmond (1991)
as bamer impounded river/stream mouths. As a result there are well-developed mud flats and
mangrove communities, significant portions of which have been in-filled for land reclamation.

The coastal plain is composed of Holocene sedimentary deposits, particularly swamp alluvium,
talus and sands (Kear and Wood 1939}, The coastal plain grades into the voleanic deposits which
nise to the ventral voleanic peuks of the island,

The vulnerability of the physical system is higher in Apia Harbour thun Viasu Bay where the gap
in the reef allows storm-generated waves to reach the shore with lintle wave energy dissipated.
The typical response of the physical coastal system 1s apparent in the formation of a number ol
extensive coral debris cyclone banks after Cyclone Ofa, which run parallel 10 Mulinu'u Point
(Rearic 1990, The whole of Mulinu'u Peninsula was flooded by the storm surge washing over
cxisting sea walls during cvclones Ofa and Val.

Central Apid is located on a low-lying coastal plain.  As such, the physical Sub-System of the
naturdl Coastal System in Apia is highly vulnerable to present day external and internal stresses.

For example, recent mopical cyclones have flooded Apia through storm-surge inundation, and
through river flooding.

The natural resilience of Apia's natural Constul Systems huy been significantly reduced through
human action. Industrial and sewage waste pollution, over-fishing, reef blasting, dredging and
siltation have all occurred 1o varying degrees in this case study site. Zann (1991) noted that since
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1954 the amount of coral within the lagoon near Apia had decreased significantly and has been
replaced by seagrasses, possibly as a result of increased europhication. The reefs were also badly
damaged by cyclones. Coral debris cyclone banks are still visible in Apia Harbour and Vaisu Bay.

The large mangrove arcas within the site are presently being polluted by discharge of untreated
sewage and by the dumping of urban and induswrial rubbish, especially at the Vaiusu Bay
Municipal Rubbish Dump. Mangroves are also being in-filled for land reclamation, at an
increasing rate. Significant portions of the mangrove shore between Vaipuna and Moataa have
been reclaimed for hotels and housing, and the seaward Moataa mangroves have been enuirely
reclaimed and the estuary flow diverted through a drain. The Fagalii swamps have also been
reclaimed and the seawall constructed along the shore in the front of the East Coast Road did litde
o protect the villages from storm surge inundation during Cyclone Ofa.  All these human
influences are reducing the capacity for the whole coasial system 1o cope with impacts of external
and internal stresses.

The physical structure of the coastline 15 significantly modified from its natural condition by sea
walls and revetrments. The vulnerability of the coastline 1 high probability events, such as small
stroms and extreme high tides. is reduced by seawalls. but they do not withstand ocean forces
duning cyclones and may contribute 10 serious erosion problems further along the coast. Lowland
coastal resilience is also being reduced by human disturbance (infilling, pollution) of the mangrove
swamps which act as buffer zones during storms and floods.

This range of stesses results in the biological and physical Sub Systems of Apia being extremely
vulnerable. and having a low resilience (Table 5.3).

Under the No Management scenario, Apia's physical and biological Coastal Systems are assumed
10 continue 10 be extremely vulnerable to external and internal stresses in the future, This
vulnerability is heightened by the influence of human activities in the region. For exumple,
reaction of the fringing coastal coral reef to potential future sea-level nise and climate change is
uncertain.  But the reef"s ability to grow vertically as sea-level rises will be hindered significantly
if the biological ecosvstem iy unhealthy us a result of human-induced damage.

The fringing reefs will also be sensitive 10 changes 1o river flows, and thus sediment load. As a
result. deposition of sediment in coastal locations may change. However, natural paterns of
deposition are likely 10 be distupted by human activites along the coast including sand mining and
dredging, sea wall construction (which deflects sediment depasition), and destruction of mangrove
swamplands.




The reaction of the mangrove hinlogical ecosystem 1o [uture stresses is also uncertain, but their
ability to remain will be highly dependent upon the influence human acovities have on their namral
state. In the furure, under the No Managemeni scenanio, destruction of mangroves by infilling for
lund reclamation, pollution, and diverted sources of sediment (rivers) may dramatically increase
the vulnerability of these coastal environments 1o future smess.

Under the No Management scenario both physical and biological coastal Sub-systems will have
low resilience 10 future stresses as a resull of continued human modification and degradation. The
OMR scenario assumes that a range of strategies is adopred 1o both enhance resilience and reduce
vilnerabslity. Such smategies include the reducnion of sewage pollution though the implementation
af the proposed Apia sewerage scheme, the reduction in industrial pollution, the development of
sustainable reef and mangrove management practices, and closely managed sea-wall maintenance
and lund use planning. The last strategy could be coordinated by the proposed Apia Urban
Authority, which would also coordinate the reduction in the risks to infrastructure.

5.2.4, Institutional System

Apia is the administrative decision-making insritutional centre of Western Samoa. The institutional
effectiveness with respect to coastal management has been analysed in Section 3.3 (see also
Appendix 1), This analysis cancluded that there is sufficient national legislation 10 produce
effective coastal management strategies. However, lack of human and linancial resources and
poor linkage with village level decision-making were both obsiacles o successful policy
implementation, In addition, the control of land use along the coastal hinterland of Apia is
minimal. Apia hus neither a town council nor lund use plunning Iegislation o manage urban
development. These factors conmbute 1o institutional vulnerabiliry, and reduce resibence.

Western Samoa has relative polincal stability, enhancing national institutional resilience through
the ability to develop and implement long-term coastal management sTategies.

However, future effectiveness of national institurions may be compromised through the physical
location of the buildings which house government institutions. The new government bailding is
situated on land recently reclaimed from Apia Harbour. The parliament building is Incated on the
low-lying Mulinu'u Peninsula. These locations effectively create additional internal stress,
contributing to national institutional vulnerability.




The OMR scenario assumes strengthening of national institutions would be undertaken, including
mmproving the linkages between nanonal and village levels of decision-making. In addition, the
OMR scenario assumes the creation of an Apia Municipal Authority, presenily being considered by
the Samoan Government. The Apia Mumcipal Authority, if formed, will be an adminisrarive
body with powers to improve land use planning, implement building codes and manage social and
SCONOMIC acnvities in Apia.

5.2.5. Infrastructural System

Apia is the cenmal point of ransportation, communication, administration, education, health and
social services of Western Samoa. The majority of central administrative buildings for each
service are located along Apia's waterfront and Mulinu'v Peninsula. These coastal locations have
heen seriously damaged by cyclones in recent years. Moast insttunons have no backup or support
facilities elsewhere in Western Samoua, and disruption of operations as a result of cyclone impacts

has hindered recovery and rehabilitation after such disasters (Government of Western Samoa
1992¢).

There is extensive service infrastructure in Apia including water supply, electriciny, gas, sewerage
and waste disposal. However, the location und operation of this infrastructure is not well planned,
nor does 1t work continuously. Household and commercial wastes enter closed and open drains
which discharge into mangrove wetlands at Vaiusu Bay. Municipal rubbish disposal and effluent
from the Vaitele Industrial Area in east Apia also enters this mangrove wetland. High levels of
pollution has resulted, The service infrastructure has litde capacity 10 deal with the demands
placed on 1t by 115 population and increasing commercial and industrial activities, While the
physical service faciliies are vulnerable to external stresses, their inefficiency results in a
significant intemal swess; the adverse impact on the narural Coastal System.

The relative vulnerability of individual, communal and national buildings depends on the design of
each building, the materials used and the standard of construction. These factars have not been
studied in this Phase. It is recommended that this work be carried out in Phase II, including an
analvsis of building codes and their implementation in Apia.

There is an extensive seawall building project currently underway in Apia with assistance from the
Japanese gavernment. Beach Road, the new Apia reclamation and Mulinu’u Peninsula is being
fronted with sloping rubble revetments. This scheme is being undenaken primarily to reduce the
vulnerability of urbun infrastructure, and its economic production,
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Individual, communal and national infrastructure located in Apia has been scored as highly
vulnerable, and of low resilience 1o external and internal stresses (Table 5.3).

In the future, under the No Management scenaria, the capacity of infrastructural services in Apia
and its hinterland, which are presently unsustainable, are unlikely to have the capacity to keep up
with user demands placed on them by a changing urban population and increased industnal use.
‘I'he demand on infrastructural services may be higher than anticipated under conditions of rural-
urban migration wends if traditional overseas destinations reduce their intake of migrants.
Infrastructural services will remain vulnerable in the future if present social attitudes towards their
use do not change, For example, many Samoans regard water as a gift I[rom God, and expect it 1o
he free as a result. This has led o over-exploitarion, waste, and inappropriate use of water
resources. The future vulnerabiluy of the water supply will be enhanced, under the No
Management scenaro, by the accelerated clearance of catchment areas and uncontrolled polluton.

Waste disposal will continue to be a concern for urban Apia and its hinterland villages in the
future. With possible feture increases in population and the growing use of imported consumer
“throw-away'' goods the quantity of waste generated is likely 1o rise dramaticallv. Exisung, and
any new coastal disposal sites will be sensitive 1o future stress changes, Increased leaching of
pollutants into the coastal ecosystems may be the result.  The disposal of sewage will also pose
luture problems especially as the present open drain sewerage system may contaminate shallow
squifers. These aquifers are likely 10 be extremely sensitive to future sea-level rise. In this
densely populated site potential water contamination has senous future implications for public
health.

The OMR scenario assumes the provision of individual, communal and national services in the
future. The provision of service infrastructure is dependent on the future population density in
Apis. A lurge increase in Apia's population may deplete and disrupt the already disturbed coastal
ecosystems, and strain beyond present capacity the existing infrastructural services. As a result,
optimal coastal management must include integration of policies to attuin a sustainable population
growth rate.

There is an intense concenmranon of commercial and industrial activities in urban Apia which
contributes significantly to the cash economy of Western Samoa. However, economic activities
for cash dividends diminish further out into Apia's hinterlund because most land within the
surrounding villages is under customary ownership and used for subsisience purposes.
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The vulnerability of the cash economic system is considered to be higher than for the subsistence
economy. This differential vulnerability is a consequence of the reliance on infrastructure located
in urban Apia, potentially ar risk from external stresses. For example, infrastrucrure seriously
damaged by recent tropical cyclones was disrupted for long periods, causing losses 1o the cash
gconomy (Government of Western Samoa 1992a, c).

Resilience within the urban economic system in the aftermath of coastal disasters, relies on the
capacity of urban residence 10 share with exiended family members who live subsistence economic
lifestyles. Despite the economic atoractions of Apia, the difficulties intrinsic in a cash-driven
economic environment, of which low wages are the most important, inevitably draws people back
1o some form of subsistence economic lifestyle.

Remittances also play a major role in the economuc resilience of the residents of Apia. The role of
remittances in the Samoan economy was described in Section 5.1.6.

Western Samoa's tourist industry is centred on Apia. At present 92% of the 489 hotel beds in

Western Samoa arc within Apia (Government of Western Samoa and Tounsm Council of the
South Pacific 1992).

The national economic sitae of Western Samoa in the future will depend significanlly on the luture
vulnerability of subsisience and cash-generaring activities 1o external environmental swesses. The
country’s GDP has been falling, especially alter the last two major cyclones, Ofa and Val. Like
many of the small South Pacific island nations, Western Samoa has endeavoured since
independence in 1962 10 develop a modern economy from traditional village agniculture and
primary products. The country has no known minerals and its Exclusive Economic Zone is
amongst the smallest in the region. Future exports will remain agriculturally based but will
continue 10 be subjected to external forces (namral and commercial) which are beyond the
country's control,  The population of Apia is highly dependent on food supplics generated by
rurul subsistence activines. Therefore, the subsistence and cash economies of rural 'Upoly
(described in Secnon 5.1.6}, and the cash economic Sysiem of Apia are intimately linked.

Future resilience of the economic Coastal Systems is expected to be moderate w high, mainly
becuuse of the inherent resiliences built im0 the working of subsistence activities. The Seventh
Development Plan (1DP7) aims 1o improve the resilience of the cash economy by attaining
sustainable economic growth via the creation of skilled employment, development of export
oriented and rmport substitution activitics, identification of sources of growth, improvement of
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land use, achievement of economic efficiency and promotion of local ¢conomic
development (Government of Western Samoa 1992a). However, the establishment of proper
linkages berween national and local levels is essental if these aims are 10 be achieved.

Apia’s key role in the tourist industry is planned to continue through increased hotel numbers and
increased visitor facilities in the town centre, especially the harbour-front areas (Government of
Western Samoea and the Tourism Council of the South Pacific 1992). Apia 15 also hkely 10
experience significant economic flow-on effects from inereased lounst numbers, including the
development of visitor attractions and an increase in retail outlets milored to wurists’ needs.

B Faleolo International Airport and Mulifanua Wharf

Introduction

The third case study focuses nationally important coastal infrasmructare.  This approach of
analysing the nel impact on one Coastal Sub-System, departs from the broader analyses
undertaken in the previous two sections for Apia and the rural coast. This “System Isolation”
approach 1s imtially tested to examine the factors which contribute to the vulnerability and
resilience of major infrastructure projects to external and internal stresses. The resrng is

undertaken in order to assess the potential wider applicability of the technigue for Phase I1 of this
project.

There are a number of major infrastructure projects on the coast of 'Upolu. including Faleolo
international Airport, Mulifanua Wharf, sections of the round-island road, Apia’s port lacilities
and the new coastal land reclamation in central Apia.

Only Faleolo Intermational Airport and Mulifanua Wharf are analysed in detail in this secton.
Their vulnerability and resihience components are investigated, and the hinkage wirth arher Coastal
Systems highlighted. Faleolo Airport is the only international airport in Western Samoa, while
Mulifanua Wharf is the berth on 'Upolu for the inter-island ferry, the only public passenger ferry
between 'Upoiu and Savai’i, The airport and wharf were chosen for initial analysis because both
projects were built with the assistance of the Japan International Cooperation Agency and Japanese

engineering consultants, and hence detailed design reports were readily available o the study weam.

The airport and wharf are located on the north-east coast of 'Upolu (Figure 3.2). Faleolo Airpont
15 32 km from Apia. The first airport ar Faleolo was the airfield built by the United States Marine
Corps during the second world war (Government of Western Samoa and Japan International
Cooperation Agency 1985). Between 1969 and 1973 the airport was reconstructed with a sealed

&0



runway (1.676 m long) built adjucent to the original wartime runway. In addition, terminal
facilities were construcied. Berween 1973 and 1983 Australian aid prujects extended the runway
10 2,700 m. Addivional airpor facilities, such as a power supply sysiem and terminal buildings
have been constucted with assistance from New Zealand, Canadian, and Japanese aid projects.

Faleolo Airpont suffered an estimated damage of WST$ 2.35 million (USS$ 0.89 million) due 1o
cyclone Val (Government of Western Samoa 1992¢) Winds caused the grearest damage 1o the
terminal buildings and control 1ower. Only minor damage was sustained by the runway through
wave wash-over.

Cyclone Val also caused an estimated WSTS 1.1 million (US$ 0,42) damage 1o the 1erminal
huilding, the access road and the leading beacon on Mulifanua Wharf (Government of Westem
Samoa 1992). In addiuon, substannal siltation of the channel leading to the Wharf also occurred.
Extensive dredging of the channel was subsequenty required.

5.3 . LS aldmersbi { resili lysi

In this sub-section the vulnerability and resilience components of the natural, cultural, institutional
and economic systems are analysed. T'his analysis 15 undentaken with specific reference to the
contribution of each System's vulnerability and resilience to the overall vulnerability and resilience
of the Airport and Wharf's infrastruciure. Because the case study focuses on infrastructure only,
human Systems are not considered in this case study.

Natural System

The entire western tip of 'Upolu has extensive fnnging and barrier reefs between 450 and 1800m
wide (Richmond 1991}, The Jagoon boltom is & patchwork of smooth-floored sediment, marine
floral blanketed substrates, and coral pinnacles interspersed with sediments. The lagoan is
characterised by the deposition of large volumes of reef-derived sediment. Numerous blue holes
have developed within the lagoon and reach depths as great as 14m. The submarine rerrace is

well-developed and extends up to BUOm beyond the reef crest. The coast is fringed by a few
scartered arcas of mangroves.

The coaswl plain is composed mostly of gently-sloping Mulifanua Voleanic rocks. The shoreline
is composed of small pockets of Tafaugamanu Sand and alluvial deposits, but no volcanic rock
outcrops. No large rivers or streams enler the coastline which has led 1o sediment being composed
mainly of carbonate sand material, with thin and patchy sediment vensers occurring along inner
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reef flats and beaches. More extensive carbonate sand bodies occur in shallow lagoonal floor.
Some mud occurs along protecied shorelines, particularly near mangroves.

The reefs fronting the Faleolo Airport and Mulifanua Wharf suffered serious damage during recent
cyclones. The cyclones formed major humcane banks on lagoonal reef flats. Cyclone Ofa created
cxiensive hurricane banks around necar Mulifanua and directly opposite Faleolo Airport (Rearic
1994), Zann and Sua 1991).

The inner lagoon floor consists of fine sand and 15 dominated by a band of seagrasses and
macroulgae, and dead eroded Porites microatolls , which indicate 2 modern disturbance, possibly
sedimentation (Richmond 1991), However, such hahitats are very vulnerahle to erosion by
catreme cvents. Pressure from harvesting 15 not extreme 1n this region because of the melatively
low levels of population nearby . However, there is a danger of pollution from the Airpon and
Wharf. The biology of the reef and lagoon 1s sensitive, especially near Mulifaus Wharf where a
channel has been blasted through the reef, disrupting the coral. The channel has remained
disturbed and unstable, as demostrated during Cyclone Ofa when the channel was in-filled by
sediment and had 10 be re-dredged. The fringing barrier reef 1s healthy despite damage suffered
during recent cvclones, Persistent erosional processes along this stretch of coast remain strong,
but extensive sea walls protect the majority of this coastal area from direct erosion forces.

Present day physical coastal resilience in this study site s high (Table 5.4). The wide lagoon and
extensive barrier reef act as a narural buffer berween ocean forces and the coast, However,
Richmond (1991) describes this coastal region of 'Upolu as having been erosive for many years.
The erosion may be partly atributable to the wide and deep lagoon allowing greater wave energy
to reach the shore. Higher wave energies have a positive effect on biological resilience. The
resulting wrhulence in the lagoon reduces the lagoon’s suscepnbility 1o eurrophicanon.

The present resilience of hiological ecosysiems in the reef, lagoon and along the coastal margins is
considered to be higher than the physical System (Table 5.4). This is due to the fact that
considerable modificaton of the areas physical Coastal Systems has already occurred through land
reclamation and the constructon of seawalls.

Storm water, marine and rainfall flooding of the low-lying airpon runway and axiways creaies the
potential for toxic chemiculs and fuels to be dispersed into the lagoon by runoff. This polluton
could have major effects on species which feed on sedimenis, such as muller, and could lower the
overall resilience of the reef and lagoon Svstem.
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Future coastal resilience of the physical environment along the north-west coast of 'Upolu may be
expected 1o be reduced if no coastal management strategies are implemented. [f the fringing reef
remains healthy and relatively unstressed the resilience of the reef ecosystem 10 sea-level rise, and
other external and internal stresses may remain positive. However, if the reefs are not given
sufficient tme Lo ropair themselves between cyclone events. the resilience of the reef system may
be significantly reduced.

Institutional and Economic Systems

The vulnerability and resilience of the Airport and Wharf's infrastructure is also dependent on the
management decisions that are taken o protect the facilities from the impact of internal and external
stresses, Local level decision-making is not directly relevant to the two siudy sites, and is nat
considered further.

National coasial management decision-making systems were reviewed in Section 3.5, where it
was concluded that the presenl decision-making framework was generally robust, but required
changes 10 increase its capacity o cope with the impact of stresses. The national importance ol
Falzolo Airport and Mulifanua Whart to the nanonal economy may be expected to increase the
importance given to its protection from intemal and externil stresses. As a resull, high level
management decisions are likely 10 play a major role in increasing the resilience, and reducing the
vulnerability of this site to luture coustal changes,

Both the Airport and Wharl have considerable importance o the economy of Western Samoa.
Several internanional airline companies operate at Faleole, including Polynesian Airlines, the
nativnal camier of Western Samoa, Air New Zealand, South Pacilic Island Airways, Air Pacific
and Air Nouru.  There were 81,200 imernational air passenger arrivals in 1992, of whom
approximalely hall were tourists, There are, 38 international flights a week, on average, including
45 10 American Samoa. Air passenger arrivals are projected o increase by approximartely 1,400
per vear for the next 20 years, mainly due 1o increased numbers of tourists. In order o cater for
the predicted numbers of tourist arrivals, plans have been made to significantly up-grade the
Airport (Government of Western Samoa and Tourism Council of the South Pacific 1992), The
awrport expansion plan involves the lengthening and widening of the runway, and moving and
expanding the passenger lerminal facilities, al a total cost of WSTS600 million (LISS 258 million),

The inter-island ferry run by the Western Samoa Shipping Corporation sails the 11.7 nautical
miles beraeen Salelologa Pont on Savai'i and Mulifanua Port, "Upolu. Unlike international travel,
the movement of people between Upolu and Savai'i largely depends on marine transporation.
An estimated 90% of passenger ravel between the two Islands is by ship (JICA 1984), The
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approach channel and turning basin in the lagoon, and the wharf and terminal facilities ar
Mulifanua were reconstructed during the late 1980s in cooperaton with the Japan Inlernational
Cooperation Agency (JICA) (JICA 1984, Government of Western Samoa and Pacific Consultants
1986, JICA 1987).

Cultural System

Samoan culture places strong emphasis on extended family ties (Section 5.1.2). Some family
members often live in other parts of Western Samoa, or may live overseas. As such, Samoan
culture can be thought of as contributing 10 the economic sustainability of ransport infrastrucrure
in the country through the encouragement of links between family members, facihitated through
travel. The continuation of culural strength in Western Samoa can be thought of as increasing the
resihence, and decreasing the vulnerability, of the Airport and Wharf 1o stresses.

$.3.2.  Resullant | I jor inf : [
Faleolo Aj | Mulif Whart

The average of the Coastal System vulnerability and resilience scares, undenaken in the previous
section, indicated the balance between vulnerubility and resilience of the Airport and Wharf's
infrastructure to external and intermal stresses (Table 5.3). The natural systems protecting the
Airport and Wharf from ocean waves are relatively healthy. In addition, cultural, institutional and
sconomic factors contribute positively to the resilience of the Airport and Wharf's infrastructure.
Tuble 5.3 shows that the present day resultant vulnerability score of the infrastructure is low 1o
moderate ( 1.3), and the present day resilience score is also low 1 moderate (+1.2).

The similarity of the average vulnerability (-1.3) and resilience (+1.2) produces a Sustainable
Capacity Index (SCI) close to zero (-0.1). This SCI1 score gives an indication of the potential
long-term sustainability of the infrastructure of the Airport and Wharf,

Considerudon of future changes to intiernal and external stresses indicate that the implementation of
an OMR strategy could maintain the present balance between vulnerability and resilience, despite
potential future sea-level rise and climate change (Table 5.3). Key components of an OMR are
strategies 10 maintain the health of the reef and lagoon ecosystems. The OMR may achieve this
objective through a programme of awareness building and public eduction on sustainable fishing

practices. In addition, the OMR should attempt to minimise the amount of pollurion entering the
lagoon.
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The sloping rubble revetments which front Faleolo airport have been efficient in contributing to the
protection of the airport from cyclone and wave damage (Figure 5.4). Their appears o be little
environmental impact of this structure on the adjacent lagoon and reef system.

[t may be prudent to consider upgrading the level of proteclion given to the airport by the sloping
seawalls, This upgrading is assumed be part of an OMR strategy. Thas upgrading may be
necessary as a precaution against future sea-level rise und climate change, and as a precaution
against the possibility that reef management sirategies will fail. Seawall upgrading may be
achieved by increasing the size of the rubble blocks. The required minimum weight of the rubble
blocks is calculated using the equation in Appendix 3.

Damage to the Airport's revetments may is assumed 1o occur under the No Management scenario.
Damage is assumed to occur from increased wave energy reaching the shoreline due (o the
decreased resilicnce of the barrier reef. The possible impacts to the airpont under the No
Management scenario is shown in Figure 5.4 (b).

‘I'he continved balance between the vulnerability and resilience components, and resulting low
SCI, under the OMR strategy (Table 5.4) suggests that seawaull upgrading at the Airport is not an
immediate priority. Instead, the low SCI suggests that seawall upgrading should be carried out ay
pant of any future upgrading of the airpont. Airpon upgrading has recently been proposed as pant
the drive for increased twunist armivals (Government of Western Samoa and Tourism Council of the
South Pacific 19%2). ‘I'he imponance of protecting Falcolo Airport requires that the issue of
upgrading the seawall is investigated further in Phase 11.

The Mulifanua Wharl may also require upgrading as a result of future sea-level rise and climate
change. It is possible that such upgrading would be ultimately required because of the increased
emphasis placed on the development of Savai'i, which is likely to increase the demand for
transport berween ‘Upnlu and Savaii.

Howegver, the direct effects of sea-level rise may rcquire the upgrading of the Wharf sooner than
seawall upgrading at Faleolo Airport. The priority for upgrading the Wharf before upgrading the
airpurt may be due o an additional internal stress in the Wharf as a resull of its design, The Wharf
is built as a gravity type (concrete block) structure, The strucrure maintains its stability through its
own weight (Figure 5.4.c). Siability is achieved through the downward force produced by the
Whart's weight being greater than the lateral forces produced by soil pressure. If lateral forces
exceed downward forces, the Wharf would collapse (Figure 5.4.c).
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Pan of the downward force maintaimng the stability ol the Wharf 15 the its weight submerged
below sea-level (W2 in Figure 5.4.c). The downward force of the submerged weight of the
Whart i1s reduced because of the buoyancy (or vuoyancy) effect of sea water. Consequently, a
[uture nise in sea-level would increase the submerged part of the Wharf, thereby reducing the
downward force exenied by the weight of the Wharf. Higher future sea-levels could also increase
the frequency of ovenopping which would erode the apron of the Wharf, also decreasing stability.

[t is recommended that the sensitivity of the Mulifanua Wharf be further investigated in Phase [L
The results of this investgation should be included in any plans the upgrade the Wharf as part of
initiatives 1o modernise Savai'i. 'This recommendation is made in Section 8.
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6. Technological Case Study: Initial Testing of the
Use of a Geographic Information System (GIS)

Geographic Informagon Systems (GIS) are powerful analytival wols enabling the rapid processing
of large sets of data stored in a geographic form. GIS are often used as computer mapping tools.
by simply storing mapped information in a computer. However, GIS can also be used 10 model
complex issues which require the spatzl-processing of large volumes of data. It is the latier
capability of GIS which holds promise for the assessment of coastal vulnerahility and resilience to
external and internal stresses.

A GIS was tested for its ability to assist in the analysis of the vulnerability and resilience of
Coasial Systems 10 external and imernal sireyses. The GIS sofrware was ARC INFO housed on a
computer operating under UNIX . The GIS was located within the offices of Pacific Consultants
Co. Lud. in Tokyo, Japan. A survey of additional sources of digital and analogue data relevant for
future GIS work was also undertaken. Finally, a bricf unalysis of the present GIS capability
within Wesiern Samoa was carried nut

Topographic maps of the whole of 'Upolu Island at a scale of 1:20,000 were digitsed to form the
data ser used for the inidal GIS testing. Filteen “luyers”™ of geogruphic data for 'Upolu were
digiised from these maps {Table 6.1). Each layer 15 o separate data set. The GIS system can
overlay these dara w produce composite digital maps, Because the maps are held in digital form,
the GIS allows 1 range of analyses 1o be rapidly undertaken,

The 50 ft. (= 153 m) contour line was the first contour above the zera ft contour, The zero fi
contour used to define the coastline, Thus, the lund between 0-50 f1 is # measure of the extent of
coastal lowland in the cuastal zone. The lagoan, reef and nearshore “wet” pan of the coastal zone
were not considered in this initial GIS analysis. Table 6.2 shows selected indices of the

conceniration of layer-attributes between the (0-50 fit contours calculated from the digital mapping
process.




lL.ayer  Description .
A Coastline
B 50 ft contour
C Coastal types (natural, artificial)
D Sealed roads
E Unsealed roads
E Coral and rocks
G Mangroves
H Swamps
| Schools
] Churches
K Springs
L Wells
M Streams
N Water courses
{) Airports

Table 6.1,  Lavers divitised from "Upolu [:220000 scale topographic maps into the Geographic
Informarion Svstem (GIS).

Layer Whole Island 0-50 feet % 0-50 it
Length of coast hing (km) 246 36 3 =

Arca (km2) 1,127.57 94,32 Y
Mangroves (km2) 2.02 2.02 100
Swamps (kim2) 6.64 3,39 51
Schools (number) 126 a9 71
Churches (number) 301 234 78
Springs (number) 17 11 65

Wells (number) 5 5 LK)
Length of seuled road (km) 162,22 B3.28 53
Length of metalled road (km) 54351 111,97 21

Tahie 6.2. Selected layer antribite summaries for 'Upolu as a whole and berween 0-30 fr

abiained from (IS analysis,
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The summary data in Table 6.2 clearly show the stong coast-dependence of the infrastucture and
services in ‘Upolu, While only 9% of the land area of "Upolu is between 0-30 ft, 71% of the
schools and 78% of the churches are within the coastal lowland area. Church parishioners
generally live within walking distance of church in Wesiern Samoa. Families with school children
also generally live close o schools. Therefore, the concentration of schools and churches between
(-50 fr gives a general indication of the overall density of household infrastructure within the
coastal lowlund zone. This proportion of household infrastructure within the coasmal lowland area
may be between 7(0-809 (Table 6.2).

The area of coastal lowland, and the population, services and infrastructure within the coastal
lowland, give a general indicator of the island’s coastal dependence. However, the definition of
coasta] lowland as the area berween 0-50 ft cannot be correlated directly with the exposure to
external or internal stresses, including future sea-level nise and climate change. As, a result
additional GIS unalysis is required to analyse the potential direct exposure of Coastal Systems (o
Stress,

Cyclone Ofa, for example, produced a storm tide of 1.6m, whereas a 1 in 100 vear cyclone (1%
annual occurrence probability) surge tide of 2.3 m is predicted (Rearic 1990). Thus, areas direcily
at risk from cyclone floading are those less than § m above mean sea-level. In contrast, the areas
affected by salt spray during Cyclone Val were many hundreds of metres above sea-level which
included most of the island. GIS analysis can be used to assist disaster management by evaluaring
the extent of the arcas at sk from direct inundation from the sea. This approach can be extended
1 include potential direct inundarion risk areas due to furure sea-level rise. Maximum future sea-
level rise projecnions are approximately 1 m by the year 2100 (Warrick and Orleamans 1990),
Henee, studies using contour lines with ciose 0.5 m or 1.0 m spacing mapped berween (I and 5 m
give an indication of the potennal areas a1 risk from direct inundation from a combination of

cyclone-surges and sca-level rise, assuming that the present coastline does not evolve in response
o sea-level nise.

The upproach 1o GIS analysis using closely spaced cortour lines {of 1.0 m spaced contours
between (0 and 5 mi) was used successfully on Tongatapu [sland, Kingdom of Tonga (Fifita er al
19912, 1993). Conrtour lines spaced at 1 m were drawn from the detailed analysis of aerial
photographs. The GIS analysis of the contour maps esnmated that 14% of the land area of
Tongatapu, and 47% of its population, is presently at risk from the combination of a 2.8 m
extreme cyclone-surge tide and the added future sea-level rise of 1.0 m by the vear 2100. This
mlormation. especially the location of land at risk from dircet inundation, is extremely valuahle for
the implementation of successful disasier management (Carier 1991, ADB 1991). Given the
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importance of cyclone-induced flooding in Western Samoa. the analysis of the extent of exremely
low-lying coasial areas would he an important extension of the initial GIS analysis described
above. OIS analysis of the low-lying land in Western Samoa is recommended as a Phase 11
research task.

This analysis of the extent of exiremely low-lying land at nisk from cyclone-induced flooding is
recommended for Phase 1 of this project, in collaboration with the photogrammetry section of the
Department of Lands and the Environmenr. This task will utitise four large-scale map sheets of
central Apia which contain 0.5 m spaced contour lines. These maps were compleied by the
Depantment of Lands and the Environment. In addinon, some of these contour maps were
digitised as part of & UNEP-funded GIS training course (B, Crawley, SPREP - pers. comm,
Chase and Veitayaki 1992), These data will be made available during Phase IL

A crucial data-base for further GIS development is the Land Resource Planning Study of Western
Samoa, completed in 1990 for the Government of Western Samoa with funding from the Asian
Development Bank. The data-base was compiled by ANZDEC Lid. and the New Zealand
[yvision of Industrial and Scientific Research (now Landeare Research Lud.). The study was
undertaken tc assess the land capability for increased agricultural production of 'Upalu and
Savai’i, The data-base uses ARC INFO GIS soflwars an a computer operaling under both UNIX
and DOS.

There are three main “coverages” within the Land Resource Planning data-base. There is also a
hase coverage of cartographic data. Each coverage consists of a number of dara Jayers. The three
main data coverages are:

- Vegetation:
[I- Land tenure; and
0i-  Soil

The data layers within each coverage are listed in Appendix 4. The range and quality of the data
seis listed in Appendix 4 will be viral to the future development of GIS work.

Another source of data 15 the Upolu coastal morphology mapping project underiaken by the South
Pacific Geoscience Commission (SOPAC) (Richmond 1991). These 1:25,000 scale maps include
information on shoreline features, coastal plain geology and reef features. A detailed list of the
components of the maps is given in Appendix 5. The SOPAC maps were drawn using a
computer-aided mapping system. SOPAC is currently developing its GIS capability, and there are




plans 1o ransfer the 'Upolu coasial morphology maps onto GIS (R. Smith, SOPAC - pers.
¢omm.). These data would form an important part of future GIS development in support of
coastal vulnerability and resilience assessment.

The development and implementation of the Land Resource Planning data-basc has highlighted the
capacity for GIS implementation in Western Samoa, The GIS data-hase was completed in New
Zealand, und mansferred to the government on & personal computer. However, the computer was
damaged in 1991 by Cyclone Val. The computer is now inoperable. Hence the data-base is not
vurrently being used in Western Samoa.

Tn uddition, there are several human resource constraims for the implementagon of GIS technelogy
in Western Sampa. There 15 currently a very small number of peaple 1n the country (estimaied ai
less than 5), with GIS experience. The mobile population, and opportunilies for computer
operators in developed counties present an acute probiem for the sustainable implementaton of
GIS rechnology in Western Samoea,

Engelen ¢i al. (1992) are developing computer-atded modelling work in the Canbbean. The aim of
this work is to provide a decision support system to decision-makers, which will facilitate the
formulation of policies o mitigate adverse effects of climatic change. The work 15 in its early
phases, and is analysing a hypothetical Caribbean island. Nevertheless, the research of Engelen er
al. (1992) shows the potenual of using GIS in a decision support role and the applicability w0 a
“whole island™ assessment of the impact of internal and external stresses.

In summary, the iitial testing of the GIS in Western Samoa has produced some useful resuls.
The survey of additional sources of data has also revealed important data-bases, which if
combined with the existing GIS data will provide a powerful aid to Coastal System vulnerability
wnd resilience assessment. The usefulness of GIS for coastal impact work 15 expanded by the
potennial for employing the modelling capability of GIS 1o evaluate the sensitivity of Coastal
Systemy to external and internal stresses.  An immediate use of this GIS capability is in the
support of disaster management in Western Samoa. However, the potential for GIS
implementation in Western Samoa is severely limited by financial and human resource constraints.
As a result, developing staff training and education programmes must be part of any future GIS
development in Phase [l of this project, recommended in Section 8.
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Ts The Implications of the Case Studies for
Integrated Coastal Zone Management in Western
Samoa

The vulnerability and resihence case study analyses described in Sections 5.1-5.3 have shown that
there is considerable scope for the reduction of future sea-level rise impacts in Western Samoa by
enhancing Coastal System resilience and reducing Coastal System vulnerability. The case smdy
analysis assumed that the maximum reduction in future sea-level rise impacts would be through an
“Opumal Management Response (OMR)”. The OMR concept allows decision-makers to clearly
view Lthe benefits of implementing management ininarives, both for reducing the exposure of
today's coastline to erosion and cyclones, and o future climate change and sea-level rise. The
iechnological case study of the immial use of Geographic Information Systems (GIS) in facilitating
the formulation of OMR strategies was described in Section 6.

The following Section describes the possible management approaches for achieving the maximum
reclucton in future coastal impacts within the case study areas.

I'he Coastal Systemn vulnerability and resilience analysis undertaken in this report has highlighted
the wide range of critical issues tequiring the intervention of coastal managers. Critical coastal
management issues occur in Western Samoa because of the impact of external and internal stresses
on complex and strongly intgracting Coastal Systiems.

Important external stresses 1o the Coasial Systems of Wesiern Samoa include: cyclones, tourists,
fluctuations 1n global markets, aid donor requirements and remittances. Two additional external
stresses, furure sea-level nse and climate change are likely 10 add to the already extensive armay of
external stresses. Alone, these extemnal stresses would create significant management problems.
When thess extemnal stresses are imposed on Coasial Systems already stressed by considerahble
internal stresses. crivical coastal management problems result. Important internal stresses in
Western Samoa include: pollunion; the social pressures of unemployment/underemployment,
migration and poveriy: cultural change; land reclamation; modermisation; and natural resource
sxploitation,

Critical coastal management problems that resull from the interaction of internal and external
stresses include: coastal erosion; flooding: and degradation of reefs, mangroves and coastal plains.
In many cases coastal management problems result from the impact of more than one stress.
Furthermore, internal and external stresses often interact and the resultant coastal impacts do not
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have clear cause and effect. As a result, formulating and implementing appropriate management
responses is extremely difficult. For example, coastal crosion in rural ‘Upaolu is probably due to
the comhined impacts of many stresses. Some stresses which exacerbate coastal erosion include:
cyclones, beach and lagoon sand mining; reduction in reef productivity due to overfishing and
sediment runoff from poorly munaged watersheds; and the construction by villagers of poorly
designed seawalls.

However, despite multiple and interacting stresses there are significant opportunitics for the
effective and ntcgrated management of the Coastal Systems of Weslern Swmoa. This opportunity
stems from both recent national government initiatives and the continued strength of involvement
in the day-to-day use and management of coastal resources at the village level.

At the national evel, the most recent Development Plen 1992-1994 (DP7) strongly advocates
sustainable resource management (Government of Western Samoa 1992a4). There 15 also a
comprehensive array of environmental management legislation which may be enacied to achieve
the goul of sustainable coastul resource management (see Appendix 1).  [n addition, a range of
environmental and disaster management issues is being addressed through narional government
imtiatives, including the National Environmental Management Strutegy (NEMS) (Government of
Western Samoa 19493) and those of the National Disaster Council (Government of Western Samoa
1992¢), The Optimal Management Response for the reduction of the impact of stresses on Coastal
Systems will require the integration of such environmental management, disaster management and
development plunning policies and initiatives (Figure 7.1). Effective implementation of national

pelicies and strategies in urban Apia will require the creation of the proposed Apia Municipal
Authonty.

The customary ownership of much of Upolu's coastal land, and the traditional tics ol coastal
villugers with coastu] land and water, also provide a significant coastal management opportuniry.
Western Sampans retain strong links to coastal resources through subsistence economic
explostation,  In addition, the decision-making powers of village councils remain strong.
Consequently, there is scope for villagers to develop, implement and enforce coustad resource
mandgement strate gies through village rules and raditional methods of enforcement. 1 villagers
do not feel that they are responsible for the success of a coustal manugement strategy, it is likely 1o
fail. ‘I'herefore, the success of nationally conceived coastal management strategies in Western
Samoa is likely to be greatly enhanced through the sharing of coastal management strategy
development with villuge decision-makers,
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Figure 7.1, Conceptual Optimal Management Response Implementation patfrvay,

Unfortunately, notwithsianding the opporunities for effective and integrared coasial zone
manggement in Western Samoa, there are important constraints hindening effective policy
development and implementarion, There are two critical constraints; first, the financial and human
resource constraints of key central governmenlt agencies such as the Division of Environment and
Conservadon, and second, the poor linkage between national and village levels of decision-making
(Secuon 3.3). That poor hnkage of natonal and village level decision-making will result in sub-
oprimal palicy implementation, assuming natonal gnvernment staff will be provided with enough
resources to develop such coastal management strategies. The limited resources in central
government mean that the development of an integrared coastal zone management plan in Western
Samoa will be ¢ slow and Fustrating process. Specific recommendations made in order 1o
alleviate these constraints are given in Secton 8.
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8. Recommendations

Phase 1 of this project, reported in this document, has focussed on the development, and initial
testing, of a new approach to the assessment of the potential] future impacts of sea-level rise and
climate change on Coastal Systems. This approach considers sea-level rise and climate change as
two additional external stresses o an already existing range of internal and exlernal stresses.

Initial testing of the new spproach has shown its applicability for Western Samoa. It 1s
recommended thot this imnal phase is followed immediately by an approach development and
implementaton phase, 1o be undertaken in Phase 1. The specific rasks recommended for Phase 11
are piven in Section 8.3, which are designed to achieve the recommended Phase [T objectives listed
in Section § 2,

[n addition, the research undertaken in Phase 1 has revealed a number of issues requiring
immediate action, Recommendations for immediate actions are given in Section 8. 1. These

utions ure required to reduce the significant impacts of external and internal soresses o Western
Samoan Coastal Systems,

8.1, Recommendations for immediate action

General recommendations

Al Expedile proposed national environmental managemem plan amsndments to Part VIII of
the Lands, Surveys and Environment Act 1o allow better linkage between national
government and village level decision-making.

Al Improve the coordination of, and communication berween, government agencies

responsible for environmental management, development planning and disaster
management,

AIl Build awareness of, and support education on, issues of Coastal System vulnerability
reduction and resilience enhancement.

AV Implement the recommendations made by Chase and Veiayaki (1992) in their report on the
implications of sca-level rise and climate change on Western Samoa. These
recommendanons are:
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(1)
(2)
(3)
(4)

(3)

Uipgrade the meteorological station.

Improve knowledge of Western Samoa’s reefs.

Develop a land- and coastal water-use plan.

Establish a regional information system on the effects of climate
change.

Undertake a number of desk-studies, including Coastal Sysiem
sensitivity studies, studies which identify indicators of climate
change impacts, improvement of climate models, the study of
cyclone frequency and intensity, and analysis of historic
meteorological records,

Specific Recommendations resulting from case study analysis

Recommendarions Al-AIV have general applicability in Western Samoa. In addition. the case

studies require that a number of specific rmcommendations are made for each study site.

Apia Bl

E3

Safara Bay B4

Safara Bay  BS
and Saleapaga
o Lalomanu

B

Expedite the establishment of the proposed Apia Urban
Authority and associated planning legislation.

Initiate a comprehensive programme of mangrove protection, and
the limitation of new reclamaton {especially in Vaiusu Bay).

Approve and initiate the Apia Sewerage Project as soon as possible,

Suppon and expedite the South Pacific Biodiversity
Conservalion Programme project for Sanapu-5afava/Safata
Areas.

Direct the Western Samoa Visitors Bureau ro investigate and include
the Sufata Bay and Saleapaga o Lalomanu coasts in the proposed
ecotourism pilot project.

Direct the Fishenies Division {in conjunction with the Division of
Environment and Conservation) lo investigate the potenrial of
agquaculture development.
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Faleolo B7 Diirect the Public Works Department (in conjuncton with the
Airport and Division of Environment and Conservation) to begin investganons
Mulifanua Wharf on Optimal Management Strategies, including: options for

5.2,

1

1

v

upgrading the Airport's sea-walls; upgrading the Wharf;
reducing wave energies through reef and lagoon
management; and reducing pollution entering the lagoon
from the Airport and Wharf.

Recommended objectives for Phase II

That the concepts and principles putlined in this report are to be further developed and
implemented.

That Phase 1l be undenaken within the ongoing projects of the Government of Western
Samoa, specifically the Division of Environment and Conservation.

Phase [I 15 10 suppen the formulation of vulnerability reduction and resilience enhancement
plans and policies appropriate (o Western Samoa.

Phase 1l activities are 1o enhance the inlernal capacity of Western Samoa to implement and
monitor the recommended outcomes of Phases [ and 11 of this project

Build awareness and supporl education on 1ssues of Coastal System vulnerability reduction
and resilience enhancement within Western Samoa.
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8.3. Recommended research tasks for Phase 11

Five research tasks are recommended for Phase 1. All five research tasks support the Phase 11
objectves listed above. The research tasks are:

outlined in this report.

The initial westing of the new approach has pruved successful. However, the approach
requires further development if 1t is to be directly applicable 1o Western Samoa or other
countries in the region.  Phase 11 work should include: rigid analysis of the factors

conmiburing w vulnerability and resilience scoring decisions; development of guidelines for
making scoring decisions; methods of combining Coustal Sysiem scores, including
limiting facior rechniques. The feasibility of linking the Systems approach to Impact Zone
and Connected Area Analysis {I2ZCA) should also be addressed.

11 Stress wdentification.
A tentative list of extemnal and intemal soesses to the Coastal Systems of Western Samoa
has been created. Stress identificaton requires further analysis. Also, the relative

strengths of internal and external stresses in different pans of the coast require additional
work.

B and 3 . ; .
The OMR cuncept has proved to be a useful device for clanfymg the range ufmanagtmcnt
actions required to achieve the maximum reduction of stress-induced impacts on Coastal
Systems, Further development of the OMR concept 15 10 be be undertaken. Also,
strategies for implementing OMR requires further analysis.

v Investigad

The Coastal Systems of ‘Upolu have been shown to be highly interconnected. The
strength and spatial extent of Coastal System connection requires sdditional research,

v Geographic Information System (GIS) analysis of the low-lying land in Western Samod 1
i 1 ] 11 n

Initial westing of GIS has shown its value for the support of Coastal System vulnerability

reduction and resilience enhancement, Extension of the GIS work by integrating existing

(318 dara-hases and photngraphic dara is required. The GIS research should be integrated
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with the development of GIS staff training and education programmes to increase the GIS
capacity within Wesiern Samoa
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Appendix 1 Western Samoan Acts of Parliament Relevant to

Coastal Management

The Acts of Parliament with relevance for coastal management in Western Samoa are listed in
approximately descending order of importance.

|

v

VI

Vil

IX

‘The Lands, Surveys and Environment Act (1989) contains a suite of legislation
covering natursl resource protection, environmental management and pollution congols. In
particular, Division 5 of Part VIII specifies controls on all development on foreshores and
the sea-bed.

The Village Fono Act (1990) gives the weight of law to the decisions of village
Council of Chiefs and Orators (Fono) which affect village land and village members by
recognising the village Fono's decisions in court;

The Taking of Lands Act (1964) allows governmeni 10 take or exchange any type of
lands for public purposes. Thus government has the power 10 take customary or private
Jand for the mitigation of extemal and internal stresses, including sca-level nse,

The Water Act (1965) prohibits culrivation within 60 metres of sireams and provides
aiso for the withdrawal of land for soil and water prolection purposes;

The National Parks and Reserves Act (1967) provides for the setting aside of
government land (including the sea-bed) for conservation and protection.

The Forest Act (1967) provides far declaring protected areas and controls logging:

The Water Resources Act (1985) provides for planning, implementation of water
resources development. pollution control, conservation and protection of watersheds;

The Exclusive Economic Zone Act (1977) prohibits foreign craft from fishing in the
WT:ME!; Samoa Exclusive Economic Zone unless they have been issued with a licence
under the Act;

The Fish Dynamiting Act (1972) which prohibits dynamirng of fish; and

The Police Offences Act (1964) which provides for the prosecution of beach sand
miners.
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Appendix 2 National Environment and Development Management
Strategies (NEMS) Critical Environmental Issues

The National Environment and Development Management Strategies (NEMS) (Government of
Western Samoa 1993} identfied rwelve cridcal environmental issues, or Target Environmental
Components (TECs) facing Western Samoa.

“The rwelve TECs aim to reduce sectoral interests, and increase cooperarion between agencies, Tn
thiz way it recognises the complex and interactive nature of environmental issues and problems™

(Government of Western Samoa 1993 - Execudve Summary}.

The twelve TECSs are:

L Management of population dynamics and change;
I Protection of the quality and supply of fresh water;
[11 Prowecton of the sea and marine resources:

RN Management of wasie;

v Combating deforestation;

VI Development of appropriate land use practices;

W11 Conservation of biological diversity,

VIl  Protection of the atmosphere;

X Planning for chmate change:

X Preservation of raditional ans, culture, and history;
X1 Development of human resources; and

X1l Promotng sustainable economic growth.
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Appendix 3 Equation for Calculating the Minimum Weight of

Rubble for a Sloping Seawall Revetment

The weight of rubble or concrete blocks covering the slope surface of a struciure receiving the
acuon of a wave force may be calculared by the formula:

wWhere:

W

Sr:

=

gr -H3

Kp (Sr-1)3cota

Minimum weight of rubbles or concrete blocks (1onne force)
Lnit weight of rubble or block in air (tonne force/m3)

Specific gravaty of rubble or block o sea water

Angle of the slope to horizontal plane (degrees)

Wave height (m)

Constant determined by the armouring material and damage rae
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Appendix 4 Data Coverages Within the Land Resource Planning
Study of Western Samoa

The data base was complied by ANZDEC Ltd and the New Zealand Department of Industmial and
Scientific Research on behalf of the Government of Western Samoa, and funded by the Asian
Development Bank (ANZDEC 1990). The data-base covers "Upolu and Savai’i islands.

Data is contained in thres separate polygon coverages for each island; vegetation, land tenure and
sonl. There 1s also a base canographic dara-base which contains contours, roads, place names,

rivers and the coasthine. The three coverages, and the layers within each coverage are listed
below.

Vepetation

Layer 1D Layer descriEtion |

1 Coconut

2 Cocoa

3 Banana

4 Coffee

<] Indigenous forest

6 Production forest

7 Livestock

8 Coconut with livestock

o Coconut with cocoa

10 Coconut with other wee crop (e.g. coffee)

11 Swamp

12 Other land use (e.g. lava fields, commumty areas
etc.)

Land tenure
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iLa'rer ID Laver descriEliﬂn

Government land

Freehold land

Foresiry blocks on government land
Forestry blocks on leased customary land

th B LD R

Western Samoa Trust Estates Corporation
(WSTEC)
Customary land

7 Apia land district
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Soil

The number of layers for soil is much larger than the above lists, and so the same listing approach
cannot be used. In the soil coverage each polvgon (discretely defined area in the GIS) has a
unigue identifier (ID). The altributes of the ID for each polygon are as follows:

Attribute desl:rietion
Complete soil label

Primary sonl label

Soil dranage

Marsture deficir (3 classes)
Erosion hazard (4 classes)
Nutent starus (3 classes)
Surface rock outcrops (4 classes)
Palennal rooting volume (3 classes)
Sall spray/salinity (4 classes)
Slope class (8 classes)

Surface stoniness (4 classes)
Soil pH (7 classes)

Soil 1exture class (10 classes)
Soil capability class

Primary soil class (1-197)
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Appendix 5 Information Mapped on the 1:25,000 Scale ‘Upolu
Coastal Morphology Maps

The "Upolu coastal morphology mapping project was undertaken by the South Pacific Geoscience
Commission (SOPAC) (Richmond 1991). These 1:25,000 scale maps include information on
shoreline fecatures, coastal plain geology and reef leatures. A detailed list of the components of the
maps is given below,

Shoreline fealures

Manmade structures

Rock outcrops

Lnconsolidated sediment

Inferred directhion of longshore trunyport

Coastal plain geology

Tafagamanu Sand (Holocenc)

Alluvium (may contain swamp deposits and Tafagamanu Sand)
Recluimed areas

Coastal clitf

Mangrove and/or swamp

Reef fealures

Coral / Algal / Pavement
Sediment covered
Mournine flora

Reef slopes / Blue holes
Reef flat lineations
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