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FOREWORD 

'.n,1 I~land~ In ::; ';' ull, p~~ III ( II'~I O~ ~ff' ~1"IIf~ ~\IHlaf ~llfnllOI I ano 

':l l a ll ~I I ~~\ t" l' u\'ir"n,,'r,r~1 ~ :,1nnfn~ and ~ J ~\ alrfJ['I,' Jt'v,· l ui" llf 'nt, s.~ 11 i~~ I,lnd~ 

~a \" UIIII'r,,;~ r nVlrolll~!lIJ I l'Io~II.'> Illl l ~d lll;, I hr ',HI,-dl ; 1;" I~'Uf(" 1110. ,

rrllnnlln aud r"I'ijLJt'~1l "';!I('\~tr~11'ri 'I~ Inr r!13~l a l .':UII' tor In lili!,'rl Innt1 

a:c.! 

In addll,nJ. ellnlr F"I,.al 1' .\·"n~', 10 ,\;I.plr. ha:h tirl .'s t .~ h~un,. 

tr' I"n.', dAd qQ" ~"r;:r,. l~rt'll""~ ~lalld ,·\iH,nCF·. Th. 1~I~Ad~ J~r 

"rn l n~lrall) J "d HU1"1." ,II 11 lra~ , I,' ~"·t Iulnr'r~hlr 10 Ihl' dhcl\ of lil.~t'· 

,:h~II~~ rilld hH(' I~r· nl lll,·d ~~ Lnr IH:lHill a cliull Jlra " :'1 drl·,·li;l'ing ~dapl1\'(' 

rr~~(]nSl' ~;Ln\e~II ' ~ r~1 t ullll' \' 't'.l f,rl fI~", 

'1'1,. ~hJC("t ~~ l id ' ,:~,I. j , to ,,,utrililile '" th, · ,nr ,'~r'\l ~ n rllilH~1 IDI\~ 

.an.l~('I'Il\ M ""\It\n,ll,·t1' ~~.t('fn Sal~3). rC~'~I,all~~utll h,ifid ,lnd 'lIlnll~\i"nal 

In{(~. Tin- 'Lud ~ ";;U~J~I. t irU nnK\~ ('r<'j('cl~ II! afn,r\'1' Ihl~ nhJ~rl. 

Th,~ stud~ ... a~ '>I"n~,}n;1 ~f lhl- rn~'r'ln. , ·n l \I!rnr~ pI In.' Ja~ane!.f 

(; n~~rnl~"l and .. as ~arri~d out b) the nV~rH'!' F.I" " nnl((,ta I (oOPl'rdl in" 

1.' II II'lfIlL'; In rnl aj,nrall-'~ 1111, \.,Ilh 1',If' tn kf'~_nnal I!nnron.cnt 

I'r I Kr ,'Ill' I SrRt.I';. 

W,. HI' "'I)' , ' "l l' lul hi I nr (,oun.,'r.1 "I ~" q ,' rn ~alllIOa 1 1I'IIY l d i li~ \11 1 ~ 

" "~)" " , llL 1I:;,. ,,,t ~ala ~ lI d ,n l" nrl,lt lon. 

lir. WiC DHI Ha~h i.ulu 

h¥sid~11 OHr~f'a'> fn'ironlt·ntal 

LllllperallDD Lelltcr h~an\ 0 Ii C (, J 

DI.'1J') FUH~a() 

Llirr~l" r . Sm,ll, I:a~lilf Nf~ional 

~nv'I'OI'I"lIt 1'10~IJI.' 1~I' H EP; 
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1 . Executive Summary 

n,,~ reflOn ~ummari~5 Plia.o;e I of 3. tuv-pliase project wlilcli anal~ r.es llie poa:nlial f ulure Impacl 

of clinulC cli3ll1,'C and 5ea-kvd nsc:.on !he COilSI dWe~1CTI Samoa. 

Phm,e I foell,sed on the dcvelO(lmenl of a hroad new suess unpacl a5Scs=cnl framev.rork" ftll' the 

:lS~eUmCnl of vulnerabililY 10 climate ch3.n);,: and :lC:8-lnd rlo;c lpolu hland, Inc: mO$1 

populaled. and s~cond J:lrge~1 l~l.lnd of Wen~rn S3.moo W35 used as ~ case siudy The 

~:""CIUSJtIl'15 ami =,ommeno.hliOll~ of Pha"., [ ",111 form the b"-'I~ of !he wortplan for I'hl.$e 11. 

1l\\: .. kwlmmlcnl of a IlCW !tn;~~'lmf'~ct a~.e)Slllelli fr:'lme",(\rk wu requi~d bcc3.uSC of Ih~ 

1:l~ppIIClbllll)' oi economic (c3.sh) cost-bcncru vulnerability •• lots-menl te<:hniquu to lilt 

~uh'''lellce o:onmnics ,,,,Il ~ustomary land tenure ,ystc:ms of Wcuern Samoa. The feasibility of 

the new strt:n·impJct a.o;scssmcnt framework wu Inteu by U!>e of It Iotric) of preliminal) usc 

,I lallc" 

The ,1evciopmen( of Ihe new ,(,c"-lmpaCt a$.c~.m~n: fl1lmc",on: "'as c:urieu OUI ""illloul 

cl)n",kr~t iol1 uf ~p<:dr,<; dimJ\<: ,h~ngc anll )C;!'!c"ej ri~ s,'(narios CQllsequen">·. no !pe<:lfic 

a.o;~ssmenLS of the polcn(iJ.! fUlure Imp:U:l~ of chm:uc change and s.ea·levcl ns.e are un.deruUn in 

Ihj~ ['('.jl0rl 

Ph~'e 11 aiTm II.) C()l\lri~ute 10 a national action plan which Will aS~I'1 ill reUUCIIlg lhe IInpacl of 

..,u~stJl hazollds, including iUIUJ"e sea·1I"~1 ns.e, wilhin Weslem Samoa. COO5UJ m:magemem 

pol icj~s a:ld plan~ are re([IIlTCd of Western SAIII('IIl under Ihe J-rame"'ork Con'entien on Climatc 

CllaT1~e (FCCC) ani.! encou1'1l~ed by Agenda 21. Moreo~er, Phase [] aims to cOIlmbulc to regional 

am! InI~ma\innJI work programme.. p;miclilarlj those of the S()uth PaCT tic N ~l',lOn"1 CnVINIIII1CIT\ 

rro~r.unm~ (SPREP). II "":I.S Ilho intended Ihal the method.:! used in Ihis nudy would contributt 

lU Ihe developmen t, by Ihc. !pee C~MS lal lone Managemcnl Sub-Gro\lp (elMS), or an 

~pprupna\C vulnel"llbility and resilience a.He~smcm methodology for the specific chamclen!llc.' or 
smJIl ,\lJnd Slil:e$ wilh larg~ly ~ubSI~lerll::e ecollom le~. 

The We~lem SamoJn siudy has hec,n cameo OUI III pandlcl wlIh a Mudy of the impact of cl(tcmal 

and 1"lern,,1 Slrn~n 0<1 the: ;sl3.oo uf Viti Levll, Fiji. 130lh slUdie~ form pan of an ongoing 

prog1'1lmme of ~:dnel n<.e and clilllat~ ~'hange "npaci as'iC~~menl ~Iulhes cuon!ina teu by the 

SO>.:th Padik RCj!iun:tl Environmcm Pru!;l':lI'lIlIIe. 

---------



('.enll1ll !n !hj,~ <!udy ""a~ the <tr<)"g co.~~tul-depeno1C"'ICe of the people of We<tem Sa,nOll 11)(; va~1 

m~j()rity of its population, serl."ices, infrutructure. culrural cen!Tel. mcial facil1l1el and 

oon:..:r.aIlOO ~re:ts fin: located ""lthi'l coastal !I.l'ta~. Ilnd are therdore ~ulnerable to jL."1:H. The 

pcopl~ and government of Well~rn Samoa an: already '.,eU a .... are of coastal and elimaoc hu.ani.5. 

l'o .... ~r1ul c}clor.e< smock in Samoa In 19~9. 1990 and 1~1 uod Ihe colllHry ""a~ still recovenng 

frolll thdr Imp~nl al the llrne of Ihi> ~rudy. 

The Coa~lal Sy~(enl vuitlcraollily and re"iLCtlCe Malysi~ undertaken in this report h3,\ hllo:.hlighted 

the .... 1dc ran~e or cntical ilsues requiring the imervcmion of caanal manJl!ers. Critical coastal 

m,lnllg~"'~rlt l«ue~ occur III We<tem Sl(mua because or Ihe impa..'1 of e.<lenrat and internal ,!re~se, 

on coml'le:t anu sU'On~ l' inlc~ung Coaslal Systems. 

Imponant e~tcrnal stresses 10 the Coast.1l Syslcms of Weslern Samoa include: cyclones. touri.,ts, 

tlIlCfll;l!Ion< in gl('>hJI1113rket~. aid donor re.qu,re.mentli and n:mruanccs. T ..... o adduwnai nte.mal 

stresscs. future :.ra·l~v~1 riS(: and dimll.l~ ~hanb'e> ~ lik~ly to.llid to thc l1i~aUy e~tcnsivc array of 

~'lrrnal \tre<~~, When e~tcrn.,1 <I~'.\C( arc im[>O'cl\ on COl~laJ S,,'l~m~ aJ,...,ad, ,~,sed by 

;:on)idel1lbk 1l1lcrn~1 'In:SSCS. lTltical COJSlal nl~n~gemetH problems ~)uh. Important internal 

Itres~e~ In We~tcrn Samoa Include: pollul1on; tfll ~oC1al pr<,:uurc~ of 

urlt11l1'lovnlenllllllrXrernployntent. mij;r;llJon ~n.d po,·ert~; .;ultunl chall!!c: land Tt'damatll.>n; 

mcd:rnis~ltl()n: and nalural resoorce exploitation. 

Cnllc~l cl.l~~I~1 Tll.1ll3gement prublelm Ihat n:suh frum the Interaction of mlcmJI and c'lernal 

'Ir~'",. I n,-1r ... L~ : c(la<I~1 eru<lOll. n(>(d,ng. alld degrnd.11I001 of I'tt'h. mangrove. IU1d COlI<I~1 pia,", 

In many C:tS<:5 ~'oastJl man3~ement problem$ fnull rrom 11K impaci of more than one su'css. 

further, lIllC:rnai MId utem.ll $utS:\eS Olten InteraCt. Con~uenll~ the ruuham cna.~taJ Imp:ICL< do 

nul have clear l'aU)e anoJ Crr~CL As a result, ronnulal1ng Jnd implemcotinl! appropriate 

mJnagemem re<pnno;e .• "'U e'tlremely dtffieuh. Fnr ""ample. coa.u:rl UrKlDI1 10 run] ·Upolu ..... as 

pTUtt~b]v duc 10 lhe cOInbi,1Cd l"'paclS of 'nail)' IUeSfC$. Some Sur:~1 w]lI.;h e .acerb<ile C03.SUlI 

eros,on Include c)done~. !leach 1M lagoon sand mIning. redll(:tion in reef productwlly due 10 

o'-crfishinl! "nd scdiml'm runoff frum poorl~ mll11!1.g.:d "3Iersheds: ami the cormrucrion of (IOOrly 

r.!e_lgn('(l '('3 ..... lll< b~ .. 'IL1gel< 

Ho,,·e,·er.lle~pl1'· muh,pk lIud lmcrncnng Stresses lhere IlI1: ~ignificanl opponunitie~ for the 
effecti,·c and II1tepated management of tltoe ('.aulal S,,'Jlem, of We,tern Samoa nIlS 0I'110rlun;ly 

<lC'II~ from oo.h fC'cem n~nOtllll go,-cmment mltjalil."e~ and the CQIltinued sutnglh of involvement 

in lhe day to dJ~' u.~ and management of C03!t3.1 recourcc~ II the vilbge Icvel 

" 



At the n.lllona) le,c!, the most recent D<::~elQpm~nt Plan 19£12- 1994 ~tmngly advociUes sustainable 

n:~'_""':e m~n~gelTlcnt. Tl1ere wa<; allo a comprehensi~e =ay uf e,wironrnemai management 

Ie gishititll1 ""hi,'h may be en~ctoo to achieve the goo I of sustainable cnasL3.1 resoun:e management. 

In addition. a r~nge of envimnmem.al an:! disasa:r management issue) an:. being addressed through 

natiunal Sllvt:rnm~nt initiativt~. indudinG tiIG National En~ironment:ll Management Stnl.tegy 

rNJ-:MS) and those of lh~ National Di;.aster Council. All of the twelve Tar~et Environmemal 

Cumpone~ts whi,:h NEMS hs identified as "txc.in& of high priomy for nauon:l.l consideTlltion hB~ 

dm~cl ~ignific.:m~ I!l the ooa.<u1 :u-eas of Wesa:rn Samoa. 

n,~ Op:imJ.l Managemenl Response for the redu<:tio" of the 'mpact ur stre~>C-~ 10 Co;l.~lal Sys~ms 

... ·ill ft"quin.' (he IIlte.~ration of such envlTonmemal management, disaster m:l.nagemenl and 

devdupment planning policies and initiatives. Effective implementation of national policies and 

'Ir:'tt",>:'~~ In urban Apia w,lI tell" ire the creation of the propo:;W Api~ MUnlClp.ll Aumoril)'. 

Th~ customal) o· ... nership of much of 'Upolu's coastal land. and the tradilionaltiel of coa,tal 

Yill,,~~r-- will, "oa,lal la"d 3"d "at~r. al,(l plOvid~ ~ ,ignificant coa.'LaI m.ullg~mem oppnnunlty. 

Weslern Samoan~ retain Slmng link~ to coastal n:sources Ihrou~h sub!isl.enl."e economic 

e~pl"II~li"n. In ~dd;t'o". the dec"ion-nmk,og po .... ers of village co"ncil~ nmain ~lTOnE. 

Con~clj\Jently. tht"re was scope: for vil1age~ 10 de ... ·elop. implement ano.! cnfo!\.'t CI)3.Slal rewuroe 

'H,HlJgemc III strat~~ies t hl"Ollgh v illRge ru Ie.s and trad Ilional methods of enforcern~nl. If villag= 

do not fcelth~t tht.:y:lf': responsible far the succc:ss of a I."ooslai manag:ern~nt str&t~gy. it is likel~ (0 

fuil Therefnre, the ~ucc~s~ of nnnonally conce,,·ed f:!l;l.llal m:ll11gemem slr.Ilegles in Western 

~~"'''J w~~ likely It) be ~'Tntl~' enhanced Ihrough Ihe ~harin): of nXl~tal manageme.nt Itrategy 

do.:vclopl11!'nt with vili.1gc deci~ion·maker.r;. 

LnfoTHlOllel>, nOl .... · ith~mnding the opponunlilel for eifecuve and Integrated coaslal wne 

rn~na)':enlen ( L11 \Ve.)lern Samoa. thne are important conSlraint~ h"'denng effcchve poliCY 

dcwlnpmem and imritment.:nioo. Theil' all' tWO critical cDr.SITaims. The fU"51 is Ihe financial and 

hum~n .e,()urce constraint~ of key central !',I)ycr"ment agtnCle" sueh 8~ thc. Dl~,sion 01 

E"vimnrnem and Cnnscl""atinn. Second. poor linkage betw~en the national and village levels of 

deosion· making ",nrle" effective polley (j,:;velop!,'cnl . The poor I in "age or nal iona I and v,llagt" 

k.~1 d~eljion·m~kins. ,..111 result in sub-optimal policy lmplementanon. assuming national 

gDvCrnmCm ~laff will be provided with enough resources to de~elop such coa~tal managemtnt 

~tratt~;("s. n-..:: limited n:soun:es in cc:ntr.t.l government mean that tile development m an ina:gra~d 

coaml JOne management plan 111 Western Samoa will be a ~Iow ~rod frustrJling pnx:els. Spedfic 

nx:ommerldarions an: made in ord.-.. 10 alleviale th<'.-~ con<traints. 

iii 



I)c~dupm~nl or Ih .. n ..... Slr l"S$- irnpacl assusmf nl approach 

Tlw: ne'" ~lIl:n·,mp: .. :t b$Cl~ment approach 10 lhe de~·elopmerll of c~1.ll moe management 

smllegl~~ 10 mitlg.ue Ihc: polennJ.i {UIUn: Impacl~ of dim~le change and su-Ie.e: ti$C oonsldel'O 

dUlllle ,hanJ:e ami >ea-levcl rise as additional muses ","uhin a hroad StreSS n:s;pon!OC framewort. 

-rhi~ hr"nader frameuo"Oli: ll1les imo accaum !he Stresses imposed on Wnll:m SiII11oo·, cuutal zone 

from UIII,itle Its bort.k:r!I. The\ot "eAlemal Slres\ots" include the ph~su:al StrU~S of cyclonc~, and 

wa .. c~. a~ "'"1:11 :I.' 50cial and economic strl:ne'l induding: lUurlSIS. rcmillaoccs, and nucluations 

:mu Irtno.b m 1l1vbal c<:ol'lomic mllfk~ts 

In iIlIdillOll, the new ~uess·re$pon5C framl: .... orl consider~ Ihe Imp:"::l of messe_~ generated within 

Wcslern SlIllll>il. Th~sc ltrl:S:SC!!lIt )!cncrally the rc~uh uf human a~lion~, bul can alS(J be uue 10 

l1al\Jr~1 facto,.,.. Jlllem.:rJ !aes.<,I:~ ..... ith'" Wes~rn Samoa's coo.na.J zon~ incJudr:: pollution, 50Ciai 

Im:s!n. nlltural ~hJ.nl!t, pupul .. ti()n pressure. lanu n:clam~lion , dn'elopmental stru~e s . nd 

n:.o;oun:c cAploi tlI.tinn. The magnitm\t: nf the Internal ~tn:s.<,I:~ V:lnes mark.edly !lmur.(\ lIle island, 

Inlernal and ellt~mal stresses, induding SCJ·k\"I:\ ri.<;c and dimJ~ dlanGe, an'; vieu.'ed as impacting 

on ~<"parate, yel ~ITOngiy Jr\ler.lct lllg "Coa~tal Sys tems·'. lllis "Sy~tem~ Approa,h " was a 

mJn3gcmcnt-ori~n!ed vicw uf coastal wnu. Coasr.aJ Sy!lems = divided l111U "! Ian!" and "Suft". 

Thl~ cli"iSlon foUows the temlinology llsed In Ihe complller Indu~try for "hardware" and 

":wftwarr::" fur tangible anu in!an~ible wmpunellt~ rt:~pccti~ely. Thu~ " l lurd Coasl~1 S >'stem!" 

Illclu<.1e allmnglhle component~ nf th~ COOltJI zon~, including heiIChe~, cliff~, COIUW rnhJhltam.' 

.mu l"Ua5tal mfr<e>tT\Klurc. "Sofi Coa~lal Sy~!Cm~" encornp~n the i'Hanglbtc t'omponents of 

COOHal zone! Including theIr socio·culrurJl and in~lituliD!lJl Sy~tem$, lnd the economic beoefil~ 

g!IJucJ from the u>e of hard coastal 'TC)Oun:es, SofT Coastal Syslelll~ can also b¢ lho\lGll! (If as Ihe 

value, and altitudes people have regarding the land and ""ater rcsourcc\ of Ihe c(laltal 

cnVlromllcnL 

Each CoaSlal System .... 3) made up of a number of "SuD-SYSlCln$" ""hieh wert In lum made up of 

"(".oo..~lal Sub·Syn~m EI~nlS". The coo..'aal zooe of 'Upolu Island COIItams 51~ C.oa.'lal Syllemt, 

twd~e Sub-Sy~Ir:m~ .nu numerous u);lItal Sub·System Elements. The sill COUlaJ Systcms ~ 

human, nalur:ll, infr:J~m:.crur:ll> cuhur:Jl, l:C()tIomlC and IRst lIutiomll, 

The a..sc:'sment fl"llml: .... or~ eon",;krs thllt elrh COiIstal Syslem .-.:mlIIl1S a!lnbu!e~ which 

contributl: 10 a Systl:m' s ,>ulnenlbi1i ty, InrJ anri bl,ltl:s "'hleh eontnbutc to a System 's n:~lhence. 

The.e vulnerabllu)' and rt"siheoce attrlootes are artifiCially di~r.dcd and IIIII;yKd KpaI'lIlely. This 

KIIJr:ltion " 'JS undenaken in ~r 10 clarify the range of mln~&emem re'pon'e~ .v.il~ble to 
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rcdllCC futUK climatc change and "ea-Icvcl rise ~m.$!.C$. u ,,·ell •• tQ reduce the impaCl of the 

broo(kr range of mtcmal ar.d C1UCm.:i1 m-csscs coosidcred. 

The "~)~tem\ appm.lCh" ~"c\opcd in this n:pun WIS • fluihle. MI\·prescripuve method for 

:m~ly~lIlg the ,ilver<e COiI\\al zones of the South Pacific n:glOn. The three levels· SYllem,. Sub

Sy~lcml,:tnd Sub-System Elements - ('reate f1e~ibi]jty by allowing a hienll'C'hy of con'mOMbl)' 

~t""«I\. and "'·Ithln. the coamJ llHle~ of the n:giun's n~tiun,. Many. and probahly mose, COII$l11 

Systems will be applicable !O LIIc maJOfUy {If the reglOn's COOlLa! Iones. Tht.re was less 

<'O",mon~hty ~t lhe SIlI:>-~y~lem Ji:o.\'cJ. Suh,SYltem Element! will be marledly diffcn:nt between 

;:O(lstal nalions, ami will aho show vRn~tiolll within COllnrnCI (II a C:lr.e stUdy level. 

TI,C (cnn '·yuin!'.,,,l,,iit)''' .... ·d' u,cd to de<enbe the nrn;hutc! ofa Co;utal Sy~tem whIch WIll react 
adyerse Iy lQ the occum:nce of :I1l lIltcmBl \.If ex!Crnal $I©S. .s och altribule! will Icnd to pnxIUI;t. I 

'""-"puye outcome. The tum "n:~ilielltc" wa.o; u'iCd in the oppo~ilc s.en~ 10 ~'ulliell'lbiIHy. RC~llicnt 

"ttributo nf a O..>a,tal .sy,lcm .... ·ill tend 10 nxI"c~. the inll"'cl of internal and cxternlll strej~~, 

R~~tlicm Syll~m attrihlH~~ c~n be Inherent char.let~n5licl which alktw adllpl~llI)n to stress. or be 

(:"ns;;;ou~ at.lju~trncnt dco:i"on~ and ac!ion~ taken b~ ~o]ll~ In order 10 r«Iuc~ damage. 

TIlt lIel Impa(;t 011 t;..1ch CQ.1~IKi Sy~!em dlle to intern:!1 and external !!!t'I'-C1 ""ti.l the net dIfference 

between ~ System's vulncr.lbk IUld n:silic nt !Itribulcs. This net Sy~tem impact wa~ IIucrprelCd 

In he a meJ~lIr¢ of Ihe Sy~lem'l abIlity 10 co[>C ,ullalnahly ..... Ilh Jm.s~, und was tenned Ihe 

"SlJ~tJ;n~ble Capac,,) h"k. (SCI)". The COtI(Cpt of su!<tainabtilly WR_ introduced in orrlcr 10 

highlight trn: lone' tcnn 'Iiahilil)' of Coo..~tal Sy~lems shown by lhe difference between ,-ulnerJbihly 

,,,,01 r~';h~1I1X ,,· ... rc~, 

The analys", of coa"a l syStem \'ulntmbiluy and resillcnce ,,'as IIndenaken through a qllalito!l"e 

xming proccss, ~upponed by principles of ri~k I5ses.~mem. engln~enng ilt\alysis and re50urt:~ 

management. ResilIence and Yulnerabllity scon:~ were carried ... UI fur pn:SCII! day 5tn::sseil an,,! 

S~'slcm mndirions. The scoring process Wa.1 then repealed for "future condmonf', Furore 

rondill"n~ met ude Ille additIonal strn>e; of clII1I31C challge and sca-leyel rise. continuin~ m!c:mlll 

and eucm:rJ !tresses, a.1 wtll ~~ a.I.lumed changes to r.oa~lal SY5lemc. Thill the a_<essmenl 

framewrrl. constdc-.n a "real hfe" cyoI"lng and dynamic L'OUW zone. 

f'ulure COlld,tioll ~Ullltr;lb;lily an"! n:~;lkllte scores !Ire anigned assuming tWO mlUllgement 

imervention sceflrnos. Tht ".'lo "fJr.agement" .1;C~nano n.\~um~~ no Inr.mp!s will be made by 

nanon~1 '" ~Ill .. ge lkCl)ion 11I3kn'l I ... rtoduce the imp...:t of $trenC$ in addition 10 the present 

, ... a'I~1 mana~c mem n:glm~. 1:1 COMr:t.~I. lhe "Opll m~1 M alllgement HesiX'"!t(: (0\1 R)" ~enimO 
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a.uume~ that a suite of managemem mtervention~ .... iIl be undenaken .... hich .... 111 Clpllrnise Ihe 

rnjuCllQn of ~1Jl:~"lnduced Impacts on Co~51.1 Sy~tems. These rna)' Include national coanal 

managemem and disas:er management policies and pla.ns, and tdLKillion and 1I'1I111Inl: of village 

kvei de<.i.sion·malrc:r;. Detallt(l 0\1:1>: ~traLeKies will be eumined in Phase U. 

("Itarly. the appn\Jch n:qtnre~ refinement. At presclll the IlSsenmcnt fr.lme,".urk is • WIL)' of 

appro&hin)' the iuue of the polenhal mh to C~Ull Zi'nC S~~tem~ from 1111Cm.:Ll and c~lCmal 

~lIl'!~q:!, ,ncludlng sn·levcl rig :u\d climate change. In order for Ihis fl1l.mcworlr. 10 be 

trun~rormcd Into. rntthodolugy .... hKIt can be formally Mpph~.d to $UPl'on coa~ul 1l1 ... talemenl 

cte;:'~lonl wilhin coumries, and compJre the efficiency of m31lagemcnl dcci)1Uns bct .... ·ccn 

'("lI1lr;o. furlh<:r dc,-dl'l""cnl "re<ju"c-:d Two m3Jor ncns tor the dcvdo?me/'ll of the 

vulneribility wd n:~lliell';': a~:.cmn(r.t Bppru;«:h an: g;ven I:o;)uw' clarin";~lion 01' vulncrabllil y and 

rt"l-lllencc ~nng; and IlIlk"'Ig the C.(\Htal S)'~lem $!Te>l a~,~mem framewoti; 10 Impacl 7.ooc 

and Conne~'cd An:a Analysi~ (JZeA). 

In its pn::.cnt form the qualit~t1 VI; S\:oong a)>C)!mlCflI fr.uneworJ, ("annOl: be sy:ste,nancally rcPC'IN 

<II other c03Hai r.alion~, IInr CM 11 r.e repealfd m WeSlcm Samoa by another slLld}' u:am. Thill 

nu"-n:po;al~bilily wa~ {"~uo;.ed l:oecall:«' ,hc ~ulner~t>"'I~ and 1T~,I'coc~ 'core. Ire II(lBnccl hy. 

slud~' team lhrough a consen~us prOCell. based on 11K a'OIil~bl~ infumlallun. A~ ~ n:~ult, the 

""'-'rt"~ ha~c a dq>endttlce ("In the comil""l;OO. rrofe~"onal bn.::.~ground.~, e'lpenen<:e and value 

Ju:lgemenu of the study team. In order 10 develop a repeatable. and hence regionJlI)' applicable. 

'-ulneT3l.llhl~ and rt".Sllrence a~>-C:!$mel1t fralllc .... '()rK. further .... or~ will need tI) concentrate on 

establishing ooundaries "t:w::lw«n scon:s. O!:lenninalion of the cunfidence In U§l):nulB \.Cores 

d<:ri .. ed from r1,ffcrenl amOunt, of III fOrmatIOn a.io;o Ju.~t1f,e~ further in ,·c5ugntion. 

Thre~holr!.s r.etw~n ~mre~ mUll he dmely fxammed m future de~elopment nf the Systcm 

vulnerability and n:silicm:e a~>C~3mtnt apprw~h. CleW" delineatlun uf tlte diffen:m:e "t:w::l .... ·ccn 

<cores will he requ'red If the broad a.~~es~mcnt framework "'U de~eloped funhet IntO I 

methodolo~')' which can be n:.wily applied by COa>lai miUlageT1 and dt<:l,ion muero 

In addition, a fUlure n:iinement mU~1 n:late 10 itkntif)'l11!; lite inteUCl1uns bet"'een Sy.~lcm 

lunbule, Ihat ,ornp"~t v\ll~e r~b,lil1e~ and re""ence~ . In Ihl~ 11111101 frame .... (lrk they are 

.:.->nsitkn:d mdependem. and can tJc Ji.ltkd togetha IU give 1111 indi~atiun of the uvenill vulnerability 

;md n;~lhenw of the SySlem$ bdng 51utlied hturt: work: in Pha!c IJ 11 likely to shuw thutlhc 

vulO<:J"J.bililY and n:silience I1/'e highly interactive. and tim Ihe ~'uln~TlLbility and n:~mence ~ore~ 

'-.moot ~'mr>ly be ~dded 'ogctt-cr. 
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Coaslal Sy~l~111 ~u!nemb'lily :md resilience a5sc~~ment may be embedtled "'illlin Impact 7mlt 

('.o"n::cted A~a (lZCA) anaJysi>_ IZC"A wu a recentl}· dc\"cluped genef1lh~ fr.une"'·ork fu- lilt 

fomlul~til.'Jl uf Sires) milJgmion SrrtUCgles, willlin ... hleh Coastal S) SlC:rns an.J.I)"5is ... as an Integn.l 

pan. IZCA l~ a four sugc pmceu. The .nalysis required in cach Stll(;C is IIsled bek>", 

SlOlge I: Stress-impaCI lOOt Cdi..eanon 

Vulnenohili ryand reslliencc analysis I1fCoa~i!al System ""uhin ureu-impllrt wne~ 

(underta.ken 1.11 thi, study) 

Analym of Ionh brlween Coastal SYilcms within th·e ~Ircj.>-imp~ct zone and non

MI\:SS impacl zone Sy)tem5 (p.utially un~na~en III Ihi~ !Iudy) 

SlllgC ~: Formulation of management slnIttgln within Ihc ~O"Cls-impan 1.OIle and Conna:lcd 

Area.< 

Pha.-;c I of Inll pmJcct h.1S ~~l~d the JPpliubilily of the Coo.t.aI S y~tell1 s aprmuh WIlMUI hnkagt 

1'-' Ihe 'mpacI Zone and Connected Area (11.CA) framcwork. The IZCA fl1lmcwLll"k ",u nOI 

c()n~idcred due to Ilnlt "lImlr~int~, and Ihe dCSlre (l) undenake tMrough inlunl lesting of lIle 

nppropnalC:ne.~~ of Ine Sy.qem~ JPpm.1r.h. The lZr.A approach was n:commemkd for testjn~ and 

IXmibk implcmentatioo in Pha!.C II. 

T~~ti nl: tho: ~ tres~-impac t framework 

11K "uln~r~biIHY and rt~iJitnct lIf scpantc. yet ~1flI,,~I~' Interactin!:. Coaqal Systeml R~ nnal~~ 

Ihmugh loosel~· ;lruCllln'!d ~uhJc~l-ha~d analysis. The new a.lsessmem fr;J.mework ~I.)II~i,jers the 

coastal are.as of small ijlands. jucll u 'Upolu, as highly mten:onnected. 'Ihi~ approach rt<:ogni!'>Cs 

WI SI~S!iC~ occur ICl J difien:m cXlcm around lhe i;1and'~ coa.~I. This concepl of "tliffe~ntial 

mess" ""~' pmicular!y imponant fiJI" the analysis of Internal messes, ..... hlch are Iftrgel)' dlle 10 ttle 

irl1cn,ity lIf human us<:. 

Discussion ni IDC mili:LI I~mng of the aSIClsmenl fr:lmewnrk "'l~ structured around i.hree main 

",lues. or ,ubjcc! areas. 11\e~ Brt:: 

11>" \ulnerab!lily of 'Upolu' ~ rural ,QOlstlioe POPUIILr:d by vil\~gers 11li~ section dcscrihe5 

tn,Jitillroal Samoan society. Where specific clamplCJ are required of CoaStal System 

,,,IIl(r:lb,tily and re.ilier.ce, these are given from lhe "jllaj:e~ aroon,j Sarata Bay on the 

vii 



south Coa.<it of 'Lpolu and the ~"\lllges along lhe SOUth-C,u1 COO~t betwccn Sakapaga and 

LaloIlIanu; 

11 The range 01 lfTeutS.nd re~uhanl vulnerahil,T) and I"Csilience ('If The Coastal Syslems of 

uroan Apia. This section highlights the multiple I.Ild imcn:;c strcnc~ cum:ntl>' being 

el.:pencoced In Apta. and 

III The large coo..~W mfrasmICrurc pnlj«IS of lhc lnu:mallOnal Airpolt ,,-nd Mulifll11u! ",narl. 

The ferry lillklng the islands of"Upolu and S~~ai'; PliJ from Mu],fanu. Whan 

Flnall). tile mUl<lltesl1ng ~ a Geogniphic Infnrmanon S)s:em (GIS) frr aiding the ImplemenT..uion 

of the n~w VI,Ilncr.>bilily an<J rnilicltl."C b~).~mem rr.tmewor1< ",."s tkscrital. 

The ~itSC study or rur.ol·Up<Jlu condUlkd Ihal thrre ,,-en; siglllr'{,afl( resiliences within the COlhW 

Sy'l~n" In "'t~OIal and eXl1':mal <lre<!oe<. llIc!oe re.~,hences incluoi:cl ~( and lagoon ~d:lpClbilily. 

the fl:~lIic<xcc uf tr.l<.litiunal Samo;\ll cullure tu ulema! )Ire),cs. and the .bilily uf commun,,-l 

,nfra,mll:luI"C 10 nugrau: inland 10 other arcu of cuslOmary land if thl!'3tened by coan.al emiion 

dll<l 11" ...... 'n&. Re"nl1:mcTS and girt gi~ ,ng .... ·ne .:ondudcd 10 ~ an imponallt "an of IIIe re,itiern::r: 

of Samoans 10 str\:ssc:s. particulary C~lrI:mc el;\cmal stresses such 3S cJidllllCs. 

llowe\'er. there an: alsc facton whICh WCI!' found IOconuibute to the vulnerability ofrur.ol Coastal 

Sy't~I"I. Inland nligrauOfl of v'L1age ,nf.StruCTllrc '~nOl wllhom J;(\Llal u:nsions.nd connicts. 

Red and lagoon fisheries an: in many ~a.scs I!'rulting in ~Tlldual erusystem oJc~rddatiOll . The 

<ub~i~lencc eco"nnr~· 01 v,lIagH ",·,11 suffer Ii IIMunam~ble fi.~hery pr:lCliccs are :lllo"~ \0 

~ontinlK: . 

The ruT1l1 C03)t C3).C study concluded that "illagers h3~e sigmfic-anT opportunitieS to reduce lhe 

iUI~rc impaCIS of fu[url' climate ch:lJlg~, sea-Ie"cl rise and (Kher s!R;u.cs. Ihmugh :ubpuoon and 

the mJintenllllCc of Coastal Sy~1Cm I!'silienCl:s. 

The uroan Apia c~~c ~tud~' found thaI many of Apia's 35.000 inhabitants and much of ilS 

natil;na\l~' impon~nl ;nfr:l,lnlcturc IS a[ extreme ri~k from mulnple and imennve lnu:rnalllld 

external S!R;SSCS. The intense Imd usc:, lad. uf >cwcragc, ,"du~tri;tl pollutIOn ~nd pool" land usc 

p];,"'''ing are l"litical inlo:rnal ~tresSC$. The ;nte grntioo of cooslal mana~e .... ent, dl.sa~u:r m~rutgement 

and development planmng Ihrough an Optimal Management R~sponse was concluded [0 be an 

Uf);Cn! priority to redlh.~ the "" pact, of the.o;e strcs:;.e, on Apia's Coastal S ySlcms. 
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lht: I'reoonunance of freellold land. and lhe "\len~iIY (If popul'lion and infrastruclure rcquirc~ '" 

diffc:rcnt managemerll approoch in Apia Ihan rural ·Upoh.J The prupoKd Apia Municip:u 

Authomy ~s CSSCrlnal fOT me coouul uf landuse ,,111M In,. building t'Odes and sland:ud:i.. sociiLl and 

economic oclh-ilieS and other ser.ices in Apia. The implemeniP,ion of this r.lIIgc of policies and 

plalls I~ UI}:t'ntly reqUired If lhe fulure imP'l"~ 10 Apia of s-e3·1c'1:i risc anu .;hmme change is to be 

reduced. 

Analysis of the [;n;tun .... Iuch contn "tIule 10 the yulnerabihty and resilien<:e of the inmc.truc'urc: of 

...... kolo AifJlOn and Mulifanua v.-'hsrf revc.lcd ~n nppmxim!le balance between the vnlnerabllities 

and IOC. n·~iliences. Th~ lagoon and reef S)'ltems .... hieh prolecllh~ Airpon and Wharf from ocean 

wayes remain rc bt; 't h healthy. In lIilitilion. the nadon:u c~'{)I>om it il11 Plll'lilnce of the Airport and 

Wh~rf has 3c~mdcd lhi~ tnfrastnlcture hi!:h prmrhy for prntectinn frum ,,,-lema] and internal 

~tTCS,;cJ. 

The ~tawalh front,ng rsleolo Airporl h3\e been eflident in rcd~'in)!: lhe cyclone and wave 

dnmag~ It'l th" ;lIrport'~ mfrauruclure. Th" ~cawall may need 10 he upgra.&d liS the airporl is 

c,p~mkd,~; ~ preuulion ag:\jn~l se~-Ie"e! n'IC and climale chan!,c. ,,-"d inl"mal SlreSSeS such as 

red dcgndalian ~nd lat-'oon pvllution. Howevet, reduction In sclwall df~~tivencss is not 

cotl~iden:d " priority dtl" to the relal1 vely high ~silien~ts 0f the pn)tecu~" 1,lbmn ar.:I reef system. 

Mulifnnua Wharf may al~o re'lU1T" upgrading IJ a re~ult of (utun: ~ca·le~d ri~e nnd climate 

chan);c_ The ilirtc-t erroct~ ('If sen·le"!',) floe ('II'Ilhe Wharf...,jll he I'x:t.C"rbaleU by the intnnaJ stress 

~au,e" h> its design. The stability of the Wharf i) affocted by down ..... ard for"" eKened by its 

~ubmerf,cd .... eight. Sea·level ri5e ""ould reduce lhl~ ,ubmergcd wd~hl. 1I1\U hence reduce ilS 

slabili,y. If lhe upgndin~ of lhe Wharf i) un&llaken in tht nt~r future It'l facIlitate I~ 

devdopment of Sav);·i. il ""'{)IIIt! he wi~ 10 nUIId In a factor of nr"l)' agaiosl pu~sible future sea· 

\e"e! rise and dimalC t:llangc. 

lht: Gco~'1'~phic Information Sy~ltm (GIS) case sludy mAde signifiCllnl progress in asscssing 1M 

utility of GIS in We~tern Samoa. [nilial (;IS analysc:~ highhgbted the mong depcndcnl"e of 

lJpolu on lhe co.a~1 While only 9% uflhe brwJ L'l:i of 'Upolu i~ bct"'een ()'''i() f: above sea k"el, 

71'i of '~,(' 'lChools and 7S<J. of lhe chun:hu are within this ooaMallo .... ·land area. The SUJVey of 

=,;isliog data Te"uled a number of critical Uata·bil-SCS "hich "'ilJ bo; required for funher "ork. 

T .... o key lIreJ~ ldenl,tltd for fUlure GIS research are Ihe ~uppon of ~nvimnmentaJ management 

through Ihe linkallt wi(h tht c\istin~ land capability Ualabas~> ~nd lhe support of disaster 

mar,.,gcllltnllhmugh the identifi'ation of cyclone h~1.1rd·rilk atta.~_ How~v~r. 1M C,IS C3'IC ~rurly 



rughlighttd sigl'llfic.1nt technical. finan.cial. and hum~" resollrt.'e constmlrl!~ in We. tern S!ImO/I.. A! 

a resu 11. smft' Ira; Ili ng and edUC8lion programmes 11I11St ~ part of f olUre GIS l,\eycJopment 

R~comm~ndations 

~ re!'Carch undertaken in I>hase I ha~ revealed a num~T vf b~ucl n:ljuirin¥ immediate action. 

The);C 1111;.: 

1 . Expedite ,'ropo<,cd national cnvirunmcmil mOUl~):emel'll pl;\ll amerwJmenl5 10 Pan V III of 

Ihe lands. $ur.ey~ and Em .. ronmel'll ACt 10 al ;ow bener linkage belwccn nationa l 

government and ~ilb)\t 1cYd de.."i.slOfl·making. 

1. Imprnve lhe CO(lf(hn3110n of. and communication belwcell. 1I0~-ernmenl llgcncin 

r~~po"!lb1e fOl eIlY i rt1'''nent~1 m~nagtmtn t. d~vdopn1enl planning and diuster 

management 

3. BUll" aW;<Teness of. and support education on Issues of reducing \"ulnerah!ll\y and 

enhanclng I?Slhr.r.ce of COHstal Systems. 

4. Implement the recommendatlt"lni made in Ihe repon '"lmpliCMklns of cl\m~te change and 

se~- ICH.1 fiSC fur We~tcrn Samoa" by Cha,e Il",J Vcil:,Yllki (1992 ). These 

n:L"Ommend;l1i()n.~ arc: 

(i) 

iii) 

(111) 

(IV) 

U'pgr.lde~1lc melcorolo~ ~1a:iOIt 

Improve knowledge of We stem Samoo'~ reck 

Develop a land- and coostal wlI.:er-u!oC plan. 

£$tabli~h J ~gionJ.l infonnauon system on the crfecl~ of cl"nalC 

change. 

Undertake a number of desk studIes. in.cluding ('.(la'lal System 

sen~itivity <tuJics, studie, ,,·hi.,;h iJeMif,. i rllli ~alofS of dim!le 

change impacts, improvement of climate model., th~ ~tudy or 

cyclone freill!ency ani! 

meteorol(lgi~al n:c()rd~. ----
i.!l!C!Uity, and ana\~sis of histo ric --

Sptcific Recommendations r~sulting from ca~e stud,. Ilnal,.si~ 

ReoomrncnUations I - 3 tUlve generA applicability in Western Samoa. In :dIilion. the case $Iuilics 

require thai ~ number of specific ~ommclldati()ll' m madr for each ~:udy SLte 

• 



Apia 

Saf~1:t Bay 

and Saleap;lga III 

1..:1I .... m;mu 

Falffilo 

and 

\1uliflIlUl Wharf 

E~pcdHC tl\l:" cst3bll~hment Of the pmpo:led Apia Urban 

Authority;uul a.s:;ociatai p!lnnin~ IegislatlOfl. 

Iniri~le ~ comp~hensi\'e programmc of mlngrovc prmectioo, and 

the hmHlIllOrI of new reclamaaCJn (esptciaUy in Vaiusu Bay). 

Appnyoc and ,nlnatc!he Apia $cwerage Projn.1 ill 5OOn.., possible. 

Suppon and upedile the Soulb P.;lroc Biodivcrslty ConSICTVJfKln 

Proparnme proje('1 for Sal\lIpu·Sa(~ualSaJa\l areas 

Direc. the Wcstcm SlIIl\oo Vi"jlOl'S Hureau Ii) in~'e~nga11' 

and "elude the $afata Bay and SaleapagalO Lalomanu 

COJ.SI> in the proposed Cl.'OIourism pliO! project_ 

n,r~.(:. the Fi<henes DivlSI!)n (in conjulICtion ",:ith the: Di';sion of 

Environmtn. anli COI1)~nltion) 10 in~·~.SIlga le the poremial of 

nquacuitul1: devclopmcnL. 

Dm:c. the Public Wnrk~ fJepanmem (in c!lnjunction I.:ith Airpon 

the Divt~iorl of Environment amI. ConservatJon) to begin 

Inveso gations 00 Optimll Managemen. S!T.I.11'g;es, 

including OPtiOnS few ... pgra.ciing the AI'1'O"'$ seawalt~; 

... pp3ding the- Wharf: miIl';"g ..... ave en~rpes through m:f 

dlld Lagooo management: .,Id f«1uclll8 poLLu\lOfl ent.enng 

the lagoon frum the Airpun arwJ Wharf. 

The Pha.<;C [ research hl~ CLi.nr led the ob,ecuves for Phase II /"Csc:areh. Phase [ has also spccifiied 

the rc:.can:h lash m.[u~!J 10 achieve these rc:sc:an:h olx:crivcs. "The recommended ob~Cb\tC$ for 

Pha.o;e [I ~ 



Reeommended objectives for Pbase 11 

That the concepts and principles outlined in thh t1:pon iU1: 10 I:c furtltn develuped itI1d 

,mpl(:'mentro 

II That Pha~ II I:c unden:tlo:en ",:ilhin ~ ongoing project!; of the Government of Western 

Samoo, spttilklllly the Division of Envlf(lnment and Conservatton, 

111 Pha'>(: 11 is 10 sUPPO" the formlll~tioo of vuln~.rabilily redoctiOO and re5ilie~ enhoru;ement 

plans and policics appropriiUe 10 WC5lern Samoa.. 

IV Phaso:: IT IlClivitin a1"l' to enh~ the mlcmall·Bp .... ,ity ofWe~tern SAmoa to ;mpl~ment and 

mOnitor the recommended outcomes of Phases ( md 11 of this project 

V Building aWiU1:ncn ~nd supportin~ edut:ation 01\ issun of redudnJ: Coa~tal Sy~lem 

vulr1<',nlbilny an:! enh:mcing relilicnce within Weltem Samoa_ 

Recommended research tasks for Phalil' II 

I'i .. e n'M'::trch tasks iU1: n:commended for Phase 11. All fivc t1:'iCan:h tasks s\lppon the Phase IT 

oojC\:u,,,,~ li~ted aoovt_ TIle t1:search t~,h are: 

I Dtu:IopmcUl and impicmem3liQIl of the )y1nerabjljly and gsjljenc; a$5(';I<mcOl approacb 

Q\llhned 10 Ihis report, 

'me Initial te~ting of (be new Approach has pro"ed ~ucctssflll However. the approach 

n:quires f\lMer dcvelopmcnt if it is to be: din:ctly applit:able to WeSI'!TTl Samoa Ill" other 

cOllntries in the region , Phas~ II work Ihollid include: rigid anal}si~ of the factors 

contributing tll ~ulnCTability and rnilio:no;T. scoring de.;:ision$; de."(C lopment of ~uilk,lines for 

mabng _scoring ~cision.s ; mcthods of combining Coas!al Synem sc[)rt:s, including 

limitin~ factor !echniques The feasibililY of link ing the Sy~tem; Ilpproach to Impa<:t Zonc: 

and C..onn~cted Area Analysis f1ZCA) should also be addres>ed. 

II Strtss lIicnufieatiDo 

A tentative list of external aod iOll'mal stresse~ to the Coastal Sy!tems of Weslem Samoa 

ha~ been created. S~£s itknliftcation n:q\lircs f\lnher ~o~ly5is. Also, thc n:lativc 

s\ren&tb~ of int~mal and C~lemal stresses in different par1~ of the Co.1St reqllin:s tlddilional 

work. 

'" 



III Dc:ydpPlD!:m am] jm*menguO!J pf tbs; Outjmal M!lOa~CmC!ll ReS()QIJsc IOMll:l CQIlCCpl. 

1be 0\111: concept ~s proved 10 bt R uo;eful ~,icc for clarifying the range ofm3./UIge~nl 

aeuum Il:llu;Il:J (0 sehieve Ihe Wll.ldmum reduction ,-,f ~1ro:-~s·iodllCed impaC!~ on Coastal 

SySteml. Funher d.evtlOpmenl of the OMR concep!;I!O he: he: undenakeD. 

IV !OytS!j~3riQ!l of Comal System jmerconocctcdrrss. 

The Coa,lai SySH:mS of ·Upolu have been shown 10 be highly ilHcn::onnt;(;U"-d. n.e stn'!ogth 

and span.3.1 eXlCnt of Cna.unJ SY.IIem coorrction requm:s a.ddioonai n::~an:h. 

V (j!:l'gr~[!hjc InftlTTD3!jon Snlcm (GIS) analvsh of the low· lying land jn Wt:nm Sarno.) Ip 

sugDUn !il mt,r and enyjron mew I mDIl] gemelli 

I nIl I~1 1~'l\ng ,-,f Gt 5 ha~ shown its value for the suppon of Coastal System vulne:-ability n:ductiOIl 

an(.l T1!~ilknce enhancement. E. ... tcn!ion of the GIS .... or!.: hy Imegrating ens!ing GIS (\a1.3·ha<;cs 

B.IId phl"lu)(;raphic dRtB IS n:.q unw The G IS rcscan:h ~hoold be integr11teJ ",~th the Uc:vclopmcnl of 

(;1 S St~ff trJinin" lIld eduClIIon programme.1 to increao;c the GIS capaCH~· ""thin Wc~tem Samoa. 
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2. Project Aims 

'The aim of thil projeCt is 10 tontribute to integrated coa~ll.l zon~ mlUlagemcnl. intt,Tllcci COIl.II:!! 

hal.Md manJgtment and ~·!e"el ns.e Impact mItiguion 1.1 nariona.! (V.Ieslern SIIJTIOII.), regional 

(South Pal;ific) and &nlern.tiOllllllcveh. TIle aim .... ill be achIeved through a IWO phue project. 

'n, i5 rep(>l1 re!~tes 10 I'tlMSC: I ofthe projttt.. 

Ph:tSe I ;}jms 10 develop 1II approprute methodology for the u!lCnmcnl of ellternal and inlernal 

'trc')>c) on I~e CN)lal )~slen') III We~lcm Samoa. and to a~IieJiS ilS fealilnlH), through I. 5Cne~ of 

pnelimioary cue studies. Th:s methodo\O~ical dc\"dopmrnl is.:arried out WIthout COII9idcranon of 

'p:'CI1,C cllma'e change and S¢,l·levcl nsc: §cernlOos Con5eqllCntly, no specific l.UCu.menu rn the 

potential rU11n impacts 0( climm dwt~ and sc3-bd rur ~ uodaukcn In this ~pun.. 

Pha~ I fexusscs on Upolu. the most populated, IIJ1d 'iCcond largesl island of Western SamOll. 

The wro;:l\I<iom and ret.:omnlendltllOn' of Ph~se I .... ill form the bas's oJ the ",or"pl", for Phase II 

Pha~c II n'm~ tn contnhllle 10 a national action plan .... h'ch w,lt a~sisl in redUCing lhe Imp:\cl (If 

,'<)Hlal ha:mru:i. indudi II): r 1I111!'!: sc:a·levd rise. Moreover, Phase n aims to conuibute 10 regiun,.] 

and inlemanonal work pros:rnmme~. particIIlarly th~ nf lhe South Pantie ReglOnnl En,",ronm~nl 

Progl';lmme ISPKEf». and ,he Intergovernmental Panel on Oimale C11>U1ge (IPCtl 

The W~Slern Samoan study ha.~ lIcen carried OUI in par~lIel .,.,.i th a ~IlJdy of the unpacI of e'lema1 

anct '''ternal iU'Ci<.e1 on 1M "lam.! uf Viii Levu. Fiji. The Fiji study is summarised in Nunn ~l al 

119931. 

2 . 1. J'oiati onal , rel!,i ona l and international project context 

'1a lional 

C.enmtl 10 IhlS ~HJd)' IS IhI: 5truo~ coa.stal-dcpendt:oce of the people or We.tern 5al11011. A ~a)1 

majority of hs populauon. serviccs, infrastruc IIII'C. collural centres, social facilille! and 

con"<Cn'a: i(>!"l arel~ are 10<:31cd "ithm cOO!\ta1 areas, and are thel'Cfore ~ulnerable 10 sU"Css. The 

po:uplc and gll\Cmmenl of West.::m 5am03 IITC already "1:U Iwan: of cOO!\taI:md climabc huard._ 

Pmo.crl,,1 cyclOnes ~truck in Samoa in 1989, 1990 Ind 1991 and the country is su1l recovering 

frum their impacls. 



There are also increasinll )tn:s~s on na1Ura! re§(lurcu. infrnstruclurt aml services from increased 

l'ul'ublivn. and in panlcu!ar from urban millratu:>f1. In response 10 natural resource depletion 

issues lhe go,..,mmem mpted sUiu..inabk milnagement prioc.ple$ in I1S Se~cmh Development 

Plan (Df'7) for the: yean 199210 1994. In addition, the NLUjunal Environment and De~elopmenL 

Management Srrategy (t-E MS) (tiovemment of Weitem Samoa. 1993) for Western Samoa 

ol~mplS 10 pro"ide a planned and systematk approach to the inlq,,'tuiun of !ie':elopmem nnd 

environmental cooct'm~. All of the t\l;el.e T3J~el Environmental. ComJ!CW1eniS WhKh NEMS has 

identified fOf prionl) fur n~lional COniidt:r.mon (listed tn AppendIX 2) have direct significance 10 

the l"('I!.SW areas of Western SamQil. 

R~~iunal 

lln~ ~llIrly is part of a rt:J,:iOl,ai en"irunmemal re.<;eorch programme ~oon.linated by South Pacilk 

Rq:iullal I!nvlfllllment Progr"amme (SPR£P). The: 1991·1995 SPREP Work Programme IS Wiven 

h} the requirements of the ret:,ion's member go'..,mment~. The WorI< J>ro1,'TlImmes are contained 

in the SI'REP Action Plan which p.tw.des a regional approach 10 environmellIal ISSUes by 

addremng the unique COlleen!) of Suuth Pacific c{)lJntties Ilnd peopk (SPREP 1992 a,b). The 

SPKFI' Work Pru~ramme con!a,"s nine programme Mcas. TIli! study is pan of the Climate 

Change Programme, nlld has sn'0I1~ links with the complemenlM)' CooMallkwun:e Management 

and Planniult l"rob'fllTllme. 

The SPiteI' (lim.te ChanJ!.l: programme has coon:hnated II number of 5Ca·lc\el nse impact 

llsessment~ and ,tu.1ies in the region. lndutling lhe pre~nt ~tudy. Some llheSligalions have 

teSled tnc regional applicabilily o(the IPCC"~ Common Methodolog)' for Assessing Vulnenbilily 

to Sea· level Rise ([FCC 1992). Siudle~ using the Common Methodolngy have fo.;:ussed un the 

vulnerabihty of lilt. atoll natiollS of Kiribau fWoodroHe lind .'kLean 1'192) and the Marshall 

Island, (Holthus el al. 1992). An iniual ~Iudy of tho: low island of Tongatapu. Kir.gdom of 

Tonga lL~ing Ihe Common Methodology has also been underuktn (Fifit8. el tlf. 1992). The presenl 

pruject extend.1 the .... ork programme onlO hiJ!.h volcanic islands through the study of 'Upolu, 

We~tern Samoa and the islantl of ViII Levu. Fiji (Nnnn tl al 1993). 

In addition 10 Mut.hes which u!iCd II\e (""ommOl"l Methodology III the Pacific, a serie.' of SPREI'· 

funded "prepar.ltory mlS~t0l"l5" ,,"cre camcd out in order 10 ldenrif) the priority areas for iTHlepth 

~tud'es of the poten tial impacts of sea-level ril;!: and. chmate 'hange. TI>e countries visited by the 

p~paratoT)' m\<sion~ include. the Cook hbnds (Scm and Underh lll 1992), TU"a!u (Aalbel1iberg 

and H~y 19'J2). Kirihati (Sullivan and Gibson 1991), Tokelau (Mruan :mdd'Alibert - in press). 

lilt; \farshall Isl~nds iConntl1and Ma:ua 1992) and Western S~moo. It .. haSt and VeitaY3\;:1 1992). 



It h~ been re!:ogni!<i!d that these stuwe~ soppurt the priority area~ of the grwemmenu; of the region 

as idc:ntifitd in thor l"atiooal Environment Management Str.ltcgy (N'EMS) repom. 

Inl~rnalional 

Thi~ Mooy al<;o contributes to the de~lopmem of coosllli man~geme.nt policie..\ and plans ....-ithin the: 

n:gioo n:quired under the Frameworl; Conycntion on Climate: Change. (FCCC) and e.nCOUrllged b:,

Agenda 21: both outcome~ of the UNCI::D conference ll!"l 1992a) . ..... rticle.:1 (Section It) of the 

rccc re(.juires th3t nations" ... de.\ldop and elabor~tt appropriatc lUlU intq:.r:ue.d plans for coam \ 
mne. manage.me.nt Other Secuon<; of Article .:1 reqUlre national programmes to "f3cilitate 

a,hp talion to climate change·· and "promote w~tainabk management ... mcludlllg coastal and 

marine ecosysl~m.I"'. 

It i5 also intended that the methods used in this 5tudy "'ill contribute to the development of 

methodologie~ nnd guide tines for the aSlc\smenr of the ~ulnerabiltty and resitience of coam.l 

~ySlern~ to c:<tcrnal lUlU in temJ.i. stres~ s, including the potential impacts of sea·levd riSt. This 

study i5 es~cially Intended 10 a,d the de~·elopment by the IPCC C.o<lsUtI Zone .\1anageme.nl S'Ib

(lmup (C"1".'-I 5) ot an appmpnalc >ulnembilily and ~~ili~nl"<, assessment melhodolo~y for the 

'poxit"k l·h:lr.lcteris:ics of small i.~lnnd states with largely SuvsI~lence <:eonomies. 
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3. An Introduction to Western Samoa, its Coastal 
Zone and Coastal Zone Management 

3 . 1. An introduction to Western Samoa 

Western S:ur.oo comprises two main islands: 'Upolu (lIB k:Jn2) &nd SI~ai'i (170M km2). and 

several smaller ones, a~ part of the Samoon volcallic archipela~o in the cenUlll wuth'~ll'llc"ir1C 

(FiGure: 3.1)_ Fi~ure 3.2 presents the main fc-atwu ofthc isl&nd of 'Upolu and lexl!eJ the case 

<rudy ~ite.~ uo;eci in. this mvesngation 
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COASTLINE TYPES 

APetlNA 
o 

Type I 

Type II 

Type III 

Reef Edge 

CO Puapua V"'GaIlt(:$ I Mtddle \0 I ale HokJ<,"efIe . 

CD Lefaga Volcan.:::s i' [arly l1oIocene 

[~~ Melllanua VO~"'CS I last Glaoatoon 

[ S 1 Sa~i V<X:il/11C'O I Penultimale Glaaallor •. 10 
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La5t Inte;~.aclal 

[[J Fagalaa Volcancs I P1locene [0 Mod·PIe,.lace"", ,-- - - ----
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Pacific 

Ocean 

$al&apaga 

~-----------------.. -- ------------

Figure 3.2 . Island of 'Upo/u. Coastal Types (Ind Crise Swdy Slle u,((1firm. SUljrCe: Richmond (1991) 



The dim3te of Westnn Samoa i) Innuen.c~,J by the f,\ominant Itmolpheric circulation fe3turn of 

the South Pacific, SpecIfICally the south·el.!11J"3de .. ,nm and the Soulh PacUIC (".onvergcllCc Znnt:. 

Warm aIlII humid ~bmatic ("UI1ditoOn$ pn:' ail throughout the year, ... ·ith • \(:lTlperatuK fiuctuatim , II 

i"crnge monthly lempcrntllR: of 1·2 ·C. "The mean annuallempenllu:t: at $Ca·!c,·e] is 26--27 °c. 
Rainfall occurs throughout the year. ahhough the rajnf~1L p3,tcm$ delincalc a " . :uny"' (O(;lo/le;r 

M!U"Ch) and •• dr) .. (April- ScplI:mbcrJ $C3S0Il (Burgess 1988). Rainfall tends 10 be ~tC"r on the 

)QIJthem and •• ,estem Oanks of lhe two m,lln islands ..... Ilh ramfall 10111.1$ bctwttn 501X) and 1000 

mm/yr (Burge~s 1988; C11ase and Vciuym 1991). 

Three ''el). scvert: uupicaJ c:yclol!C§ haye hit Western Samoa over the past fiye YC!I!1I, in 1989. 

I'NO and 1991. a frt:quency unkno ... ·n !RIM: pre',OlJS toO ye.vs (Clner 19901. The effect of all 

!hree crclones has been dr.lmatlC. II is ntjma~ th:u tht: 105~ of prutluctitm during !he) weeks 

:o!lo ..... 'ng Cyclone Val (1991), '" a~ e.::jul\alent 1(') 2~ (If Grol\ Domestic Pr(l(\UCt (0 DP) for the 

.... hok ~'ear. n.c nlimaled "Mlue uf h""ne~. crops lno.llnf~tru~lun: ikmuy.:d by Cyclone VlI.I 
tOt31led more lhan W~S-OIXI milhon (OS$ 22~). The laner figure rl()l';~ nOI include damage due to 

co"~tal ero~Ion.l05~ of biooiytnily. damll;e to c&!f: hment) lind resultanl in(;n:ased soil erosion. 

kl!~ III COO-':(NmOn areas. d.unage 10 reef ~nrllagoon 'y~tem~. or I()$..~~ to many Other coaSlal and 

nHtlrral Jystems. 

The popul~t;on of Weslem ~3moa il Kpl'ro"jlH~lc\y 161.300 (Government of Wnlern Slimw 

1992f). The population is a1mo~1 enurely Polyne!Ian. fnrmlng the llirgeu ungle Vol:;nCSIWll 

..... I'lllallon tn the wmld (O· MearM 1'>'90). The capItal. Api& hu & population orappro\Imatcly 

35,000 people. Population distribution is ~haraclcriscd by four di~tirocl reglOn.~: Apta IIman area 

(21%). tile IlOrth·weSI eoaSI of ·llpolu r25%). ",,-;1.1 'L·polu (25%). alld lhe island or SKy,u'i 

129%) (Govcrnment uf Wntem Sllmoe. 1992e). Approximatel:; 80% af Western S3ma:uu live in 

the 162 villag .... ~_ 'The ,·:Il;l ma}oril)' of villages are located 0IIU1e roaR 

Agncuhure is the backbone of the Western Samoan (cOIIomy. AIOIIg W1!h fon: ~tt)· and fishing, 

agril-uh~ is a major employer of !he popubtiOll (64'1» (Figure). lJ. Oe.'Plte hIgh cmploymem 

In thi~ ~tor. agriculTUre, fon:suy and fishIng comribnll:d only 21 .. 10 lhe (GOPI in 1989 .... hile 

~ubsi5tellCl: economIC :u:thitie., contributed 26'1> (Figure ). ') Weslem Samoa hu eKpeneoced 3. 

.10w rate of GOP groMh with .grio.1.Ihurallvrnmudities contributing the bulk of exports in 1990 

fFigllR: J.3). 1bc laner i~ a resuh of agocuhunt.l ptOOOCIioo levels remaIning conSlant oYeT the IlISt 

3(1 ycar~. and tlcc\ining world prices for Jgricuitural cmr,moonies. The cOnStanl leYel of 

19ricultur:ll producl1on reflCC1~ the COnltnunlJi of the dominant sy)tC1ll of ~·ustomary land l~nure . 
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;JJIU the poor eCQtlomiC rt:tU"'~ to ~iHage farmers (plante") from agricultural products. The 

~ub~l.llence economic activllics wh"h takc pbce in \'iUages, may appear to somc a5 unproducth'e 

IIl"LU uncctmomiL', but allow ~llIal\en lO SIJl'VI\'e economically through communal recIprocal sharing 

IICrl\'ltie~, 

A~ ?fllynelian~. We.ltem Samoanl havc chie,'y authority cielennincd by p.auilineal descenL The 

bnd tenure lyStcm m We51cm Sltlt10il remains dominant loo.oy; "'~ of all land is undu cn~li'Imary 

title and control of the villal'C ~hief~ (malaj). the hcaili or c:tu:r.ded famJly groups 

:1.2, The coasta l zone of "Vestern Samoa 

The general ge()loBlcnl ~IT\ICI\I~ of '\ Jp<'Ilu " eontrollct1 by fi~c dlslIr>Ct votc.r.nic ep'Wldes (KC-af 

~"J Wuui 1<j5'), lI:e~linG 1'1'92). Ea.:h cpiwde produced e.o.lcn)i~c lava flow} which nowCiJ 

KJWW frum high voic:lIl1c cooes, lhie remJUntl of whkh now fonn the cemnl highl:mds oi 

'l 'polu The I •• ·• 110"" '>('Oh,hfie(] 10 form olIVIne rich buall rods The olde~t 'olelnic evenl 

,jcpusned I~ ... ~ no"'''' durin\! trn: PliUl'ene 10 Mid·Pleiston:ne ~riod. Th" most =nl bva flows 

on 1.!polu art: mid 1I0locenc In age, [n eOtltr.lst, the late.'1 Cl'IIpllOl'l on Sa ... a"i wa.~ in 19t1 

fhe la"a nov." (mm each ~u.:ce",Ye VO[ClnIC e"cnl "'ere (1e~Hcd 01110 older laYA now~ Ind 

"uk;JJI1c deposits. TItc: cho:miS(1'i and volume of e~h lava flow dclerminc:d ils progression from 

the ,'olean.:: cone tn,he Cf'OlI.I' ... here cnohng b) ~I waler .. outd "loy> and cventually ha'TIhc 1.,'3 

nu"'·s progn:nll:m A~ Il:on~<ll,lem:e, the [a". flO"'1 prOIloced by nch ~ukanic episode 

prOllllCc:d di§lincti.·c land slopes bet .... «n the .... olcano and 'he ~oan, and dunncnve Iypes of 

CQh:hne ThIs d""ncllon pm>ide. the h3<il for a "1Ivi,,,00 of lhe COA~tlllle of 'Upolu into lhree 

",t)II)tal type> n [ Ri~hmond [991. 1\192) The di~1I1buuOl'1 uf thee t1uu coo.sul Iypt'~ is shown in 

F,gu~ 3.2, while each c(\1$tal type IS descnbed tn detail tn Tlb~ 3.1 . 

Reef! a.imo<;t encircle t~ el1tl~ coaSt of 'Upolu, Fnn&mg retfs UK mO~1 common (Type I coast), 

bUI bamer !Type In COO5tj &nd patch reef t}'PC$ are llso pre!:Cm. Reef nB'~ are w,de~pn:ad and 

lypic~lIy ,Omp"lot ~ .. ari~ly of ~ubstt1.!.I!.: cono.l: lIj;lIC; temenlro retf pavement!<: marine planl~: and 

carbonate and tem~cnou~ s:md ~nd gnvel (Richmond. 199\ J, Reef crem are chMllCt~med by 

t"ther compact coral .:olonle~, encrulled coralhncc ~[~at, or rubble pavements. Hi~h wavc 

~nergies al ~f C~'t. en.:ollrage Ihe dcpomiM (If coar.1e r.cdlmen" beTween coral I"onnal,ons 

Well dr~doped rrin81~g and batrier reeFs are u~u:l.lly frunt~u by \ubmarinc tel'TIlces, They are 

r.cp=ed from the ~ef Crt:SI hy ver)' <ltep ~ef front~ dnd are I~plcall)' covered by wave rt:shtlUll 

~ompad ~ordh. A numbe-r of "bluc hole~" or sinkholes occur in the "wer reef; around 'Upolu, 

B 



Coastal Typg Reel characteristics Depo§ltlonal Features InSnOte Geology -, Woo tnng ifIjJ roof Irar'lsit>onai 10 3 shallow Poorly ooveloped mixed cartx>nalelte ,...;g.erxlUS HiflterEand of gently se3wara 
barrier mel soo lroonls In J narrow Iringlllg reef sOp;ng Mulilaooa and Salina 

Volcanics 

Typgll Cfilled coast w~h litt le Or no reef oovebpment llmitoo Of 00 deposhmalleatums Puapua Volcanics ()I oide, 
Fagaloa Volcanics 

TypfIIiI Hhar: ,,) Fringing reel I') Narrow ooasla l strip COI"lSlsIing moslly Predominantly Salan; Vok;anics 
10) WOOr friogiflQleaf w~h 01 slorm-ooJived carbonale sand ooa.ch but may afso onek,de Lefaga arid 

pfOmlflenl gaps w~ere ~Is) wit~ lesser amounts 01 fagaloa VO\cartiC's 
freshwate r output Is high 19"';/''''0'-'3 malerial 

Ie) Beac~s, barriers, spits , and coastal 
swamps associal...-l wrth (ivers and 
streams 

Tabid'! , 'U "0111 Coastal C/r.Jssi/icmiOlL SOUfce,' RicimlOnd (19\1/ j 



TIley were de<doped In tIle lime~tone reefs b)' fre~hwatu during times of lower sea-levels and 

have unique sedimentation patu:m~ (Richmond.. 1991 ). The ~hallow lagoon~ which occur ~hllld 

bRrrier reef! a~tr"ge between 2-5m in depth and are up to s~.veraJ 1<:ilomt!Tes ""ide, Lagoon 

bmtllms ~ ~omposed of either smooth-floored sediment, marine floral blankcted substnHas, or 

cor.1 pinnacle, interspersed with sediments (Richmond, 1991), 

Pock~t beache, are the mo~t common beach fOlmatlon on 'L.:polu (Richmond, 1991l. The 

beaches are pmne to emsion during sronns, and constantly change profile and a1ignmeOl in 

response to wa"e conditions. Beach elevatIon, around the island are indJcative of .... ave ener!!.y 

and runup heights as well as the: widlh of the adjacent ~fflaL 

S\nc:m1~ and nvn~ ~frect the coastline of 'Upolu by deliyering large alilOUllb of freshwater and 

'ied!menL~ to the Coo.ll. Fre~nwJu:r inplll and increued rurbidit) ,nhibm coral growth :u-ound river 

ml)uth~. The sedlll1cnt di~charg~ pattern\ of rivers al1o.l streams an:)uno.l 'l'polu ;lTe largely 

uncnaraclerislic. Incomplete reeord.1 indicate that flocrls an: the rna jm contributor of ~~dimenr to 

the {'n~'t WIllie -.ollIe matcr;allTl~Y be incorporated in do;pvsitiol1al featurn, mOlt h tr.msportcd 

direc!l~ imo duper waler offshore (Richmond. 1991). 

S"':unp and mangrove communities located in low lying coastal regions an: common features in 

Upolu. particularly 111 drowned valleys and barrier impounded ri~erlsu-e.am mouths. ~ larGest 

mangrove swamps ~ positioned behind the Mulinu'u peninsula (Apia) and Vaie'e Peninsula 

(Safa!J Ray) (Par!. Cf ai 1992). The~ 1\>00 penin~ulal are IMge barrier SpiL~ formed frnm 

Illlloct:ne sands. Smaller ~wamp~ also back wme beach ridges. Y!.:ingruves an: bel ieved to have 

nnee Ileen more e~ren~ive . Mangmve~ often fmnled sand benches. but were removed for 

tirn"uvd (R';:hmunol. 19')1). Man~nwe swampl~nd~ are ~um:ntly jufTerin~ destru~tion a;; a 

reslIlt of land reclamation. especlalty around Apia. 

The COO,! of Western Samoo appear.; m be undergning widespread erolion from a combinaTion nf 

direct waye allack, possible island sinking, shorc:line adjustment, sand mining, poorly designed 

sea ... ~Ih and re~etmenl~, and the destructi.-.n of prou:cnvc: <'egeu!ion and other natural fea!ure~ 

E,.id.ence ~la!ed to the ~a level hismT;' fm We~tem Samoa i~ conflicting, but Ricbmond (1991) 

~I)nd uded that there \~ re~S()II tu believe thal:;ea levcl~ wr:re Illl1 highn than presem level s at any 

lime dunng the pa!;r 1 OJ"(IO year~. 

Roth Morton Cl al. I\n pres.l) and Zann (199 1), presem descriptions of the biological Ch=ICriSUCS 

uf the ~l)::c;tal Wc\!ern SalTl\!li . Speclr;" fauna are located III the different ecos~ste111 habitats of 

mangrove~, innglng and barrier cnral Tl'~f~. and terre~rrial, rod and IJnd communi lies. 
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Huwt: ,cr, the lIouud.,ncc of milli"'" organisms is d"'1mllin\: . ..Jecl;n;ng fish ca:che~ were IU"Cntly 

de.scrihed al "alarmins" (GovcmllleOL of Wtstem Samoo 1992h,). Thi~ ~hanl\C is bdie"ed In he 

due to cOllsiden.bly mud.f,ed coa~tal ecosystems "lus,ed b>' e"'ploit:lllon, and disruption and 

aJ.tr;mtion of coaslal habitats, 

Reef ecosystems in WeSLcm Samoa have been ~verely damaged by trtJpicaJ cyclones a~ well as 

Ollth,..,ak~ of A!:'3mhaslCr I!liI.nl;.i (crown of thums starfish) .... hith h~ve dc,~troying iaTgc areas of 

~r '" lIIally areaJ of 'Upolu within tl\e I:m 2f} yean (Zann and Bell 1991 ), 

Wnlern Samoo's CO<Istal elwironmenl h:L~ been modifLCd by a variety Or human lIC\i"ities.. Despitr; 

the limued industt), ~nd lao.:l of mmeral mIning in 'lJpolu. there hu still been significant 

modification of the cM .. :a1 environment (Ko Win 1989). ~apr areas ofmdusmal and residential 

dcvelopmclIl Ol:n'f in and ..round ApIa, This dcve1or>ment has involved e:\tcn~vt: clearance of 

ongin~l ~el\el31l1m, river COIlIl'C allcrJti llll, infillinG of Ihe bgooo, con,rruclion of sea walls and 

"hane~, dredj!lng of 118rb<.Jllr sediment" and ruhhi~h dumping, The mangn,wc. laGoon and f!:ef 

""lten; !\tar Apia have mdumial wastes ami residues, pclticides.ll1unicipal nlbbi~b and untre!tr;d 

.e\O'a)!c dls.;h~U'!\cd IntO them, /'.0 studies of the impact" of Chemicals on the local [atln", ha~e been 

undertaken, ahhough concern has beer. e:\prcssed n:gan.ling their impact (Government of Western 

S:UlIOO lljo92bl. However, there has been <l lIumher of $tudlcs and feasibility plans undertaken to 

reduce the amount of :>cwage dischuged in\{[ the !lea (Go, cmlllent of We.'tr;m Samoo I99M)_ 

Cw~t:lllWtIC mo •• hl'io;ation :~ abo innuenced by cvcmi Inland, p~rt,cularly ddores:ation .. "d 

erOSIOn llils h~~ led \0 Lncre3.~d depositiOl1 or sediments In iagouns MKl. In some places, 

eU!rot)hlc~tlon (H~I~yel 19K9). 'sOIl erosion IJ e~8cerbaled by Ihe large rainf.:llls in WeSlem 

Samua, InCanll efUSlOn and eut.-ophication by fine sediment loall' may be exacerbated by 

qu(lnym@ for Ihe exrractlOt1 of rock for the cou<;truCl.lon of hlrbour wall~, hrcalwaten, and l'OIlds , 

There are 19 conSchHt][)1l sites con 'Upo::ol ll, with 13 bordering the coa.~l (Pearsall and WhIStler 

199\), The 0 Le Pupu Pu'e ~ational Park in south 'Upolu is &djacellll!l Ihe coast and extends 

we \I IIlto I he high land~, The l'aJol<J Deep Marine f!eiIChc ncar Apia was establishc.d in 1979, and 

is Western Samoa's only declared mJrine fe!lCl've, An area around the A1eipau [slaod~ on the 

south-caslcm I1p of'Lpn!u was propmed as a Marine I'lirk b~ Andi"'1+$ alld Holthus (19~9), blll 

hJS not yel ~n established. 
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3.3. Coastal managem en t decision · making framework In Western 
Samoa 

Wc~\ern Samoa was the first Pacific i,l:tn(! country to sain independence when, in 1%2, it broke 

~oloni31 ties with Kew ZeJland. WeStern Samoa po~;ei~e~ two ~tyle~ of gnvemmeOl. A 

Westminster style parliamentary system of national gO"entmenl is superimposed upon customW")' 

village· based lkcision·making structures (l"'igure 3.4). 

Cu~tumary sy~tcm~ of o.kdsion·making previUl over the majorit>· of C03...~talland and nearshore 

WAters. On!~ in Apia is the Customary decision·makin{: s>'stem of reduced importance. 

Cullomar)" (!edlion·mllling is effectively semi·autonomous from national ~ci~ion ·making 

(Comfonh 1992). T~fore, ooa.~ml reso"rcc management ~isi("ms 11ft; expre:ssl} 1l13(\c within 

vllb~cs. It is ~1 the viUa~e levellh3t any decisions will be made to reduce the impacts of e'<lernal 

and internal mes!oe~. mc100mg funae o;ea·levcl rise and cl inute change. 

AI the village level. decisions made hy the Village Coun.:il of ClIief~ and Ornto~ (Ft.HIQ) are 

usually cxpres~ed by the formubtion of :l.Jle! (Cornfurth 1992). Rules carl be either long· 

~t:l.ll<1u'~. fumlint: an integral pan of villa!!e .:ullure, OJ" ~hon. ·term In IUron~ 10 immediate village 

cl"lncerno. lI.ule. are r.nforced a,1!! pohced Iluuu&h the ,. ill~l:e Cuun.:;1 o f Otiefs iUld Orators lIlId 

hcaU~ of fal11l1ics. and non --I.,(lmplianL-': n:iults in a punishment that ik["1t:nds on the severily of the 

offence Pun,shmcnt Can II<'! through "~riO\l1 IQrm~ of ~hanun£, and IU uln:mc ..:ases involve~ 

balUlhme!lt rrom the villa~c. Rul~ breaking il nut ulu~lly n:ferrcd 10 the police. hut i~ illstead 

~ttled according to Cll>tom. 

RecognitiO!l of the legalit)" of village council n!les by the nQtionll gO"crnmcut in the Fono Act 

(I \1\10). erre,-ti 'ely ~ ; .. e8 eitl.:1i ,·mage the ril!lit to manage its own traclitional fi~h\ng grouncls and 

coastal area~. ! lowe,u, it IS nm clear whetber this amMrity e.'tends 10 the prcvcmion of private 

,ndividltals, other "illagn U!" companies from filhing in ~ village's waters. ("..ertainly the Act doc~ 

nO( bind go~eroment 10 village rules or ~isions regarding the ~iIlaf:er's fisl\m{: IlI1IllV3.Stal areas . 

. "'-!though all the waters from lhe high tide mark to the boundary of the 200 mile belusive 

Economic Znne (EEZ) are uJldlo,r the legal comrol of tile national go~emment of Westero Samoa, 

the in$hore "'""ilters IInti their fish 5toch are under the de fac to controll"lf each Village Council. 

beh village ha.~ rr.lCIi:ionalll' fished its nearshore ""aters, IIllf,l hh efTeo:tivel> laid c!iUm [0 the 

....,."ters on an uisunr. use basis. Similarly the foreshore and esplnnao.Je reser'c ...... hilst !cr...!ly 

COnTrolled by na!ion~' 8O'"t:mment, IS effecli,"t:ly under tie r~oCQl1trol by each vtil:tge. 
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l"slional level decisions are made by the elected member.> of parliamenl. Member.> of parliament 

rtpresenl electoral districts. usu...lly made up of a group of villages_ Act.'! of parliament ~ pa.'I.~ 

by parliament md implemented and enfon:cd by government departments and the polil"C. lben:: 

arc a nllmber of Act$ of PilTliament of Imprmance for the management of cO:l,l;llI.llmd and '.:ater 

,Appendix I). In addition. all land below the high water miITk n public 111."'.1 controlled by 

~o~emmelll (Anicie I~ 0( tile ConSlilUnon of lhe Ind.-pendent SUl.1t of Western Samoa). 

The go~crnnlent inlliati" c which mOSt strongly reflects the concern and present pnonty for 

environmental and coastal aroa management in Western Sa.moo was the cstabltshrnent in 1989 of 

the DiV1~ion of Environment and Con~rntion (DEC) wilhin the Department oi Lands, Surveys 

and EnvirulllHtnl. l1lc'. k.gislativc. ~nd procedural mo;hanisnl, to a.ctdre.~'1 competing preS,Hrt-S and 

!(l remIv!': conflicts bet\lo.'el:n development proposals and ,"vinmmentaJ pnJlectilm will form an 

nnponant pru1 r;>f the future won. of the Division, Other DEC functions include the de~eloptnent 

of envtronmemal impact assessment procedures, increa.sing public a\lo.'~ness of environmental 

l>SlXS. mId monitoring the state of the environment , 

'f1le DEC is also ~s[Xln,iblt. for Ihe coordination of lhe Wtstern Samoa National !':nvmmmeni and 

De~elopment .\1ill1Jgement Strategy (!"EMS) (Government of \I,'eslern Samoa 1993). The NEMS 

I~ an 3tuo.mpl to prn~lde a planned and S}'StemaTic approach to the integration of development and 

environmental coocerns. Implementation of NEMS will promote the: use of K consistent and sound 

set of pnnciple~ and guideline~ that will ns~ist ~u~tainable de~'elopment Based on the main 

prindpk~ \aid out In A~enda 21 (l:N 1':i92a), NEMS places the ...-elH:.eing of pe<!ple f",,,,mOII :md 

recogmo;e~ that people rutd tile en~imnment are interrelated and ino;epJ.!11hle. All the Iwelve critical 

~nvirunmenllli i~~ue$ i<knlirN:d in "EMS flll' priority national consideration (listed in AppcndL''l 2) 

have direCi signific:mce to lhe sustainable management of the coastal areas ofWeslcm Samoa. 

l\ num~r of national agencies and ad·hoc gO"ernment commil1ees also control regulation~ 

imponanl in ihc formulation and IIl1plemenlatiO!1 of a nalionlll coastal management pohcy. These 

include: 

r..-at.iooal Planning Office; 
Cabinet Dl;-NeiOl'melll Committee: 
Economic Policy Advisory Committee: 
Nallonal Di!.Qst.eT C-OlIIlCiI: and 
Puknu'u Committee:. 

l'ulUre government programs will place a greater emphasis on integrated natural resource 

mRI1agement and >u<tainal>lee<:onomic growth in comparison to previou'l pr:lclicc:, nle We,tern 



Samoan gO\'emmem in its mol! recent dcv~lopmenl plan (DP 7). haz acknowlodgod Ihal reduced 

enllgr.ltioo oppoonunilie! will Increase populalion growth In the country ;md place increasing 

pn:s~ure on Ihe environment. Pruposcd development projects WIll be: ~ubjccled to more rigorous 

I'Cnlun) for Ihc.r en~ironmental impacllhan In the p;L!l DonOl'5 will be in~'ib:d tu focus their 

allCnrion on human n:souttt dc:\"dopmcnl. inslirolional1tn:nglhening and maintenance activities, 

rather than huildin& ne"" infnJ..'tr\Jcnm;, Pri~'lte ,;ector initiatives backed by government include 

development or an n'ulouosm induw)' around Apia and Wntern Samoan ~illages. The 

ccuwutism Inttiallve alms 10 allo .... suswnable coost.u resoun:e usc by tourists ftnd !!sure·s that 

tOlln'm docs not conniet .... lIh S.m~n culture (G(wernment of Western Samoa and Tourism 

Cwncil ufthr Sooth Pacific 1992). 

The Wc,lern S~moan government has abu n:l'Cntly refocussed the natton's development g()Al~ 

... ·ith respect to in.lIlullonal SUUCtlm;< and ;urangemcnts. ?:lsI inslllunonaJ problems ;ue prt:5Cntly 

being moJif,ed throu~h altempt5 to impn,n'e the public admini.lflllion system through lhe re

Of)!afllsatiun uf personnel management. public 5C1'Vicc incentives. financial planning, and the 

coordination .llIl dl.tribullon of I.Id. ll10c Government is also adopllng a fundamental change tn 

in philosophy by encouraging an ec:nnom~' in ",hlCh the pnv~le sector plays ~ g.utef role In !he 

~~elormen! and gru .... th of Api3, with the intention that the rc~t of We~tem Samoa will .1$0 

\)t:ncllt. 

It .s planlle<lto be intrOOU<,:C le):islation to establish an Apia ~1unicipal Autboory, "''1m po .... cn w 

nmlIUllan<lu~c In W'ban ApIa. as well as 10 improve !.ervice.~ In 'l:SldcnlS and pmmOIC the to'4'I1', 

ccnnomic ann ...-.:;iJ I de,'elopm~llt clo;><tCitie$. Apia is the capiUII of Western Swnoa ant! is on 10 .... -
ly", 11. ('<)a,ta] land. A ne"" Apia Municipal Authority would UIoClde unp]~nned Umln e~p.lnSlOn in 

Apia and manag~ the high r:::He of migralloo mtQ its urbltn and hinterland lUU$. PnIposcd planning 

leg.llmion will pmn".>tI: appropriate mwn planning 1Il urb:In Apl~. 

We,tern Samoa h party to a number of convention ..... hich implicit!>' ro:ogmsc the need for coasbll 

managemem; the Convention for Conl':r>'alioo of I"arure in lhc South P:l.clrlC IApla Convention). 

the Convenllon fOf COI1l':rvation and Protection of l"alUral Resoun.:es and Envu'Onment of the 

~uuth ra~lfk (SPREP Convenllonl, the South Padfic Sudelll' r:ree Zone Truty, and the 

Fr.unew",~ Convention on Clima!!: Change. 

Ho .... ever. lhe .mplementalion or the r.mge of nnnonal strateg.es and Iq~i~lltillll described ahrr.e IS 

frJugh! with difficult\"_ Impiement311Un problems arise prinCIpally bec.u~e of Ihe lack of lUI)' 

,"sDlUtiooah~ 3.1d rra..:ticed form of str.llegic plannmg ~nd Ihe onilOll1g problems in oommmnent 

aoo ImpiementJlioo by \1Ilage. or government. This ~iLuau()n is e'lilCerbRted by the lack uf an 



adequate mechanisT" to mteKrat~ national gO"cmment and v,llagc le~el authori ty. Draft 

liI!lendmen15 to the Lands. Surveys and Environment ACI (1989) offer some solution to the latter 

prohl<';m (C.ornfonh ]992). However, th<,; lack of commitment 10 the fonnal pmc<";(\ures for land 

u~e or develupment plannin~ ~ lilely to continue to impede effective poliq impkmcmaliT.)ll. 

Again the institutional linkages between nationallcgislation and local administration n~ 10 be 

'tren~thened and clarified I() ensure the successful implementation of any proposed co,mal 

mma~'emenl strategy. 

As Ihe pIl:yious discussion has shown. there i.~ no lack of nanona! legislation for susminable 

management of ooastMI and marin~ = .aj , or lack or implementation capacity by Village Councih. 

lloo.:cver, J ~ent analysis of environmental management legisl.l..tion in Westo:m Samoa found thai 

•• .. t.')· fe w law~ are complied wHh, and e~en fewer enforced"' {Cornfonh ]992). There i~ ~ 

.... idcsprew bt:: lief am(lnpl ro:S(lur~e man~gen in \\Intern Samw that harm(lnising the IWO 

,ysuo.ms of nmional and v!llag<,; level regula!ion and maougemem is gradually b<";,ng achie~ed. 

Such hann()lll)ation will im:reasingly lead \0 improved compliance and mure effective 

enfort;<";m<';nL 1"h<";ref(l~, prcs.em gMernm~m poliCIes and l~gisJ.m(ln do provide a s.oW"ld ba.~is for 

su<: ..... essf ul CO/lsta1 Wile manag~mcnt In t.Iw:. futuro:. TIlCiT applicatiun to the: mana~~ment of e:<lemal 

and lr1lemaJ l!rels.e~, lIlduding furull'! s.ea· le~<,;1 ns.e and cllmale c~ange, :m' rli.T;CUSled in Secnon 7. 

- - ---------.--- -------



4. Development of an Appropriate Framework for 
the Assessment of Sea-level Rise and Climate 
Change Impacts in Western Samoa 

4.1. The Common Meth odology for the assessment of coastal area 
~ulnerability to sea · level ri se 

In S<plemlX"r 1991 the Coa..~lal Zone Man3icmcO! Suh-gmup rCZMS) of !he Inlcrgo.'ernmcntal 

1';1,,:, on Onnate lllarlge (IPlx.:) xl .. ~scd Its "COIIH"on Melhoo...l,,!:y for A'NC)~in, Vulnel'llbilily 

10 S .. a-levcJ RiSO''', nereaiter abbre~13:ed 10 the HCommo."1 MClhndology" (IPCC 1991). Tlle 

O.,.,.unon MClhoo1o!ol:~ ....... ~ dc~eloptd fro,,, !tJl nng",al propo<.al, ",;de at the 1 <}',I() Miam, [pIl'C 

eL;MS worbhop, lu >cnll" qucllioonaire to all coastal narioos. 1be questionnaire: anempted w 
~~in a fir.;t order emmaie of the ecooomi~ vulnerahi lily of the gklbill coastline 10 JIOIenti.d $Ca-level 

ri~e rille 10 gloJ:>al wanning. nl .. ori~illal vcr;ion llf the Commllo Methodology has been revised 

,\ilOhlly ~, a n:suh of commenl~ 1'&eived at the April 1992 Margerim Island Wee-CZMS m~l ing 

(IP(T' 1')92). 

The Common Melhodolog~ u...:s monetl>ry ... aluations a5 an eSlimale of ~ coaH41 nallon's 

~ul"~,,, bllity 10 f utun: :Ie~- level nsc. A crude cmt_ho.;nefi l teSI i~ applied to these le)ull~ to nse!oS 

the preferred ··respon.o;c oplion" 10 mUI&ate future ~\'lJ)l~1 imp:tl:~ Re$ponse option, include 

defeMing thc coaSI w,lh ~hordLllo; protection wuks, xcommodaung coosul chDn~, or vadually 

reuutin~ frum tho; vu!~rahlc coasta l area, 111e Conllnon Methodology ha! been applied through 
CllSe studle~ in over t",'(Cuty,r;,·o; 1;uuntrks thruu~hO\lI the wood (IPO.:: 1992)_ 

A~ the name suggesls , the Common ~ctho(1)lngy aim! 10 IX" 11. melhod which can be commonly 

applied to all cO.lstal nallon.~. As such. the Com nlUll M~thtx1ology should be applicahle to 

Western Samna nnr! po~sels the ability lu oleal with the inmcaciel of Samoan socio-ecooomic life 

III a! mu,;h detail U lhe gcolngical and biological aspect> ofit~ l-uastaJ rel)ions. [n pll1icular. the 

Common Mcthr.dnlogy ~hould ;mpln,"lliy ~ogllise the lmporlar.cc of lhe following len ihuc! for 

We~lem S;unoa (liSled m appnnlmately decreasing mer of Import.aocc:): 

I, SUbMSICIl(.'(C CICOTIOmy; 

11 CI~ lies of S:-.mua111 10 land through CII!lomary land 1J:nure: 

1IJ- Importance of e»I~l1 okd family sU"U(;turc~; 
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IV. Gift giving lnd remin~' as a mecbiIJIism for extended family CWnomK n:silieTU:; 

V· Uu:lr:: of urban (Apu) land U5e planning or buildinl( ~'O<.k~; 

VI· Importance of the pmllimity to roads in rural !lTCas; 

VII· InclTel'live ljn~ages between n:nitmal (parhamentary) and village (customary) decision 

malcing; 

VII· The c:b.y·to-day decision·mllkinj; po .... -en of vili3&e commJ11CC'S (Fono); 

X· Human fe'lOUTa:, ttChni~a) and dau.Hmitations. 

The fint tW<ll~S~~ liMed above render the Cummon MclhodolullY, and ilny e~onornjc·b.ased 

aS5essmenllcchuiljue, rundamentally mappropriate in Western Samoa. h~ue~ !!Itn VlI pre~nt 

seriou~ operational pmhlem~ in carrying out any assessmem using the Common Methodology, 

while issues IX and X could 00 dealt wlIh through minor adjustments to the Common 

.l.1cl.hodology. The.le ~honconllng5 oithe Common MelhL."h.>lu,,'y, n1"'dally the jnapplicability of 

economlc·based a~~ssme"tte<:hniq\le5 in counuie' wuh important subsistence economies III1dJor 

cu~\Omary land tenure s>'stems, has ne~·es~itatc:d lhe rOlmulation of a new assessment framework 

appropnale for Western S~mo.a. descnberllaler In Ihl~ .~Ilon, 

Concerns Itav..: bun liso been raised LS 10 the Dppmpnatcne!;~ of Ihc ('.ammon Methodology by 

other siudiel; canit:tl OUI dsew~ in !he A~ia·Pacir.c ~giOCl , nICS(: mi,givulgs range from Il>!oor 

operational plobl~m s (Hohhu( '-, n/ 1992),10 fundamental methodological concerns. 1n.e laller 

CUlcems renin: on four main i)sUC!l : 

Ihe apphclibiltly of eoonomlC·based as<;cssmem lecl1mques within primarily subsistence 

economie5 (Woodroffe ~~ Md.c;m 1992, 1993): 

1l the utilit), of tbe Common Methodology for aiding Coa5tal managers io formulating sea· 

1e'l:1 rise impac1 Isscssmem poliO:l(:s (Kay (I ai, 1992); 

m the la~k uf lillie dependency in the Common Methodology does nOI ~lIo ...... ruliSll.c 

~;S<".>'lllem of polen1ial sea·le.el n~ Impacts on highly dynamic coastal systrm5, including 

!iOCio-econ~H'T1ic and cuhun..! ~y~tc:rns (Kay tl al I W)); and 
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IV the narruw ~eographic I:onception of the "coastal •. one" doe~ nO! take into account 

imponant interacrions with the adjoining land and marinc ~ySlert\s (Holligan and de Boois 

1993; Warrick 1993). 

TheS\! four fumlamental concerns with the OJmmon Methodology add suppon to the development 

of a new approach 10 the a~);es"ment of potential {tltUTe impacu of sea-level ri~ and cHmate 

\:hangc in We~lCrn Samoa. This approach is introduced in the following !oection. It is intended 

that this new approach has the sc~ be further de>'eloped into a methodology which can be 

applied to allow coastal managers and decision ma\:.eT1l to formulate police! to reduce the impact of 

,m:~scs, including sea-level rise and climate change to COa£tal S}'stem~, both in Western Samoa 

and throughout the SOllth Pacific. 

4.2 , A new approach to sea-leve l rise impact assessments within a 
br oader stres~ analy.~i.~ framework 

• .1, new and innovative approach, which takes nOle of the concern! regarding the regional 

applicabJlity of the C.ommon r..kthodology. IS used for the llrsttime in this report. 11tis approach 

hui ld~ on and e~pands the ("HTlmon ~1ethudology to provide an assessment and decision-making 

~upport fr.unework appmpriate for the SOUlh Pacific, and generally applicable to the Asia-Pacific 

:'egion. Further, the approach i~ not limited to analyses of the efiect~ of sea-level rise and c.lima~ 

change. Instead a flexible conceptual framework i~ adopted which asse~ses (he vulnerability, 

re,j lienee and ~Ilsiti ,. it y of co~tal system~ to a rmge of external stresses such as waves, tropical 

(y(lonc~ (typhoons), fluctuanons in global economic markets, tourist~ arld sea-levc\ rise and 

climate change. In addition. interual Iystcm stresses, such as population pressure, natural 

rtKll'rce depletio!!. pollution and cultural change~ nre Implicitly considered in thc decision support 

framework. The new approach is similar in concept to the interacting sy.~tems approach for the 

support of decision, to mitigate potential c1ima~ change impacts on Caribbean islands, recently 

cl'ploreu through compUier moc.elling (Engelen ~I aI. 1992). 

". 2. !. Coa sla l zones as interactjng sys tgms 

·n,c ~pprooch ildopterl here is to view the wastal rone as a .'iet of separate, btl! interacting, "Coastal 

Systems" (Fi gure 4.1). This "sy~tem s approach" is a "'anageHient-orientoo view of coa~tal mnes, 

taIlored to (he needs of sea·l ~vel rtse impact a~sessment. and set within broader and f1e,ible 



considerations of external and internal stresses 10 coastal ZOIle~ COlisla l Sy~tcms can be dJvided 

mto two puups: 

"liard" Coastal Sysaems; and 

U "Soft" CoII.'Ita l Systems. 

The rllV1~ion bcrw~n "Hard" and "Sof!"' follows the di-ision in !he computer industry between 

··h~n.!wll~" and "!iOftware". Tangi ble oomputc! equipment (complUer$, prinle~ eIC), ;1 called 

hanlw~. n.e intangihle prngrummes thai opcr:1te computers, ~ cJJ.led w ft ... ;ue. ThIlS, "II:m1" 

Coastal Systems iflClude all tangibk dements of coo.llnl 7.()nes; thcir nanlT!1 goom('qlhC'lIC'lgiclll a.nd 

biol[}gical components. such as beiK:hes. ~ds and cliffs;!;':»Stl!.! zone inh~bitanlll. anu cwstal:w~ 

inrTa~truc\ure. "Sort" Coastal System~ etKornpa!~ intan~, ble components of Calista I 1'(I1Ie5: lhei r 

IDC10 cultural Jnd inslitutionJJ. systems. and the cconom i~ bendilll ,aincu from the U)C of "HiU\l" 

"va~!al res.oun;es. son COllsml Systems can al:.o ];Ie thOllgM! (If fl.' rfle ,alllc' and ~ni!l.Irte~ pe(')]lle 

have regardi ng the land, waler and resource! of the coostal envirunment. Each Coastal System is 

marie up ("If 3 number of "S ub-Sys tems", which an: in lum mJ.de up of "Coastal Sub·System 

Elements". 

Th i ~ "Sy~tClll' approa<.'h" i~ a ne xibk. non·prc>erip live melhnd for an~ly~;ng rhe divcNc coasl~1 

70nes of the A ~i n- Pacific ~glOn_ The L"-ree levels of CO:lsIlI.l Sy5lems, Sub· Systems. an.! Sub· 

Sy.t~m Element. l-reale nexibili(y by allowmg a hierarchy of COmn10Mli(y l>etween, and ..... ithin. 

the coastal rone! of (he I"!gion'~ maritime nKtiOfl~_ Many. ~nd pmb~bly J110~1 , t'oa~t:,1 Sys(e.ms 

w,lI be applicable to (he majori ty of lhe region'~ coa.~tal wne, . Theft i~ les~ common~lily 3t the 

Sub-System level. Sub-System Element, w\l1 be markedly din-ert'1ll bet ""¢en cO(lI!al nation~. and 

will also show variations within C{)lInrrie$ at a ca.~ ~rurty level. 

4·2,2 . v ulnerability and O'Sili r nu or Coa sta l Sntt m5 

The vulnerdbilitin alld o:s, l icncc~ of COll~! 81 Sys~m~ are a"al~$Cd ~ep3rDtely in thoe decision 

~u]lp'.1n system. This IS 3n llftifici31 $Cpantion undenl.ken in onkr \0 clarify lhe nr.nge of 

m~nagcment o:~ponses available 10 reduce fllfure c hmate c hange and sea·level nsc impacts , 

·In.,refore. ,mpact reduction responses are di~1ded into me;uun:~ for "vulocl'llbi lity n:tluo.:tion" and 

"resilience enharo;x'ocnf". 
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.'\'s ft gener~1 concept ..... ulncntbility is "Ih~ degTf~ 10 .... hich <l system rna)' react ad\'usdy f() lhe 

occurrence of (I hmardous cllenl" (rimmerman 1981). 1n this >elise, vulnerability may be 

interpreTed TO describe the potential for damage or the net outcome of a ha7.ll1"dou, event on a 

part ,cular system. However, YL!nmennan Wilms that "lIu!nemhiliry is <l ram of 5uch bro<Jd use as 

II! be almost useles.! for careful IUscriprion at present, acept a.o; a rhelOrical indicator of area., of 

grl'atl'liI concern' . This 1a.~1 jXlint allow.~ a """'00 imerpretal.ion of "vulnerability" 10 he ll.~ f(ll"" (lie 

analysis of the risk to ~~tal system! from external and internal strtsses. 

V ulocr.lbility is iotnvn::ted hen:: to describe the attributes of" jy~tem whi~h will n:aCi adversely to 

the occlI=ncc of a hazardous event. Such attnblltes will lend 10 produce a negati .... e outcome, 

su~h a~ poor (vulnerable) building de~ign or location within low-lymg (vulnerable) land. The 

d~i~10n suPjXl" framework introduced in this paper an:J.!yses each Coastal System separately in 

terms of il~ ability to react ad >'Crsely to ex.temal and internal stn:sses (Figure 4.2). 

MOreover. the decision suppon fmmeworl, assumes that there are also anribUles within each 

~ystcm that act to n:Ju~e the impi«:t of hazmlQus event~ on systems. Such attributes can be 

mherent charaC!eri~tic~ of Coa,tal Sy~u,m .~ which allow adaptation to external and intern~1 

strrs~c~. .'\'n e~~mp1e i~ llatun\l rod growth in lT~jXII1!-C to ~c~-1eve I rise (BuJJemtier am.I Kinzie 

1976). There are nlso con,;ciou~ rlecisions and actions, called "adjustmentS", taken by people in 

order to redu~-e damage (White 1945; Bunon el al. 1978). Adjustment and a.o.I.aptario·n mechani~ms 

to external and internal Strl",Sst, are tenned "resi lienct:s" in the decision Slipport framework. 

Th,,~. the net Impact to cna.~rall.one ~y~tems ~~ulting from external and [mernal stre,~es is the 

Jifrerentt ~tween the re.siHentts and vulnerabilities of Coastal S y,tcms. In the decision support 

system the net impact to Co.astal Systems is measured by the Sustainable Capacity Inde~ (SCI), a 

measure of a s)~tem' s overall ability to cope ~u~tainably with external aoo internal stresses. 

'Ine analysis of coostal ~ystelll vul fJerability and resilience oUllined above i~ undertaken through a 

process of q ualitativc scoring, described in the following stCllon. 

4.2,3, Yulnerabjljl}' Dnd resiljence gQrin:: 

11\is decision supIX"J!t technique deliberately forces the separation of the vulnerable and resilient 

attribUles, or ··components", of Coastal System s (Figure 4.1 ). Qual itative (ordinal) scores are 

aS~l~ned to the ~ulnerablc and resilient com~nen\~ of each Coastal System for present day 

external and internal !treSst!. 
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The qualitative scores fDr the vulnerability component of ~3Ch Coast:l.l System run fmm O!(l -3, 

wuh -3 being Ihe mOSI vulnerable (Table .:l..1). Qualit:l.tive resilience component S(;ore~ run from U 

tu +3. with +3 being the most rn~lient_ Each resilience IIIld vulnel'llbility component !iCore aho 

ha~ a shon descriptor. rangmg from e.~trcme ~ulnerability or ~silience, through high. lTIoderate to 

luw (Table 4.1 ). 

llle scoring procedu~ j~ repeated for "f utllft: condition~". "Future conditions" ronsit.kr changes 

to external and internal stresses (im:luding sea level rise and dimale change). In addition. the t= 

"future condiliom" al~o lake~ into accounl possible fUlure change~ prodoced by internal stl'esS-e> 

with in each COO!.W 5 ~"S](.m_ Sud internal Coasllll S ystem strc:~;c s, III1d the I":~ultant changes, an: 

:l..!Hlmed 10 occur in i~olarion from lhe external srre,~e~ of ~e" -Ievel ri~ nnd Climate change. 

11l\~l'I1al ~Ut",~s "'~y include- pt.>pulation innn~s, ~han~cs in sucio-economic condi:ions and 

~hanges 10 cul:u ral ;md admini!lroli~c sY'lems. ThllS, the cieci<;ion SlIPpon framework conlidcn a 

".-.:al life" !OCt of cVQlvin~ Coostal Sy~tems. Each Coastal Syslem has some ataibulcs thaI will 

chlnge In the fUlllre Inrt~pt:nd • .,mly of lhe chal\ge~ cau>¢(! di['l'.(:tly b~· eli mate "h~ ngc. and se~-leve1 

ri~ IInp~cb. 

Two qu~lit"-tivt scorjn~ eJ.en.'i>e$ for "future conditiuns" am \!ndertaken. Fir;t, It is a~~umcU thai 

thcr~ ,,'iIl be nu 3ignific~m management imenentions to reduce vulnerability. or enhance 

,eldiencc TllL~ is termed the "1\0 Management" scenario Secood. Coos(ll SyStem vulnerability 

and ~silienll: rumpolltnt !iCure~ lIT': Hsi~nellllssuming thc implementation of! suite of coastal 

management respon.~es trl r~duce ~·lllncrability and enhance re.~ilience. Such managemenl 

~sponse5 are ~~sumed to Qptimbe the reductiun Q[ vulner~bility and the tnhlllccrntnt of 

,.,."ilK'oce, and.lJ"e called the ''Opumal Mnnagemcm Rc~~~ (OMR )"' ~nari(). 

Th~ ill-cision on the rank ~core of a particular Coa.<;lal SySlem'~ yulnerahility or resilience 

C(.)fllpllocnt i~ Ii<.:hie~~U through Ii 'lualltative analysis of tho:: Sub-Sy~tt:m and SlIb-S~tcm EI~ments 

which con[:1butc [0 a Sy~tem's Yulnerahiluy, an..1 tho~ which conmbule to its Ttstlience. The 

~nalysis uf each Coastal Sy!tcm can be mi:Uk by a variety of techniques applicable to the nnge of 

'$'ue' ~t a I'anicular ,t"d~ sue. Appmpnate ~chniques mclude; rilk analys\~ and assessment. 

natunil hazard all~IY~l~. environmental impacl assessment, and envirunmental pnlicy and 

management aM l ysj~ frame works. The choice of techniques will nlso be driven by the amount 

and quality of site -specific information. It is imponant 10 note thut the qualitative scoring 

technique doe~ not require perfect and/or complele data. A~ such. the technique has particular 

applicability in cour.aies when: iocomplcte dat:l. sets occur, and when: decisions :ire required undt:r 

t:onditions of uncerta imy. Such uncertaintie, ftnd data-gaps occur in the majority of co~ntries in 

the ASL1·Pacific n:gion. 
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Pr<)babilily-COII~~uel\Ce CllfvC!. adapled from qu&litali~~ nd:: I.Ssessment meihods (e.g. Ruyal 

Soci~ly 191':3; CSA 1991) are usefulllS;U! aid 10,1 ;u:rigning nilneability and resIlience tom~nl 

~COfl'~ (Figure 4 3)_ t-requenC)·con~eqtJence CllT\lt!S are used by risk uscsson 10 di~play the 

o.:onKqucn~c~ 10 ly~l~r1l1 of .. ril_H,e of probable harmful evenlS, Such curvu CIJI he used 10 

.::on~idt:f thc ronse Jnd hkel~ oc.c=nce probability of a range of ex«:mal and inlem&! S~SlIC$. 

As a n::~u h. the vu' rlen1bi1ll~ alit! reijhencc: "OOl~)Ollent IiCOres ~~si gned .... ith the aId of ~uch curves, 

art' cffecrively ume·jnlegralcd summlll'ics of the potenli!Ll imparu of high prubabihty "1lOm131~ 

"'tnl, and 10 .... probabjlll~ '"e~lrell1e" events_ Probability-collseqUtnct CUI"I'C~ are also IIscfultn 

lht: ci':lineaoon 0( the OMR 

On compleuon of the qualitall\'<: !il:onng pmees,l. Ihe net difference between vulneahilit)' and 

~slhe~ compontn! sccn~. the SuStall1l.ble Capacit} Inde:< lSCI). I~ calculated. 'The lluluy and 

mc~nins or SCI is diSl:Us:sW funhcr in th!: foUowing section. 

At pre).Cntlhe inrOlm3tion MId kno .... ledge of Coasul System ~~ponscs [() e.lemaJ and internal 

me~les t\(le\ nm wan-~nt 5Oph'~I,callOI1 beyond the simple adWlioo of the t:omponcnl SCllil'S of 

vulnerJbility md ~stliencc. Ho .... cver. fUTUre development of Ihls doxision suppon framework 
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SCI can al~o he wen ;u a ~uTTOgatc mcasu~ of each System's ability, or capacity. to cope ,,"'ith 
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probable {'".~temal and il11emal stres~s. TIle concept of 5ustainabililY is intrnduced in order 10 

highlighttht: implications for the long-term viability of Constal Systems shown by tOe difference 

between vulnerabIlity and resilience component !\Cores. In this sense. ",ustainability" is used in 

the context uf "~u~tainabil ;ty thinl:ing" which "flUJdijies 1M CGrunt 10 which il is applied" (Turner 

1991) . 

The average of the Sustainable Capacity Index for allihe Coastal Sy~tems gives a rudimentary 

indication of a study ~ite's ability 10 cope wShunably with exU'rnal and inU'mal ~tresses. 

Th~ apphcation of this asses~ment technique through four case study sites h described in detail in 

the rle_~t sect ion. The cale ~tudies show that there is significant scope for Ihe reduction of future 

~ea-Ie\:el rise impac1.l in Wc~tcm Samoa. 

4,3. Future development of tile assessment framework 

Clearly. Ihe approach requires refin~_l1l~m. At pre~eOl the assessment framework is a way of 

approaching the issue of the potenti!!] rish to coastal zone System~ from internal and external 

'1I'ClstS, inclUlting s~_a-Ievel ri~~ and climate change. In UHler for (hi, framework to be 

transfunm:d imu methodology whk!! can be furmally applied to !tipPO" coastal management 

deci!ions wilhin countries. and compare the effkicnc~' of management decisions between 

,,:oulltric~, f"rther dn'elopmcm is required. Two major areas for the development of the 

vulnerability and resilience aso.essmem apprua~h are given below: ciarificatiOll of vulnerability and 

~silicnce scoring: find Linking the Coa~tal Sy~u,m stre!~ a~sessment framework to Impact Zone 

and Connected Area Analysis. 

4,3,1. t:larjlicatiQu or mlnerabjljly agd resilitDcr scorigg 

In il~ present foml the qualitatiye scoring asse~smem framewotlc CalUlot be systematically repeated 

in other coastal nations. nor can it be repeated in Weslem Samoa by another study team. Thi! 

nOIl·repea(ability i~ caused because lite ~ulnerability and resil ience scores are assigoed by a slIldy 

!eam through a consensus process, hased on the availahle information. As a result. the scores 

have a depc.nden,'e on the composition, professional backgrounds, experience and \'alue 

judgements of the study t~am. In order!(l d~yelop a repeatable, and hence regionally applicable, 

,'\llnerability ami rc,ilicnct a~sc~,mcnt frdll1cwurk. funhn work will netd 10 concentrdle on 

establishing boundaries between scores. Determination flf th~ confidence in a~signing scores 

,ieri ,'cd from difk~_nt amount or i".formation also jllstifie> fllrther in"t~ti!:~tiun. 
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Threshold~ belw«:n scores muSI be clo:;ely e:<amined in fulun:: develupment of the Sy~tem 

vulnerabiliry and n::silience a.-;s.essmem approach. Clear delineation of the diffen::n~ between 8 

scores will be required it" the broad &S'iCSSmenl framewlJk. is de.'eloped further into a metll(:dolog~ 

which l-aIl be n::adily applied by coastal mllllll.gc:rs and delision malers. 

In addilion. a futun:: n::finement must n::lftle to identifying the intnactions belween SyStem 

allribu~s that comprise vulnerabilities and resiliences. In this ininal framework. they an:: 

wn~ioJen::u inUepccudenl, and can be added together to give an mdication of the overall vulnerabilily 

and n::silience of ~ Sys~ms being srudied. Furun:: work in Phase II is litely lQ show thai the 

vulnerability and n::silien~ are highly interactive, and that the ~ulnerability and re5ilien~ scores 

cannot simply be added together. 

A possible futuro: iliro::ction fOT darifying the intenu:tion between Coastal System vulnerability and 

~slli~.nce i, 10 adapt agricultural crop modelltng :~chrllgu~s which consider addatative. 

multiplicative and limiting factor meL100s for combining strongly interacting systems (llacken 

1988), TIre concepl of limiting factors may prove to be of P'l-nicular usc: in the future development 

of the assessment framework. The limiting fliCtor concept views that the overall performancc of a 

Syst~nl is determined by the level of the lea,t favourable faclOr, and thaI olher favoumhle factors 

do nllt compen~al~ rur the limiting fa"lor. E>.ploring system Htter-aCllons thruugh limiting factur, 

and other, cono::epts is recommende::ilo be ~naken in Pha..o;e II. 

.t.1.2 Lin ki n g the ('ois lul S>sIem Mress assessment rrame» Qck tp 

Impact Zone a n d Coenemd Arta Ana lysis 

The vulnerabrllty anrl resilience asseS.~ment approach described lR the pre.ious Sections i~ a 

fie:<ible methoo analysing the JXItential impact of S~5SCS on Coastal Systems. The approach hu 

hetn taIlored lI'I Ihc needs of ~l · le,·el n"" and climate change Impact nsses.sment. Tll1s approach 

may be applied in ill e~i~ting form to Whllie islands or any a"'1:a in which impacll arc ILIsumed to 

be appro:<irnately equal throughout the a~a being slUdiel. "'Iternatively, CNslal System 

vulno:rability and rnilitn"e ass.enmtnl may be embedded ,..,thin Impacl Zone - Ct:mncc!eu Aru 

tiZCAj analysis IZCA IS a recently de\"~loped generalised framewori: for the formulation of 

mess mitigation .mOltegies, within which COlLltal Systems analysis is an imegral part (KlIy and 

Wlt!Crman' In rn;:~s). 

lZCA is Ii fUUI SI~b'C process. nle anal~sis required in each stage is h~teJ below. 

- --- ----------------------



S'DK~ I." S"~If-impDC/ :I>n~ tldintD,ion 

DelJfIC'lte~ and maps WIles of potell\ial SITe~S impili:~~_ ImpaCls un be doc 10 C ~lemal 

and/or internal str'tSl'l:S. The impact of one urns can be mapped, or lhe impacl of 

mllhipk srres<;cs can be evaluated. For eumple. areJS of SII)fTll ~urge inunclatiOll CJn 

be mappro "'ilhin cuntuur lillC~. and cucslll.l a!}Sjoo imp3CI ass.c:ss.ed b)' CoallaJ ch.allg~. 

models_ Dclme31ion of ar~a~ of nren.impaci lue! inln accnunl physkal and 

biolul'ical cooditium and allY human moJjlication of !he shortline 

Stagl 2: V .. lntrability and rtsilitllU /llIa/ysis of Coona/ Systt'fn .. ,lthi" sJrru
.mparl ZOlllJ 

L.o;e.; IU im~racnng ('.oa.I:.a1 S yltems ~pprMC~ for the as$t:S$nlcnl Of vulncra,bi lity .nd 

resihence or Sy_,lcm! within lhe Iln:n-impact zone($) delineated in Sla~,'e I. The 

impact of stresses on the human, culiural, r.alUrol. ecnnomic. iMliltuional and 

inir.lSlnlCnlrcll Systems aJ~. analyr.ed. 

S/agl J: Analysis of Ullks btllUllI CO/l!l/l{ Syltl;m~ lIIilhin Iht Jl/rU1_lmpact 
wnt and non-SlrtH-impact lOnt SySl£ms 

An analy.,i~ of the ~m.nglh of the linkage between the Coutal SyStemS ... ·ith,n lhe 

me,~-impact ZOI\~(~) and ~y~lcms uutsid.e the ~tress impact rone(s) is undenaken. 

Areas uutside the stJ"e,~ imp:lCt ~one ... h,cn have linkS with Sy~t~lll' wnhtn the ~tte'S' 

impact mne nre cnlled "Connected Area~". A Vddi~nt of ~tress-impacll whIch occur 

outSide the impact wne i~ em.blished. Delineanng the extent of connection is nOt 

attemp~d. ho!.~, ('.OIHlt'Cted Are:!> have 1\0 clearly I.klined. boundaries. 

Slagt 4: /<"rlTmu/aliun uf management Jlraugju .... jllli" "'e Slrtss-/mpact tOne and 
C'vnlleclrd Art/ll 

Tlle final slage mnsl(icl'S that the lmp,"\C1 ZOl1e and Co!Ine~tcd Area has two distinct, 

yet interacting, coaslal management 11111.1 d.isaSler management i~l(lCs. The ilreu 

impact £ofle(s) ~"OUld be managtd through a juite of haanJou~ IIt'U policics. including 

reduction In inframuclure Inten~i ty through lanrl use planning. building code 

""luiremcnls iI.Rd diSil.5~r preparedne$~ 

Policics fommla!td to mJUI;e lhe impact of Siftsses wllhm Connco,·to:d Areas ,,;ould 

depend on the D.naJysi~ of th~ slren!:th of linkage .... ,th Impacl7.Me Systems (Stage 3). 
r<{)f example, in lhe CII.'oC of nliOd impactl,on.es, COI'Inccted an:a policies would address 

ISSues including the now of peopk kaying the nooded area. and ass.e15 Ihe ecooomic 

imp= of lost crop) and. li~'e51nCk fmrn lhe flooded area. 

" 



Phue I of Ihis projeci has lesled Ihe applicahilll}' of ihe Co.ural $yslem~ approach described in 

Se(!ioll 4.2. without linkage to Ihe Impact Zone and Connected Area (!ZeA) framework. "The 

lZCA framework was not considered due to time oonslrllints. and the de5~ to undertake thorough 

Initial testlllj?, of the appT()priatenes~ of the Systents approach. The lZCA approach is 

~ommt:n!kd for testing and possible implemcnllltion during Phase [I. 



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

The iniLial !!:srin~ of the new fram cw<'Ir'o; for the 35scssmem of ('.oa.~ta1 Sys!!:m n;spoose 10 I BIlge: 

of streso;e. IS descrihed in ~hi! section. 

n,e SU'CSI CS 1<'1 coa.~131 systems an; di,ided inm inle rnal streSK~, which arise within Wc~lem 

Samoa. amI e l lemal Slfl::S\1e~ which are imposed 011 Western Samoa from external sources. Sea· 

ltvd rise and climate ch:l/lge Itrn~ are considered as tWO additionlil e~tcrnal $lrtsses to IIIl ~lrudy 

"ide rant:e of c~lemal and internal ill"eiSCi (see Se<.:lion 4). 

The vulnerabilily and re~ilien.cc of Ioepar.lte. yel ~\JOfl&ly interacting, Coastal S~lCms are analysed 

lhmugh l~l)" StnK:tun:d subjf'cl ·based analysis. The nell.' llS$CSsmem fTllme ..... orX considcnl thc 

coaslal areas <'If small i.~lands, such !I.I 'Upolu. IlS highly inlerconneCted. As such, geogmpllicall~ 

r.idinul silC.-specilic C3~e ~1Urlie ~ h~ve rrduced melll1ing. and a ....... oole island" approach 10 the 

,'~<;c~smem of Coastal System ~ulnerabilily and re~ilrence muSI be umkrtal:en. Howe~er, the: 

.... hole Islnnd ajlflroach recognises Ihal SIfl:S)CS occur to a dlfferem edent around lIle isl!>nd' s COOliI. 

As such, s~·jlk areas of the coa~1 are \ieu.·ed as being ~rressed 1.0 r.iifferell t degrees, and as a 

n.·sult. 500W differe nt rkgn:u of impact. But bc",ause the Coa~tal SyS1l'!m_t of 'Upolu A1C so 

intcll:onncctcd 'Upolu would suffer "differennal but shared' implll;t~. Thh concept of 

··d,ffereminl .\tre~5 and r.ilfferemial but sllMcd impact"· 15 pallicularly important for the llI1ll1ysi, of 

iOlernal S~5ies, whkh are largcly due 10 the imensity of human use. 

D'f>l:US<lon o!' the illil;al tesling (If the assessment frame ..... ·ork is structured around three main 

issues. or subject areas. These iIJC: 

Die vulnern bilily of 'Upolu's nlral coastline popula1l'!d by yillagen. This sc",tion <k iiCTibes 

tradillonal Samoan SOCIety, \1,ihere spcd fic e;l;amplc~ of cua~!al ~ySlem \'uloerabilily nnd 

rt:~ilJericearc rcqum:d . lheiiC arc given from rhe ~illages around Safala Bay on the south 

coast of 'Upolu and the viUages along the south·eul oo:m bct ..... cen Saleapaga and 

Lalomanu; 

I[ 1~ range of stres<;cs and re~\lltant ~ulner.tbilily and re~il ience of the C03.ltaJ Systems of 

urban Apia. This seclion lIighli¥hll the multiple ~nr.i inteose )tn;sSt:s currently being 

e ~ rr.ri~nctd in Apia: and 



II] The large to:u!3llnfn..~lIUCrure projl':cl~ of the lntemanonal Airpon and Mulifanull Wharf, 

l~ felT) hnkmg the: isltnds of'UpoIu IlIId ~v;u'i sails £rum MuJifanua Wharf. 

111(: tnlual teSung of a Gwp-aplll.:: Inrormation System (GIS) for aiding the aidin~ the: development 

IIld implementation of the new yulnt:rabilu)" and relilie~ as~s~ment frame woO: is delCribed in 

~c!io(l ~ 

'Ilie nnphclinoni fO! the Integrated manage men! of 'Upolu', coa~tal 0'.0I"0e concludtrl r rom the raJc: 
itudy lnaly~i5 i5 ~ummillised in Se!."tion 7. 

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

i\ppro~imaleJy 80% of the population live in the 362 village~ of Westml Samoa, the majority of 

.... h"h an:" I(":~t~d on cOHslallowhmd<, Samoans are disinciiO\(",d 10 live irlland, and what ~ar:;t 

inland scttlement there is in 'Upolu followJ the major cm~s·i.dand maru.. llIe location of villageJ 

, ~delennined by ~ru Yolcanic a(t,,·iry. employrtl('nt opporlUmtics Rnd plal~enl uf new cooSla[ 

round·island roWI (Thomas 1986). Thc ~i:te of Samoan vilbges is v!ll\able bUl the a,"croge 

popohnion in eRch ~ll lage is belween 2(,() and 500. Moch lat~er \llilages are found in tilt' pl:ri

urban area CXlentling along 't:pillu', nonh·wc~t coasT from A.pia TO F31colo InTcrnaTionBI Alrpon, 

whe~ 1"0p"latlon, l\lcr~ge i)ctween U)("K"I·2.()fX) per Ylllagc. 1"he "nIT;oI" cnul1"'e of 'Upolu 

dc:stribed in tm: futluu.ing ~ction i, the: enti~ cOIIsuine of 'Upolu excJutling: urban A.pia and til'! 

roen ·urNn C<la~1 het .... ·O!:n Aplol and Feleolo airport. 

11le re'tltent ILfId \lulTICralllc compcl:\cnu or each Cn."l.~:aJ S~~u:m of 'L"fICllu's ",ral ,oa.~l1ine are 

de$("nbed in the (01l0""uI8 5(:ctinfl. Each Coaslil SysTem is dclO.."Tibed :lC'par:ltcly, -.Ilhough the 

Itnlcagc bcr..cen S)'!tem~ i5 , .. 0 .!lron! ()!\ the rural co.:m thl.! lh~, di~Dncrinn 1~ mw only ICl clanfy 

lhe m1jQr ~'().lSU!l mlln~emcnt i$111C1 and con~tnints. A range of C1!Cmal and tntcmal ~sses is 

.;:oo'idered (Tahlc :;.2). Sca-Ic~'el riI'C and c.hmalC change are coo.idcred :\., !'Wo :Idrlitiorul CXternal 

str<:~sc). 
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~ !.!. Hyma D system 

The population of nil'll coastal villages is gradually ilKreasing, PopulRrion growth i. slowed by 

th~ general OUt migration from !he J1lI"a! coast of 'Upolu 10 urban Apia, and Ihe mmh-west coastal 

~gl<:m (Govemmenl of W~Sll:'m Samoa 1986). ~re iJi also likely 10 be inlernarional OUI 

migration from rural coastal villBgl: s, although this appears 10 take pla..-e lIflc:r initial mignuion from 

rural villages 10 Apia , 

Villager! tmdilionalJ y e.11 the staple food.! of ruo, yam, coconut, b:ll1:l11a and ~adfruit. Pmtein is 

~ene11tl1)' ~upplieLl through lite o.ploilaLion of the. fish and shellfish res.ourcn of the reef and 

lagoon. Imported fo:xls haY!: become incre.lsingly imponant in .illages, but much le~,~!{) than in 

urban Apia. 11".e iJlC'toaseU u~e of imported goods is thought to be heightening Ihe strel) 10 Ihe 

health of Samoan.l. wllh incl1';a.ling r.1I1:' .1 of nbeSllY, hypenen .• ion :lI1d dialJete5 (Hanna ~I al 

1986). 

5 1.2, r yByrs l System 

Western Samoa has malnL1irocd the traditional way of life (Ihefa' a Sr.moa). despite over 200 ye~,,-s 

of European contact. Prub;tbly the mtr.;t important challJ;e 10 pn: -European culturo:: has been the 

lOtTlxh,cuon of Chri<;ti.1nny. Western Samoan. are now among'l the most devout Chrisrians IJ1lhe 

world. The Ir.IditionaJ way of life is especially strong in the rur.U vjlla~es of Savai'i J.ml'Upolu. 

The intl uen~e of Ine fu' u Sumoo permeate~ all llOptCU of CQ.al;tal R'~ource use and ,"~naJ;ement in 

rural 'Upolu. H~nce , the cti!;Cu~sion ,"!he following secuons of narum, rnfra,lITlicrure, economic 

Cl>;i~tal System~ will be ~lJT..ln~ly inOuenced b~' cultural considenition~. Therefore, futuro: change~ 

m Samo:ll1 culrure will be crucial for the mmagemenr of futuro:: Stre.I.~.1 III tl:o!> tOa.lL including ~a

kv~l Il~e and chrnalt change. :o.ka~ure~ to redu~ fulure coastal impacts will be implemented 

Ihrough the rradinonal village r\e(:ision-making framewor1: . 

In thefa'a Samna, m in other PoJyne~ian cultUI1';.', tllten~d families aR: ruled by their elecled 

chiefs (malai) . Typi~ally one member of an e~tcnded family hLllds the malui title. Villages aR: 

governed by the coune,l of chiefs, or fllN). Each village al:lO hi\., a women's commiuee, which IS 

~sponsible for health, s:lI1itation and other issllts. 

Traditionally ~.1ch extended family own~ plot, of hoth residential and agricultural land, Th~ 

membcTS of the e~lended family own property together, work together and share products of 

..... ('ork In the ~trictest ~tn~, lall(\ is not inherited uno:kr the rraditional tenure .~y.ltem. Exteno:kd 



fllmihes a..:lllS corporale groups. o ... nm& lanel in perpemil)'. Individual members m.y come and 

gu but ownerllhip n:mains in lho; fiUllily and In the name oflhe family's marar litk (O'Meara 1\190). 

Th~ land !enure ~yilem ha~ undergone !ignificanl changes sin-oe colooiaJ intervention. Tvw new 

pr'lI(ll'le$. lndi,"ld~al I)wner~hlp and inheritance, now innuencc l:md ten ure Today. any 

individual who is tilt fin! KI ckar and plant the land may become the individual oYo·ner. and is.tlle 

to pass land dIrectly on 10 hnJher children regardles~ of nIara! stalUS. The change from lJadniona] 

extended r.milie~ tu new indivi<.luahS1n is pan of a loog and continUing proceu of land tenurc:c 

eh:U1gel resulting In 4 mos~ic of old. new and a1lcn:d lenun:s in each vililge ~c.ninK (O'Meara 

1981. 19'JO) This chinKe i! a,MXiated wnh the ~fforn of $iUl10an planters to maintain economic 

viabililY and is allK) MI indlcarion of concerns for future !:cnentiofu by clarifYIng inheriWlct 

righl~ 

:\nO!her slgntrlC:ull ch.lnge which has occu:m:l over 1ht: 1:lS1 tIutt dec:ldes is D dr.unaric incn:ase in 

Ihe number of men holdinl( malui titlc). III Ihc: poinl when: IT\U$! lU.Iuh mcn. who control their own 

economic affair.;. In: 00'" mllUJl. ~ pmlif~rarinn of mtlUlI Slem$ from It1t;mpcs to 3ruUn political 

~ta1U!. Thi\ pr",-r~~ of appomtillg many mawi titk$ i~ ~cn by mlny S~moans IS racilit~lIng the 

ultimate collapse of the ma/Gi synem. Most maral md.!.y do 001 Mid equalluthority and thus thf; 

pnw~r of the ,"mll~ as a whole 1$ \)e,ng rroded, Th)S IS parl1cutarly evidenl in the WIly in which 

tralilh('>M;<\ Consc:rv&l1un pn:u:tices I1/"C not being applied. enforced or aclhcnd to. On the other hand. 

th~ growth In //lara; 11l1~1. i~ seen by others as an opponunlly to meel !he UeSIreS of Samoans who 

are ~~pener)cll1g es.:abtHl); 'iU<.:ial. pu\itii:a1 ami ecooomi~ c!' . .lngcs. 

The (hanKe< 10 Iftlld tenure "no,! ml.J.lui titles lin: significant in thSt!hey show thaI Samoan~ an: nOI 

rlec<:nllJ"ily inne.o;ibk or bound by rrnd.llion. They c,n. ~nd do, wapt to chan1:ing economic 

conditions. O'Me:lra (19901 believes thlt in orner 10 lake- adYlrluge of new opporrumtie~, 

Samoans h3'·C ~ho"'n lheir ability and willingncSI 10 adaPllheU culture. A$ a rnull. present da.y 

cuhuml re<llIcnce 10 e.o;lcrnal and internal s~ss has be~n raled 3$ e~lremcl} high. and its 

vult\ernbilll) rated is lOw (Table 5.2). 

Samoan cultUI"l:' w,1I ch~n~e in the furon:, jusl II 11 hu changell in the put Furon: cu lrural 

Chd!I);CS may be c~pccted in n:lponse to incrr.ased ~~>SC:5 imposed by heighlened ~~posure to the 

cash CCOIl\lm}' and the Hvllilability of a ... idt;r l1U1ge of COf'llunlcr goods. incrc:asc:d lourist numhers 

~noj through chang~s in mlgr~{jOIl pHttems. 

" 
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Coastal systems Coastal SUD Vulnerability Resilience Sustainable Vulnerability Resllence Sustainable 
systems component component capacity Inde componen! component caPllclty Indell:. 

, --- I I Future 

E - -._- 0 0 

I 
-] • • • - - - , - , - , -Present day 0 0 0 • 0 • 0 • 0 

• • • • • • • , , , , • , • , , • • 0 

• •• 'E'&.,. • •• 0 - • 0 - . 0 - • 0 ~, 0 ~, • • • • " 0 • • • .. , • , , • , , . , , • • 0- 00- • 0- - 0 0..; - 0 • •• ••• • •• 0 ., 0 0 ., 
" • " a: E ~ • " z 0' z 0' z 0' 

Natural ptTysical ., .3 ., ·3 ., .2 .3 · , .1 
bkllogical , .3 ., 3 ., ., · , 0 

Cultural oom!l1unal . , .3 ., 3 · , .3 .3 0 • 2 
natklnal , .3 .2 3 , .3 . 3 0 ., 

Institutional village , .2 . , 2 , . , .3 · , . 2 
national , ., 0 2 , ., .2 , · , 

I nfras truc!ural individual ., .3 ., ·3 , .2 .3 · , · , 
communal 2 .3 ., 3 , ., .3 · , · , 
national , 0 , 2 · , 0 ., ., 0 

Economic subsistence , .3 ., 2 , .3 .3 · , , , 
=h , . , 0 , , 0 .. ., 0 

Human populations . , . , 3 ·2 · , 0 .2 2 · , 
AveraQe Sustainable Capacity Index 1 . 1 -1.0 +1.3 

Table 52. Rural 'Ul!0lu (wilh speci~! rcfu~nce _I:' Ihe coaslli"rs of 5a/Illa Bay Glui Saicapelill 10 LoiomGlm) Prt5em Day and Fmurc 
CO{lSwl5YJtem VulnaaOliu), wui Rt$liJfllU Com{J<mems mui SIISlainoble Capacity lndiaJ. 



H()":e~er, !l !. Ilncen.un to what t:ll!em cu1turJ.lllilutiun will tah place, Rnd if such diluti()n will 

produce fundR!l1~nu\1 ch~nge. to the fa' a S/.L>l1()a. From the experknl;e of the last two hundred 

>'l'aJ"S it ~ems l1kely that fU1Ut'I: sochPJ and (;ultuntl changes may ~ rndu~ed. ifthe eoorinuation of 

the Samoan euilull' COlllln\leS 10 be the deli~ of S!lTIOOflS. The Optim!! Ma/1a~ement R~ponse 

(OMR) a55umes that cuhunU nro:ngth i~ mainuincd, and as a result th¢ ~.~HiellCe of the eu!rural 

S~'~lem H'O ~rre~s remaiM hl&h, ar.d the ~'Ulnel1lbil](y low (Tab le 5.2). These future vulnenlbiliry 

ant! resilience SI.'Qre~ anume that the OMR SCl:nario includes plans for the maintenance of cultur.tl 

srren,lh, possIbly mdudlllg a National Museum and Cultonl Cenrre. In addition, e~ij\ing 

Ir.'Idilionlil (Mlnily unU$, cllurcho:s, ",omen's commmees and org~mJa\lon~, youtll groups and 

village councils could be ~Irengthcned and tk\·eloped. The OMR rna)' be more likely I() be 
'mplemenled rhrough thtse e,,"ing $yslems rather than anemp',ng IO("f'Clte new r.gamguonl.. 

Thf' fUlll!'l:: "0 M:lna1!eme.nt lICen,uio assumes Ihm there will be n", atlelllplS 10 maintain cultun.1 

mlq,";ty. S~m()lJn ~uhuraJ integrity graUU3Uy erooJes. becoming incn:asingl~' Westemi:<ed. n.es.; 
cullural change.~ ~ reflecred In the re.,ulum incl'l'.1~ in yulm.T.1hdity of tfotcullural Sy~tem. and 

dcc~a~ in II' re!,loen,'e (Tatlk ~,2). 

5,1.\. Natural System 

The natural phy~icll an(! t>,(>logical 'sutl·'systcrns of 'Upolu were lleKribed in Sc\.!tion 3.2. 

SeCliorl 3,2 ,howo:cJ Ihut the runl coastline of 'Llpolu could he divir\ed 11110 three coa.lul,ypel 

(figut'l: .U~ Tallie \, I). 

Type II ~'()alIIS an: the ltast common C03Slallype. Typor- 11 coaSI<; ha~'e Sitep plungi"" Clorr$ llJ,d 

no, Or limitell, reo:-Js. lllesc ClI'"<nts 2lre geneTlllly nOl uposed I() huft\3n ·mduced ,mernal 5treS~~, 

be.:a,,~ lhc:y an: bulh un-popubted and oontain limned etonon>lC ~so"n:es. 

Type IlIIlo t~"JIC 11\ CoaSL' h3~e gently seaward·sloping ~okanic l,"'\Ia$tal pl:tins, beaches. lagoons 

;md reef comple,e~ Type I co.:urs art frooted by fringing ret!h .... ·hlle ~'fII: III CoaSIS Ire fronted 

by ~~ Itn~l~e barrier 1'I:cf syslcms (Figure 1.2; Tahle 3.1), 

n,e reial"e ~ulncmbility 3nu resihence of the ro:ef ~y~tem~ (>r fringulG ano barrier ~f systems is 

dcpcndc:nt on a ranse of facro~: 

I· biolo&!C"l diver<ity: 

11- corul rype: 



111- the impacl of cyclones; 

IV_ mlensiry of human use foc rlMlcn(;$; 

V poIlurion load: and 

VI- relau~e cultural signirlCU=_ 

For e .. amplc, the reef~ in SafaUi Bay ruffcn:d modenlc &mage durin, Cyclone Ofl in l<Jl)(l. 

Aboul :'i_I 0 % of COCI~ fin the upper r«f slope were dISlodged or ovcnumcd A low tidal cyclone 

banI: was fonned. DJ«t: Willi ~YW: crusiull aJoog nn<ly bea.chC5 of the s.ea,,-ard side of II!(, Vaie'e 

l'cmn.ula nf the nlder litmral forest which shelters secon<1at)' \'eF;cl:tlion and the inner lagoon 

!llangrovc~ were seriously uama):eu. Cydonc Of~ ~ho ovcl"lurned many older, IOp.heavy 

man~rove trees. The mangrove eCIIsyslcm~ on II!(, vaie'e Peninsula appear to havc survi~ed the 

bitttcring of Cyclone Val III 1991. hut the Sanua-S~'An~pU mangrovc fnrcsI ~uffcrcd 30% 

defohatinn (Government of Western Samoa 1992c). 

Pre~ent tby coastal n:silience of the physical and hiologkal sub-sy~tems of the naturJ.I coast is 

e .. tl"tmcly high and ha.l heen fated .... ilh a reslilcna componcnt of +3 in IlIi$ study (Table 5.2). 

'l1,e maIn reas.on for this re.silicJll.'t' h thc nalural processcs of deposition from nvcr .oorCe5 art 

maintaJlling a balan~c Wllh erm;;on, evidtnce for whiCh is provided by thc barricr spit formed off 

the coast - Vaie'c Ptntn~ula. The lagoon behind Ihe penin~ul3 has remained colonised by 

mangrf"'e~ whICh nO! only stabilise lhe sand of the ~p" bUI pro~ide h3bjla~ for num<TOUS biOla. 

FI:rt!,cr c~idc:nce of Tl:'si1icllCC is provided by the reco'"Cry of corah after lhe AC8mhl'IU outbT'tllk 

of Ihe 19110, {Zann 199t). Thc fnrmalloo of low cyclone ~nd<Or.II b.anh off Fusi indicate 

natural pallemS of aitcralion in r«f WIll JagOOll environmcnts. Extensive haroc:sting wllh,n the 

lagOOll and c:.m:ulc:s of Safata Bay h3~'" hcen maimained at constant levcls for some time ..... hil.,h 

suggests that t:oiologicl.l ~ystems III th ib aru llIl' mudiFicd, but ~silienl to exploit3tion because of 

the healthy and productive m1U\gm~ wc:landl. 

Prt.~m d:ly slllUin.1hle capacity of me phy~ical and biological sub-systems of Safata Bay's natural 

CIWlrQlI!neUI il TnuJer.!.Ie. Lil:e many other coastal locations. Saf31l1 Bay undergnes both 

:iepo,itionaJ and erosional proce,<;e~, Howe,-er, with lIS larse number of riven: ~n!.l stl"tllms 

urJining the inland region of 'Upolu, dcposil1onal landforms and as~ocllHed ecosy"em 

~nvironment~, ~niqlle \(\ Western Samoa have fonned in Ihi~ location. The larse barrier saud ~pir, 

Vaie', Peninsula, and Ihe mangrove · ... e!land.1 and estuary arc unique nuturul s)'stem,~ which have 

high re~iliel1ce and n,,,ibilit) 10 ,-hange. but only if natural or hUlIIan·inuuccu change do nOI 

exceed their ,apadty 10 adjusl. ~ mrn;( ~erious CallSI'! for c('lntern, i~ damnge to the mangmvt 

e,~y~t~lm by h\lInan remll,a\. inr,lling or eutrophicahon. BIological system, an: plllCed in great 
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jeopardy when ~lIeh aeuvities occur and if IInm:maged will re:o.1uce their present ~uslainable 

caplI.: ity_ Hi~toric"lly, mmgro.'es wen: more e~tensive along the coastal rc:gions of Western 

Samoa btU wen: ~moved by people for timher and ftre .... uo:i 

The fUlun: vulnerability of the natural physical s}'stcm in the Safata Bay ~ is lik.e1y 10 be 

extremely high. especIally if no management strategics an:: put in place. With respect to sea-level 

ri,o;.e, inundation of the ",ide lowland and erosion of low-lying c0lI5tai bea~he~. sand b.~rriers. 

nmngl'ove swamps and estuaries is expected 10 be lhe gn::ate.~t vulnerabiliry of this re:gion. E~"en 

gnoOulll sea-[eYe1 ri~ .0u10.1 si ~nificalllly alT«.1 the morphology of the Vaic'e Peninsula, leading 10 

acceleration of beach ero;ion which would in turn affect coastal cum:nlS and depo5itional paltc:ms. 

l)espl1e Ingh biolo~ical dIversity within the lagoon, estuary and coast the biological ecosystems 

are expected to be extn:mely ~ulnerable to nn:s!.es in the future:, especially if no management 

~trl1tegie~ itfe itn pkan~ntcd. H;m'e~tinl: proml£t; placed on :speciiic lpecies of aquallc fauna cOIlld 

lead 10 localised stock: collapses, and for those: .;pecies han·e.~ted mainly for sale in Apia Ihel1: is 

greater potential for o,'(Or-exploital1on. BIOlogical ecosy~(erns may also ~uffer depending on the 

~hanges to inland runoff and sediment flow inlo coa51al lagoon and estuary waters. 

Emrophieatinn may lead tll d>ecrea<oed c:oraJ abundance and in~reased olga! biomass, 

l'UlUn: cnastal Te.,ilience of the natural phy~ical system under a No MsnsJ:c1Ilent re~pon'SC is 

e" r>tCted to be high butluwer than pl1:5ent day re:silience. The coastal re:gion and associated 

depositional landform; hn~e been subjcctto flucluatioll$ in okpos,tion and erosion for many years. 

Ilow(O,·er. the. ,peed ..,f ,n-Ievel rise may determine ",'~lher or nnt the landforms can adapl 10 a 

c~anl,:ing ocean environment. The fmc of sea-level f"e, source! of sedime,nt and flItes of 

,'iedimem ~uPJlly will also tU:temline the stabilily ofthc man~ve t<;05YSll:mS, which an: prolifIC in 

this ('t'.gion FUIUn: n:silie~ ",1U depend on the physical nature of II-... changes which occur~ e.g, 

whether Safata Lagoon n:main~ protected from wave action, and whelher e%\Teme events n:move 

mangrove ecosys tems. L.oss of mangrove wetland all'as would greatly alter the stocks of 

organisms within the lagoon. 

The future sU.ltainahle cnpaclly of the natural phy~ical ano.1 biological system in SafDla Ray is 

e~ peeted to '00:, m<Akr~ttly vulnerable if no management Itral~.gies are impiementc:d. This is partly 

due to lhe fact thaI the 'y<;tt:ms alT. expcc-cted to 'ottumc ntrc:mcly vulnemble 10 coastal change5 in 

the future but are al$O e.<peL1ed to shaw 5OI1le n3lural1\"silicnce 'ottause ~uch coastal ~nvironmcno; 

have undngone f1ux~.1 in depo,ition and erosion before. IIQ .... "e~er, lhe naruralluslainability of 

the ~c(l':rqems will l>c ~ibnificantly threatened by mildin:eled human lII:tivilks, paniclllarly with 

re~p<:':t t.., lhe importanl mle of IMe mangrove ~wamp~. Local village\ mUq be careful not to 

di~"jXlse of hOIl,¢hold wastcs intl:> the lagoon and mllI1gro"c Iwamps, or undertake indiscnminatc 
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infilling or reclamation or the mangrove eC05ystems, ~nd must also eon~ider the impaCIS of 

,auKway constru,tion on the flo","' of ,",,'Iter and sediment in and oul of 10""lllId mangrove 

wetlands. f-mure SuStalOlbility of fish nocb will depend on the health of the mangrove 

ecosysll:m~ as well ~s the harvesung 1Cllvitie~ of local people .. Careful management or !ilh ~tock! 

will have to be impkmcnte4 if LIle livelihoOO of the bulk of viUagers is to be malnulned hy this 

~'IOun:c 10 thl: fUIIITe. 

5 .1.4. InsljlutjQna l SWcm 

The deci~ion-m3king inSlirluions of nrra! Upolu COilSIM of "II~ge 1e\·e I 1y~lI:m1IOC31~.d within thl: 

rural coast. and the ,nfluen~"I; of national policies l!Id pbns formulated III Apia (Figure ].4). A 

deuiled de<cripnon of loc.al J.net nallonal coastal IlItn~gemenl dtCI1ion·mak!ll& ,",,115 gi'-cn in 

Scl;"lion ].3, whc~ the domilwlce of '1ila~e level deeisionmalting In rural an;as was dl.'lC:Usscd. 

Village le"ellk:d,ion'rn'llkmg is VI inll:gral pan of the Samoan "':;1), of life (Iht: fQ' Q SIlmt')Q). 

Hence. !IItern:!1 and external ~ue5<e< ","hrch IIIfluence the vulnenlbihlY Ind ~sllience of Samoan 

cuhurtc wtll al<iO h""e direcl efTC<,'u on Ihe vulnenbi lily aruJ I'fsihe~ of village based decision· 

maktog. Cultural ~tre5o;e~ are anaJy~ed atxwe to Section 5 \.2. The cion lie~ of ~l lIage 

insllluUons wrth Ihe (\rltural S~"1t.:m are reflected in the limilan ty of their '-ulnerabiliry ;utd 

~5ilience scon:s (Table 5.2). 

The 'il~&~ In~tiluoorl.lrJ SU\lCtlll't'l may ~ume intTe:u1ngly vulnenble in the furure as e);ternal and 

rn~rnal s=~\e~ ,ncre3.:IoC <rgOifieaml),. Such vulnenlbitity could arille if stress·induced ImpaclS 

n:4uire ilifiil-ui! .mil contru~.:nilli decisions to be m iIIk. Such dccisil)fl~ could result in connicL'i 

wrthrn th~ y,lIage :rnd other .'IO(: ial ID"eUU. e~p.:cia!ly if decisiOns nre requ,rerl whrch have not 

~vl<Ju~ly!:x:o;,n w,thin the ranj:e of the Cl<pcriencc or dc:<.i~iOrt·mu.=. 

The future OMR s..""I:nariu !U~urne~ lIIal enhancing tht: resilience. and reducing the "uinernbiJiry of, 

ylliage leyel dec;.jon·making instiluuons i5 ;miml[CI)'linked 10 Cultural Sy~lcm OMR stralegie~. 

Then: i~ also t:onsidcnble Kope for additional meuUl'fs to ,uppon village level deci.lion makmg 

through educauon. tminrng and ~nowledge sharmg. Enhancing Ihe knowledge bue of vi llage 

d!:cision-makers il likely 10 I'f~ult in ~tttT tnfOl1l1cd decisions and rules. In the long lenn, an 

,"~--reasnl lrJIowledge OOst could resull r n suslaHlab1e teSOtJ.l'\:e rnanagemtnl practices being ~ted 

at the viUagt: Icl't:l. 



In addition, the O\tR anUrrlC) that ~i Uage le"ei decis,on-makins wi!! be co-wdmated lIy national 

government Allo the O\1R &Ssumes that ~nhanccd ~inage le>'el deo;:i,ion-maKlns ability LndIur 

power will be fonllilly linked wllh national policie, and nnnegics, made possillie by the 

formnhsalll"ln in law of village aspirdtiulls and rules (COf11fonh 1992). National coonlinatiun 

would en.llre \h~1 M cool)isl apprl"lach i~ laken by vill.l~cs in diffenml pans of 'Upolu, This would 

require an increase 1M res.oUlU'I ror 8 natiunal c('Qfdinatlon ins!1!Uuon. pol.Slbly the Division of 

En'Honment and Con.!.eIVBOl"ln 

(J.\1H ~tnucgie~ 10 LOCrt;L'IC lhe capahlluy of Vtlbge lcv~l dcdsion·malcing ill)tilUl1on~ "'VIIld Itave 

lTiucal nO .... -(ML erreCl' un Ihe vulnerability and ~Llience of tlte nan"raI. economic. infrutruclU:l"l: 

and human Cl"Iastal S:rs1em<. Fl"Ir example, the sdoption by \'ma~C) of )ustllmable fishing 

n'~na.:emcnl pnKliCcJ wool:.! redUCt:. an impo.1:<nl inlemal sIren on lagoon and reef «{}Systems. 

Con~q\ICmly, thc long'lcnn economic vulnetllbility of !he subsin::ncc 'hhin~ ccunomy ... \)U1d be: 

Il'dlJ('w In Il<idLIlUfl. he,dlhy reefs and lagoon, WOUld a5$i~L in the re(\lI(:lIl"1n (Jf wa~c alaCk on 

shon:hnes. hence n:ducing !he vulnerallility of villa~c infrauruclun: and po::opk 10 ero:sion and 

t1f>OC!mg 

In C(')flITlIL. the No Man.1gemem !;Cenaril' a<;lume. thaL there is no fUllIre ~urflOrt given 11"1 local 

le,,1 docisll'n·m3.king by natIOnal g()~emment deplII'tmcllts, or anempts to maintain cultural 

intq:rity. As a n:~ult. Ihe ability of ~illage deciSll"ln·maken m cope ... ,th in~rnal and external 

$tn:s<;t< dl";chnel (I'ftble 5.2). wII~ s,gnificant neJ:~ti~e effe.:11 utI nalunl!. economic. inflllstructure 

~nd human CoasbJ Sy~tem1. 

~. l. S. 

n.c: WC)lem S;unoan village is characten~ by IIrac!Ulonlllayou!·pauem that hu persisted 

despne Lhe J"~LlPOSJ\lOO uf tmhtionaland mooJcm huusing slyles. Each vilbge h;u an individual 

lI1rr .. >lrU~LUn: of houses :and cooking houlcI. E.ch VIllage al~o osua!!y has its 0\10" communal 

infriUtruCture of church or chlln.::hes. a primary :ll:h001, b~thi"g Sitcl UK! cricket pitchkentn.! 

communal grO\lIId The nroctuI"lli layoulof lltypICaI ,,\lla&e h Iho .... n in Figure 5, l. Frequently. 

w:c;tal villages ha'e all h(JlIses facing the lagoon, .... ith lhe village ~en di~tl}' on the coast 

(r'igure S 1 i, Rellind e~ch ~illage. plIlL~ of land helongl'lg LO the eXlended familic! of the viUages, 

u5ua.lly stretch from the co.aStal lo .... land up tu the ncan:st ridge. upon which plan13linn~ are 

cuJll~ated 

Jnfr3~truc .... re ,"'Iltin villages fund~ wltoll~ or pan Lilli) by the natIOnal go\'ernment indud~~ 

1'l!1ic u1s.teo.l ,"'Itt:r. gou:, elf!Cmclt~ suppJ~. :elephOl\C bncs, I'O.lds :lI1d d.t'[I'lCl hospital s, 
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TW(I liUal,ud CoaHa/ WUleril SlIn1<>atI \,'illage5. S(iiUa: Ad.Jpud FrlJm O'Muua 
(I<J'JO) 

Mu.h of the ,-iIIag!: infrastrudun:: is vulncllIb1c \0 Ihe external ~tn:51'1:5 which cause crosioo :lIld 

inundation. Houses, schools and churches are aiL (() varying dt:grec~, yulncrnllle. Thi~ 

Yolncrobilit) I) ncflectcd ,n the sc"n:~ as)ign~d 10 Individualll.1ld communal yulnerdbility (TBble 

5.2). Howeyer, men:: are pow~rful !"e.li!ienc!: mech:lI1ilms wilh,n villages, which offset ~nd In 

,()tHr caStC~ ovan(\e "ul!lemble mfraslruClun:: location. 

Cu~tllmary lamltcnurc: JITUvidcs the ability tu adapt to coastal impacts. If threatened, individual 

Jnd communal infrn..ltruclUI'e can b,:o, mewed ml:md III nrller ater..\ of communally owned land. For 

uample. infr.!slTUclun: in man)" villages ha.o; been moved inlUld in recent 'fur.; as a R'suh of the 

nlemai messes of .:yci()ne-ir.du!.=.::d coastal ero,ion and flooding, (Fauolo 1993) In addilion, 

!;{)m( ruroJ villJg~rs have m(ly~d lh~ir houses elMer In the fl<" .... fOllnd - i~land mad III onYr (0 ease 

a(....,~3 10 A pta and ll~ m llJ~cb _ VIllages on lht :.oulh and SQulh-ea"l COO3b ~ho ..... dear e\'idenC'l! of 

lueh inland idr.mruc:ure mlgr.l1inn A~ a re~ul!, I~ pre~cnt rl.1y re~llience ,;core~ of indl~;dllal 



and rommunal infr",~\n,JI,:tUnlI of fUTlIl ,illage~ an:: considerW 10 bo; clIlremc:ly high (score of + J) 

(Table 5.2). 

However. Ihe migrauon of village infrastrocture can resul1 in considcrab~ social tl:nsion. Tension 

occurs pmicul:ul}' when mo~es are forced \:Iy eXlernal §IreSSCS, such a5 ~oaslal erosion. and less 

~o when movc§ are delibo;rate. 5u~h liS moving closer 10 a road. Tensions mse due to h~llving 

behllld Ihe ~iles where villager~ grew up, their old homc~, their past. and burial .lites near the 

C03.SI. Conflicts may uise belWOC/1 ok! and new genenuions if .'JOTI'I<e are rclUCWlt W move a11d this 

may in 111m Ihreaten 00- we«kcn the rmdiuooal systl:m of ~uthority. Tensions may al.'JO be produced 

due to changing wo.:ial ¥1",tU5 assocIated wjlh nligrat ion (Fauolo I99J)_ !lowever. in sOllie ClUeS 

the w'Ong lie, 10 previnLl~ coanal sites may resull in the ronsb1.Lction of seawalls to hah erosion 

and n:ce~)ion of c<.U)tlino;s T>l.lher rnan trigger mlgr:l.lion. especLally near burial liles. 

The OM~ ~s~umcs Ihal the ahilily fflr the in land mlSnl.lion of \'illage infllu lruclUre wilhin 

customary bmJ will continue in the future, and Ihal villagerJ will genCTally decide not 10 stay 

adJaccnt 10 crodlng coa.~ts by building seawalls. Consequently, the resilience of infraS!nIClure 

would rell1~iTl ex~me1y bigh. To allow the pcmlbllity of future inlnnd migration. ~'illage land 

muSt rem~in in Customary ownership. and hence cultural Itrength must also remain higb . The 

OMR 1010.0 ~~sumn th!tt \'ulTlCnLbility 10 \'itJa .. '"C infra$truClW"C will only increase slightly. In on.ter 

10 minimIse the incre= ,n vulncroblhty. OMR .ltrolcgle~ mU~1 cnh= rne resilienee of fringing 

reef. lal;OOO I'lOd mlLllgfUV'c )YSlCm1. RcsilicO(."C enhlll1CCl1lcnt ILLea5L1fC.'i include tbL:: Implementalion 

of sustainable fishing pr.teticcs and me mainrenarn:e of l.tgooo and beach sediment volumes . 

Tne O MR scenario aI!iO a5~umcs rnal decisions m3dc on the location ofncw coo..stall'OlLds ... -ill take 

iOlo account i~~ucs of vulncr.lhilil} and resilientc. Ro.,d ~i ling decisions tan be madc 10 

delltlc'r;uely fn~i1italC inland m Igralion of InUi Vidual an.j ~ommunal infI1lSlnK1ure. For example. in 

early 1991 the decision .... a.s made 10 locate the TC>\md-island road on lhe soulh-t'aSI COliS I bet .... een 

Lomfaga and Li\Jomanu inland from Ihe present ~'oas!al roule. Villager.; who ... -ere infonnlllly 

ITllcl"\'iewe<J said thaI tbey would prnhahly build new h{lU~cS tlose to the new road. This IICtion 

.... i II Ii gniflCllnlly n:.dU{c Ihe amoont of infrd~tructure on the Vel")' narrow and potentially hazardous 

~wstal pIMIO, and so reduce the expmure to f UMlTe .~treSscs. 

The fUlure 1'>0 .\1anagemem Scenario 3ssumes (h~1 Ihe abo_c enhancement mea~~s for natul'lIl 

SY~lcO\ reMlience will 001 be Woptcd. Abo, mearures for the maintenance of culrur.rl strength \VIII 

fail to be imp!ememed. A~ a cnn<:equencc. Ill<- No Manli/!("LI1("nl )("Cnmo as~umcs an in.. .. rease in 

vulnerabIlity of "Illage infm~tnL~lun: to(Ureme. and a reduclion ofre.~llie .... "e frum extreme 10 bigh 

(rablc 5,2) 



In generu.l. n~tional infnutrucU/l1I1 fadlitic! are less ~\lll\erable 11,1 pTl:scnt day s!reues than 

individual or communal infnslrllct\lre duc tu the protection of sca walls. Seawalls fronl much of 

the rtlUnd-I)land road whcJt, il runs adjaCenllo the c~t. Howevcr. the protcction lliTonkd 10 the 

ruads by sea .... alb. and the ukmg of customary land required 10 silC the mad effeeri,-ely fi)!;cs the 

rood'~ IocaTi(l1\. I"'or example. COilliW fOlII(h were extensively damaged by cyclones in I«CnI 

~ean, and have been rebuilt in the ~ame loc:a!iCln, ofu:n fl'Qflted by IlITgc sea walls. In ilIi~ case 

inland migration of national inrr~£tructUI'l: is more difficult than for "iIlage infrultuctul'l:. A~ a 

n;~ult. ilIe I'l:silience f,C0fI: for national infl1lS1ruCW1't is low ('bble 5.2). 

5. 1. 6 . E""npmic Symm 

Primar~ produCiion 

The village econnmie~ of r.Jral 'Lpolu are do.'1Iinated by 1hI: prim:uy pmducnon of agriculnual and 

manne n::~l'\,:C'5. The majority of I'l:source~ harve~ted by ,illage!"> t:>ecurnc~ pOU1 of the village' 5 

subsistence econnm y. ~han:d beTween either llItmlxn uf an e)!;tended fam il y or the ellfin: village. 

Fol' e"arnpk, in the "ill~ges around Saf:ua Bay. s"bsisten~'e fishery IS very impurt:UII, with a low 

proponion (17 %) of the ealeh sold (Zann 1\1'11). Some primary I'l:~ources are sold III Apia. 

forming parI of the .::ash cculMJllly. 

Primllry econonlic resources In runt! ,iUliges indlKlc: fish ll1Id shl'ilfi~ caught in lagooo ,!\Ii m:f 

:m::as: coconUIli, tlm and breadfruit from planl3nons, dome.:>he anImals, mainly pigs: and !he 

prOOl>Ce from household ~arde,,~. The!o>l: l'l:50utCeS a.re usuaUy I'l:gulmy harve~Ied lip 10 sevenl 

!lmn each week. In additioo. ocea.,ionaJ cuhul1Ii evenlS require e11nt harv~sling, ponibly the 

,Iaughtering of a pIg, (II' the catching I)f a particular lagoon fish. Such even~1 includ= ViSllS 10 lhe 

village by digniwies from neighbouring villages. 

l1le hiln'uting uf prim:uy ecor\omU: re.'iOlJrres for sullsilttence and cash markets mll)' be thought of 

.$ hav'ng dlfferem degrees of vull>C~bi1ity IUld resilience 10 s~s~~. Local CIIsh markels ~ 

subject to price flucruanons. which an': In fUm mfluenced by I\looal marl<.CI pri~'es. Glob3l prlCe$ 

will have an effecI on the volulIlC of luciLlly produced goods uponed •• ~rsus those placed on !he 

local m:u1o:et hoecau-'C of "'eak global pri.::es. Thus. the l'uh component of pnmary .illage 

proUoction is semili\'e to txllh internal and external economic sUt:sses. Subsistence pracnce~ 

WIthin rural \"illnge~ are eXm".mely adaptable 10 changinW ~xmditions (O'Meara 191\7, 1990). 

Suh<:islence filhing activme~ involve large numbers of peopk who j:<.I fishing 31 least once a week 
.... t~h calche.~ have <k.chlted an eStilMled 35 % between 1983 and 1991 (7-=n tl of 1991). 'The 



cause of thi~ <.Iedinc i~ likdr 10 be from over-fi5hing throu~h the UK of irll.'Teuingly damal."ng 

IeChniquc:s. including fish fences, unde,.,.,lller torches. dynamiting and pol.onlng In addition, 

LagOOtl< and reefs an:: being dcs,rado:! by pollution, pnncipally nu!fit,nt Iu;.umj; . .oolmcnlAtion due: 

III f"ont C1eMiUll-e and i.hc loss or producti~e inltr -bdJ.I hatmal, especiall)' mlnsrnve. llIc: impact 

Ilf recent tropical cydones may also be conuibuting to IXUII.ai ecus),1ieln IlcJll1LllaLion 

Additional srres.~e! to primary Village production include pollullon anll uyer-c:~ploitation_ 

I'ullutinn may tndude pc5ticille pullution nf planution~, and runoff polhuioo of pesricidts, 

sclliment and sewage into bsoom, 111u$ the: snstamabtiity of the primary production componCIl1 

of the: v.llage ~Oflomy i, clO!.C ly tictl 10 the susuinab1e management of the: village' J phy!lilcal and 

bioloj\ical re>oun.-es. Thc:se: resource:~ ate currenily under Ihreat from the sU'esses hsted above. 

The fUlure No Managernem scen&Jio h~UnlC$ Ihat there .... m be no managemenl Intervention. [0 

MlleY':lle the stn:ss, and as a n:5UIt pnmlll) ecmomic produclion wiD p1Idually Iledinc. In oontnst 

the: OMR ~cen3rio assumes Ihal ",l1agc~ ... ·iIl be malic aware of the o:iangcn 10 Iheir primary 

~C(lImtnic 't:S(Jur~-e5 from non ~uJ\atnJhlc use and oth~r human-induced. ~trtsxs. AJ a n:sult, il is 

:1,jsumed in !hi5 ~nari" lh~t ~i1lngc (\J1J national kvcl~ of dedoion making .... iII form a partnership 

to Implement 'ust,l,nabk ma.n~~cment pollCle~!I!ld practices to ensnre iU$lalnab!e economi~ usc:. 

"The nsh componenl or vjlh.~e t<;unumies consisu nf agncuh\lral and fhh !'l:SOUlCCI wIll in Apia, 

n:millall('~" WIne loc<tlservicc bUSlne~'c. and wage e.ammg jub,. such IS 1hose: in Jchoob and 

hospil3.ls. Wage-earning JObs are l11u<;11 Ic~s common in rural VIllages thilll III ApIa, as >hown in 

Figur", ~. Z. 

Remillancl'~ 

IkmitliUll'C~ are moocrnry gifls eodo .... ell by extcnded fam.l) membcl"! currently living ov~as. 

Remlltllnces playa ml1jUT role 1II Samoa', village ccollomies. In 1989, Ihe 76,200 Samo.an 

l11ignull~ over;eas contributed a total of USS 38.2 to fam1lies In WeSlern Samoa (Ahlburg 1991). 

New ZeallLnd is the. largc~t ~ou["l:e of rtmitlnnces for We~(cm Samoa (48%), followed by Ihe 

United Sl;lte~ (30%), Amenc~n Samo:1 (12%) IlI1d Australia (10%). 

The flow of remittances mto vill;lgCS i~ innuell('ed b~ the ecorxrmic stalu~ of those sendmg 

Il:miU3nceS. nnd The strength of Ihe IIC' wilh Ihc1r cJ;tendc:d "il1ages_ Thus, the valut: of 

n:m11l31l\."C~ sent 10 rural vill~gl':j is Knslti\'e to econom.c fluctuations lind tn:nds e~teml1 to 

Weslem Samoa. The vllluc: of n:miltaocel ~eru is abo !;CnsiTi--e to !he needs of Ihose m.:ei,·ing 

money ror eumple, n:m,nan.."e h IIsp«ially notIceable afte,r \:ydol\C disuleD. In 199(} 

I\"tniue~s pc'3ked at wSTSn million (l.'SS.\5 .mllion) ~ftc:r Cyclone ora. Mllch of th1' income 

., 



"<Cl spent in Apia to purcllast: building materia ls, food, pay bills, school and lIospital fees, and 

finance: fW1eral~ and cnmmunily mec:nns~, 

Apia Rura l 'Upolu -.-_......,., l' __ I,..,...,.,., 
'" 

Fmp!oymi!nI SrCttlf.1 in Rural '{jP()(u and Urban Apia. 
Sf)Uf("t .' Gllverllmtnl oj Wesrer.. Samoa (1991(.) 

1"'r.rd~, ~mmJ1lces can be viewed as a mJical mechanism fur enh~fl(.";ng the rtsilicl"'K-"t of the 

~,I!a~c ~ash economy. 111( iOlportam lole of reminance~ may be eltpected m continue in 1M 

f"IU~, influenced by !he factors de:i('l"ibe.:.i above. Thu~, fl:mittanl;cl may play KI, ffilp<:ThUII rok 1I1 

reducing the eCOIlomic impr.cl of futu~ ~ca-Ievel nse and climate ~lIange on rural villages. 

1 [o""(:\'er, this resi lienee enh:rncemenl c ITecI l)Sumes Ilial cultural lies will continue 10 be slroog, 

;hal mi).,'fanl' ""I! Ix econonucally ~ble '0 ,end ~minance~, 3nct Ilia. Western Samoan migrams 

nn .... O\'ersea.~ I~.l'm~eb'es do not live in coastal an::u impacted by $Ca-Ie~'e\ rise and climate 

ChlUlgC. In lIddilion, 11 assumes lllal banlong, postal and in\ern.rionll lranspon facilities in 

We,tern ~3mna ",II 1\01 be ImpaCted, and conlinue 10 allow fl:miltanocc flow to nlra.! \'iI\agt:-S. 

!"inall}. liUl"llil and e.:onolllic changC$ in Weslern 531110.1 and III me countries III "lIich migraots 

n(Ow live may encourage, or even force, mignults 10 ~Ium home to ~Ir famil)"~ village. The 

~rurn of lar~c numbe~ of O\'er~as mil\runlS v.'Quld boIli reduce the amount of remir.an::e~ and 

rJacr: illCrea~ srrcs~ on tile village's nlituroJ ~SOUJCe~. 

Th~ OMR ~n.:uio assumes .hal cultuTlll titS will be ent'Qur:lgcd and maintained, and lhal banking, 

I'o~,t;ll fru;iJil,es and ,ntern;uiooal Transport ftIC' liliu v.ill he pl"OlUtrd. nns scenano also assumes 

'''at large numhcr; of mlgr:lnl~ will not return home, A1\d will be- (conom'(,lll>' able 10 send 

., 



rt:mm:mcel. These: laller facmn are ob>'iou$ly beyond the control of decision-makers in Western 

Samoa, 

Tourism 

Tourism is nOI ""ell develroped on the ruflll roast of 'l:polu. There are no major hotel. outside 

Apia. and only a handful of smal1loulisl devdupments The majority of lhese developments are 

on cUllumai)' owned land. llIere m no IOllTlst developmenu on the Safata Bay coast. 

There arc appro~jma!ely l~ Imall beiiCh hom,e! (fa!d .11 Alellpata, on the S:lleapag~ 10 Lalnmnnu 

coa~t, The fall' fronl directly nnto the be!U:h, lagoon and flinging rr.::f. Thejale are built 10 the 

Inldidonal Samo:lll sty!.: uf wooden fll)(lO;. open .... ilIl~ and a roof ~upponed by wooden pilllln, 

Each fale <;Qlon WSTS 10 per night (t:SS HI). The fee l~ paid IU e~len~ famil> members ""110 

!lve hehind thcfak A nu",b.:r ortamlhe; rent wtfule lit the jj\e. 

Th1~ Iype of tourism Uc"tiopmenl i, extremely re!lhenl 10 external StreSSCS, particularly those 

whkh .::au'le beach cTO!>inn aoil ClIlIstal nood!ng. The/ale C:lIl be 1110"'00 lalldward 10 other areas 

of ClIS!lImary land if threalen~d hy em~lOn. 

There ~ 6 hi~ht:r ~landard!lIlt II Vlvau beJ.Ch ,ju,t WCSt of the SaleapagJ 10 LliIDtllanl1 COItSl • 

.-apahte of ~I~ping 12 people The!OC:jair co~t L"SS70 per nit;hl, and are bu.1t in a mixtu~ of 

S:unoan and ... ",tern styles. 11te .... alls ~ enclosed. and there is lIir-coodJlIOIIing. 

Tuun;t numbers are phmncd \0 lI'ICrtase by 10% per }car bel"'~n 1992·2001. from 4 1.000 visitor 

ilI'ri~als In 1992 tuuver llKJ,OO() 111100L Such inl;ru~es in "L$llOr arri\'al$ al'f! hc:ing aClh'ely 

Cllt'OUi'dged a::; one meth()(\ of reducinl( Wntcm Samoa's halan~ of payment lldicit, Six of the 

se\'en future tuuri:;t development area.! on 'Upolu ~ loc~ted on the rural COMtJinc (Apia i5 the 

loCvem.hJ (eOo"emmcnl of Western SWlOO and Toori;;1 Council of tl-.e South Pat:ifk 19'::12). Small 

to medium SIzed. h,gh qUail!), tOl.llist developments on Ihe 1\lT"41 \"Oa$t1ine are recommended 10 be 

1he major focus of fUlure llluOSI expanSlI.l!l. lltis loonsm de\elopmem MTalegy is being po;:Ilued in 

o:flJcr 10 :K'hle,.., ~u~tainable "" .... th through the mainltnaroce uCllIe stn;ngth of Samoan (:U~lure and 

cn\,jronm~mal qualit~,. The ~u"crnmenl plan!! Iv anr~CI "di...:erning, CnYLronmenl:ll1y and 

~ulturall)' aware visitors", and doe~ nm envisage Western S~lIlQa occoming a mas$ IOUn!1 

de.~linmi()n tGo~ernrnentuf Western Samoa and Touri~1l1 CCluncil of Ihe Somh Pacific 1992). 

Too:isl puwth in rurJllln!:ts i~ plannc:d 10 be o",'~d and run by Samn.1n~. amI. m;ltllged through 

c ustomary ~)Ctended famIly ~rrUC11l res Thu.~. euston',ary 13ml may be u'<Cd for touriM 

de~clopments unden:1ken III panr.cnhp wilh fon:ll!n In~e>tors. TOUrl5t re~" d~.i&n .... m he 



encouraged 10 be In kc:epong Wllh \radillonai Samoan archnccturc:, and will be subject 10 

en\'uonmemal impici asscnmem~ (EIA) in order 10 I'fduce Ihe cnvlronmcnlllJ Impact 

((iO\ocmnlcnt ofWe~tc:rn Samoa and Tounst Cooncil of the Soulh PaCIfic 1992). 

TIm StTalCg) for tOlIfl~t gro"'1h on the: rum coastline: .... ould slgmrlCantly Increase the re~lhence of 

the tourist economy 10 e~temal and internal S~S5e~. Inlemal ~trc:ne5 on Iht cultunll sYJIc:m 

.... ould he ~iBniflC3mJy reduced ihough villiif' involvemenL In addition, tourist development 011 

C'U3lOrnary land woukl ha>"e the cap&Cily to mO"t tnbnd If ((ternll st~$SC.5. I/lCluchng ~.a·lev(l nse 

and climmc chllngc. were LO crtld£ !he COOSL This resilience building np.city would be 1051 by 

con!lraming ttson <kvdopmenl withm the boundaries offrcehllLd lllld. 

AY a result of til(: ~bo~( dhcuniun. lhe: vulncr:ilbihly. n;~iheno.."C <lJld rc:SUllllll SCI score' fOf the 

crooomic Sy~tem of!'\lfilJ villages of Upolu IU'e shown in Table 5.2. 

5 .2. Urban/commercial· Apia 

1111, ~ond cao;e <tooy focuseSOll Apia. tile: caplial of Westem Samoa. Loclced ml(j .. 'ay along the 

nnnhern coaSI of 'Upolu. Apia is the only IOwn and the polirical. cconomk. commen;ial. urball, 

II"idUStriai and SOCIal !-Cr"oIICC ~ntre (If We'lern Simoa A pia srrelChcs &om the vmlce Of l.etogo 

in tho:: ~II.SI, to th~ viU:1gC of \l1li~1I.i:1 in the wnl, incQrponning I lutal ~hort Icn~ 0( Ill. S km. 

Urban Apia concai n~ a wide I"lInge of b\lsincsse~ inclooUl!' supcTlllarkets, ~l~. Il"Ivel agencies. 

health and emngenq' scr"ol;cu. rouc!l.tiOllllKi library f~~;litin. diplomMlic CCnut5. go.-fi'nment 

dep:l!1lllents. romnmnicatiOfl and tTan$porunon flCilines. 3 port and "'han. \tOSI commerrial 

il(".liviries 111 Apia tali:~ place alnng me w:uerfmm (In Bueh Rmd J'h( new multi ·storey Ccntr.ll 

Bank and g:uvennncra building, Ill't siled on lhe new Apia coaSlal reclamallon. 

Strung OUI along the Mulinu'u F'l:ninsub!rld the Beach RO:td w~terfTOflI an: numerous hisloncal 

1ll000<l1l1ents Bnrl colonial huilding,. Muhnu'u F'enul!u13 1li Ihe site (If WUlern SIlJIlOO'S PMiillJllcnl 

Buildings, th~ Government lclii~I~live A~sc:mbly, Ihc Lands and Tilles COlin. Ihe BfOIloculing 

Department. Ihe Ob~er"olal{lry and Me\!'omlngical Station, the Yaclll Club lIKi a number of Chiefly 

tombs. 

!.ocJred at me eallern end of Apia Harbour, opposite the mouth of Vilisigano R;'~r is Ihe port and 

wharf 
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A SYSIem b) System vulllcnbilitr. rnihcoce and sustainable (llpacit)' analysis of Apu's humllll. 

,-,ultural, natural, institutional, infra"ructura! and economic Co:utal Syslems is undertaken on tilt: 

follnwing Sections. 

5 2 1 lIuw3D System 

Apia ha~ ~ .ort: population of appro~lll1atelr 3~,OOO. in~lud.in& the ~uhurlJ5 sprawling alon~ the 

cDa~tal lm .. land 10 lh~ el!.Sl and west lIIld up the gentle hill slopes t" ... ·ams MOllOt Vaea a.nd 

Afiamalu. Ap,a East has a population of some 14,700 ~ople re.;lding In 24 coostal villages ".ith a 

population density of 1.425 per square kilometre or ~horelirlt. Apia We~1 h~s a population of 

7,400 re,illi,,); in I) coastal villages with a p"pulal1nn denlity Df 740 i'Cr squl!I"e kilomctro:: of 

shon:line. 

Apia', popl!l~tioD has ~fl)""01 urJmati.lllly o,·tr the pa~t 100 yelln The gro .... th in population 

'!CM;ty in rhl' coa't~1 regIon l~ driven hy a Irmng ~nd in nrral-urllan migration from Sav:li. 'i 3lld 

rural CQ.1'tal vllla);o or 'llpolu. Hu"e ... er, the ()\.crall populauon of Apia has been relatively 

$Iable during the: 1a.<1 10 yean due 10 over.;eas oul-migrJtion from Apia (GO"emmenl ofWcstem 

Sarno.' 1',o)2e). 'Ilre mo:i;:nion f(r. Ihe rural poPlllallon to migrate 10 Apia is growing 

w~salisfat:lion with agritulrural pm:es. and the finite labour ab$OfPlton capacity of lr.Idition.1.l 

~uh.~i<ttnce aCIl\";lie'§. A[so, ~Id'd "()fk in ApIa alld Ihe '·frec-.dom" of an urban lifestyle act as a 

~lrunl! magnet for some rul3.! inhabitants. 

TIle number of pc ..... ,.,lc lovin)! in Apia in the fulU~ will continue to reflect the differt:ncc bc:t"'een 

rurJ.! urban rnigr:tIlOO and inltrn8!;onal OUI-migr.llion. Tile facto~ that ""ill l'Ontrol the n:lati\"c 

\l~"gths of Internal and intcnutional migr~lion in t.h~ (UtUre have IIOt been anillysed in detail 

during Phase 1 Df this project 

III the absence of an analysis oi po~ntial future trenc!$ in micrJIJon, the UMR scenano assumes il. 

relauvely unChanged fllture urban populatiun. The No Management ~cenariC1 a.lsumes future 

popul~tion gro .... lh in Apia. Hm\~ .... er, ir mUSt be noted that managemellt )ITJte~ieg lU reduce uroan 

populatinn growth, Dr · ... helller su,-,h ~trategies lUI: requi:'cd and/or appropriate. have n(lt been 

\\nalyM"d. Ck;ul~' Ihe analysis of in~rnal and international migr:uion plt\ert\S of We.tern Sarnoaru 

1.1 rt:commCII(j(,oj ,l~ an inte~r.u pm of Phase II research. 

UroemplDyment rales Arc 10 ..... in Western Samoa. being lets than I~ ill 1986. HDWe\'er, 

unemploYllIent figure~ ar"e dIfficult 10 interpreT. llris inlapn:tation problem is summan.;od in !he 

repo" of the l<)flt> een~u~ as follow): 

" 



"in a sub~i~tence econnmy such u that of Western S~moa. the concept of 
unemployment doe, "01 I.I"'ays h3ve • clear- meaning. because ~mployment IS 
transfofmed by the 1ubsi5lcm:e ecooomy IntO uncieremployTT\Cm" (Government or 
Western Samoa 1991e). 

Thus. unemployment can he considered 10 be a ffimor internal hum~n ~yslem 5~S~ 31 pre.~nl. 

although Ihil mUlot stn:n may be the Strongesl in Apia whcre the unemployment absorpuon .. dTcct 

of the subsistence economy tS ~akest (Fairbairn lY'J I). 

II is uncertain how unemployment will evoh"C' in WCSltrll Samoa u the economy .nd socicty 

I>c:comc Increasingly mootrnlse<l. buth due to the modirYlng effccl~ of the subsistence economy 

lUld!he uTlCCrtaimi:s in Ille development palh WC~lcm Samoo williale In the futUl"t. The SC\"enth 

DIo:~..topment Plan (lW?) )Ug.gCS1S that, whelt' the subsistence economy and me Kl(;i~1 comrol 

,,"lthin vlllagel "'eakens, uncmployment rr.ay becoo'c a major cona:m. Such fu= cooditit)Os iltC 

mo~t likely 10 occur in Apl~, and III tum m~~'leallto "sociaJ alicnation, crime.md abuse of alcohol 

and oJrogs (OP7)". Apia's inltrnal human SySltm Sll"CU l1Iay increa:.e in the futuro: as a ro:JulL 

Obesity, diabete$ and liypcrll:n~ion have become increaJingly prevalent in Westcm Samoa. 

particularly in urban ApIa. These increasing health ri~k.1 amo~~sl SIIIIHY.tnS;m: c10scly lied 10 !he 

process of" modcmtsmion, thrOUGh the heiGhtened u~ or impnned fOO(l~, including ~ugat. nour 

IIm..J CaJllll:o.l foods and the more 'lCdcnl3Ty lifesl~lc of urban d",cllc~ than villagers 0 lanna il aJ 

19&6) Thu:;. nuxkrnisation In urban :\pia ;s an Inlernal ~Il"e.SS 10 human health. 

Fulun: health problems in urban ApIa re.;ulong fmm i~rcascd u><" of i"'POlted good~. IIn<J a more 

set!entary !ife~tyle. ma} al.o;o heighten internal human'liyslcm ilrt'.sS if nOl mllnllgeU mruugh health 

3Wlm'TICS~ ProNIln\$ (HaMa c/ ul 1986). Such an increase in S!Te~' ma~ cnntribut¢ 10 the reduced 

~silienc<: of lhe i:lhabitants nf uman Apia. The impact of fu!Ure modernisation on human health 

may be inve~ligatcd through the Sll.ldy of Samoan mi!:rJ.nt.5 living in Ilawaii, mainland America 

and New Zealand (Hanna tr ai. 1986). Studies of Ih,' kind would help 10 clarify the rdauve 

importance of h(alth ~hange$ to the rc~iden1S of Apia in rela:ion 10 other internal stresses l!Icludln& 

change.~ in population, unemployment and cultwal condJuons 

5,2,2. Cui]ural S>Sltm 

The rapid growlh Or Apia ha~ resultcJ in a variety of social and cultural change~ ~haracteristic 01 

many cities in the develnrltng .... odd. b\lt which have a unique WCSlcm SamOJIl i1avVllT. 

" 



Coastal system, Couta' sub Vu Ine rl b lilt)' Resilience Sustillnable Vulllerlbillty ResUence Sustainable 
system. component component cap,clty " .... compon,nt component capacity Index 

- -- ·-- 1 Future , 

E E c • • • 1 - E - E - E - E -Present day c c • c • c • c 
• • ~ 

, • i' • , • 
E E • E E ~ E -~. -. -• c -. c - . - . 
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Natur,l physoeal , 
• 1 

·1 , 0 1 ., 1 
blologlcal ., 0 ., , · 1 0 • 1 ., 0 

Culturll , 
• 1 

., . , , 0 1 ., 1 

tnslilullon,l villagi ., 
• 1 • 1 ., · 1 2 · 2 0 

nawnal , 
• 1 

., . , 0 1 ., · 1 

Inrr.s Ir uclu rl il'ldtvldLIIJ ., 0 ., ., · 0 1 ., · 1 
communal , 0 ., ., 0 1 ., · 1 
n,tIonal 3 0 ., , · 0 1 ., · 1 

Economic subsist&nce , ., 
• 1 

., , .2 ., . 1 
• 1 

~'" 
, 

• 1 
., , ., • 1 1 ., ·1 

Humin , 
• 1 · 1 ., · 1 ., 0 • • 1 · , 

Average Sustainable Capacity Index · 1.7 -2.5 -0.6 

TiJbl~ .fJ. Ur,,!,n!.pta P'eJtN: O(1)' ond FIltIV( tQaslal Syst~m VuJnuom/"J and RUllltN:' C".npon~nu ond Susflllflobit Cllpacity 
/IId<Ctl 



Tr.u1itionlll Wes1I:m Samoon cuhult', "'hich remain,l S1l'!lng in run! village communmes,h.u been 

o:-roded in Apill. throtlgh European contact and the proces, of l11oderni~atlon, Ho~'·eT. tllefa·a 

Samoa remains tho:- co:-nD'1Ll IIx:;a) foo::e wilhin Apll. whe~ the ~ouncl l of Chief! and O!'lltOl'1 (jorw) 

.opplemenl$ the adminntnltl"e po .... e~ of nalional and to ... ·n executors, judiciary and parliament 

The effeet of culwral erosion u an in~astd depmdenr;e on urban infrastructure, utilities, :scrvil"es 

and imponed goods. In :lddl1;on. 1M. dc<:rel.<;C of ~dl3ge authority :t.nd (000'01 hus played a role in 

L'>o:: i~ in wcial and coltural problem. III Apl~, uldudJn~ unemploymem. 50daJ alienalion, 

cnme, ~nd ahuse of alcQhoI and dru&~. 

o.,.,~]ll~ cultural changes lind problem! In urban Apli there :t.re I nuOlller of annhutes in the 

cra:.l:tional Samorul '" ay of li fe "hl("lIlt~s;sl peopk I" lI~S of CflSC~, The O1o:.t inl porum of thest 

is rifl and n:mill.3llCe giVing. These cultural resilicnr;es do nOi ~Q01 plcldy cUlJl1!eroalance I:ultur.tl 

,·uitlerabllitiC'l In Ap.a. comp1Ted to mllll SRmo:a (Tlble.5 2), a~ gl fl giving appean 10 be lu<t3ined 

ff)/" ooly ~hon perilXll afrer diSl.S1I:fS. 

Section 5.1 ~tal.lcd posSIble furore change~ to ~tion.:ll Samoon culrun:. Section .5.1 concluded 

lhat cultural Integnly may relll~\ln strong In the f~lure If !1I1~ reml,"~ tile WIll o f Sam~ni. ~nd is 

manaSed effectively by n:uionaJ and local polkle~ Cuhur.tl integnly is a! pl'tSl:nt much weaker ia 

ApiH than In r~ml ale~'. "l"hll.'. any S~m('l;O· .... lde cultonl ",·e3kemn& '" hich may nccur In the fUI1m! 

is likely m funher lo ..... ~r cuhur.&! intq,'1ily ill '''pi:t.. H"",cller, 11 i~ UIlCIe.u whe!tJtr ~ "=kenmg of 

an already ",'ea\;ene.1 culiunJ Sy<ttm In Apia WIll 113\'" more o"cralllmpKt on the reSilience and 

vulner.1bility, than C\JIHrr~l .... ~u.enill); of II pre>Clltly ~lIo"g culture on rural 'Lpolu Tho, iS1ue 

r't'qLlH't:S fLlnher <Iurly lrl Pha.<;c II, 

Cullural Infr.mruCIL!tC, fnt example the chiefly tombs on ~iulinll'u I'l:niruul;l. may be 8t risk in the 

futun:, with a ne~ati~'e effect on tnidnillnal culture. 

1bc OMR sccnanu ;usume3 that ~ultul1l1 ~lrenl:lh COl" be mOllntau'oed In Api. through 1lI/lrlagemenl 

Sl1ategJes (TAblr: ~ 2). However, the development of!he~ S!l'atcgics may be mOIl: difflrult in Apill 

Ihan rural 'Upolu bcc~u~ 01' Ille ~11't.ad~ .... ea~ened CUilUI't. and Ihe ~al)mg culluml and 

comnlcrcial .,tlue' ~~,l">Clated .... uh the ml"lure of cU~lOmary l~ndl)wne1"!hip and freehold land 

tenure In Apia. The Nn Management 5(.ocnano asiumes that cultunU Strenltth will gradually dt-cbne 

and hcL"OTlle Incrt"a)mgly Wesltmised 
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The 18.5 lm of 'o.L~dine fronting umaJI Apia contains 20.3 km of teef edG~. 1.160 1i«1~$ of 

rur and 95 h«"~5IJf manp",·cj. Thc coo~tlll\e CQIlIa.mi twO major lnlcI3 III Valusu Ba~' and 

Apia Harbour sepanncd by Ihe 'iulinu'u ~nin~1I13. Apb l~ on Ihe border bc:f"'·cen Type I CIJlIR5 Iv 

ihe cast.. and T~~ In roasts [0 the ~S! (Richmond 19911. 

The rur ed£.e in frunl of Apia liubow hu • pruminenl SOO m Wide gap. a I1QUlral result of the 

tfC~hw"I""'dJ'ChlU"ged hy the VII~i'aM RIver .. hlCh dnlnI into Ike: harbour. TIle~ i! abo II. dc:lllJ. 

at the: mouth of the VaisigDno Rive. fonned by lhe. deposiTion of river-derived ~edirnenl.~ 

,Richmond 1991)_ In conmsl. the reef in from of Vliu$1I nay Uco:! nOI have ~ gap in lho: reef. 

because ollhe d Ifferent ftc~h"·atel' dlotllllll:e chl\l"acteri~lici of the river sYI[eml of Vaiu~u Bay. 

TIle Fulumu Rl~cr and Gasegase Strelm mouths 111 V.iusII B3)1 an: clused by Richmond (l9'}I) 

3~ barner Impounded flvcr/~tn';lIm mouths. As I re~ult thefe ate well-de\eloped mild nals and 

mangrovt: communitu:s. slgnilkant portions or .. llIch lIa~e bc:cn in·filkd for land reclamalion. 

The Wibtal plain i~ cumpoo;.ed of IlulOl.1:ne 5CtJimenury dc:PlnJt). particularly s ... amp alluvium. 

talu~ and Wld~ (Kear and W('I('1d 1'}~91 -Ille coa.~1l11 plam gndes mlO the ~ol~;c deposit.! which 

rise to lhe ~cntn.l ,"Ukanic peaks uf the i~I:IIId. 

·I"he ~ ull1er:l.bdit~ of the phY>lcal sy.1t1l'l " l'ut:hcT In A pIa H;ubour thiln VUIU Bay where !he gap 

in lhe reef allow! !lon1\-gener~tcrl""a~e' ltIn:ach Ihe ~on: Wllh lillie .... ave e1V:rgy dissip.a[c..1 

l"he Iyplcal re,p('/1)(: of the phy~icall'Oa.t;lIly'!cm IS ~Pl"'f'Cnl In Ihe formuion ora number of 

r~len~i ... e ~ur.J.! debris cyclone bankl after Cyclone Ofl, ... ·hich run panllel [0 Mulinu'u Poil\! 

(~eMic 19<.10) The whole of '1ullnu'u renin~ub W;J.S Oooded by the storm sur~c .. a5hing over 

e~i~nng sea wills during ,yclone~ Of~ and V.J. 

Central Aplu is lucaltd on ~ low lying cO:t~!alrlain A~ lueh, Ihe rhysical Sub--S~·stem of the 

nJ.rur.t.i C.oo.I181 S~·!lCm ,n A ria Is highl~ ~"Ulncrable 10 pn:scllt ..uy !;:llemal :md mtemal SIrrSSCS_ 

1-or c.umplc, !"ttcn! tropkal I;~clunes ha.e nO<lded ApIa through I!orm-~urge IllundauQn, and 

through ri vcr flooding 

l"c nalur.ll resilience of AplA's nalllrRI Co,mal S >'UC1I1 S hal ~f;n ~ignifkllnlly redoced Ihrough 

human 1I<:lion. ImlustriJ.l and stwage 'ND!IC pollu!lon. o~er-fl,hlng. reef blasl1ng. dredgmg and 

~ilwrion have aU occurred LO \I.uying dcgrec~ m IIII~ ~a$C ~!UU~ ~llc. Zann i 1991) nolCd thai since 

" 
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195·1 the: lImount ofcoraJ within th~ 1:11:oon nc:;u- Apia had deI:nllsed ~ignifiC/lntly and hD5 be~n 

repl3CC:d b)' scagrassc!i.. pos.ibly u a result of mcre:uedeulfop/licaaoo. The reefs wen: aho badly 

dluna~c:d by cydonc:s. C.....aI debris cyclone banlc.s IIIl:: stili ~'I$lble In Apia Harbour and Va.isu Bar. 

The large m:rng«we aKas withm the sicc are presently being polluted by dl$Charge of untTelled 

se"'age Dnd by the dumping of urban and industri&! rubbish, especially at the ValUsu Hly 

Municipal Rubbish Dump. Mangroves are abo being In·filled for land reclamauon, al Illl 

IIlCl1:3.l;ing r.ne. SigniHcam portions of the mangrove shorr between Vaipunl alld Moalu h'''t 

/;leen rc..:ialmed fOf hotels Ind housUlg. aIId the st:a",ard MoatAll mRngro~"d. luxe: been entirely 

n:t.:lail\l~d anLllhe estuary nuw wve:nc:d through a drJ.in. The Fagahi ~ .. amp~ ha\'c also been 

reclDlma1 an(! the ~C3wil1J conStn.lcltrl along the: shorr: in the fTonl of the F..ul Coast Road did hale 

10 vrotc:ct the villages frum slunn sur~c inundatioo during Cyclol>C Of. All ltle~ human 

infllXnce:s are reducing lho! tap.:u:IlY for the whole co.a..t.al system In cope with impacts of ulCmaI 

and internal Slrc.st,. 

111~ phy~",al SlroctuJl;. of Ihe: coastline n .Ignifit.:;wuy modified from in natun.l ~"Ondmon by ~ 

..... alls an;.] revetments. The vulncmhi III; of the cooslhne !O hlgh prob:thtluy e~·enlJ. such u small 

mnm~ and t'ITMle high lide,. 11 rc:d ..... ed by seawalh. but Ihey do not wllh~tand OI."C3.n f~s 

dunng cyclnnes Jnd may comribuu= to $CriOU$ trOSlon proolems further along the coasl t.o,,·land 

cna.IIllI rc~11 :e:nu: " aloo belllg reduced by hum~n UJ..'lurbance (infilhn~. pvUutioo) 0( !he mangrove 

~""'amps .... ·hieh ~,11U buffer 2.OIICS during storms Dnd nooru. 

This range of S(\t;~ses rtcsults in the biological and physical Sub System, of Apt:l. hemg extTemtly 

vu lnrnlblc:. and having:t low ~slhencc (Table SJj 

UnOcr thc No M:magcmem "enano. Apla's phY~lca.1 and biologlclli Co.mal Sy.cems IIl"t" u,umcd 

In connnuc 10 he e~lrcmely vulllcntblt 10 ulcrnal and intcm:tl sU"u.le.! In the fUIlln: This 

vulnerabdil)" is heightened by the innuencc of h\IITIan a'tlvmcs 111 the rc,lOn. For curnpk. 
n:aclion of Ihe fnnging cOlIllal coral m:f to poIenlial fUlure sea level nsc and climate change is 

unttrtain. BUI th~ ree:fs abilily 10 gro'" vertically u sea·le~eI rise> ..... ill be hindered slgnificantl) 

If the biologH;al c.:O,y,IC1TI IS un healthy ali 3 result of ouman· induced d.1mage. 

The: fnnging reef ..... ·Ill alS(! I.>c !>enmive to thangcs 10 river no .... ·'. and Ttl'"S sedllnclllload. As l 

re:sult. <kpo~mon of sedime:nt in co.aslal locations nl8y Ch~flGC. H()we~tr. natural patterns of 

tlcposition IL--r: lil<dy In be dl~!"uptcd by hum:m activities along the coo.'i1 includl ng r.and milling anu 

dredglI1g. >Cl ",aj[ ,'"n'IJiJt.:lion ("'hieh defle:ctl ~<1lment (\cpositlonj.1I1Iti destnK:tion of mangmvc 
s .... ·Mmplands. 



The reaction of tile mangrove biological ecOSY'ltem to future stresses is aho un~n. but their 

ability 10 ~main"";J] be highly depc:ndi::ntl:pon the influence human IICrivi~s have on their nalUl'll.l 

. ute . In the future. under the ~o Ml1lagement §Cenario. de$truction of mangrove~ by lnfilliltg for 

IILnd reclamation. pollution. Ilm! divened !>UIU':1:S of sediment {rivers) may dramatically in~rellSC 

the vulnerability ofth~ COOJiI3.I envimnmenL~ 10 futUl'e ~rres~. 

Cnder the No ybrngement scenario both ph}'sical and biological coasul Sub-sy~tem.~ will ha.'e 

low resih('Il(e to future stn:~StS 3~ a resu It of conhnued human modir,cation anu lk!tJ1ldation_ TIle 

OMR SC'enmo &Ssumes that D range of S1T.I.legies is adopted to both enhance ~sihe!Ke and redu~ 

."Ine' Jbllity :;uo;:h stmtegie~ indude Ihe reducllon of sewage pollutioll tllo\\gll the implernenl3tiun 

of the proposed Apia sewerage scheme, the rr:duction in industrial pollution. the development of 

'U \Uln~hle reet' Ind nlanuove man.gement practiCC5. Rnd clm.ely managed St.:il-wall nlRlIIlenaoce 

:mu lanu use plmning. The l!sl nnle~y could be coordinaled by the pruprn.c:d Apia Urban 

Alii nonty. wh Ich wOlild also coon.!i nate tn.e ~.duction in the nsl:;, 10 infra5tTUcture, 

5.2. 4 . Instjt utlonal System 

Apl.a i~ the :Idm lnl ~lT~n ve deCl~i(m·makin& In!lit\ltiOIl~1 ctntn: of We~tern Sam"". The insntuliolllli 

~ffectiv~ncsl with relptl:t III ~oa~t&l mana):emenT hu been analyse(] in Section 3.3 (sec also 

IIppc:nrtl\ II. nn~ 3t\!l ly~i l cnncluded [hat rhere IS ~uffiCI~m narional Icgi~lalion In produce 

trrc.:u~c ~o.ul~1 IIIJ""V.ClnWI str~le~it~ Ho .... ever. lack of hUU1~n anu rinancial re)l)UI\:<:S anu 

poor hnklge ".' th villlgc lcvel doe.cision· makrng were both obstacles 10 successful polley 

Jll1plementatio n In addiTion, the contrOl of lalld use along the C0<I8Tai hinTerland of Apra 15 

minim~1 Api .. hal ncithel II town ~uum:il nor land usc planning legislation to mana¥e urban 

developmem ~ fllCTrlI"'! C(lr,tnbute In In.lrinlDnnll vulrw:rabllny, and reduoe n:.sihena:: . 

WeSTern Samoa ha~ relati'e poliw:al stabiliTy, enltlllC;ng Mllonal rnsliTUlionlll n:.siltence through 

the 3bihty to ckvclop a/l\l implemem lonr-trnn co;utal manl~menl SIr.Itr:gies. 

Howe,·cr. fUTUre cffecri ... enen of naTional institutioos may be compromised through the physic:al 

locaTion of the bu<ldln£~ "'hi~h 11011<;<; gn~cmmenT in<TiTunons. The new government building is 

SITUated on land recently recwmed from Apia l!arbour. nv, p:u1i:unent building i.~ located on the 

lo", · lying Mulinu·u Pe.un<"I. These loclliOrts (,(fectl"ely creale additiOfl~ intcrnll Stress. 

conrnhuDng to n3tJon.aILD~titutionaJ vulnerability. 

" 



TIle O.\iR scenario JSsumes stn:ngthening uf national Insmutions would be underuken. includinS 

Hnproving t~. hnkage. betwc:cn n,uonallltld village levels uf d«ision·m&Jr.mg. In addition. I~ 

O~R scen3rio lLuumn th!: rn:atiun of:l.n Apia Mumcipal .,,,thority. pre~nlly being comKkred by 

the SamOlin CoO\emmenl. The Apia Mu",clpt1 Authority. if rumled.. will be an &dm,ni~lnriVl' 

body ,.:jth powers to improve [MId "II! pltll",ng. linplemem bUI lding clXks and manage social and 

a;onorlllC <IC\l\ ,tie. on Apia. 

5 .2. 5. InfrastrUCUltII' Syslem 

Api. is w ccnt:r.ll poinl of nnspolUuon. c!,)ll1municlliOl1 .• dministration. educanon, heallh ItId 

social ser.lces of Western Samoa The maJonl}' of centr.ll admmistr.luve buildings for each 

'>er'olCC an: localed llIong Apia' s "·~Itrf runl an.d Mulinu'" Penm~ul.. 'These cOO!tal locaoons 1Ia\~ 

been o;enOllsly damaged by 9'clone' in rect;m ~af"i. "'100;[ mmlUnOf1l have no 1w:lrup or support 

fadlitin c\sc" .. hen: in Western SamOli. llIIoJ Ui.:jO.1puon of OpC'T&tions a~ a [l:~ul[ of cyclone impacts 

has hmde[l:{) recovery ~nd rehabilitaTion after !uch d,sasters (Government of Western Samoa 

19921,:) 

Theft: is e~tel1s ive SCI">' 'ce Infr.l~rruclltre tn A piA ",chldln g water supply, electrici[y. gu, sewerage 

",Id wa~lt oJispo!SiiJ. Iluwe"~r. the \Qcation tU1d IlpC'ratiun uf this infrastntctun: i~ nol well planned. 

nor does 11 work (on!lnuou~ly. Hnu~hnld and commer~lal wntt:~ COler clo~ and open dr.I.ins 

whICh di>ch:l.r~e InlU mllll!;".1Ve wetlands at Vaiysu Bay. \1unicipal rubbi~h disposal and emuenl 

from the V:II~le tndusmal An:R in eaSI Apl~ al..o en!er$ [hi! mangrove .... e[land. High levels of 

rol1utiun ha~ n:lulltd. The service infra5tro.:!U~ has liu.le capacity to &111 wilh Ihe demand5 

placed on 11 h) 11' popuJall('n lind mcre.'Smg commercial alld mdusuial 3c\!¥lties. While lhe 

ph~~lclll ,er¥.ee faclhlll:~ art' vulner.ble to extern&! s~sscs. their indficiency n:suhs in a 

significant il11erruJ SU'tss.; Ihe 1d,'l:1"Se lmp.1cl 00 the nanu'3.1 Coa.<taJ S)"<tem. 

The n:lath'l: vulnenbllity of mdlvtdual. cnmmunalllnd naTIonal bUildings depends 00 the design or 
each bUIlding. the 1nlllenah u'led lind Ihe ~tandanJ uf eumtroction. 11lese bc[ars hJ\~ not been 

,[udied In thIS Ph.Jsc. It is ~(ommenoied Ihal [hi' ",ork be earTied out In Phase II, mclud'nilin 

an31ym rX ~Uildi ne crdes and lkir Imp1cmcnb.lI<)n in Apill. 

TM.~ u; an exten<lve IoeR"'lll builoJ,nll prujc'" currrndy unlieN·ay in Apia wilh aSSlllltnoc from [he 

Jap~I](;1oe ,(lvernn'ent. Be:ICh Road. w ne .... ApIa n:ctamallon lUId Mul,",,·u Pt-mnlula is being 

fronted .... 11h slopIng ruhhle re\el1l1eI11S. Thi, scheme is being umknaken primarily 1('\ reduce the 

vu IneT1lbil1ty of urban infrol.StructtUe. and m economic producttoo. 

5/ 



!,,,tividua!, communal and national infrastructure located in Apta h~~ been scored as highly 

vulncnwle. aud. of low re,ilience t(\ external and internal ,tresses (Table 5.3). 

In the futUTe'. un<Jer the No Managemeol scenario, thr: capaciry of infrastnlCrunU servicc:s in Apia 

and ItS hmterland. which an: presenIJy unsullainllbk, 11ft unlt"el)' 10 have the e.pllClTy 10 keep up 

with U:;l!r o.kman<b placed on tllem by a chll1liini urban population anti. incO"C'll3ed iodustnal U:;C, 

'I"he demand on tnfrastruc!Un!.1 5ervi~es mlly be h,gher than anticipated under conditions of rural· 

urbao migntion trends if traditional O~Cf.';.ea~ destioations reduce thcir intake of migraJl{~. 

Inna.ltruClurol serviccs wi 11 remiiin vulrlerablc in thc future if present ~oc,aJ attitudes toward~ their 

usc do lK)t change. For example, many Samoans n:gard water ali a ~ift from God. alld c~pect it to 

be free II II. resuil. This hll£ led 10 o~er·e~ploital1on, wasl.e. and Inappmprilltc use of watl:r 

n:rourCh. Thc future ~ulncrtl.hilny of thc ""Bter supply .... ill be enhanccd, uoder the No 

MlUUlicmcol !'£erumo, by the aL"I.·clerdt.ed clear.mce of catchmeol arca.( and urocontrolled pollution. 

W~.lle disposal will COIlllnue 10 be a COriceTO for urban Apm and 11.S hmtcrland ~'illllgel in the 

future With pm~ihle future iJ\Cftase~ in population wd tnc growing ltse of imponed consumer 

··throw·away·· gl:o:h the quantity of w.lSle generated i.1 likely [Q rise dn.rn~li~all~·, Existing:, and 

;U1}' new coall~l di.lflO.;al £itcs will be Kn~;ti"e to future stres~ change!. lncrea.sed leaching of 

/l<ll1uUlntS into tlie coastal .:cosystems may he 1M: remh. The disposal of :;twage wlll also pose 

future problems elpecially aJ; the present open dr.tin sewersge S~Slem may conLllTlinatc shallow 

l14uifers. TIlese aquih:r.; are Iokely In be extremely sensitive to future $ea·level rise. In Ih l$ 

densely popu!alcd site polcntial water cUt1laminaIJon has sc:riOU$ future imphcatioo5 for public 

heallh. 

The OMR .,.;cnario as~umes tne pmvllinn of individual, ~ummunal 8no national services in the 

fUl\lre. Tile pmvt~i[ln of scrvke infl":llitru~tuT(: is dependent on the future population density in 

A pi~. A l;1l"ge inCl"ell o;e in .0\ piA'S populouon may depletc and disrupt tll~ already disturbed coastal 

ecosystems. and .m·ain beyond ~lIl:nt capacity lhc uiuing infrastruClut3.1 serviccs. As a result, 

optimal CUllStal manaj!tJllcnt must illdude Integration of policies 10 a.tbWl. $u~tamablc population 

grow'lh I":l.Ie. 

5,2.6, Economic Srslem 

There" an intense (Oncenrra.non of commen:ial IIIld industrial aClivities in urhan Apia whtch 

conlri butes ~tgnificant1 y fO the ca~h economy of WeSl.ern Samoa. llowevcr, cconrnni~ al."liviuts 

f()r caSh di~;i.lcllds dinum<h f"nhe r o"t Into Apia's hintcrlal1i.l be.:ause most land wittlln thc 

sunoonding village.; i~ untkrcustomary owntrship and u>cd for suhsl.~tencc purposes. 

" 



The vulnerability of the cash economic systEm is CQl\sidc:n:d \1) be: hIgher than for the $ub'isl~nce 

economy. This differenual ~"UJnelllbiJily is a COf1!iequeoce of the reliance on inthl.stnK:lun: locBted 

,n urban Ap,a. pltemially a.l mt. from eJ(lernal Itn:no::s. For enmpJe, Il1fr"'lnlCtun: seriooily 

damagell by reCl:n! uopical cyclones was disrupted for long period), causing lus\ots to the: Cuh 

ecQIl(lmy (<"'-""vemment of WCltem Samoa. 1992a, c). 

Resilience wnhln me urban economic system in the aftennalh of coastal disastel', n:1~, on the 

Loap""i,y of uroan residence 10 ~hare wilh e~tendcd family memher.l ""ho live subsisterK"e economic 

lifestyles. DcspilC the economic atl1actillns of Api •• the difficulties ,nrrinok in 1I cuh.dth~n 

('.c(V10rnIC en~i1"()l1rncn,. of wh,ch low ""age! an: the mon important. irteyiUlbly draws people back 

to some foml uf sub~islCocc Cl:ooomi<: lifl:~lyle. 

Re!l1111a!\l"C~ aho plsy a map rule in the economIC resilience of the luidcnl' of Apia. The role of 

remittanc:u III Lr.t Samoon economy "'as described in Stttioo 5.1.6. 

WeStCrn Samoa's tourist industry is cemn:d on ApiL At pn::kol 921> uf lhe 4t19 hOiel beds Ul 
We~lern 5,,,n03 MC within Api3 (Government of Western Samoa .nd Tounsm ('.l>unc,l of the 

Sotnh Pacific ]992'). 

The national economic SUIlC' of Wenern S;unoo in ~ ful\ll'C will depc:mJ significantly OIl !he futUft. 

YU lncrabl luy or ~uhsl~le~ and ca.~h-gelk':!1I.ling acU\1UeS tel e.\lCmaJ envU"OIUl\elll1ll urcsse5.. ~ 

ooun\ry's c.;OP has been falling. opcciaUy lifter the laSt twO mlljor cycloucs, Ofa and Val. I..Lke 

many of Lhe small SOllth Padfic uland nations, Wencrn Samoa hu cndeavoured since 

'rw.!ependcnce Ln 190210 de>dop a modem ecQTlomy fro", t!1l.L.bl1onal Village agnculwre and 

prim II)' pmrlUClS. The country hal> no koown minel"1ll~ and IU Exchm\"e EcoMmic Znne IS 

amonsst Ihe smQlle~t 111 the region. Future exports will remain altri~ulturaJJy b~d but will 

l"(lntinue to be subjected to enema.] forcn (natural IlIld commercLal) ""hlCh !U1: beyond the 

country's contrOl. lbc plputauon 01 ApIa is hlg.hly dercndcnl on food ,upplic~ generllCd by 

rural ,ub5istence activities . Therefore. Ihe subsistence and c.?~h economiCS of rural 'Upo\u 

ldescnbed!n SeCtiOn ~. 1.6), ~nd the ca~h e.:onomic System of Apia are intim~tcly linked. 

future res,ioence of the ecOtlomK Coa~laJ Sy5tem~ IS c>.peeled tu be moderate III high, mainly 

bt:cause of the inherenl resiliences buill IntO die wnrkmg of lubsislCnce acllvlUe,. ll>c: Se'~nth 

Develnpment Plan (DP7) a,m~ 10 impru"e tho:: resilience uf Ihe cash economy by atra,ning 

'u.\t~,nable economic growth via the cn:3unn of Ikilled employment, deVeJOplltCnt of expon 

nnented and 'mpon SUbSlltullOn 8Ctl¥ilic" u.\l:ntlrocati()O uf :!Ourees of srowtb, lmpf(Wemenl of 

" 



land use, achievement of economIC efficiency ~nd promotion of local economic 

developmenl.(Govenllnent of Western Samoa 1992a). However, the establishment of proper 

Iinlcagl:s be1'WCe!l national and local levels 11 e!;.o;enriaJ if 1lw:r.e aims ~ to be achieVlXi. 

Apia's key role in the tourist industty is plannc:d to cominue through i~ased hotelnumbeT$ and 

;ncll'.ased visl10r facilities in the town centre, espttially the harbvur-front lIIUS (Government of 

Western Samoa and the Tourism Council of the South Pacific 1992). Apia IS al~o likely to 

e.xpenence sIgnificant econormc now-on effects from increased to\lrisl numbers, including the 

devdopment of visitor IlllI1ll:tions and an irx:n:ase m ret:l.il outlets tailored to touristS' need.!. 

5,3. Faleolo International Airport and :\1ulifanua Wharf 

Introduction 

The third ca~ Itudy focuses nationall}' important coa~tal infraSlTU(:ture. This approach of 

analy,ing the IIcl impa,'! on one Cmtstal Sub-System, lkpans from the broader analyses 

undertaken In the previous twO ~tions for Apia and the rural coaS!. 'Inis "System Is.olatioo" 

approach is initially tested to examine the factors whi"h "onoibute 10 the vulneTllbility and 

resilience of major infnstructu~ projects to external and internal St~S~S. The testing i~ 

undertaken in order to aS5(:~S the potential wider applicability of the le<:hniq ue for Phase IT of this 

project. 

There an: ~ number of major infrastructure projec!s on the coast of 'Upolu, including Fal~olo 

International Airporc MlIlifanua Wharl, '>eCtiO!1s of the round-iSland road, Apia's port facilities 

and the new coastal land redamation;n cenlnll Apia. 

Only Falwlo International Airpon and Mulifanua Wharf are analysed in detail in this section. 

Thetr vulrJembility arw.:1 ~ihence componenL~ I\re in.-eslIgoted, Rnd tbe linkage with other Coastal 

Systems highlighted.. Faleolo Airprn1 is the only intrrnational airport in Westrm Samoa, while 

Mulifanua Wharf is the berth on 'L'polu for the inter-island ferry, th~ only public passenger ferry 

between 'Upolu and Savai'i. The a.irport aJld wharf wen: ~ho~cn for initial aJlalysis ~au5(: both 

p!\lject5 were bUilt with the l\S~istance of tlw: Japan Imemallonal Cooperation Agency lind Japanese 

engi~nng consultants, and ix:nCl: detaiJ!:d design n:pon.~ we!': readily ayailabl~ to the srudy team. 

The .mpon and wharf are located on the nonh-east coast of'Upolu (Figure 3.2). Faleolo Arrport 

Ij 32 kill front "'pi~. lne first aIrport at ral~olo was the airfield built by the Untted Slate~ Marine 

Corps during the second world WilT (Government of We~tern Samoa and Japan International 

Cooperation Agency 1985). Between 1969 and 1973 the atrport was reconstructed "'~th a scaled 
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runway (1.676 m long) built adJllCent to the origtnal W~"lnJe nlnway. In addition, terminal 

facihtie~ wen:: CQn_uuctecl. Het .... ttn 1971lltld 1983 Ausu:tlian aid proj«ts co<tended!he runwa~ 

to 2,700 m. Addition.al;Wpon f3ClJitin. such a~ a po"'"tr .upply ~ys~m and ~rmina! buildings 

ha\"e been cnn~nuctffi WIth IIUUtal\Ce m.n New Zealand, Can~l1ian. and Japa.neie aid projeclS. 

Faleolo Alrpon ~uffered ~n e~nmaled dam'le of Wsn 2.3~ million (US~ 0.89 million) due 10 

I:)'clooe Val (Government of Western Samoo 1992c) WindJ ~used the grea~St damage 10 Iht 

tennmal huildlJ>g~ and control\o",er Only minOT 4hmage ""as sustained by Ihe run,,",,), through 

.... ave w3Sh over. 

Cyclone Val also cau=!. an UlimllW WSTS 1.1 milh..,n (1.:SS 0.42) damlge 10 lite tennlllal 

hUlldmg, the acce~~ ro.ad ~nd ttw: ludml buC(ln Ilrl Muhfanu3 Wharf ,Gou:mment of Wesltm 

~arnOll 19'}2). In addition, .ub~.an\l.l siitatoon of tile ch~rlr\eL le~)ng 10 Ihe Wharf abo 0CCUJTed.. 

E~ten~lve dredgmg nf ttlc channel wu ~uhSl!quenlly required. 

5.3. !. Cupstul Sy:stC'm ndnrcubjlih "Od c"menU MDalysjs 

In this sub·section the vuinef1lbililY and re~mence compooents of the natural. culruraJ, institutional 

and ecOJll"ll1llC ,y~teln~ R.ll: analpert This hnalysil I~ IInrtenaken with ~pecific Il';ference to the 

oontributilm of each System's \"ulnefllbllity and resilierl<,;e 10 the overdll volnecdbility ""d re~il iencc 

of the Airport: &nd Whnri' ~ InfraSmtCIUIl';. Becaule lIle cue study focu.'il:s ()Q mfl1l:5mtc\Ull'; only, 

human S~·~tetn' an:: I'o()! oon,idcred III thIS ~~ )!udy. 

'\jatucal S~Strm 

1be entire ..... el!em rip of·lJpolu h.u c~ten.llve fnnlmB and bamer Il';eb ~tween 450 and 18COm 

.... ide (RlChl11oml 1991) The la~uon Ixmom II a p;tt~h· ... orl<. of Wloolll-floored sediment. marine 

floBI blwe.M so~mltes. and coral pmnacles 'nterspersed wilh sedlmenlS. The lagoon 15 

ch3IllC""med by the depcml[(N' of larAe ~olu,"c> of reef-oJcri ... ed mmenL Numerous blue hole! 

hd'·e \Jeveloped within the lagoon and reach depths a5 great u J4m. 11le submarine terrace is 

.... 'Cll-&\elnpcd !lnd .. xtend. up 10 !100m beyonoJ the r«f ~sl. The coast is fnnged by a few 

'iCauered art;b of mangruves. 

The: l"Oa!lllll plain is romposed m~t1y of ~nrly·~lopln& JI.Il.Ihfanua Volcanic rocl~. l1le ~horeline 

is composed of smnl! f'O(:kcI~ of "faf;\u&am.tnu Sand and 1ll1u\1al tkposits, but 00 volcanic rod: 

Ollrcrop~. :-<0 larp: ri"Cl"l or SIIt:II.ITlS cnter the coostltne "" hich has led \0 sediment bclll& composed 

m:li.nly of carb(lnate $and matCndl. with thin and patchy sediment w:n.oen OCCUffing al0l18 inner 
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reef na~s .nd beaches. More e.'ue,,~ive carbona~e sand bodies Ol:cur in shallow lagoomLl floor. 

Some- mud occun a100g protec!(:d shordllles, particuW1y near rrumgmW's. 

11le reefJ fronung me- Faleolo Airport anti Mulifanua Wharf sufferai 5CrlouS damage dlDing =nt 

cyclonc.~. The cyclone.< formed major humcane bank< on Inroooal r~dfla~~. Cyclone Ofa CTCIItc:d 

t~tenji~t huniul1e ~kl around fl(aJ Mulifanua and dirn:tl} opposite Faloolo Airport (Reark 

1WO. 7.ann and Sua 1991). 

The mner lagoon floor eonsmJ of fine und and II dominated by I hand of ~gT"l.'ls.es and 

mJl.M;ac. and dead nuded Pl)riles mil-matoll.!; ,whi~h indi~!:e a mtxlcm di5lUTbance-, possibly 

~llmenut;nn (Richmond 1'}1)1). Ho""ever, Illch hAbitats ftT'C ,·cT)· "III!'Ienlbie 10 er05ion by 

~\treme C_tIllS. p,.e.~ure (rom harvel1ln~ II not e"'ll1!me In thi~ rei\'011 bcelu:.:e of the relatiyely 

low le~els of population nearby. HOI"'e'·er, theft' is I danger of pollmion fmm !he Airport and 

Wh~rf. The blolon of ~he ~f and lagoon II sen,lt,,·e. especially n!:Oar MuHfaua "''harf where 1 

~han!IC1 has Occn bl!steu throu~h the reef, disrupling the cor.d. The channd has remained 

I.h<lurt>c-.d and unm.ble, ~ d<'mOStr.lteU during Cyclone Ofa when the channel WI! in-filled by 

seilimcm and hall to be re-dred~ed. The frinGing barrier reef is healthy despite damage sllffered 

dunng recem cyclone!. P~.rSlitent ero~iona1 proces>c! along Ihis ~lrt tch or coa~t n:main strong. 

but e)r,telUive .o;ea wall< pTOIect the maJOmy of this cnanal = from direct =Ion force~. 

Present !lay physical ~OIIstal ~5ilicnce in thh 5lu!ly ~ite;s high (Table 5.4). The wid<' lagoon and 

~xten!i~e bprrier reet Ptt as a nailiul buffer nctween occan forces and the toast. However, 

Ridllnund (1991 ) JeS\:ri~~ thIS coastall"l'g,on of 'Upolu a.> ha"';n(: bo!en erosive rOf many yean;. 

The eroSJon may he panly al1ribulable tn Ihe wi~ and deep lagoon lllo ..... ing greater wave energy 

to n:a~h tlie )hore. Higher wave enc,!:le~ hIve l pmiti~e dfett on biological resilience. The 

rt!ulnng turbulence in the lagoon reduces the lagoon·$ s~cpnbllily toeUlmplncalion. 

The prt.\Cnt relihence of biological eco~YStem~ in the red, lagoon and along thc coast.lll margins il 

con~ldered to be higher than the phYlical System [[able 5.4). This is due to the fact that 

con~tdcrable mOOl1lcanon nf!he area! ph}"~lcaJ C..oanll SY~teml hll.! a]n,ady occllTl"t'd through land 

reclamation and me conStt\lction of ~awall,. 

Storm wBter, manne and rainfaU Onodlng of !he \nw.ly11\g nirpon runway and llUiway' creates the 

potentia.! for to~i.:: che11\icllh 100 fuels to be wspersed into the la):UOf1 by ruooff. This pollution 

coulrl ha,·c major eff~cll (In Srtt1eS .... hlch feed on sediments. 't.::h u mullet. nnd could lower the 

oyenU re~ilieoce of lhe reef araiJagoon S~.,tcrn. 
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coastal systams Coastlll SUD Vulno feb ility Resil ience Sustlllinable VUlnefabUlly Resllence Sustainable 
syslems compOnent component capaclly Inde component component capacity Index 

I Future I 
- E E " • • • , - , - , -~ 

d'~-l - - " " < Present " i " • • • • • • I • • g E 0 , 0 , , , , • • -'. '. " - . " • " -. -'. " ~ '0 • • 0 • '0 < 0, < 0, 

~ 
g, ,. , , • , ,. ! ~ ,. 5: :! .. < - E.i - < E.; '.0 .0 0 0 ~. 0 ·E~ ci:El!!: ~ .. z o , z 0' z 0' . -

Natufal physical · 2 ., ., ·3 . : 0 ., 3 . , 
biological · , .2 · , · 2 , . , .2 , . , 

Cultu fa l · , . 2 · , ·2 . , . , • , ., 
Insl I t lIti on 81 national ., . , · , · 3 , 0 .. ·3 ., 

i Economic =, ., . , · , · 3 · 2 0 • · 3 , 
I Resu ltant 

infrastructure - 1.3 1.2 ·0.1 -2.17 -1.33 0.3 1.2 -1 .9 · 0 .1 
scores 

Table 5.4. Fa!~()10 /n u rna/jQoo Airport and Mub/anua Whar/ lnjrQ.ur"'ClUre ProjectS PT/:sen.t Day (I'ut Fwur" Coasw / SY$um 
Vulnerability aM Re.liliCflct CvmpoMIlt1I,mJ SlIslO/nllhle Capacity IndictS. 



FUIUR' CUlISI;\! rt'-si]ic~ uf Ike physiclll cn~ironmcnillon, the rwnh-"'~~I c~t of -1..iJIQ lu may be 

expeClcd to be reduced if no Cn:lSt::Il management Sl/"a\legics ate Implcm<:n~_ If the fnngin, nlCf 

rc:mains healthy tmd R'lativc ly unsltCncd the rc:sil ience of~ rur ecosyStem to scl-le,-,I rite, lIl<.I 

nlher external alld Intern;\! 5m'S5t:~ may remain posith-e. lIo"''e\"er, if the nlCh an: not &i,'en 

rofTtocnt tJlm:: to I'l:pair themsdvet bc:lwocn cyclone cve"t~ _ the re~l herlCC 0( the reef sy"cm may 

Ix> ~ign ifkantly reduced_ 

Ill5t itut ional and Economic Sys te ms 

·The ,'ulnerabi lit) and I'l:sillcl'I(Cr of t!le A ilpOrt ;and Wharf', mfrl<1TU(IUTe is al<o dcpenc:lem on the': 

management .:kcision:s thaI an: aW:n \I) proteCt the facilities from !he imp;it"l ofinrc-ma1 andc~l1tmal 

'IrC)::IC~. Local )nellleci~IOIl-ma kmg I~ 11001 dlfe(tly re leum to the t .. "O <Iudy . iles_;and 1< not 

"(","Iic:ler~ funher. 

Nallonal coaslal management decision-making systems "''ere revic .... cd in Set"\ion J.J, wilen:: it 

"Na~ concluded thaI 1110;: presenl do.:mon-mak.Ulg framework wu generally robu~l. bul reqllirw 

changes 10 InL-n:asc it~ cllpat:ily to COPe' with the imp:u:t ur~tIl:~SC~ ll-.c; nalional impoT1llnCe uf 

hleolo Airp<""ln Dnd MulifnnuD W~arf to the nDllOl'lll economy may be expected to InCTC3 !.C tile 

imponaflo..""'! given 10 ils protection from internal u.d extern",1 s ll"n>e~ A, a result, hiAh k-Vl;1 

mln~gemem decl'lfln~ are hkcl~ If) pl..l.y 0 m3)Ol'role in IMcrea.ling the resilience, and reducing the 

vulncrabih ly of lhi~ 1;«- to r Ulun: C<.lll<lal ~hA1lges, 

Buth the Aupon aml \\'harf ha~t cun~ldcr~ble ImponJ!lce !O lhe ecorl\)T11y of Weslern Sam03 

Sev~ral inl~mal!nnal airline cnmpanies operJlc al Filleolo, including Polynesian Airlil'lCs, Ihe 

natitlnaJ carrin of \\inlern SarntJa, A\l' New ZeRI~nd_ South PllCln\: h)~nd A'''''3y~. AIr Pa.;llic 

and AIr Nou",. There ..... ere Rl,200 intemational Air passenger arrivals in 1992, of whom 

Jppro"imaltiy half "'"Crt to\lri<l" 111<,;re >Ire, 5~ HHemall(llIUI fl ight. ~ week, on ~\'ernge, uleludlng 

.:I<i 10 American Samoo. Air p3$!.CngH MTivals are projecled to increue by 3pproximately \.400 

per year f1JT the ne~l 2U )"ClfIi, mamly dl.ll' to increued numbers of toun~t~, In orde r 10 Cilter for 

the pred!ct<,;d numher-o; of louri~1 arrivlls, plans have been made \0 5ignificantl), up-grnde the 

Airport (Government of WCllcm Samoa .. nJ Tounsrn Counctl of the So~th PlICllic J~2), The 

ltflXl'l e~~nsi(ln plan inolves Ihe lengthening and ... idening of the run WI)" lIld moving and 

e"p;tndin~ lhe pa.\~ngcr lemllnal f3l;il;llel, Rt a 101,,1 COSt of W ST$(iX) m! l1iol1 (US$ l.~~ T11 illlon), 

The inter-island ferry run by the \\'e~tcrn Samoa Shippmg ~nlliun sail! Ihe 11 .7 naulin] 

unle;; be""een Saklologa Port on SaHl'i and Muhfanua Po", rpolu, Unlik<,; inlernational 111I\'el. 

lhe movement of pcopk betWttn 1:JlQlu and SlvLi'i 1!U"~~I)lllepcnd$ on miUine IfllJlsponllioo, 

Ar: O:~limated 9()% of pa.~ngcr InIHIl'>cr.o.'eCn Ihe twO \I\ands I~ l:Iy Ihip (JICA 19~), The 
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apvn.l.ch channel and lUrning baun In the lagoon. Bnd the. wharf and terminal facilitiel OIl 

~1uh(3nua ... oc~ ,...,conSll'llCteU during thc.IQtc \900, in CClOperaDDn with the bpan International 

<"OOpelOilion Agency OleA) OICA 19&4, Government of We1tr:rn Samoa and Pac"1C C.oru;ulWl!5 

!9K6, JICA 1987}. 

Cullural Sy)l rrn 

53moan culture ptacr.\ \tmf11 emphasis on c>;ICTKkd filllliJy ties (Seclton 'i.1.2), Some family 

mcmben of len h"e. in other van~ or Western S;lm()a. or may hve O'OCIV35, As such. Samoan 

cullul"l' can be thought of as conlTibuting to ~ ccul>UfTlic suSlllinabilily of tnlnspon ,nfn.~trucru~ 

in the COUlltl) t"roogh lhe encouragemcnI of links bet~en family mc-mben, facilitated through 

Ir.Ivcl. The continU3tion of (uhund SUl"ngth III Wo;)1tm SaJnoa can be thought of as ,n""alOing W 

re~ihence. and dr:crea.~ing the ,·ulnerabiill)o'. of tht; Aupon and Wharf to S~SSC:J. 

5 .J, 2. B(syllanl impacts On th e major in(nstDJclyrt project:! IIr 
fyleulo AjrMrl !!nd )Juli(anua Wharf 

'r1le DVllfage of the CO:l~tal System "ulnerat"lny ~nd ""'~llicnce ~~, undenaken III the pl"l'VlOUS 

section, indicated the balA1lcc between vulneTlibilily aml ~5ilicnce of the Airport and Wharfs 

infra~lnlc1(l~ tn e~temal ~lId tntem~1 itrclses Crable ~.JJ, The natural sy~tems protecting the 

Airpon amI Whwf from OI:CI\1l "':""es are relatively healthy. In adtJition, cultuTlll. in~titutional I1t\d 

~cnnom\t facwr< contribute po~iti~ely to the resilience of the Airpon and Wharf! mfmstruCture. 

T~blc 5.3 ,hows tht the pn:l>C1l! ,Jay n:~ul\;\J\t vulncno.bility Sl.'QT1: of the infr~~tntCtu~ is 10'" to 

modemlC ( 1.3), lnd the prescnt l1!ty rcllJicnce !;C{R l~ a1.lfllnw to ~rnte (-+- 1.2). 

The similarity flflhe Ivemge vulnerability (.1."3) and resilience (-+- 1,2) produces a Su~tn;nallie 

Capaclly lode. (SCI) clo~ W Un,) (-O.\). Thi~ SCI K~ gives an indication of the potential 

Iong,tenn sustainabilifY of the Infta.!!ruCI.~ of the ALI"JXlO.rd Vihan. 

Cormder.ltion o( futun: changes to LntenuJ and e1l:tenuJ ~1TCS5eS indicate tillLt the implemet1tation 0( 

3J\ OMR .~Ir.lIegy could mallltam the preKnt balance between vulnerability and n:silien~, despill: 

potential future Ka,level riK and climate change (Table 5,3). Key components of an O~R an: 

stralevu 10 maintaIn the health 0( the It'ef and lagoon entSystems, TlIe OMS may achieve this 

Ob$ctl~e through I programme of lwareness building and public edUCtion on sustainable fishinG. 

pl11(m:e~ . In addition. the OMR shoo.Lld 81templ 10 minimise the amount of pollution enterinG. t~ 

lagOOl1. 
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"The sloping rubble revellnems whith front Frueolo aUpon h~vc bet.n ~mcil:nt in connibuting 10 !he 

prole.::!ion of me airpon frum C)'i,:lune and wave dam1lle (Flllu~ 5.4). Their appears to be lillie 

.:n "iromnentaJ impact of this struCture on !he adjaccnlialloon and reef system. 

It rna}' be prudent (() col1$ider upgrading the level of proteClIon &iven 10 the airpon hy!he 5luping 

seIlwalls. Thi~ upgmding is anumed be p;1n of In O~iR ~tnIte@)'. This upllfading may be 

necessary as a precaution ag~IMt fUIlire sea·leve\ rise IlJ1(\ climate change, ,nnas a precaution 

~gain'l the pmsJbiEly th~1 ~cf manajl.ement strltc:&iU ""n fail. Se~w311 upgradina may be 

achieved by mcn;asing tne si...e of me rubble blocks. The n:quircd minimum weight of me rubble 

blocks i~ Calculated using the oquallon HI Appendi:.; 3. 

D:ul'I3ge to the Airport's revetments may Ii anume£! lO occ:ur undn Ille No Management IICCnario. 

Dat11age i§ a..~umed to octur frum increased wave energy rc...::hing the shon:li~ due to lhe 

decreased rnilience of the barrier red. The possible impll~1s 10 thr; ai rpon under lhe No 

:-1~nagemem 'l::cnario is shown in Figure 5.4 (b). 

The COnTinued balance belween the vulnerability and resilience components, and re5uhing low 

SCI, undn lhe OMR stralegy (Table 5.4) suggests lhal seaw .. 11 upgradinll a( (he Airpon;1 not an 

'mmediole rrioriry. Instead. tho: low SCI Sllggcsl~ lhal sea ..... a 11 upgr.lliing ~Ilould be carried oulll.l 

pan of Ilny future uPllrad'n& (If the aupol1. Airpon upgr~din; hu re..-enlly been pmpo~ as pan 

The rtnve for incrca.o;ed touriST am ... al~ (GoYefT\ntel>l ofWestrm S3moo and TOIUi$m Cou ..... ;1 of lhe: 

Suuth P.~cific 1992). The Impl'lnance of proTecting hlcolo Airpon require, ThaL me i~s ue of 

urgradmg the sea'l"a11 i~ in"UTigalcd further in !'hue n. 

ll1e Mulifanua Wharf may also require upgrading.u a rt~ult of futun: 5Ca-levtl rise and climale 

dt:\lIge. II is po~_<;ibl" IhL Jue h upgT1lding would be ulLlmALCly !'eIIUi,.,.j I::>ccau.~ of tile increased 

emph3sis placed on !l,e developmeOl of S"vai'j, "'hieh is likely 10 Increase lhe demand for 

transport bcf',l;een 'IJpnlu and Savai i. 

HOwe~er, the direct effect~ of sea-level rise ma~ n:lluin: the upgmding of lhe Wharf MXlner than 

-ICl""all upgrading- at Falwlo Alrpo;lrt. '!l,e priority for upgrading the 'Wharf before upgrading the 

airport may be due (0 an addiTional ,mernal S~iS in the \\''hart' as a n:~ult of 11K design. The Wharf 

is buill as a gravity lnlt (concrete block) slruCturt. 1M: structure ma;nT:l.iM lIS .~tahility through its 

o"'-n wt:tghl (Ftgure 5.4.c). 5mbility is ach,e\'ed through the down"'-.m\ foree produced by the 

Whlll't"s ",eIght hocmg greater thn The later-il fO'l~) produced by sojll'n:~~lIrc Ii l81el'31 forces 

exceed dUWIl"":u-d fum:). the Wharf",ould coH:lpse (Ftgun: S.4.c). 
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Part of the downwanl fOfCe mamtaimng llle Slability or the Wharf is the ils weight submerged 

below sca-level (W2 in Figure SAc). "The downward fnrce of the ~ubmerged weight of lhe 

Wharf IS rcdUCM bIocau5t: of the buoyancy (or vuoy:mcy) effe<:! of o;ea water. Consequently. a 

future nsc in sea-k~cl I<-ould incn:~>c the lubmerged pm of the Wharf, thereby reducing the 

oownward f~ eKcned hy the weIght of me Wharf_ Higher fUlure sea-le~·cls could also increase 

lite f<t:;.jucncy o f overtopping which would erode lhe II.pro!l of the Wharf, also dccro:asing 5mbil;ty. 

It is recommended thllt the:- $t"nsiti,·,ty of the Mulifanua Wharf bt: f unher in '-e$tigated In Phase II 

The It"sulu of this investiGarion should I::c Included in any plans the upgrade the Wh.uf as part of 

initillth~~ to moda-ni$t" S!'·il·i. ThiS recommendation is mack. in Section 8. 
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6. Technological Case Study: Initial Testing of the 
Use or a Geugraphic Inrormation System (GIS ) 

GcoJ.,'Tdphic Infonnatloo Synems (G IS) ate pow.:rfulanlLlyticlLl tool$ enabling the rapid processing 

of lar~e !>cu of dJta stored in a geogr.lphlC form. GIS arc often used u tOmpulcr mapping lools. 

by ~i mply !aonu!: m~pped informalion in 'COIuputer. HowC\'er, CIS can also he u~ 10 modrl 

l-omplc., Issues which ~qUiR the spatial· processing of large \'olumes of data.. It is the b[ter 

t:ap:lbi li!y of GIS ... hoch hold.~ (lmm;<;e for the a.<<;eumem of eo:ast.ll ~ulncrahili'Y and resilience to 

elltemal and intc:rn;a] S~~!I(:S 

A GIS was te~[ed for its ability [0 ~niS( in tile analysis of tile \'ulncrJbilily and resilience of 

Coa.~laI Si)\tcms 10 ex[ernal and inlernal wenes. The GIS software .... a~ Awe ''11-0 hou<;ed on a 

comlJuter vpc"'Jlill~ under U~IX . The GIS .... u locJtcd 141thin the offices of Pacific CooruIL:uu .. 

Co. L:d. in T"k)o. Jap:t..~ A ."r.cy ot' all.1;I;onal .ou= of di&illllll00 analoglle data n::lcvanl for 

f!lt"r~ n!s w..:"l w~s RI'I() urukruken Fin.II). a brief an~lysi~ llf t.hc prnent GIS ~aIJabi1ity 

within We~lern SarnO([ WlI.5 carried OUL 

Topographic maps of the whole of 'Upolu hland at a ~alc of I :20,000 wen: digin~ 10 form Ihc 

data SCI u.,cd fnr Ine inilial GIS t~ltlllg_ F,I'ttcn "l~ycn" or ):e01.·nphi~ data for 'Uplliu wen: 

digiti:itxl from lhc~e Inaps (Table 6.1). Each layeri~ Q ~epamte rlata 51'1. Tbe GIS syltcm can 

overlay Ih~sc: dalJ 10 produce com ro~ile digital Inttp!. B«:au~e the mapi I!I"C held ill tli~ital rorm, 

th:: GI S a.l10 ..... ) a r~II .. 'I: of analyscs to be: rapidJ>' undert::tken. 

The 50 fl. (- l:'i m) contour lille W~5 the first cOIllOur 3tm~C tile zero ft conm"T. The 7.cro fl 

lOnlour used to define Ihc ma~tlinc. Thus. the land between 0-50 ft is • mCK,ure of thc extent of 

coo.~ta 1 1o,,"' land In the co>ulai zone. The Jasonn. reef and ne.ll"'h(J!'e " ... ·el" pan of the coastal 201:oe 

"'en:: nOl considered In Ihi~ initial GIS ~n~l)s is _ Table 6.2 ShUW5 selected indices of I~ 

cOJla';ntration til' la~r-allributC5 belween thc (). Sf) fl OOnll'lUTS calculaled from the di¢taJ mappmg 

I'rOCC~S_ 

" 



l.ayer Description 

A O:>asLline 

B 50 fl contour 

C Coastallypes (nanlnl, amficial) 

D Sealed roads 

E lInsealed roads 

F eoru and rucks 

G \1angroves 

" SWiUJlp~ 

I School~ 

J Chun:hcs 

K Springs 

L Wells 

~ Streams 

N W!!lcr \''Q'.ITSCS 

0 Airpmt, 

T <lbi! 6,1. W)'H5 digjlil-~dfrom '[jp()lu 1 :20lQ) ~-clJle lOJX!graphic maps illw 1M Geographic 
lnjortmlrion Sy;-rem (GIS). 

Laver Whole Island 0-50 feet % 0-50 ft 

Length of Co.1S! hne (km) 249.31i 

Al'::a (kIn 2) 1,127,57 <,1<,1.32 , 
Mangroves (km2) 2.01 2.02 LOO 

Swamps (krn2) 6.64 3.39 " School., (number) 126 89 71 

O,un:hcs (numl>cr) 3Dl 234 78 

Springs (number) 17 Ll 65 

Wells (number) 5 5 LOO 

Lcn,;tJ, uf s<::alcU roa<.l (1:.1]]) 162.22 ~5.28 53 

Lcnwh of met.illed road (bn) 543.51 111.97 2L 

Tahie [').2 . Sciurcd layer allribwe JWllnUlricJ for 'Upoil.l. as a whole a.nd bUl->un 0-501r 
obwinedfro," GlS analysis. 
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llH: summuy dau in Table 6.2 cleatly show the mung coast-depc:ndeoce of the infTutn.lCrure IlI1d 

s.e .... 'ICC~ in ·Upolu. While onl}' 9% of the land uu of 'Upolu is between 0-50 fl, 71% of the 

schools ",nd 78'10 of Ihc churches ate within tht ~oasu.1 lowllnd 1U'e1. Church p&rilhione!"5 

ge~11I1J~ live .... ilhin .... alting (,h~tance of ehurch III We51em Samoo. r:amilies wilh !iChooI children 

",Iso gCller.!lly Ii ,·c doliC: (() so:hools. ThcR-fure. the concentration of S(:hool Ii and churche.~ hcllll1:en 

(l..'i(I fl Il11ve~ a ,enenl IndlC'lllion of the OYCT3.11 density of household infiulnlCture within lhe 

roam.l IowIIUld zone. Thi' proporti<m ofhO\l~hold infJ'a5U'uC111ll: ... ·ithm the COMwln ... ·W\d area 

m:ly Ill" Ill"l\1oun 70-1U'1'1. (Tahle (j,2). 

-1M :m.3 of cn:I.tl3] lo .... land. and Ihe pnPUliliOll , services :md infnllaruelun: within the coblal 

lo .... land. gh'e ~ ~enoeral .,..dlcalGr of the island', CQ;ISlaJ dependence. Ho ... ·e'·er. the definuinn of 

C\la~llil lowland IS the uu belwet'n 0-50 ft Gnnot lit co=13ted d~ctly "' ith the C1POSUn: 10 

c1t~mRI or 1Il\~r"al i1tt~set, Incluehng future ~-Ie"el nse and climate ellangc. As. I relull 

~ddillunal GIS analysis is rt."quimllo lU1aJy:IC the polential direct eJl;posun: uf Co:ulal Syslcms 10 

Cyclone Of a, for c1omple. prNiuced • STorm Tide {IF I_tim, .... hereas a 1 in 100 y~r cycl~ (1% 

annllal\.lOXUrTtliCe prubabiln~) jur~ tide of 2.3 m i, predicted (Reane 1990). Thus. ~s d1tUlly 

at risk from cyclonc nOOlhni B~ mOle le!~ than ~ m abel,"e mean sea-level In contriUl. the 1l'I':.l.~ 

~ffected by salt spray dur inG Cyclone Val wcre many hundreds of metres l>buvc sea·level .... hich 

included most of me island. GIS 1n:!.l}.~11 can be 1l.~ l{l a.~,i~l di!3sr.er management by evaluating 

Ihe extent (If tile al\"';" at ri,k frum Wte<..1 inumbtion From the ~a. This approach eRn be e1tcnded 

to tnclude pulcnti:d direct inundAtion riu areas duc 10 futurt." sea·level rise. Maximum fUlUl"I': sca

k~cl n~ pmJecU{ll" an: Iflpro~"n~tcly 1 m by the )ear 2100 (Warrick and Orleamans 1990). 

Hem:c. ~tudin u~in!: contOl.lr hoes .... ith clole 0.5 m or 1.0 m ~f1l!£ing mapP<"d herween 0 IlJld:'i m 

);I\"C In tndl;ation of!he potcnnal ueas .t mk from direct1nundation from a combinanon ()f 

cycl()n('·su~es 4tII.I :.t'a·Ie~·eI rise. assuming m.1 thc: prt."scnl c03.uline doe.! no! evol~-e ,n n:$p('>IIsc 

10 sca level n'iC 

The ~ppruach 10 G IS analysts u~tng clmely ~paced contour lirrs (of 1.0 m spaced contuur} 

btl .... ·ccn 0 _n.l ~ m) ""as u.ed ~tK'Ce)~fuJly on TOIlg.1uapu lsl3nd. Kingdom of Tong3 ( Fifil3 tf al 

19':12. 1993), C{lntour lirr~ <pued Jl 1 m "'-ere dra .... n from the dec.iled lUIalysis of aerial 

phOlo~rapll~. The GIS ll1I:dysis of the conlour mlp~ e~nmated thaT 14'1: of the land IU'Clt of 

Tonr3llpu, ~nd 471}. 01 ,,< populali<m. is presently at risk from the combinalion of • 2 II m 

e~ll"I':mr c~cI(\Ile·~ur~e wJe ~nd the added fUIIln: sca-le,~1 n~ or 1,0 In b)' the ~-ear 2100. This 

mrUTTTllI.tion. especially the locat ion of land a: mk from diJc« Inundation. is extremely vnluahle fr:w 

the unplC"!\lClllallon of ~ucce~!ful di~~lcr mBn~~cmem (Caner 199J. ADB 199\). Given the 

/I 



importance of cyclone-induced flco:lin@:in Wcstern Samoa., the analysis of lht cXlcm of CX!1cmcly 

low-lying coa.~tnl ~as would he an importanT eXTension of the il'itial GIS al1aly~is described 

!tbuvc. GIS anaJy~is of the luw-Iying land in Westcrn Samoa is ~commended as 3 Phase II 

research Task. 

Thi, anal,,'sis of the extent of extremel} low-lying land at mk: ffQm cyclone-induced flooding is 

recommended for Phase 11 of this project, in coUaboruTion " .. ith lile phoUlgrammetry secTion of the 

Department of Lan,l~ and the En~ironment. 'Illis task .... 111 uTilJ§.e four large-sc.aJe map ~heets of 

C1:ntral Apia which cunTll;n 0.5 m spaced conTOur lines. These maps w,!~ compk!cd by the 

Depanmem of Lands and the En.lronment. In addiuon. lome of these cnnlour map$ were 

di~jtj.ed as part of ~ liNEP·funded GIS TrainHig course lB. Crawley. SPREP . jlCl"li_ conll". 

Chase and Veitayaki 1992). These data will be made a\·a.ilable during Phase 11. 

.I, uucial UaT.;!-base for further GIS development is the Land Resource Phlnning Srudy of We~Tern 

SamOfi . cornpk.led In 1990 for the Guvernmc\\I of Wc~tem SaI\\Q;I "'Jlh rum.llllg rrom the A~ian 

De',dopment Bank. The data-baSl: was compiled by ANZDEC Ltd. and the New Zealand 

D,vI,ion of Indu~tnllJ lind SCIentific Research (now Landcare Research Ltd.). The study was 

undenaken to :l.S5~S5 the land capJbility for increased agricultural production of 'Up<lILl and 

Savai'i. "Inc data· base U>eS ARC II\FO (jIS soft .... are on !I. wmp"ter operating under both U:-.llX 

and OOS. 

There an: three main ·'cuveT1l.ge~·· within the Land Resource Planning d:l.la-basc . There is also a 

hase coverage of cartolrffiphic data. Each cmerage con~i'<;IS of a numher af dara laye~_ The three 

mai n data l'O~er:JGe, ..re, 

1- Vegetation; 

11- Land ~nun:; and 

111- Soil 

TIle daLB la~ers .... \lhm each covcrage are hsted in Appendix 4. The range and quality of the data 

se~~ h.~ted in A~ndix ~ will be vi!:tl ID the future de~elopment of GIS won. 

Anomc,r SO\Irce of daUt i_I the 'Upolu coastal morphology mapping project undenak:en by the South 

Pacific Geoscience Commission (SOPAC) (Richmond 1991). These I :25,0C(j scale maps include 

infOflnaTion on shoreline fealllres, .:naHal plain geolog~ and reef features . A detailed lis! of the 

components of the maps is given in Appendix 5. The SOPAC maps were drawn using a 

COUlpuTer-aidec\ mappmg system. SOPAC is curn:ntly developing lIS GIS capabilil~, and there ~ 



plnns to Irln~fer rhe 'Cpol .. cna~ral morphol()s), m3p~ ()n!() GIS (R. Smith, SOPAC - pers. 

~omrn .). These data would fonn an ""porta", pan of future G[$ devd()pment in suppo" of 

coastal vulnerabtli ty:lAd resiliellCC Iliscssment 

11Ie development ilIId im plementation of the I...;u1\J Rcso\l!1.~ Phlllnillj: data· bilx. ha~ highlighted the 

(;apacit)' for GIS implement..:rtion in Western S3mOi. The GIS dutn-hase ..... :1.1 completed in Ke ..... 

Zc:ahrnd, and transfe=d 10 the government on ~ JlCrsunal ~'ompU!l:r However, the oomputer was 

(lamaged in 19<)1 b)' Cyclone Val. The comptHer is no,"' inopcTllble. Hence Ihe data·hase is not 

l:um:ntly being used in Western Samoa. 

111 ..-.Iditioll. there :In: scveral hum"-ll resou"e .ooltninlS for me Un plcmcntation uf GIS technology 

in We~tem Samrut. ~re;~ cmn,mly a vel)' .~mall number nf penplc 10 IN: CO\Inlry (estimated at 

len than ~) .... ·l1h (jIS upenence. lbe mObile population, and opponuruUes for computer 

operJIOTS in lk~e!oJlCd coum:es prescnt an KU:e pmbiem for Ihe 5U$l.;\1Oabl.: lmplemcnutiOll of 

"IS to;:..;h,,,,,logy in \"','stem S:'lIlKl3, 

F.ngelerr ,I"! 119<)2);,1t" <le\'::lopin~ computer·allled modelhnl ... otIl In the ClU'Ibbean. The 8.l!1l of 

Ihis .... ork is to proVide a decision suppa" ~yslCm 10 de.::,slOn·maken, which .... ,J1 f:u: ilit:llC the 

lonnul"uM of policies to mlligall: ad~c~ effcclS o r clrman.: chn(:c.. 11'1: ""ork is In ilS early 

ph,1«';S, and is amdJl~ing a hypothetical Caribb:al\ island. Keverthelen. the resean:h of Engelen ':1 

Ill. ( 1992) shows Ihe potenu:r.J of uring GIS In a deci.ion ~upron role lind tke Ipplicabilify fa a 

"whole i ,I"nd" R')l!\~rntnt of !he imp ... ·t of inkmai al\\l c;<lem:\l stresses. 

In ~umma!')', Ihe "'OIi<llte,lin,l\ of the GIS in Wnkm Samoa hilS produted some usdul resul15. 

The sUJ"I.'cy of additional ~OUl"(:es of data hft! allo rc,'ealed important data-bases, whkh if 

comhined ..... 'Ih Ihe e;<i~ling GIS data "'ill provide II powclful aid to Coastal System \'uInerabilily 

:,,111 resilience assessment. The u.efulne~~ of (iIS for coasmllntpact work IS e;<pand.ed by II]e 

polcntial fOI employinG the modelling .apabilit), of GIS 10 evalulle the sensitivity of Coastal 

Sy\lem~ \{) e~lemal and Inlemll SD"C'~U. An immediate U)l! of thIS GIS capabilit)' i~ in the 

su pport o f (lisa,ter mallageme.nt in Western Samoa. lIowevcr, the pOlennal for GIS 

unplemc(!13oon in Westan Samoa i~ '\Cverely limited by financIal and human resoul\.~ coosll'1lines. 

As a re~lIlt_ dc~eloping staff trn;ning and oout:3lion programme! mUSt be: pat! of any future GIS 

development in Pha$e n of thiS pmjCCT. recommended in Section II. 



7. The Implications of the Case Studies for 
Integrated Coastal Zone Management in Western 
Samoa 

Ille vulneJllbiliTy ~nd retlhe~ ease study ana.lY5eS described in Section! 5.1-5.3 havc shown Ihal 

Ihere is tonsii,lelllble $COpe: for the reducTion of furore sea-le,·el moe impacts in Western Samoa by 

enhnncing ('.oa~ta! System resilieTK:e!llld m1lJ1:ing O_"utal S)'~tem vulnerability. The. case sOldy 

an:slY)I$ "sumed Ih.-U Ihe mAAimum redll .. ,ion in future o;ea·level rise impru:ts ,,:ould be through an 

"OplHn31 M3n3gemenl Re!por15C (OMR),·. Tk OMR ~1)fl~CPI allows deci~ion-U\akcrs to clearly 

view th~ benefits of implementing management inmatives, bmh for reducing the exposure of 

mday's coastline 10 erosiun .00 ,"ydonc" and to future dunatc change and seR-lc,·cl rise. The 

teCh rxllogical ca.o;e ~tudy of the muia! use oi C',eogruphic Information SysTems (GIS) in flK:i!itatint: 

the f(.rn1.ulation ofOMR Strntc!!in wa~ des..'1"ibed In Se..:TKm 6. 

The folhlwing S(A;lion Je>cribes tile possible management approaches fOf nchieving T~ mR~im\)m 

I"f>d"cnon in future coa.sul impact! within the case ~rudy =:1..1. 

l"he Coastal Sy~tem yulnerahilllY and resilience analysis undcnli:en in this report has hil,!hlil,!hted 

the wio.lc r.mJ.;'" of critical issues requ iring The intervention of coastal manl&ers. Critical con.stll I 

managemenT i.I!UCS occur in Western Samoa bc:cause llfthc imp:U:lllf ell:tcmai and lTltemal STn:SiiCS 

,"111 ,-( .... Ilple~ and stl"l."'gly inte racting Coasta.l S~stem!. 

Inl!'(>rIanT external Hres>e<; TO the ('.oa.~tal Systems of We.llem Samoa include: cyclone~. lounm, 

flu,"Tuatiom in glubal milJ\.ct;;, aid donor requirements and renUllanccs. Two addillonal e ~ temal 

<tressel, fUlun:: >ca · le~eI n~ and climate ch3ng.'! are likely TO add 10 Ihe already CXteMlye 1Iml)' of 

ell:!crnal streS5eS. Alone, these e~tcmal stresliCS "',ould ~"Tr:aTe signifkant mllnag~menl probltms. 

When Thes.:: e~temal stres~ are imposed un C~."J11 Sy<lem' already 'tn:~~cd by cOMickrahle 

internal UJ-esses. critical coosTal m:lllagement problems ruult. hupunant internal ~1n;SIil;~ in 

We.STem Samoa include: poliUlion; the $()Cia l preSSureS of unemploymemJunderemploymem. 

migration and povcny: cuhurall""h!lllge: land n:dam~lion; modc:rnlSlllion: and nalur3.1 re:iOun,.~ 

e'<ploitat ion. 

0.iT;"al ,"o.mal mana!;Cmenl problem. That rcsul! from Ihe imernction of internal and e~l(ma l 

'tre~~s include. coo.sUlI eT"OSion; notVtlng. and ckgradalll'ln of reefs. m:lngn"l"'"ts 3nd coostal plalA!.. 

[n many cases coostal man3gemcnt problems resulT from the impa~1 of mOIl: than one stTe5S. 

l·unh~l1IIort, internal nnd c uemal (Tre~'iC~ often InterllCt and the re.\ultant cflllsllIl impacl! lin BOt 
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hav~ dear cau~ and effect, As a result, formulating and implem~nting approp!'lal~ mana.g~m~nl 

rc~lK1n!iC~ is c),tn::l1lely difficult. For ~xample, coast<u erosion in roral 'Upolu is probably due 10 

lh~ comhined impacts of man)' ~m:~SC$ . .som~ stresses which exacerbate coasuoJ erosion include: 

cyclones, beach and lagoon sand mining; reduction in reef productivity due 10 ovcrfishing and 

~diment !'lin of! from poorly m""aged watersheds; and the constru~~on by ~Illagers of poorly 

de,signe.d Se.1WRn~. 

Ho .... ever. de~pue muhiple and U1LCI1lClillg Strr:'SK$ there are si,nificant opponuniM.s for the 

effcc:iV(: allll .Iltegrated management of the C.oast.a.l Systems of West em S~unoa, This opporrunity 

Hem~ from hod\ recent nallonal go'~rnment iniliathe! and the continued strCngth of IIIvol\'(Cment 

in theda~·fO.day use Md management of coo.ual !e.'iOLrrCCS at the village Ie,-.:I. 

"'1 the mniO'lalle,·e1. the mOll recem ~\'elopment PllU\ 1992-1994 (DP7) strongly aLhocates 

~ustainable resaun.:e management (Ga.'emmellt of WuU':rn 5amoo 1992a), Thnc IS also a 

comprehenswe array of envIronmental manag:ement legislatiorr which may be enacted 10 achieve 

the goal af sustain~bk cw~tl!l resource management (~ee Appendl/: I). In adllition. il range of 

environmMtal amI dJ.a.~tcr management issues is being adtlresr;ed tlwough narional government 

imliative~, nleludlnG the l"aliol181 Environmemal Management Smlleg)" (~EMS) (Go,'ernmelll of 

We.,tem Samoa J99J) and Ih(ISC of the Kation~J Disa,tcr Couocll (Govemment of WesU':rn Samoa 

19'>'2.::), The Ol'mn~1 Manager:lcnl I<cspon>e for the ~duction of the impact of I~j:.el on Coastal 

Sys:em~ will require the integration of sl.lCh env!lQomental management, diu~ter m:llla~mcnt and 

ckvelopment plL1mng pohcies and iniuati'l:5 (rigll!"!: 7.1 1. Effective unp1ementatioll of nalional 

poli~ic~ and str:llejlics in urban Api3 will [equi!"!: lhe c~a{lon of the proposed Apia Municipal 

AlLlhonly. 

The C,,~tOlna~' o"'ner,hip of much of Upolu's coastal larld. and the: tr.Jditional tics of coa~!al 

villa,:c!") .... l lh I;Oa:.taJ lanll ",,11 W~:Cf. abo pro~ode a Slgnln~am ~oa![JI managemem opporrunily. 

We~lem Samoan~ retain strong linles tn coastal resources lhrough subsistence et:onomk 

e~pl('>ltMi"Il, [n addilJOll, lhe decision-mak:ing po"'er~ of ~illage co"ncil~ remain .• trong. 

ConscquCOIly, then: is ~cope for villagers to dc,dop, implement and cnfotce ~oa~tal rcsourt:c 

rnan;\gcrn~nt \tr:He )!.j~s tllrOugh village rules and traditional method~ of enforcemem. If villagers 

do not feel that they ItI1: It'sponsiblc for the sut:ccss of a t:lIlC'tal management ~tntte!:y, it i$likcly to 

fa;1. Therefore, the lucces~ of natil'nally conceived coastal m~nagemenl strategies in Western 

Saml)1 is likely 10 be ~atly enhanced through the sharing of co;mal mana~ement s!Tate~}' 

(1e~f'lnl'(llenl .... <th ~i nage del;i,IIYl-lnakcrs. 

" 
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Figure 71 

llnfonunli.lely. n01wllhstanding the opponunines for ~ffecllve and integrated coa~tal Wilt. 

management in Wntnn Sam();t. ther!: aTe impm1am cl)mlrdinl~ hindt:ring effecti~'e policy 

dt:~elopm~m!l!ld lmplem~nuuiO/l, There = lWO critical cons=int~; fir.;[, W financioJ DOO human 

re:;oul'R com;tca.ll1ts of key ce.mral government agencies such as the Division of Envm;;mmcnt and 

Cooserntion, and SC<.und, the poor Linkage between national and \illage levels of d.-;cisioo-m.1lr::mg 

(StttJon 3 3) That poor hnkage of nahQnal and Vllla!;c level o.kdsion-rnuing "'11111:~ult in sub

optimal policy implemenl.8tion, a.~.mnl1ng national government 5wf will be provided with enough 

reH)UTl>:S to develop such nJastai mana);emCnl ~traleg:in_ The limited n:::;oun:cs in ccntTll.i 

govemlnent mean that the development of all integrated coastal wne mana~me.nt plan in Western 

Samoa will be ~ sl(Jw and rrustTll.ting proccss. Specific rec{lmmcmlations made in order 10 

311evlail" iMsc corml1l.1nts are given in Section 8. 
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8. Recommendations 

Phuc I of {hil project, rcponed In thi s document, hn focussed on th~ de~elopment. and initial 

te~ung, of Il1eW approach to thl: assessment of the potentill.l futuro:: impacts of Sl:;).·level riSl: and 

l"limale change 011 eo.,tal Sy~tem~. This appmach con~ide,", sea· level rise and climate change as 

t">"O addillOlU.l extenul Sll1:sses \0 an aln:ady cxisting BIlge of imerna! and e~temal Stresses. 

Initial Ie""'!: of the new "'pproach has shown Its applicabilny for We'tem Samoa. II is 

recommended Ihal th,s IOmal phll..se i.1 folloll,ed immediately b~ an approach dcvdopmtnt lII1d 

1111 plemel1l~lloll ph~<c. to be ul1l1e"a~cn ,n Phll5c J(. TIle specific ta,ks recommended for Phase 11 

we ~i\"en in Se,oOCl 8.3, which an: dl:signcd to achieve the ro:ommendtd Phase: IT objcctive~ listed 

In S~CIlOI1 ~ Z 

In adduion. the research undcnaken ,n Pha~c I ha~ revealed a number of Issues requmng 

Iml11ediAle Action. \(cconITl1endaII01l' for Immediate IICtJOM are Gwen in Section 8 I These 

ac·tionl an: required to rcducc the significllllt impacts of external and internal s!rcsscs to Wcstnn 

Samonn Coallal S}Stems. 

)I. t. Rl'commcndations fo r immediate action 

C,eueral rceornmcndaliOl1s 

A I E~~dite propoloCd nation:ll. e1\vironm~m.:J m:lIugemen! plan amendmelllS to Pan VIII of 

the und~. Surveys and t-.Il~m:)fl1lle1\1 Act t..., allow beucr linh!:c bct ... ecll II.ltiolllU 

gO"emlllclI\ :IIKl 'l11~ge Ie vd di:cision-making. 

,'ll Improve the coord"18!!...,n of, .nd communication between. governmenl agencies 

responSIble for en"lmnmental management, dne10pment plllllning md disaster 

m.n.lgemellt 

.'!' III Build ~w~rellC'~ of. and $uppon education on. inues of CO:l..~tlIl Sy~tem \"Ulncrabillly 

Il':du.:nol\ and rc$tlierw;e enhancement. 

A IV Implement Ihe teeommendanon) made by Cha.o;c and Veil.lyall:l (19921tl1ihett report on the 

Implicauons of !.ell-level rise and clImate chlnge un WC~lcm Slm03. Th~sc 

n:rommcndauons An: 

n 



(1) 

(2) 

(1· , 
(4) 

(') 

Upgrade !he meteOrOlogical stMinn. 

Improve knowledge ofW~tern Samoa'$ ru.f~. 

De.'clop a land- and coastal water-moe plan. 

E~Ulbli~h a ~gionlli information sy~tem on the effects of climate. 

change. 

Undertake Ii number of desK-studies, including Coastal SyslCfTI 

sensitivity slIIdics, studies which identify indicators of climate 

change impacts. impro.emcm of chmate mod~ls, [he ~tudy of 

cyclone frequency and inlemit}'. amI anall'~jj of hi~10ri~ 

meteOrological records. 

S[le('iric Rei:nmmendation .~ resolling from case study analysis 

f.:ecommendalions Al-AIV have general applicabillly in Western SllITloa. In addition. the case 

studies !1:qU~ th31 a number uf spocilk m.:ommen<.lati()fll aro: made for each ~tudy ~lle_ 

Apia 

Safala Bay 

;mol Saleapaga 

to LaJomaJ1u 

B( 

B2 

B1 

B4 

B' 

EApedite the establishment of the: propo=! Apia Urb.ln 

Authority and associatro planning lcg-islatioo. 

Initiate a comprthensivc programme of mangrove prole(;lion, lind 

the lim illlrion of new rec1amarioo (especial ty in Vaiusu Bay), 

Approve and initiate the ApIa Se.....erage Project3S soon as possible, 

Support and e"pedi~ the SoUlh Pao::ific Biodiversity 

Coo:;er.ation Progmmme project for Sanapu-Safau3/Safat3 

AAU. 

Di~c[!hI' We.~~m Samoa Vi!>l\1)!1; B~au !CJ inveSligare and include 

the Safata Bay anol Sll.kapaga trJ LaJom;mu CO<Cit~ in thee ~ 

ewtourism pil(){ proJeCt. 

Direct the Fisheries Di"'i~ion (in conjunction with the Division of 

Environment and Conservation) to investigate the potential of 

aquaculture de.'elopment. 
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Falrolo ., 
Airport and 

Mulifanua Wharf 

Di='t the Public WO('U Depanment (10 conjunction with the. 

DIvision of Emimnmenlllnd Conservation) to begin investigations 

on Optimal Management Strategies, including: nptions for 

upgradmg the Airport's sea,wills; upgntdin~ the 'Wharf; 

reducing wave energies through reef lind lagoon 

m:magement; and ~ucing pollution entering !he lagoon 

from the Airport and ...... 'harf. 

S.2. Recommended objcctiHs rur Phase II 

That th~ concepts and principles outlined in thi~ n:pun im' to be further developed and 

'mplcm~nttrl. 

II That PhJse II be undertaken withm the nngoing projectS of the GO\'emment of Western 

Samoo. s~ificall~ the DIVIsion of Em'ironment and ConservatlOll. 

III Phase IT ,.~ to <;up[l<"ln the foml~ larion of vulncrJbj )jt~ reduction pnd resilience enhancement 

plans and policies appropriate I.u Wntern Samoo. 

IV Pha.-;c It a(:(ivitles arc to enhance the intemal capacity <Jf We,tern Samoo to Implement and 

monitor the rtXommc'".ltd L>ut~omn of Phases I and II of this projecl. 

V 8", Id aWflJenCIS and support eduClltion IJIl i!stJel of Coastal System vulno::l1I.bility reduction 

ItJld n:silience enhancerru:m WIthin Western Samoa. 
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8 .3 . Recommended research tasks for Phase II 

Fl"e research la~ks arc recornmellded for Ptla'IC: 11. All five rt~eBrcl\ r.a~ ~uppo" the PhIl5e JJ 

objc:crives lisled above. The =an::h!.aSks~: 

DevclO$lmcDL and Impkmem .. rioo oflhc vulntrlbjljty IlOd ~!jljeDg: mqmen\ approllL'h 

outljned in this reoon. 

The irutial Icsling of the nc ... • approach hall proved ~occn~ful. Ho .... e'·~, the: approach 

"'(ju"",' further de~clopmcm .f 11 IS 10 be directly applICable 10 Wellern Samoa or other 

countries HI the regll)Q Phsc II ... ·ork should u.clude: rigid lnal~!il! or the racIOf1. 

conmbming 10 vulncrJbilily and IUlliero..'"e scoring tkcislOns; development of guiuelines for 

mahllJl, )Coring decisions; method~ of o;ombllling Co'oIIlll SY$lem ~ore •. Including 

Iimtnng fXIIX" techniques. The feuibiliry of linking the Syu~m$ approa.t"h 10 Impacl Zone 

all<! l'onO<"cted AI'Cll AnaIY~I$ (lZC.\ ) shOuld al'>O be addressed. 

11 SIre>' I\IenJjficlluon 

A tenOonve 1m of e:ll!emal and intemal s~sses to !he Cuasal Systems uf Weltern Silmoa 

hal t>t:en crented. Streu Idcnnficanon ~ulrt! furu.er anll.1ysi .•. Abo. the relative 

strenllth5 of mtcmal lind e~lernal ~lrt>SC!i '" d,ffercm pam of Ihe coast TeqF.lII"C addul011al 

work. 

1[1 1&!.:W~lWll a.ruilll!.lllemCntllrion of tbt OJ>rimaJ MjlQmmcnt Response 10MB) corgIX. 

l1tc OMR ronceP! has pI'O'-W 10 be a uSC"fui OcVlce fOl clanf)"log die ran&\, 0( mana~cn\ent 

aCli,.,m; reqUIred 10 .1Chie~e the maximum reducnoo of slrtss·ioduceO ltnpacn 00 Coast.ll 

Sy~tems F~r1htr developmem of ,he OMN. (OII~epl " 10 be be 1,I0denlilen Also. 

~mllegie.1 far Implementing OMR ~uin:1 funher jlQal)'$i~ . 

IV invesliurion of O»5m) System in[cn;!!nn«1Ctln,,~ 

The Coastal Sy\le1n~ of 'Up("Ily ha~e been shown to be hIghly 100erc(lflneCled The 

~lrtngtb and !ipalial C~ lcnl of Coal;ta1 System t:l)flna;lion Itquin:1 .Jdlliorud ItI'tV1.:h. 

V Gcompblc [o(O{ DlIl!jpO Smem (G [S) aoalysjs of Ill( )ow·lymg land in Wcs\t"m SilfTIOa IQ 

sUPP\lO iliiil.'!tn a!ltl c!lWommom\ !TlMa2P[]Cm 

Ini!lal testing of GIS has sho .... n til >alull for the support of Coastal SYltem vulnerability 

reduclioo!Uld resilience enhan~emtnl. EXlension ui t1tc GIS work by imegnting niSling 

GIS d.lla·hiL~~ and. photographic mtn I~ ~Ulred. TN: GIS research ShOUld toe ,n,egnncd 

-- -----
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wuh Ihe developmenl ufGIS)tafT tmining and educanon programmes IU In~'IC. ihe GIS 

capacity wilhln We.S\em Samoa. 
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Appendix t Western Samoan Acts of Parliament Relevant to 
Coastal Management 

The Acts of P;!l'liament with re\e\'am:e for roastal management in Western Samoa arc lhted in 

npprox,m~\ely de«<nding order of imponance" 

The LIIOds, Surveys and En,"ironmenl Acl (l9!t9) comain~ I ~U'\e of legislation 
coverin ~ nallll1ll n:5OUn:e protrction. en' "ironmc:ntaJ management and POUUllon C(lntr(lis" In 
panicuLlr, DiVl$ion ~ of Pan VIII SPCCU1IeS conlmlson IllI development on f~~t and 
the !'oCI·h.:d. 

II The Village Fono Ael (l990) g,ves the weight of law to the l,\c(i1ion~ of vi!lage 
Council of Ouers and Or31ln (Fooo) ·", .. hich affect village 1:uK! and village members by 
reo:>gnismg the , ",l1age " 000 's decisions I n 00II11; 

m The Taking of lands Ac! (1964) allows government to take or exchange any type of 
lands. f<"lt" public l'u'l'OSCs. Thu' government has the power '0 lalee CuUClmII)" Ol pri\lll.te 
land for the mlt'gauoll of external and internal wenes, incllkiing 3C3-Je,"d n!le: 

!V The Waltr Ac! (1965) I'rohihits c"lnv3tion within 60 merres of srream$ and provides 
aJ"" for ,h~ withdl"a .... al of land for <;oil and \\'ato:r protection purpose.; 

V The Nut ional Parks and Reserves Act (1967 ) provi~s for the sening a~idc of 
go\emment land (including tho:: !;C:a-ixd) for eon!;C:r.ation and prota::lion. 

VI The For~1 Aet (1967) provi~~ for declaring proteCted I\Il:lS and cormols logging; 

VII The \\', If:r Rrsource!i Act (1985) provides for planning, implementauOII of water 
n:..OIH\"C) &::\'dopmcnt. pollution comml. con!;C:rvanon and pro\eCtion d .... ~lenheds; 

VIII The r.~ ~l u si~r J::ronomic Zonr Ad (I?77) prohibits fon:ign Crafl from filh,n, in lhe 
WeOlem S"'"Hlua E:tclusi\"e Economtc Zone unkS5 the\ have been intoed "'uh a licence 
1".,.;Ier the Au; -

IX l1w! Fi.~h O),nt.mi!iog Act U?7!) .... hich prohibits d}"naminng of fish; 1M 

X The Police Orrence$ Ac1 (1964) .... hich provides f01" the pro~ut t(lfl ofbcat:h 51100 
minen" 



Appendix 2 National Enl'ironment and Development Management 
Strategies (NEMS) Critical Em'ironmental Issues 

'Ine National Environment and Development Managemem Strategies (NEMS) (Government of 

Weste:'Tl Samo3 1993) identified ~lve critical environmental iuues, or T:uget Envmmment.al 

Components CfEGs) facing WCltem Samoa. 

'1'he lWelve TEe'! rum to ~ducc 5¢<:U1ra1lntCn"Sts, and increa.!<: C(J,)!",J'ation between agcncie1. In 

this .... ·ay it recognises the oomple.: and interaCli"e n!l.!U~ uf environmental issues and problems" 

(Government of Western Samoa 1993 . Executive Summary). 

MllIlllgcmem of population dynamics and change; 

[J Protection of lhe quality am! supply of fre.sh wOller; 

III Prmection of me :;':3 and marine resources; 

IV ManagementofwRlle; 

V Combating dc:fon:~,atiOfl: 

.... 1 Dl::velopment of appwpr;,au: bnd u.o;e practice'!: 

"11 Comervation of biological diversity; 

vrn Prrxection of the atmosptx:n:; 

IX Planning for climate change: 

X Preservation ofrr:tditional am, culture, and hislory; 

Xl Devdopment of human n::soun:es; and 

XII Promoting suslll.inable econcrnic growih. 
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Appendix 3 Equalion ror Calculaling the Minimum Weight or 
Rubble ror u Sloping Seawall Rel'etment 

Tho: .... 'O:l ghl of rubble or conm:le bloch covering the slope surfao:e of I struClun: ra:eiving !he 

acoon of a wa~ force mB)' be calc;ular& by !he formula: 

w 
Ko CSr-l)3 cOIa 

W: MinlITlum weight of rubbks <X ooncn:~ blocks (1ilnIlC fon;o:) 

gr: t:nu weigh! of mhhlc: or block in air (toone fon:etm3) 

Sr: Spel:ifK: j;f1w.'Y of rubble <X block !CI ~ wa~r 

a; Angle oflhe slope 10 horiwntd plane (dC'grc:c:s) 

H: wave h<:ight (m) 

KD: ("..orutant determined by lhe jlI'I1louring IMlrna) ~nd damage nllt 
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Appendix: 4 Data Coverages Within the Land Resource Planning 
Study of Western Samoa 

The data base WII5 complied by ANZDEC Ltli and the N~w Zealand Departmcnt Df Indusuial and 

SCientific Re';earch on behalf of the GO"ernment of We~rem Samoa, an.d funded by the A.~ian 

Dcve!opm~nt Bank (ANZDEC 199Q). "The data-base covers 'Upolu lUld Savai'i i~lal1d5. 

Data is conl:l.ined in thro:: separate polygon covcrdges for cach island; v~Gtliltion. land tenlil': and 

SOli. There i .~ also a ba<e canographic dal:l.-base which conl:l.in.~ COOIOUrs, ro3d.~. pla~ names. 

rivers and the coastlinc. The th!"t'c ~,-,\"erdGn. and the Jaycl"3 within cach covnage an: listcd 

~low. 

Vegetation 

I Coconut 

2 Cocoa 

3 Banana 

4 Coffee 

5 Indigenous fun:st 

(, Production forest 

7 livCSUJCk 
8 CoconUt 'With livestock 

9 Coconut with COCOll 

10 Coconut wilh other tree crop (e.g. coffee) 

11 Swamp 

12 Olher Land us.e (e.g. lava fieldl, community ="1 

Laud tenure 
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L, t r ID 

I , 
3 , , 
6 

7 

La ver descriolion 

Government land 

F=-llOld hurl 

Fore.lny bloch on government land 

Forestry blocl: s on lea.<;t>j ~u~tomary land 

Western Samoa Trusl ESlDles Corporation 

(WSTEC) 

CuslOmJl')' land 

Apia IJnd district 



Soil 

The nllmber 0( IllyeR r .... wil i~ mIlCh largn than lhe. .I;:.o>.'e li5ts, and 50 !he same lisdng approatll 

eannOi Ix: used. In the SOl I cOYenge each polygon (dl~retely defined aru 10 lhe GIS) II., a 

IInique ilkntirtcr (IDJ. llH:. atlrib\lln or th<.ID rur eacll polygon ~ ItS follows: 

soil label 

clas<;cs) 

classes) 

(3 classes) 

rock outcrops (4 dasO>es) 

ll'O()(ing volume (5 cla\.5e~) 

t ~prayf~aJ;nily (4 clas>!:! ) 

cl:ll$ (f/. classe~J 

classes) 

pI! (7 da.\ses) 

texlure class (!O class.:.s) 

capabilily cia.IS 
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Appendix 5 lnformation Mapped on the 1:25,000 Scale 'L" polu 
Coastal Morphol o~y Maps 

The 'Upolu coosw.1 mrwphology mappin& project WlIS undcl"lllken by !he Sou!h PacifIC Creoscicn>:c 

Commission rSQI'AC) (Richmond \99 1). The5C 1:25.000 5C3.le maps include informfttion OIl 

$oordinc felOlure" Coasl.:rJ pl.lIn geology.nd Ittf fealUffs. A dct<liled list of !he components of the 

maps ls given helow. 

S horc lin ~ fea t ures 

MMmaUc ~b'UCfLl!'el; 

Rock outcrops 

Uo,,"'On-ahdatw sediment 

[nf~lTed dil\':cllon of longshort. 1r.s1llpon 

CuaSI~1 plain geolo,-," 

TafagamMu Sand (Holoce~) 

Allu~;\Im (lJ!ay wntain ~wamp defX'SIIS Rnd T lIfagam;mu Sand) 

Rc.;:laime\l area~ 

COIl.ual cliff 

~angruvc md/nr ~wamp 

Reef rt"alurn 

Coral! Algal I Pavement 

Sed.!ment covered 

Marineflrn 

Reef slOileS I Blue hol .. ~ 

Rcc:fflat lineations 
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