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Foreword

Foreword
dhe	high	tiĚes	anĚ	ŇooĚing	of	lanĚ	that	ǁe	haǀe	eǆperienceĚ	in	:anƵarǇ	ϮϬϭϰ	is	
another	reminĚer	of	hoǁ	eǆposeĚ	mƵch	of	the	Ěeǀelopment	anĚ	commƵnities	
on	Kosrae	are	to	the	Ěamaging	eīects	of	shoreline	change͕	high	tiĚe	anĚ	storm	
ŇooĚing͘	te	noǁ	Ŭnoǁ	that	ĚƵe	to	climate	change	anĚ	seaͲleǀel	rise	the	
impacts	of	sƵch	coastal	haǌarĚs	ǁill	ďecome	eǀer	more	freƋƵent	anĚ	Ěamaging	
in	the	fƵtƵre͘	

MƵch	Ěeǀelopment	on	Kosrae	oǀer	the	last	tǁo	to	three	generations	has	
occƵrreĚ	in	loǁͲlǇing	coastal	areas͘	te	acŬnoǁleĚge	that	manǇ	of	the	
approaches	ǁe	presentlǇ	Ƶse	to	manage	the	impacts	of	these	haǌarĚs	
on	Ěeǀelopment	anĚ	oƵr	commƵnities	ǁill	ďe	increasinglǇ	ineīectiǀe	or	
ƵnaīorĚaďle	as	seaͲleǀels	rise͘		

'oing	forǁarĚ	this	proǀiĚes	some	ĚiĸcƵlt	challenges	anĚ	changes	facing	oƵr	
commƵnities	if	ǁe	are	to	eīectiǀelǇ	reĚƵce	ďoth	present	ĚaǇ	anĚ	fƵtƵre	coastal	
change	impacts	on	ǁhat	ǁe	ǀalƵe	in	Kosrae͘	/t	ǁill	inǀolǀe	thinŬing	ĚiīerentlǇ	
than	ǁe	haǀe	Ěone	in	the	past͕	particƵlarlǇ	concerning	ǁhere	ǁe	locate	
infrastrƵctƵre͕	oƵr	commƵnities	anĚ	oƵr	homes͘	/t	ǁill	reƋƵire	oƵr	commƵnities͕	mƵnicipalities	anĚ	the	state	to	all	ǁorŬ	
together͕ 	to	thinŬ	longͲterm͕	to	agree	prioritǇ	actions	anĚ	to	instigate	timelǇ	anĚ	eīectiǀe	implementation͘	

dhis	Shoreline	Management	Plan	ǁas	an	initiatiǀe	in	ϮϬϬϬ	of	the	�eǀelopment	Reǀieǁ	�ommission	;noǁ	Kosrae	/slanĚ	
ResoƵrce	Management	�ƵthoritǇͿ͘	Since	the	Įrst	Plan	ǁas	proĚƵceĚ͕	mƵch	more	is	noǁ	Ŭnoǁn	of	the	potential	changes	
that	ǁill	ďe	caƵseĚ	ďǇ	climate	change	anĚ	sea	leǀel	rise͘	dhis	reǀision	of	the	Shoreline	Management	Plan	incorporates	
this	information͕	ǁhat	it	means	for	coastal	areas	on	Kosrae	anĚ	the	commƵnities	anĚ	Ěeǀelopment	locateĚ	there͕	anĚ	
sets	oƵt	a	pathǁaǇ	oǀer	the	neǆt	one	to	tǁo	generations	to	create	a	more	resilient	societǇ	anĚ	one	that	proǀiĚes	a	
secƵre	foƵnĚation	for	oƵr	fƵtƵre	generations	to	ďeƩer	manage	the	eǀer	increasing	impacts	of	climate	change	anĚ	seaͲ
level rise on Kosrae. 

/mplementation	of	the	Plan	neeĚs	to	start	noǁ͘	dhe	threats	to	oƵr	enǀironment͕	liǀelihooĚs	anĚ	ƋƵalitǇ	of	life	of	oƵr	
people	haǀe	neǀer	ďeen	so	great͘	te	looŬ	forǁarĚ	to	ǁorŬing	ǁith	oƵr	Ěeǀelopment	partners	to	assist	Kosrae	in	
sƵccessfƵllǇ	achieǀing	the	oƵtcomes	iĚentiĮeĚ	in	the	Plan͕	anĚ	to	Ěeǀelop	oƵr	local	capacities	so	that	Kosrae	can	taŬe	a	
greater	responsiďilitǇ	in	implementing	the	Plan͘	

Sincere	thanŬs	to	the	Įǀe	ǀillage	commƵnities͕	MƵnicipal	staī͕	K/RM�͕	the	&SM	P���	Kĸce͕	anĚ	the	ǀarioƵs	
'oǀernment	oĸces	on	Kosrae	ǁho	haǀe	helpeĚ	shape	the	ǀision	oƵtlineĚ	in	this	plan͘	/	ǁoƵlĚ	also	liŬe	to	thanŬ	the	
�eƵtsche	'esellschaŌ	fƵr	/nternationale	�Ƶsammenarďeit	;'/�Ϳ	regional	programme	�oping	ǁith	�limate	�hange	in	the	
PaciĮc	/slanĚ	Region	;���P/RͿ	for	their	ongoing	sƵpport͕	anĚ	the	Secretariat	of	the	PaciĮc	�ommƵnitǇ	�pplieĚ	Science	
anĚ	dechnologǇ	�iǀision	;SP�ͲSKP��Ϳ	anĚ	the	Eational	/nstitƵte	of	tater	Θ	�tmospheric	Research	>tĚ	;E/t�Ϳ	for	their	
contriďƵtions	in	the	preparation	of	this	Plan͘

Lyndon H Jackson
Governor, Kosrae State

E/t�	Marine	�iologist	�r	tenĚǇ	Eelson͘	;Dave AllenͿ

GOVERNMENT OF KOSRAE

Office of the Governor

Post Office Box 158

Kosrae, Federated States of Micronesia 96944
Telephone: 691-370-3002/3003.  Facsimile: 691-370-3162
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Executive Summary

commƵnities	on	Kosrae	ǁill	neeĚ	to	aĚapt	ďeǇonĚ	the	
cƵrrent	range	in	ǀariaďilitǇ	anĚ	eǆtremes͘	�Ěapting	to	these	
fƵtƵre	impacts	neeĚs	to	start	noǁ	anĚ	ǁill	reƋƵire	a	Ěiīerent	
approach	to	Ěeǀelopment	on	Kosrae	than	has	ďeen	practiceĚ	
oǀer	the	last	Ϯ	to	ϯ	generations͘	&ƵnĚamentallǇ	this	ǁill	mean	
a	mƵch	greater	emphasis	on	preǀentatiǀe	measƵres	that	
remoǀe	eǆposƵre	to	the	haǌarĚ͕	rather	than	a	primarǇ	focƵs	on	
impact	reĚƵction	;e͘g͕͘	for	eǆample	throƵgh	continƵing	to	ďƵilĚ	
seaǁallsͿ͘

&Ƶrthermore͕	eīectiǀe	policǇ	to	reĚƵce	cƵrrent	coastal	haǌarĚͲ
relateĚ	risŬs	to	commƵnities	anĚ	infrastrƵctƵre	anĚ	achieǀe	
eĸcient	anĚ	resilient	Ěeǀelopment	ǁill	neeĚ	to	promote	
ǁell	ĚesigneĚ	aĚaptation	responses	anĚ	ďƵilĚ	on	eǆisting	
approaches	alreaĚǇ	ƵnĚerǁaǇ	in	Kosrae͘

dhe	folloǁing	principles	are	ŬeǇ	for	sƵccessfƵl	aĚaptation	anĚ	
reĚƵction	of	present	anĚ	fƵtƵre	coastal	haǌarĚ	risŬs	to	Kosrae	
commƵnities	anĚ	infrastrƵctƵre	oǀer	the	neǆt	feǁ	generations͗

1. dhe	continƵeĚ	carefƵl	management	of	Kosrae s͛	natƵral	
enǀironment	anĚ	resoƵrces	is	fƵnĚamental	for	eīectiǀe	
anĚ	sƵstaineĚ	protection	from	coastal	haǌarĚs	anĚ	long	
term	aĚaptation͘

Ϯ͘	 �	primarǇ	focƵs	on	ǁhere	to	ďƵilĚ͘

ϯ͘	 �	focƵs	also	on	hoǁ	to	ďƵilĚ͘

4. �	recognition	that	in	most	sitƵations	a	reliance	on	impact	
reĚƵction	measƵres	sƵch	as	coastal	Ěefences	are	not	a	
longͲterm	option	for	achieǀing	resilient	infrastrƵctƵre	anĚ	
commƵnities	on	Kosrae͘		

5. �īectiǀe	aĚaptation	neeĚs	to	start	noǁ͘

Most	of	the	coastline	on	Kosrae͕	ǁhere	this	Ěeǀelopment	
has	occƵrreĚ͕	is	prone	to	coastal	haǌarĚs	sƵch	as	longͲterm	
shoreline	change	anĚ	episoĚic	coastal	inƵnĚation	;particƵlarlǇ	
ĚƵring	times	of	high	;ŬingͿ	tiĚes͕	large	sǁell	anĚ	ǀerǇ	
occasionallǇ	ĚƵe	to	tǇphoon	eǀentsͿ͘	

dhe	eīects	of	ongoing	anĚ	fƵtƵre	climate	change	anĚ	seaͲleǀel	
rise	ǁill	increasinglǇ	eǆacerďate	the	impact	that	these	coastal	
haǌarĚs	haǀe	on	infrastrƵctƵre͕	the	Įǀe	ǀillage	commƵnities	
anĚ	resiĚential	homes͘	�limate	change	stress	ǁill	also	
potentiallǇ	aĚǀerselǇ	impact	on	natƵral	protectiǀe	fƵnctions	
proǀiĚeĚ	ďǇ	reef	sǇstems͕	seagrass	ďeĚs͕	mangroǀe	stranĚs͕	
ǁetlanĚ	areas	anĚ	the	coastal	ďerm͘		

dhe	conseƋƵences	of	climate	change	anĚ	seaͲleǀel	rise	ǁill	not	
create	anǇ	neǁ	haǌarĚs	on	Kosrae͘	Rather	theǇ	ǁill	enhance	
eǆisting	coastal	haǌarĚ	issƵes͘	Kǀer	the	neǆt	one	to	tǁo	
generations͕	anĚ	ďeǇonĚ͕	climate	change	ǁill	progressiǀelǇ	
increase	the	freƋƵencǇ	anĚ	impacts	of	coastal	haǌarĚs	
sƵch	as	erosion͕	ǁaǀe	oǀerǁash	anĚ	ŇooĚing	Ěamage	to	
eǆisting	propertǇ͕ 	infrastrƵctƵre	anĚ	commƵnities	on	Kosrae͘	
/ncreasinglǇ	it	ǁill	maŬe	the	sitƵation	too	ĚiĸcƵlt	for	those	
cƵrrentlǇ	locateĚ	in	eǆposeĚ	areas͘

�onsiĚering	actions	to	reĚƵce	the	present	risŬs	to	commƵnities	
anĚ	infrastrƵctƵre	on	Kosrae	is	a	ǀital	Įrst	step͘	te	alreaĚǇ	
ƵnĚerstanĚ	that	eǆisting	natƵral	ǁeather	eǀents͕	climate	anĚ	
seaͲleǀel	ǀariaďilitǇ	can	caƵse	change	anĚ	Ěamage	in	Kosrae s͛	
coastal	ǌone͘	�ĚĚressing	these	Ŭnoǁn	issƵes	of	eǆposƵre	is	
an	eīectiǀe	ǁaǇ	to	start	to	reĚƵce	the	coastal	haǌarĚ	impacts	
poseĚ	ďǇ	fƵtƵre	climate	change͘

,oǁeǀer͕ 	ďeǇonĚ	the	neǆt	one	to	tǁo	generations	
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Strategies
�aseĚ	on	these	principals	eight	ŬeǇ	strategies	haǀe	ďeen	
ĚeǀelopeĚ	for	Kosrae	to	implement	as	a	means	of	increasing	
the	resilience	of	Kosrae s͛	commƵnities	anĚ	associateĚ	
infrastrƵctƵre	to	the	impacts	of	coastalͲrelateĚ	haǌarĚs	anĚ	
eǆacerďating	eīects	of	climate	change͗	

�aseĚ	on	these	principals	eight	ŬeǇ	strategies	haǀe	ďeen	
ĚeǀelopeĚ	for	Kosrae	to	implement	as	a	means	of	increasing	
the	resilience	of	Kosrae s͛	commƵnities	anĚ	associateĚ	
infrastrƵctƵre	to	the	impacts	of	coastalͲrelateĚ	haǌarĚs	anĚ	
eǆacerďating	eīects	of	climate	change͗	

Strategy 1:	 �ontinƵeĚ	Ěeǀelopment	anĚ	strengthening	
of	commƵnitǇ	aǁareness	inclƵĚing	oƵtreach	
actiǀities	ǁith	a	focƵs	on	eīectiǀe	natƵral	coastal	
Ěefence	anĚ	KosraeͲreleǀant	climate	change	
impacts	anĚ	aĚaptation	options͘

Strategy 2:	 �menĚment	of	the	K/RM�	RegƵlations	for	
�eǀelopment	Proũects	to	incorporate	climate	
change	consiĚerations	anĚ	strengthening	of	
regƵlation	implementation	to	sƵpport	sƵccessfƵl	
longͲterm	risŬ	reĚƵction	anĚ	aĚaptation͘

Strategy 3:	 Kǀer	the	neǆt	one	to	tǁo	generations	the	
primarǇ	coastal	roaĚ	netǁorŬ	anĚ	associateĚ	
infrastrƵctƵre	cƵrrentlǇ	locateĚ	on	the	ďeachͬ
storm	ďerm	is	ĚeǀelopeĚ	inlanĚ	aǁaǇ	from	longͲ
term	erosion	anĚ	coastal	inƵnĚation	risŬ͘	

Strategy 4:	 �nsƵre	neǁ	Ěeǀelopment	;propertǇ͕ 	
infrastrƵctƵreͿ	is	locateĚ	aǁaǇ	from	areas	at	risŬ	
from	present	anĚ	fƵtƵre	coastal	haǌarĚs	or	is	
ĚesigneĚ	ǁith	coastal	haǌarĚs	in	minĚ͘	

Strategy 5:	 /mplement	a	program	to	encoƵrage	eǆisting	
resiĚential	propertǇ	oǁners	to	reposition	homes	
aǁaǇ	from	areas	of	high	risŬ	from	present	anĚ	
fƵtƵre	haǌarĚs͘	dhis	maǇ	ďe	a	stageĚ	approach	
oǀer	time	as	homes	are	roƵtinelǇ	replaceĚ	or	

renoǀateĚ͘	Kďũectiǀe	prioritiǌation	of	properties	
most	at	risŬ	shoƵlĚ	also	ďe	eǆploreĚ͘

Strategy 6:	 /ncorporate	a	grant	component	in	to	the	hoƵsing	
loan	program	to	help	encoƵrage	neǁ	propertǇ	to	
ďe	constrƵcteĚ	in	areas	not	eǆposeĚ	to	coastal͕	
riǀer	Ňoor	or	lanĚsliĚe	haǌarĚs͘	

Strategy 7:	 �ommence	commƵnitǇ	anĚ	state	ĚiscƵssions	
to	Ěeǀelop	a	relocation	strategǇ	anĚ	iĚentifǇ	
potential	approaches	to	sƵpport	relocation	
from	areas	eǆposeĚ	to	coastal	haǌarĚs	ǁhere	no	
alternatiǀe	lanĚ	is	aǀailaďle͘	

Strategy 8:	 �	strategic	approach	is	aĚopteĚ	for	the	ongoing	
proǀision	of	coastal	Ěefences͘	dhese	shoƵlĚ	ďe	
consiĚereĚ	onlǇ	ǁhere͗

 о it	is	a	sƵstainaďle	longͲterm	option͕	or

 о ǁhere	it	is	accepteĚ	as	a	transitional	approach	
to	protecting	areas	oǀer	the	short	to	meĚiƵm	
term	to	enaďle	relocation	strategies	to	ďe	
implemented.

�Ǉ	the	ϮϬϱϬs	;Ϯ	generations	timeͿ	Kosrae	neeĚs	to	haǀe	maĚe	
signiĮcant	progress	in	implementing	an	aĚaptation	strategǇ	
that	repositions	the	maũoritǇ	of	eǆisting	critical	infrastrƵctƵre	
anĚ	propertǇ	aǁaǇ	from	the	ďeachͬstorm	ďerm	areas͕	
reclaimeĚ	areas	of	mangroǀe	anĚ	loǁͲlǇing	ǁetlanĚ	sǁamp	to	
slightlǇ	higher	groƵnĚ	aroƵnĚ	the	ďase	of	the	ǀolcanic	part	of	
the island. 

tithoƵt	sƵch	a	change	in	Ěeǀelopment	Ěirection͕	Kosrae	
ǁill	ĮnĚ	it	eǀer	more	ĚiĸcƵlt	anĚ	eǆpensiǀe	to	protect	anĚ	
maintain	infrastrƵctƵre	anĚ	propertǇ	in	the	present	coastal	
ǌone͘	'iǀen	limiteĚ	resoƵrces	it	is	important	to	inǀest	noǁ	
to	reĚƵce	ǀƵlneraďilitǇ	anĚ	aǀoiĚ	the	far	more	signiĮcant	
impacts	of	climate	change	that	ǁill	occƵr	oǀer	the	laƩer	half	
of	this	centƵrǇ	anĚ	ďeǇonĚ͘	/f	action	is	ĚelaǇeĚ	it	ǁill	ďecome	
increasinglǇ	ĚiĸcƵlt	or	impossiďle	for	Kosrae	aƵthorities	anĚ	
commƵnitǇ	to	responĚ	appropriatelǇ͘
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1.1 Background
MƵch	commƵnitǇ	anĚ	infrastrƵctƵre	Ěeǀelopment	on	Kosrae	
oǀer	the	last	ϲϬ	Ǉears	has	occƵrreĚ	ǁithin	the	coastal	margins͘	
Most	of	the	coastline	on	Kosrae͕	ǁhere	this	Ěeǀelopment	
has	occƵrreĚ͕	is	prone	to	coastal	haǌarĚs	sƵch	as	longͲterm	
shoreline	change	anĚ	episoĚic	coastal	inƵnĚation	;particƵlarlǇ	
ĚƵring	times	of	high	;ŬingͿ	tiĚes͕	large	sǁell	anĚ	ǀerǇ	
occasionallǇ	ĚƵe	to	tǇphoon	eǀentsͿ͘	

dhe	eīects	of	ongoing	anĚ	fƵtƵre	climate	change	anĚ	seaͲleǀel	
rise	ǁill	increasinglǇ	eǆacerďate	the	impact	that	these	coastal	
haǌarĚs	haǀe	on	infrastrƵctƵre͕	the	Įǀe	ǀillage	commƵnities	
anĚ	resiĚential	homes͘	�limate	change	stress	ǁill	also	
potentiallǇ	aĚǀerselǇ	impact	on	natƵral	protectiǀe	fƵnctions	
proǀiĚeĚ	ďǇ	reef	sǇstems͕	seagrass	ďeĚs͕	mangroǀe	stranĚs͕	
ǁetlanĚ	areas	anĚ	the	coastal	ďerm͘		

/n	ϮϬϬϬ͕	the	�eǀelopment	Reǀieǁ	�ommission	;noǁ	Kosrae	
/slanĚ	ResoƵrce	Management	�ƵthoritǇͿ	ĚeǀelopeĚ	a	Shoreline	
Management	Plan	;�R�͕	ϮϬϬϬͿ	ǁhich	set	oƵt	to͗

dhe	strategǇ	sƵmmariseĚ	a	range	of	short	anĚ	longͲterm	
recommenĚations	to	assist	in	reĚƵcing	coastal	haǌarĚ	risŬs	
to	the	natƵral	enǀironment͕	commƵnities	anĚ	infrastrƵctƵre͘	
ManǇ	of	the	recommenĚations	are	still	ǀaliĚ͕	anĚ	this	
reǀision	of	the	Shoreline	Management	Plan	ďƵilĚs	on	these	
recommenĚations	anĚ	proǀiĚes	important	aĚĚitions	anĚ	
ƵpĚates	as	folloǁs͗

&igƵre	ϭ͗	 Map	shoǁing	locations	of	mƵnicipal	ďoƵnĚaries͕	roaĚs͕	ǀillages	anĚ	place	names	on	Kosrae͘
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1.2 Building resilient coastal 
communities on Kosrae

1.2.1 Past development pathway

/nfrastrƵctƵre͕	lanĚ	anĚ	propertǇ	of	Kosrae	is	cƵrrentlǇ	
impacteĚ	ďǇ	coastal	ŇooĚing	anĚ	erosion	largelǇ	ĚƵe	to	

Ěeǀelopment	anĚ	planning	choices	that	haǀe	occƵrreĚ	since	
the	enĚ	of	the	SeconĚ	torlĚ	tar͘ 	dhe	paƩern	of	Ěeǀelopment	
;&igƵre	Ϯ	anĚ	&igƵre	ϯͿ	that	has	occƵrreĚ	oǀer	the	past	Ϯ	to	
ϯ	generations	has	resƵlteĚ	in	the	maũoritǇ	of	propertǇ	anĚ	
infrastrƵctƵre	ďeen	ďƵilt	on͗

dhe	comďination	of	the	natƵral	sƵsceptiďilitǇ	of	Kosrae s͛	
coastline	to	coastal	change	anĚ	inƵnĚation͕	increasing	post	

&igƵre	Ϯ͗	 �eǀelopment	ďetǁeen	ϭϵϰϰ	anĚ	ϮϬϭϮ	in	Malem͘	MƵch	of	the	Ěeǀelopment	has	taŬen	place	on	the	narroǁ	storm	ďerm	ďetǁeen	the	shoreline	
anĚ	the	loǁͲlǇing	ǁetlanĚs͘
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torlĚ	ǁar	//	popƵlation	anĚ	moǀement	of	commƵnities	in	
to	these	coastal	areas͕	anĚ	changing	commƵnitǇ	aspirations	
;electricitǇ	sƵpplǇ͕ 	telephones͕	paǀeĚ	roaĚs͕	permanent	
ďƵilĚingsͿ	haǀe	all	leĚ	to	greatlǇ	increaseĚ	ǀƵlneraďilitǇ	of	
the	Kosrae	commƵnitǇ	;&igƵre	ϰͿ͘	Kther	associateĚ	impacts	
inclƵĚe͗

1.2.2 A different pathway for the future

dhe	conseƋƵences	of	climate	change	anĚ	seaͲleǀel	rise	ǁill	not	
create	anǇ	neǁ	haǌarĚs	on	Kosrae͘	Rather	theǇ	ǁill	enhance	
eǆisting	coastal	haǌarĚ	issƵes͘	Kǀer	the	neǆt	one	to	tǁo	
generations͕	anĚ	ďeǇonĚ͕	climate	change	ǁill	progressiǀelǇ	
increase	the	freƋƵencǇ	anĚ	impacts	of	coastal	haǌarĚs	
sƵch	as	erosion͕	ǁaǀe	oǀerǁash	anĚ	ŇooĚing	Ěamage	to	
eǆisting	propertǇ͕ 	infrastrƵctƵre	anĚ	commƵnities	on	Kosrae͘	
/ncreasinglǇ	it	ǁill	maŬe	the	sitƵation	too	ĚiĸcƵlt	for	those	
cƵrrentlǇ	locateĚ	in	eǆposeĚ	areas͘

�onsiĚering	actions	to	reĚƵce	the	present	risŬs	to	commƵnities	
anĚ	infrastrƵctƵre	on	Kosrae	is	a	ǀital	Įrst	step͘	te	alreaĚǇ	
ƵnĚerstanĚ	that	eǆisting	natƵral	ǁeather	eǀents͕	climate	anĚ	
seaͲleǀel	ǀariaďilitǇ	can	caƵse	change	anĚ	Ěamage	in	Kosrae s͛	
coastal	ǌone͘	�ĚĚressing	these	Ŭnoǁn	issƵes	of	eǆposƵre	is	
an	eīectiǀe	ǁaǇ	to	start	to	reĚƵce	the	coastal	haǌarĚ	impacts	
poseĚ	ďǇ	fƵtƵre	climate	change͘

&igƵre	ϯ͗	 >ocation	of	resiĚential	Ěeǀelopment͘			�aseĚ	on	Ěata	from	the	ϮϬϭϬ	censƵs͘
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,oǁeǀer͕ 	ďeǇonĚ	the	neǆt	one	to	tǁo	generations	commƵnities	
on	Kosrae	ǁill	neeĚ	to	aĚapt	ďeǇonĚ	the	cƵrrent	range	in	
ǀariaďilitǇ	anĚ	eǆtremes͘	�Ěapting	to	these	fƵtƵre	impacts	
neeĚs	to	start	noǁ	anĚ	ǁill	reƋƵire	a	Ěiīerent	approach	to	
Ěeǀelopment	on	Kosrae	than	has	ďeen	practiceĚ	oǀer	the	last	
Ϯ	to	ϯ	generations͘	&ƵnĚamental	this	ǁill	mean	a	mƵch	greater	
emphasis	on	preǀentatiǀe	measƵres	that	remoǀe	eǆposƵre	to	
the	haǌarĚ͕	rather	than	a	primarǇ	focƵs	on	impact	reĚƵction	
;e͘g͕͘	throƵgh	for	eǆample	continƵing	to	ďƵilĚ	seaǁallsͿ͘

dhe	approaches	to	achieǀe	eīectiǀe	aĚaptation	ǁill	ďƵilĚ	on	
eǆisting	coastal	management	approaches	in	Kosrae	anĚ	can	ďe	

&igƵre	ϰ͗	 �ǆamples	of	hƵman	impacts	that	haǀe	caƵseĚ	or	eǆacerďateĚ	the	potential	for	coastal	erosion	anĚ	inƵnĚation	impacts	on	Kosrae͘			dop	leŌ͗	
remoǀal	of	coral	rƵďďle	from	the	reef	Ňat͖	dop	right͗	SanĚ	mining͖	MiĚĚle	leŌ͗	�reĚge	pits	on	the	inner	reef	Ňat	at	dafƵnsaŬ͖	MiĚĚle	right͗	�rosion	at	
talƵng	caƵseĚ	ďǇ	the	cƵƫng	of	a	Ěrainage	channel	at	>eap͖	�oƩom	leŌ͗	�rosion	at	the	SanĚǇ	�each	,otel	caƵseĚ	ďǇ	the	seaǁall͖	�oƩom	right͗	�rosion	
anĚ	coastal	change	at	&infoŬoa	caƵseĚ	ďǇ	the	reclamation	at	the	olĚ	Pheoniǆ	Resort	anĚ	recent	hoƵse	constrƵction͘

ƵseĚ	in	an	eīectiǀe	policǇ	for	reĚƵcing	cƵrrent	coastal	haǌarĚͲ
relateĚ	risŬs	anĚ	achieǀing	safe	anĚ	resilient	Ěeǀelopment͘

dhere	is	no	one	͞solƵtion͟	to	solǀing	all	the	coastal	haǌarĚ	
issƵes	that	Kosrae	faces	noǁ	anĚ	in	to	the	fƵtƵre͘	SƵccessfƵl	
aĚaptation	ǁill	inǀolǀe	a	͞miǆ͟	of	interͲrelateĚ	actiǀities͕	the	
composition	of	ǁhich	ǁill	ǀarǇ	ďoth	from	location	to	location	
on	Kosrae	anĚ	oǀer	time͘

dhe	folloǁing	principles	are	ŬeǇ	for	sƵccessfƵl	aĚaptation	anĚ	
reĚƵction	of	present	anĚ	fƵtƵre	coastal	haǌarĚ	risŬs	to	Kosrae	
commƵnities	anĚ	infrastrƵctƵre	oǀer	the	neǆt	feǁ	generations͘



Kosrae	Shoreline	Management	Plan͘	Repositioning	for	resilience	

Introduction

15

1. The continued careful management of 
Kosrae’s natural environment and resources 
is fundamental for effective and sustained 
protection from coastal hazards and long 
term adaptation:

 Recognising that the coastal ecosystem on 
Kosrae is the most effective coastal defence 
protecting the island from the effects of coastal 
hazards.
Understanding that the enormous value of 
this natural protection is dependent on the 
health and the natural interactions between the 
various ecosystems including the watershed, 
wetlands and swamp forests, mangroves, 
coastal berm and beach, reef flat and seagrass, 
and surrounding fringing coral reef.  
Limiting negative human impacts on natural 
protective features is essential to Kosrae’s 
efforts to address both climate change and 
existing coastal hazards.

2. A primary focus on where to build:

Ensuring new development (property, 
infrastructure) is located away from areas at 
risk from present and future coastal hazards.
Over the next one to two generations  a 
sustained programme of encouraging existing 
development and infrastructure to be relocated 
away from areas at risk from present and 
future hazards as it is replaced or renovated.
Strengthening investment criteria and the 
Development Review Permit process to limit 
new development in areas at risk from present 
and future coastal hazards.
Developing incentive mechanisms to encourage 
development/redevelopment away from areas 
at risk from present and future coastal hazards.

3. A focus also on how to build:

Ensuring that new infrastructure and buildings 
are designed to withstand weather and climate 
extremes including the future effects of climate 
change (climate proofing) over the proposed 
design life of the structure.
Incorporating appropriate climate-proofing 
guidance in to existing policy and legislation. 

4. Recognising that in most situations a 
reliance on impact reduction measures such 
as engineered coastal defences are not a 

long-term option for achieving resilient 
infrastructure and communities on Kosrae:  

Given the levels of sea-level rise likely to be 
experienced in the latter part of this century, 
seawalls will not be capable of dealing with the 
types of coastal change and flooding that will 
occur.
Over the foreseeable future, Kosrae will need to 
ensure that substantial financial commitment 
is made to ensure that existing coastal 
defences are maintained and upgraded to 
provide a sufficient standard of protection and 
to enable longer-term more sustainable risk-
reduction initiatives to be implemented.
Coastal defences built to protect communities 
often result in an increased sense of security 
and ongoing intensification of development with 
the problem becoming ever more complex.  

5. Effective adaptation needs to start now:

Starts with effectively addressing existing 
coastal hazard problems and issues to present 
communities, villages and infrastructure 
and builds on the many good examples of 
risk-reduction activities already occurring on 
Kosrae. 
Proactively plan and implement change to 
reduce exposure and vulnerability rather than 
waiting for damaging events to happen and 
then reacting.  
Adopts an adaptive management approach 
focusing on change on Kosrae over the next one 
and two generations to:
− Address current and immediate future 

coastal hazard issues.
− Position Kosrae to effectively cope with 

the much more significant coastal hazard 
impacts that will occur beyond this time over 
the latter part of this century and beyond. 

Take advantage of international adaptation 
financial support available now and recognise 
that such opportunities may not be as 
accessible into the future as the effects of 
climate change increase for all nations.
Adopts whole of community approach 
where the population at large must assume 
responsibility for such change. Adapting 
to climate change requires changes in the 
way all sectors behave and for adaptation 
to be effective there needs to be functional 
partnership between all (community, 
Municipality, State and National Governments).
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1.3 Shoreline management 
progress since 2000
ManǇ	of	these	principles	laǇ	ďehinĚ	the	Ěeǀelopment	of	the	
Įrst	ǀersion	of	the	Shoreline	Management	Plan	in	ϮϬϬϬ͘	Since	
the	plan	ǁas	proĚƵceĚ͕	a	nƵmďer	of	actiǀities	haǀe	progresseĚ	
that	are	contriďƵting	to	the	reĚƵction	of	the	impacts	of	
coastal	haǌarĚs	haǀe	on	the	commƵnitǇ	anĚ	infrastrƵctƵre	of	
Kosrae͘	dhese	eīorts	haǀe	also	improǀeĚ	ƵnĚerstanĚing	of	
coastal	haǌarĚs	anĚ	enaďleĚ	ďeƩer	incorporation	of	practical	
risŬ	management	in	ĚecisionͲmaŬing	anĚ	ĚeǀelopmentͲ
relateĚ	legislation͘	�	reǀieǁ	of	progress	against	the	ǀarioƵs	
recommenĚations	maĚe	in	ϮϬϬϬ	is	sƵmmariseĚ	in	�ppenĚiǆ	�	
ǁith	some	ŬeǇ	areas	of	progress	oƵtlineĚ	ďeloǁ͗			

&igƵre	ϱ͗	 Recent	eǆamples	of	poor	Ěeǀelopment	actiǀities	that	ǁill	leaĚ	to	fƵrther	coastal	haǌarĚͲrelateĚ	proďlems	anĚ	are	not	sƵstainaďle	or	eīectiǀe	
in	the	longͲterm͘			dop	leŌ͗	>oǁͲlǇing	reclamation	for	a	neǁ	laƵnĚromat	at	dafƵǇat͕	>elƵ	,arďoƵr͖	dop	right͗	�oncrete	ďag	seaǁall	to	protect	the	roaĚ	at	
Mosral͕	Malem͖	�oƩom	leŌ͗	�ƵmpeĚ	concrete	rƵďďle	to	aƩempt	to	protect	the	roaĚ	at	Pal͕	Malem͖	�oƩom	right͗	�ccess	roaĚ	constrƵction	throƵgh	the	
mangroǀe	anĚ	along	the	foreshore	at	>eap͕	talƵng͘
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,oǁeǀer͕ 	there	are	also	Ěeǀelopments	anĚ	actiǀities	ǁhich	
are	of	concern	anĚ	not	in	Ŭeeping	ǁith	soƵnĚ	coastal	haǌarĚ	
risŬ	management͘	/n	the	longer	term	these	maǇ	leaĚ	to	malͲ
aĚaptation	anĚ	greater	risŬ	to	Ěeǀelopment	on	Kosrae͘	dhese	
inclƵĚe͗	
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2 Current and foreseeable  
 coastal hazard issues
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2.1 Shoreline change
Kǀer	the	last	centƵrǇ	changes	in	the	position	of	the	shoreline	
aroƵnĚ	Kosrae	shoǁs	consiĚeraďle	ǀariaďilitǇ͘ 	Some	sections	
sƵch	as	along	the	eastern	Malem	coastline	anĚ	at	&infoŬoa	in	
>elƵ	has	resƵlteĚ	in	large	shiŌs	in	the	shoreline	position͕	other	
sections	haǀe	ďeen	relatiǀelǇ	staďle͘	�	sƵmmarǇ	of	the	ŬeǇ	
processes	Ěriǀing	coastal	change	anĚ	ŇooĚing	on	Kosrae	are	
sƵmmariseĚ	in	�ppenĚiǆ	�	anĚ	potential	climate	change	anĚ	
seaͲleǀel	rise	in	�ppenĚiǆ	�͘	there	changes	haǀe	occƵrreĚ	
these	are	ĚƵe	to	ďoth	natƵral	longͲterm	processes	anĚ	the	
eīects	of	hƵman	actiǀities	on	Kosrae s͛	shoreline	anĚ	reef	Ňat	
;Section	ϭ͘Ϯ͘ϭͿ͘	

dhe	most	signiĮcant	longͲterm	coastal	retreat	oǀer	mƵch	of	
the	last	centƵrǇ	has	occƵrreĚ	along	the	eastern	facing	>elƵ	anĚ	
Malem	coastlines͘	do	ƵnĚerstanĚ	ǁhǇ	these	coastal	changes	
are	occƵrring͕	it	is	necessarǇ	to	looŬ	ďacŬ	to	the	enĚ	of	the	
ϭϵth	centƵrǇ͘ 	Kosrae	is	rarelǇ	aīecteĚ	ďǇ	cǇclone	eǀents͕	ǁith	
the	main	tracŬs	locateĚ	to	the	north	anĚ	ǁest	of	the	islanĚ͘	dhe	
last	maũor	cǇclone	ǁas	in	ϭϵϬϱ	ďƵt	it	ǁas	a	cǇclone	in	ϭϴϵϭ	that	
resƵlteĚ	in	a	ďanŬ	of	coral	rƵďďle	ďeing	ĚepositeĚ	on	to	the	
reef	Ňat	along	mƵch	of	the	eastern	coastline͘	/n	places	it	ǁas	so	
high	that	the	ďreaŬing	ǁaǀes	coƵlĚ	not	ďe	seen	;�ƵcŬ͕	ϮϬϬϱͿ͘

dhis	ďanŬ	of	coral	rƵďďle	;&igƵre	ϲͿ	acteĚ	as	a	ďreaŬǁater	
ďlocŬing	a	sƵďstantial	amoƵnt	of	the	inciĚent	ǁaǀe	energǇ	that	
ǁoƵlĚ	haǀe	normallǇ	reacheĚ	the	shoreline͘	dhis	sheltereĚ	
enǀironment	in	the	lee	of	the	rƵďďle	rampart	enaďleĚ	the	
shoreline	to	graĚƵallǇ	ďƵilĚ	oƵt	anĚ	fringing	reef	mangroǀe	
stranĚs	to	Ěeǀelop	at	the	moƵths	of	streams	along	the	Malem	
coast	oǀer	mƵch	of	the	earlǇ	to	miĚͲpart	of	the	last	centƵrǇ͘

Kǀer	the	sƵďseƋƵent	ĚecaĚes	these	rƵďďle	ďanŬs	graĚƵallǇ	
ďroŬe	Ěoǁn	ďƵt	continƵeĚ	to	proǀiĚe	a	sƵďstantial	leǀel	of	
protection	to	the	eastern	shoreline͘	,oǁeǀer͕ 	it	ǁas	in	the	

&igƵre	ϲ͗	 �erial	photograph	of	the	northͲeast	Kosrae	coast	in	ϭϵϰϰ	;leŌͿ	anĚ	the	remnants	of	the	rƵďďle	riĚge	in	ϮϬϭϯ	at	PƵtƵŬte	;rightͿ͘	dhe	rƵďďle	riĚge	
eǆtenĚing	from	&inaƵnpes	all	the	ǁaǇ	Ěoǁn	the	PƵŬƵsrƵŬ	shoreline	to	PƵtƵŬte	can	ďe	clearlǇ	seen	in	ϭϵϰϰ͘	dhe	siǌe	of	the	riĚge	ďetǁeen	&inaƵnpes	anĚ	
&infoŬoa	resƵlteĚ	in	a	ďƵilĚ	oƵt	of	the	shoreline	in	a	ďƵlge	in	the	lee	of	the	riĚge͘	tith	the	ďreaŬĚoǁnͬremoǀal	of	the	rƵďďle	riĚge͕	the	seĚiment	in	this	
ďƵlge	in	the	shoreline	has	ďeen	reĚistriďƵteĚ	along	the	aĚũacent	coastline͘		

ĚecaĚes	aŌer	torlĚ	tar	//	ǁhen	consiĚeraďle	Ěeǀelopment	
commenceĚ͕	inclƵĚing	the	circƵmferential	roaĚ	anĚ	the	
ǁiĚening	of	a	caƵseǁaǇ	to	>elƵ͘	dhese	proũects	ƵtiliseĚ	large	
amoƵnts	of	coral	rƵďďle	soƵrceĚ	from	these	ďanŬs͘	

dhe	remoǀal	of	sƵch	a	large	amoƵnt	of	rƵďďle	from	the	ďanŬs	
ďoth	accelerateĚ	the	ďreaŬĚoǁn	anĚ	shoreǁarĚ	migration	of	
the	remaining	coral	rƵďďle	ďƵt	also	sƵďstantiallǇ	reĚƵceĚ	the	
protection	proǀiĚeĚ	to	the	shoreline͘	dhe	increase	in	ǁaǀe	
energǇ	reaching	the	shoreline	has	sƵďseƋƵentlǇ	resƵlteĚ	in	
a	loss	of	the	fringing	mangroǀes	anĚ	longͲterm	anĚ	onͲgoing	
reaĚũƵstment	of	the	shoreline	along	mƵch	of	the	eastern	
coastline	ǁith	mƵch	higher	rates	of	erosion	than	has	ďeen	
occƵrring	on	anǇ	of	the	other	shorelines	aroƵnĚ	Kosrae͘		

ManǇ	of	these	natƵral	processes	are	to	ďe	eǆpecteĚ	anĚ	are	
ongoing	anĚ	liŬeǁise	the	impacts	of	past	hƵman	actiǀities	in	
the	coastal	ǌone	still	haǀe	an	inŇƵence	on	paƩerns	of	shoreline	
change	anĚ	aĚũƵstment͘	SƵch	changes	are	inĚicatiǀe	of	the	
liŬelǇ	changes	that	ǁill	continƵe	to	occƵr	oǀer	the	foreseeaďle	
fƵtƵre	;&igƵre	ϳͿ͘

dhe	folloǁing	areas	are	consiĚereĚ	to	ďe	ǁhere	coastal	changeͲ
relateĚ	impacts	are	liŬelǇ	to	ďe	most	signiĮcant͕	either	ĚƵe	to	
ongoing	moǀement	of	the	shoreline	anĚͬor	the	proǆimitǇ	of	ŬeǇ	
infrastrƵctƵre	to	the	shoreline͗

Lelu: Finfokoa and Pukushruk
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&igƵre	ϳ͗	 SƵmmarǇ	of	ŬeǇ	locations	anĚ	tǇpes	of	coastal	change	liŬelǇ	to	ďe	eǆperienceĚ	on	Kosrae	oǀer	the	neǆt	one	to	tǁo	generations͘

Malem

Utwe

Tafunsak

Walung
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2.2 Coastal inundation
&looĚing	of	lanĚ	from	the	sea	tenĚs	to	occƵr	episoĚicallǇ	ĚƵe	to	
three	tǇpes	of	eǀents͗	large	sǁell	eǀents͕	tǇphoon	eǀents	anĚ	
high	tiĚe	ŇooĚing͘	

>arge	sǁell	eǀents	;sƵch	as	aīecteĚ	the	dafƵnsaŬ	coastline	in	
�ecemďer	ϮϬϬϴͿ	anĚ	cǇclone	eǀents	;&igƵre	ϴͿͿ	are	eǆtremelǇ	
ĚestrƵctiǀe	ǁhen	theǇ	Ěo	occƵr͕ 	ďƵt	are	relatiǀelǇ	infreƋƵent	
eǀents͘	dhere	is	alǁaǇs	a	chance	that	sƵch	eǀents	ǁill	occƵr	ďƵt	
their	freƋƵencǇ	of	occƵrrence	is	not	liŬelǇ	to	change	noticeaďlǇ	
ĚƵe	to	climate	change͕	at	least	oǀer	the	neǆt	feǁ	generations͘

&looĚing	caƵseĚ	ďǇ	high	tiĚes͕	either	ĚƵe	to	high	tiĚes	alone	or	
ǁhen	ǁaǀes	coinciĚe	ǁith	high	tiĚe	conĚitions	are	most	liŬelǇ	
to	caƵse	signiĮcant	impacts	on	Kosrae s͛	commƵnities	;&igƵre	ϵͿ͘	
there	high	tiĚe	ŇooĚing	occƵrs	at	present͕	sea	leǀel	rise	ǁill	
resƵlt	in	the	freƋƵencǇ	of	sƵch	ŇooĚing	eǀents	increasing͘	&or	
eǆample	ǁithin	one	generation	presentͲĚaǇ	high	tiĚe	ŇooĚing	
ǁill	occƵr	oǀer	foƵr	times	more	freƋƵentlǇ	than	it	Ěoes	toĚaǇ͕ 	
anĚ	ǁithin	tǁo	generations	aďoƵt	ϭϬ	times	more	freƋƵentlǇ	
;see	�ppenĚiǆ	�Ϳ͘	

&igƵre	ϴ͗	 Kǀerǁashing	of	the	roaĚ	in	SoƵth	Malem	ĚƵring	dropical	Storm	
ϯϭt	in	�ecemďer	ϮϬϬϭ	;topͿ	anĚ	at	dafƵnsaŬ	ĚƵring	the	�ecemďer	ϮϬϬϴ	
large	sǁell	eǀent	;ďoƩomͿ͘

&igƵre	ϵ͗	 >oǁͲlǇing	reclaimeĚ	areas	on	>elƵ	/slanĚ	;topͿ	anĚ	htǁe	ǀillage	
;ďoƩomͿ͘		�oth	>elƵ	anĚ	htǁe	ǀillages	haǀe	ďeen	ďƵilt	on	reclaimeĚ	lanĚ	
that	is	close	to	present	ĚaǇ	high	spring	tiĚe	leǀels͘	dhe	freƋƵencǇ	anĚ	
seǀeritǇ	of	highͲtiĚe	ŇooĚing	ǁill	ďe	an	eǀerͲincreasing	issƵe	as	seaͲ
leǀel	rise	continƵes͘	�onstrƵcting	fƵrther	seaǁalls	ǁill	not	preǀent	more	
freƋƵentlǇ	anĚ	seǀere	inƵnĚation	occƵrring	in	the	fƵtƵre͘

dhe	main	locations	;&igƵre	ϭϬͿ	ǁhere	high	tiĚe	leǀels	caƵse	
inƵnĚation	proďlems	to	propertǇ	or	infrastrƵctƵre	tenĚs	to	ďe	
ǁhere	lanĚ	has	ďeen	reclaimeĚ	in	the	harďoƵr	or	mangroǀe	
areas͗

Lelu Island 

Pukusruk

Utwe village

Walung
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Tafunsak

dhere	can	ďe	no	ĚoƵďt	that	ŇooĚing	ǁill	increase	in	these	
ǀƵlneraďle	locations͘	,oǁeǀer͕ 	in	the	longer	term͕	the	potential	
rate	of	seaͲleǀel	rise	toǁarĚ	the	seconĚ	half	of	this	centƵrǇ	

&igƵre	ϭϬ͗	 SƵmmarǇ	of	ŬeǇ	locations	ǁhere	coastal	inƵnĚation	issƵes	ǁill	increase	on	Kosrae	oǀer	the	neǆt	one	to	tǁo	generations͘	

ǁill	resƵlt	in	increasinglǇ	more	freƋƵent	Ěamage	to	mƵch	of	
the	infrastrƵctƵre	anĚ	propertǇ	locateĚ	along	all	parts	of	the	
coastal	stormͬďeach	ďerm	anĚ	reclaimeĚ	areas	;&igƵre	ϯͿ͘	
/t	ǁill	ďe	increasinglǇ	ĚiĸcƵlt	to	maintain	infrastrƵctƵre	anĚ	
resiĚential	propertǇ	locateĚ	in	these	areas	ǁithoƵt	sƵďstantial	
anĚ	continƵoƵs	inǀestment	;for	eǆample	raising	reclaimeĚ	lanĚ	
leǀels	in	>elƵ	anĚ	htǁe	ǀillagesͿ͘		
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ϯ Adaptation foundations
The careful management of the natural coastal 
environment
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dhe	foƵnĚations	for	eīectiǀe	aĚaptation	is	ďƵilt	on	the	carefƵl	
management	of	the	natƵral	coastal	enǀironment͕	anĚ	the	
resoƵrces	foƵnĚ	there͘	dhis	is	the	single	most	important	coastal	
protection	actiǀitǇ	on	Kosrae	anĚ	one	that	is	fƵnĚamental	for	
minimising	the	potential	impacts	of	present	anĚ	fƵtƵre	coastal	
haǌarĚ	impacts͘

�	healthǇ	coastal	enǀironment	on	Kosrae	is	the	most	eīectiǀe	
coastal	Ěefence	aǀailaďle͘	dhis	natƵral	coastal	Ěefence	inclƵĚes	
the	ǁatersheĚs͕	ǁetlanĚs	anĚ	sǁamp	forests͕	mangroǀes͕	
ďeaches͕	reef	Ňat͕	anĚ	the	coral	reef	;&igƵre	ϭϭ	anĚ	daďle	
ϭͿ͘	dhe	eīectiǀeness	of	this	natƵral	coastal	Ěefence͕	anĚ	its	

resilience	to	the	eīects	of	climate	change	anĚ	seaͲleǀel	rise͕	
is	ĚepenĚent	Ƶpon	the	health	of͕ 	anĚ	the	natƵral	interactions	
ďetǁeen͕	each	of	these	enǀironments͘

>imiting	Ěetrimental	hƵman	impacts	on	the	fƵnctioning	
of	this	natƵral	protection	is	essential	to	Kosrae s͛	eīorts	to	
aĚĚress	ďoth	climate	change	anĚ	eǆisting	coastal	haǌarĚs͘	
dhe	mechanisms	for	sƵpporting	this	are	ǁell	ĚeǀelopeĚ	anĚ	
mainstreameĚ	in	Kosrae	throƵgh	the	commƵnitǇ	aǁareness	
actiǀities	of	ďoth	K/RM�	anĚ	Kosrae	�onserǀation	anĚ	SafetǇ	
Krganisation	;K�KSͿ	anĚ	the	Ěeǀelopment	reǀieǁ	process͘

&igƵre	ϭϭ͗	 dhe	ďest	coastal	Ěefence	on	Kosrae͘			�ǁareness	poster	ĚeǀelopeĚ	in	ϭϵϵϵ	ďǇ	the	�eǀelopment	Reǀieǁ	�ommission	;noǁ	K/RM�Ϳ͘	
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daďle	ϭ͗	 �oast	protection	fƵnctions	of	KosraeΖs	natƵral	enǀironment	anĚ	ŬeǇ	impacts	on	this	coast	protection	fƵnction͘	

Environmental feature Key coastal protection functions Key activities on Kosrae that impact on the coastal 
protection function of the natural environment

Coral reef, reef flat 
and seagrass

Beach and backshore

Mangroves

Wetland areas and 
rivers

Catchment 
watersheds



26	 Kosrae	Shoreline	Management	Plan͘	Repositioning	for	resilience

Adaptation foundations

�ontinƵing	the	commƵnitǇ	aǁareness	anĚ	oƵtreach	
actiǀities	conĚƵcteĚ	ďǇ	K/RM�	anĚ	K�KS	is	critical	if	Kosrae s͛	
commƵnities	are	to	reĚƵce	the	ongoing	impacts	of	coastal	
haǌarĚs	on	their	commƵnities	anĚ	responĚ	eīectiǀelǇ	to	the	
longerͲterm	eǆacerďating	impacts	of	climate	change	anĚ	
seaͲleǀel	rise͘	ManǇ	of	the	cƵrrent	coastal	haǌarĚͲrelateĚ	
issƵes	are	in	a	signiĮcant	part	ĚƵe	to	past͕	anĚ	in	some	cases	
ongoing͕	hƵmanͲrelateĚ	actiǀities	that	haǀe	impacteĚ	on	the	
eīectiǀeness	of	the	natƵral	coastal	protection	proǀiĚeĚ	ďǇ	the	
coastal	sǇstem	on	Kosrae͘	

&ƵtƵre	aǁareness	anĚ	oƵtreach	actiǀities	shoƵlĚ	continƵe	
to	focƵs	on	reĚƵcing	anĚ	minimising	hƵman	impacts	on	the	
eīectiǀeness	anĚ	protection	proǀiĚeĚ	ďǇ	the	natƵral	coastal	
Ěefences͗

�n	integral	component	of	this	aǁarenessͬoƵtreach	actiǀitǇ	ǁill	
ďe	to	continƵe	to	strengthen	the	relationship	ǁith	the	,oƵsing	
anĚ	Renoǀation	�iǀision	of	the	�epartment	of	ResoƵrces	anĚ	
�conomic	�eǀelopment͘

Strategy 1: Continued development and 
strengthening of the community awareness 
and outreach activities with a focus on 
an effective natural coastal defence and 
Kosrae-relevant climate change impacts 
and adaptation options.

Strategy 2: Amendment of the KIRMA 
Regulations for Development Projects to 
incorporate climate change considerations 
and strengthening of regulation 
implementation to support successful long-
term risk reduction and adaptation.

dhe	K/RM�	Regulations for Development Projects	are	cƵrrentlǇ	
ďeing	amenĚeĚ	to	reƋƵire	the	Ěesign	anĚ	implementation	of	
pƵďlic	infrastrƵctƵre	sƵch	as	roaĚ	anĚ	ďƵilĚing	to	incorporate	
climate	change	aĚaptation	measƵres	consistent	ǁith	the	&SM	
Eational	�limate	�hange	PolicǇ	of	ϮϬϬϵ͘

&Ƶrther	changes	haǀe	ďeen	sƵggesteĚ	to	strengthen	the	
consiĚeration	of	the	eīects	of	natƵral	change͕	impacts	of	
eǆtreme	ǁeather	anĚ	climate	eǀents͕	anĚ	climate	change	on	a	
proposeĚ	Ěeǀelopment	actiǀitǇ	anĚ	to	ďeƩer	incorporate	risŬͲ
reĚƵction	anĚ	aĚaptation	consiĚerations	in	to	the	Ěeǀelopment	
permiƫng	process͘

/n	strengthening	the	implementation	of	the	Ěeǀelopment	
permit	process	to	contriďƵte	to	sƵstaineĚ	aĚaptation	anĚ	
reĚƵction	of	present	anĚ	fƵtƵre	coastal	haǌarĚ	risŬs	to	Kosrae	
commƵnities	it	is	recommenĚeĚ	that	Ěeǀelopment	proũects	in	
the	folloǁing	locations	ďe	prohiďiteĚ	anĚ	that	anǇ	eǆceptions	
reƋƵire	fƵll	technical	assessment	of	the	risŬs	in	the	folloǁing	
locations͗

dhe	area	coǀereĚ	ďǇ	the	aďoǀe	Ěeǀelopment	restrictions	is	
shoǁn	in	&igƵre	ϭϮ͘	പ
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	&igƵre	ϭϮ͗	>oǁͲlǇing	coastal	areas	ǁhere	restrictions	on	fƵrther	Ěeǀelopment	are	reƋƵireĚ͘	dhe	areas	shoǁn	in	reĚ	are	largelǇ	ďeloǁ	the	ϰ	m	MS>	contoƵr	
ǁhich	is	approǆimatelǇ	Ϯ	m	aďoǀe	present	ĚaǇ	high	spring	tiĚe	leǀel͘	
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4 Repositioning
An adaptation pathway for 

development on <osrae
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4.1 Introduction
/f	Kosrae	is	to	ďƵilĚ	commƵnities	resilient	to	the	fƵtƵre	eīects	
of	climate	change͕	oǀer	the	neǆt	one	to	tǁo	generations	all	neǁ	
Ěeǀelopment	;propertǇ͕ 	infrastrƵctƵreͿ	mƵst	ďe	locateĚ	aǁaǇ	
from	the	narroǁ	coastal	ďerm	anĚ	loǁͲlǇing	areas͘	dhese	areas	
are	alreaĚǇ	ǀƵlneraďle	to	shoreline	change	anĚ	inƵnĚation͕	anĚ	
climate	change	ǁill	caƵse	the	freƋƵencǇ	anĚ	seǀeritǇ	of	sƵch	
impacts	to	eǀer	increase͘

�lso	of	great	importance	ǁill	ďe	a	sƵstaineĚ	eīort	to	encoƵrage	
eǆisting	Ěeǀelopment	anĚ	infrastrƵctƵre	to	ďe	repositioneĚ	

aǁaǇ	from	areas	at	risŬ͘	SƵch	repositioning	Ěoes	not	neeĚ	
to	happen	immeĚiatelǇ	ďƵt	rather	it	can	ďe	conĚƵcteĚ	in	
a	strƵctƵreĚ	ǁaǇ	oǀer	time	as	ďƵilĚings	anĚ	infrastrƵctƵre	
reƋƵire	replacement	or	signiĮcant	ƵpgraĚeĚ	or	renoǀation͘	

�Ǉ	the	ϮϬϱϬs	;Ϯ	generations	timeͿ	Kosrae	neeĚs	to	haǀe	maĚe	
signiĮcant	progress	in	implementing	an	aĚaptation	strategǇ	
that	repositions	the	maũoritǇ	of	eǆisting	critical	infrastrƵctƵre	
anĚ	propertǇ	aǁaǇ	from	the	ďeachͬstorm	ďerm	areas͕	
reclaimeĚ	areas	of	mangroǀe	anĚ	loǁͲlǇing	ǁetlanĚ	sǁamp	to	
slightlǇ	higher	groƵnĚ	aroƵnĚ	the	ďase	of	the	ǀolcanic	part	of	
the	islanĚ	;&igƵre	ϭϯͿ͘	

&igƵre	ϭϯ͗	 Potential	primarǇ	anĚ	seconĚarǇ	sealeĚ	roaĚ	netǁorŬ	on	Kosrae	ďǇ	the	ϮϬϱϬs͘			Eote͗	Parts	of	the	seconĚarǇ	roaĚ	netǁorŬ	;cƵrrent	coastal	
roaĚͿ	maǇ	ďecome	impassaďle	ĚƵe	to	ongoing	shoreline	change	anĚ	ďreaching͘
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4.2 Resilient infrastructure
4.2.1 Strategy overview

dhe	coastal	;paǀeĚͿ	roaĚ	netǁorŬ	is	a	maũor	piece	of	critical	
infrastrƵctƵre	on	Kosrae	proǀiĚing	the	onlǇ	connection	
ďetǁeen	the	main	ǀillages	anĚ	to	the	airport	anĚ	port͘	

MƵch	of	the	coastal	roaĚ	is	locateĚ	on	the	narroǁ	stormͬďeach	
ďerm	ďetǁeen	dafƵnsaŬ	anĚ	htǁe͘	tith	the	eǆception	of	the	
section	aroƵnĚ	dofol	mƵch	of	the	roaĚs	is	at	risŬ	from	shoreline	
change	anĚ	ǁaǀe	oǀerǁash͘	do	Ěate	the	response	to	the	most	
criticallǇ	at	risŬ	sections	has	ďeen	to	ďƵilĚ	seaǁalls͕	tǇpicallǇ	
rocŬ	reǀetments	ǁhich	proǀiĚe	ǀarǇing	Ěegrees	of	protection͘	
�t	present	fƵrther	sections	at	Pal	anĚ	Mosral	are	criticallǇ	
threateneĚ͘	/n	the	forseeaďle	fƵtƵre͕	ďoth	ongoing	coastal	
change	anĚ	the	eǆacerďating	eīects	of	seaͲleǀel	rise	anĚ	
climate	change͕	ǁill	resƵlt	in	fƵrther	sections	of	roaĚ	ďecoming	
increasinglǇ	eǆposeĚ	to	Ěamage	anĚ	ŇooĚing	;for	eǆample͕	at	
zeǁaŬͬPilǇƵƵl	anĚ	PƵŬƵsrƵŬͿ͘	'iǀen	the	eleǀation	of	mƵch	of	
the	eǆisting	coastal	roaĚ	relatiǀe	to	fƵtƵre	sea	leǀels	anĚ	its	
location	on	the	narroǁ	ďeachͬstorm	ďerm	continƵeĚ	reliance	
on	seaǁall	protection	of	all	sections	of	the	present	paǀeĚ	
coastal	roaĚ	ǁill	ďecome	progressiǀelǇ	less	eīectiǀe͕	more	
eǆpensiǀe	anĚ	ǁill	not	ďe	a	sƵstainaďle͘

dhe	roaĚ	netǁorŬ	plaǇs	a	fƵnĚamental	role	in	Ěirecting	ǁhere	
other	infrastrƵctƵre	;Kosrae	htilitǇ	�ƵthoritǇ	anĚ	&SM	delecomͿ	
anĚ	resiĚential	Ěeǀelopment	ďoth	historicallǇ	anĚ	in	the	fƵtƵre	
occƵrs͘	&or	eǆample͕	the	maũoritǇ	of	resiĚential	propertǇ	
ĚeǀelopeĚ	oǀer	the	last	tǁo	to	three	generations	is	locateĚ	
alongsiĚe	the	main	paǀeĚ	sections	of	roaĚ͘	>iŬeǁise	the	poǁer	
ĚistriďƵtion	netǁorŬ	;poǁer	lines	anĚ	polesͿ	rƵns	north	from	
dofol	to	the	airport	anĚ	port	at	KŬat͕	anĚ	to	the	soƵth	to	htǁe	
anĚ	is	locateĚ	neǆt	to	the	roaĚ	Ƶpon	the	narroǁ	ďeachͬstorm	
ďerm͘	�irport	anĚ	port	operations	in	particƵlar	are	eǆtremelǇ	
ǀƵlneraďle	shoƵlĚ	Ěamage	occƵr	to	anǇ	part	of	the	poǁer	
ĚistriďƵtion	sǇstem	ďetǁeen	dofol	anĚ	KŬat	;the	ďacŬͲƵp	roƵte	
ďetǁeen	MƵtƵnnenea	anĚ	Sialat	for	part	of	the	roƵte	is	largelǇ	
in	place	ďƵt	ǁith	a	small	gap	ĚƵe	to	a	lacŬ	of	access	agreement	
ǁith	one	lanĚoǁnerͿ͘		

�Ƶe	to	these	interĚepenĚencies	continƵing	to	maintain	the	
single	main	roaĚ	ďetǁeen	dafƵnsaŬ	anĚ	KŬat	in	its	present	
location	on	the	narroǁ	ďeachͬstorm	ďerm	ǁill	leaǀe	the	
ǁhole	commƵnitǇ	ǀƵlneraďle	to	ďeing	isolateĚ	anĚ	Ƶnaďle	
to	moǀe	ďetǁeen	locationsͬǀillages	anĚ	maŬe	responĚing	to	
emergencies	anĚ	continƵeĚ	Ěeǀelopment	ǀerǇ	ĚiĸcƵlt	if	not	
impossiďle͘	Repositioning	the	roaĚ	to	higher	groƵnĚ	ensƵres	
loǁer	cost͕	all	ǁeather	access	for	the	ǁhole	commƵnitǇ	into	
the	fƵtƵre͘		

Strategy 3: Over the next one to two 
generations the primary coastal road 
network and associated infrastructure 
currently located on the beach/storm berm 
is developed inland away from long-term 
erosion and coastal inundation risk. 

dhe	prioritǇ	focƵs	of	roaĚ	Ěeǀelopment	actiǀities	on	Kosrae	
ƵrgentlǇ	neeĚs	to	change	from	anǇ	fƵrther	eǆtensionͬ
completion	of	the	circƵmferential	roaĚ	ďetǁeen	KŬat	anĚ	
talƵng	to	aĚĚressing	the	cƵrrent	anĚ	potential	ǀƵlneraďilities	
of	the	eǆisting	coastal	roaĚ	particƵlarlǇ	ďetǁeen	htǁe	anĚ	
Malem	;ǁhere	there	is	presentlǇ	a	real	risŬ	of	a	ďreach	
occƵrring	of	the	roaĚͿ	anĚ	from	&inpƵŬal	to	dafƵnsaŬ͘	

Starting	noǁ͕	ďƵt	implementeĚ	oǀer	the	neǆt	Ϯϱ	to	ϱϬ	Ǉears͕	
a	phaseĚ	approach	to	repositioning	the	main	access	roaĚ	
aǁaǇ	from	the	shoreline	to	higher	groƵnĚ	mƵst	ďe	a	prioritǇ͘ 	
dhis	is	ŬeǇ	to	enhancing	the	resilience	of	the	coast	to	the	
eīects	of	fƵtƵre	climate	change͕	reĚƵcing	anĚ	remoǀing	the	
risŬs	to	Kosrae s͛	essential	infrastrƵctƵre͕	anĚ	to	encoƵraging	
anĚ	enaďling	the	relocation	of	resiĚential	properties	anĚ	
commƵnities	ďacŬ	from	areas	at	risŬ	from	present	anĚ	fƵtƵre	
coastal	haǌarĚs͘

dhe	presentͲĚaǇ	practice	;as	seen	in	the	Ěeǀelopment	of	
the	section	ďetǁeen	htǁe	anĚ	talƵngͿ	of	constrƵcting	the	
inlanĚ	roaĚ	aroƵnĚ	the	perimeter	of	the	loǁer	slopes	of	the	
ǀolcanic	part	of	the	islanĚ	anĚ	aďoǀe	the	freshǁater	sǁamp	or	
mangroǀe	areas	proǀiĚes	a	sƵitaďle	longͲterm	response	as	long	
as	leǀels	of	neǁ	anĚ	ƵpgraĚeĚ	inlanĚ	roaĚs	are	at	least	ϲ	feet	;Ϯ	
mͿ	aďoǀe	present	ĚaǇ	high	tiĚe	leǀels	;aďoǀe	the	ϰ	m	contoƵrͿ͘	
dhis	ǁoƵlĚ	ensƵre͗

&Ƶrthermore	ǁith	Kosrae s͛	alreaĚǇ	high	rainfall	amoƵnts	anĚ	
intensities͕	anĚ	ǁith	rainfall	intensities	liŬelǇ	to	increase	in	the	
fƵtƵre	ĚƵe	to	climate	change͗
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/n	the	ĚeǀelopmentͬƵpgraĚe	of	sections	of	inlanĚ	roaĚ	the	
folloǁing	assƵmptions	haǀe	ďeen	maĚe͗

&igƵre	ϭϰ͗	 PrioritǇ	section	of	the	Ěeǀelopment	of	the	inlanĚ	roaĚ	on	Kosrae͘	

/n	aĚĚition	roaĚs	ǁill	cost	someǁhere	in	the	orĚer	of	Ϯ–ϱй	
of	the	constrƵction	cost	on	an	annƵaliǌeĚ	ďasis	to	maintain	
at	their	asͲconstrƵcteĚ	stanĚarĚ	oǀer	their	Ěesign	life	;Katie	
&riĚaǇ͕ 	hS	&orestrǇ	Serǀice͕	Pers	�ommͿ͘

dhe	prioritiǌeĚ	reĚeǀelopment	of	the	coastal	roaĚ	is	
sƵmmariǌeĚ	in	&igƵre	ϭϰ	anĚ	oƵtlineĚ	ďeloǁ͗
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 4.2.2 Priority section 1: Malem to Yeseng to  
 Utwe
hpgraĚing	the	inlanĚ	roaĚ	ďetǁeen	Malem	anĚ	htǁe	is	
consiĚereĚ	the	highest	prioritǇ	ĚƵe	to	the	risŬs	poseĚ	ĚƵe	to	
ǁaǀe	oǀerǁashing	anĚ	potential	ďreaching	of	eǆisting	sections	
at	Pal	anĚ	Mosral͘	dhere	is	a	ǀerǇ	real	present	ĚaǇ	risŬ	that	roaĚ	
access	to	htǁe	coƵlĚ	ďe	cƵt	oī͘	dhe	natƵral	storm	ďerm	to	the	
soƵth	of	Malem	also	tenĚs	to	ďe	loǁer	in	eleǀation	;than	other	
areas	sƵch	as	north	of	Malem	anĚ	the	PƵŬƵsrƵŬ	coastͿ	resƵlting	
in	the	roaĚ	ďeing	more	prone	to	ǁaǀe	oǀerǁashing	ǁhere	it	is	
eǆposeĚ͘

�t	Pal	Ěespite	rocŬ	protection	ďeing	eǆtenĚeĚ	soƵth	from	
Malem	anĚ	fƵrther	concrete	rƵďďle	ďeing	ĚƵmpeĚ	along	
the	most	eǆposeĚ	section͘	�ĚeƋƵate	protection	ǁill	reƋƵire	
a	signiĮcant	inǀestment	to	maintain	this	section	or	roaĚ	in	
a	serǀiceaďle	conĚition	in	the	short	to	meĚiƵm	term	;see	
Section	ϯ͘ϮͿ͘	�t	present	there	is	a	ǀerǇ	real	risŬ	of	the	roaĚ	
ďeing	ďreacheĚ	or	Ěamage	to	the	poǁer	line͕	ǁhich	is	locateĚ	
to	the	seaǁarĚ	eĚge	of	the	roaĚ͘	Kǀer	the	neǆt	Ϯϱ	Ǉears	
fƵrther	sections	of	the	roaĚ	to	the	soƵth	of	Pal	ǁill	ďecome	
progressiǀelǇ	eǆposeĚ	as	the	shoreline	continƵes	to	retreat	
ďacŬ͘		

Section
Upgrade 

existing road 
(m)

New road 
section  

(m)

Total to  
sub-base 

wearing course  
($)

Total to  
Hot Mix Asphalt 

Pavement  
($)

Power line 
upgrade/ 

installation  
($)

TOTAL

�t	Mosral	the	concrete	ďags	that	haǀe	ďeen	placeĚ	along	
the	most	eǆposeĚ	section	to	the	soƵth	of	the	Mosral	Riǀer	
oƵtlet	Ěo	not	oīer	an	aĚeƋƵate	stanĚarĚ	of	protection	anĚ	
there	remains	a	signiĮcant	presentͲĚaǇ	risŬ	of	the	roaĚ	ďeing	
ĚamageĚ͘	dhere	are	alreaĚǇ	signs	that	this	section	of	seaǁall	
is	eǆacerďating	the	rate	of	retreat	of	the	shoreline	immeĚiatelǇ	
to	the	soƵth͘	Kǀer	the	neǆt	Ϯϱ	Ǉears	fƵrther	sections	of	roaĚ	to	
the	soƵth	of	Mosral	to	ǁhere	the	roaĚ	ďenĚs	inlanĚ	at	KƵplƵ͕	
ǁill	ďecome	progressiǀelǇ	eǆposeĚ	as	the	shoreline	continƵes	
to	retreat	ďacŬ͘	dhe	roaĚ	maǇ	also	ďecome	more	eǆposeĚ	to	
the	north	as	ǁell	if	the	tiĚeŇeǆ	oƵtlet	Ěeteriorates	fƵrther͘ 	�t	
present	the	tiĚeŇeǆ	oƵtlet	acts	as	a	groǇne	trapping	graǀel	
ǁhich	is	ďeing	moǀeĚ	soƵthǁarĚ	along	this	section	of	coast͘

ShoƵlĚ	a	seǀere	tǇphoon	aīect	Kosrae	ĚƵring	the	neǆt	Ϯϱ	Ǉears͕	
it	is	liŬelǇ	that	sƵďstantial	sections	of	the	roaĚ	from	Malem	to	
the	soƵth	of	Pal͕	at	Mosral͕	anĚ	from	,iroshi	Point	toǁarĚs	
htǁe	coƵlĚ	eǆperience	sƵďstantial	Ěamage	irrespectiǀe	
of	ǁhether	coastal	Ěefences	are	in	place	or	not͕	fƵrther	
highlighting	the	neeĚ	to	relocate	the	roaĚ	inlanĚ	to	higher	
groƵnĚ͘

/nĚicatiǀe	locations	of	neǁ	anĚ	ƵpgraĚeĚ	inlanĚ	roaĚ	ďetǁeen	
htǁe	anĚ	Malem	are	shoǁn	in	&igƵre	ϭϱ	ǁith	inĚicatiǀe	costs	
in	daďle	Ϯ͘

daďle	Ϯ͗	 /nĚicatiǀe	costs	in	hSΨ	for	inlanĚ	roaĚ	anĚ	associateĚ	infrastrƵctƵre	Ěeǀelopment	ďetǁeen	htǁe	anĚ	Malem͘	�osts	are	shoǁn	for	ƵpgraĚingͬ
Ěeǀeloping	the	inlanĚ	roaĚ	to	ďoth	sƵďͲďase	ǁearing	coƵrse	anĚ	to	hot	miǆ	asphalt	paǀement͘
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4.2.3 Priority section 2: Mutunnenea to  
 Sialat

dhe	section	of	coastal	roaĚ	ďetǁeen	MƵtƵnnenea	anĚ	tiǇa	is	a	
fƵrther	maũor	section	of	coastal	roaĚ	locateĚ	on	a	narroǁ	storm	
ďerm	ďetǁeen	&inpƵŬal	anĚ	&inaƵnpes͕	anĚ	on	the	northern	
coast	a	ǁiĚer	ďeach	ďerm͘	�lso	locateĚ	aĚũacent	to	the	roaĚ	is	
the	onlǇ	poǁer	anĚ	telephone	line	to	dafƵnsaŬ	anĚ	to	the	port	
anĚ	airport͘

�ƵrrentlǇ	the	onlǇ	section	of	roaĚ	at	critical	risŬ	to	ǁaǀe	
oǀerǁash	anĚ	Ěamage	is	at	&inaƵnpes͕	ǁhich	has	ďeen	
protecteĚ	ďǇ	a	ǀarietǇ	of	seaǁalls	cƵlminating	in	the	rocŬ	
reǀetment	installeĚ	in	ϭϵϵϴ͘	�etǁeen	&inaƵnpes	anĚ	Sialat	
the	shoreline	has	generallǇ	ďeen	accreting	oǀer	the	last	feǁ	
ĚecaĚes͘	,oǁeǀer͕ 	seǀere	erosion	ǁas	preǀioƵslǇ	eǆperienceĚ	
from	aroƵnĚ	ϭϵϵϴ	at	the	SanĚǇ	�each	,otel	ĚƵe	to	the	seaǁall	
at	&inaƵnpes͘	dhis	has	noǁ	ďeen	staďiliseĚ	ďǇ	a	ďeach	control	
ďreaŬǁater	anĚ	ďeach	noƵrishment	scheme	ƵnĚertaŬen	in	
ϮϬϬϭͿ͘	dhis	section	of	coast	has	a	ǁiĚe	natƵral	ďƵīer͕ 	althoƵgh	
narroǁing	toǁarĚs	Sialat͕	ǁith	minimal	Ěeǀelopment	ďetǁeen	
the	roaĚ	anĚ	the	shoreline͘	hnless	there	is	a	signiĮcant	change	
in	the	seĚimentarǇ	regime	along	this	section	of	coast	this	
natƵral	ďƵīer	shoƵlĚ	continƵe	to	proǀiĚe	aĚeƋƵate	protection	
to	the	roaĚ͘		

�etǁeen	&infoŬoa	anĚ	PƵtƵŬte	the	roaĚ	is	generallǇ	ǁell	ďacŬ	
from	the	shoreline	at	the	northern	enĚ	ǁith	a	narroǁer	coastal	
ďƵīer	at	the	soƵthern	enĚ͘	thilst	the	shoreline	appears	to	
haǀe	moǀeĚ	liƩle	oǀer	the	last	feǁ	ĚecaĚes	at	PƵtƵŬte͕	the	

proǆimitǇ	of	the	roaĚ	to	the	shoreline	Ěoes	pƵt	it	at	signiĮcant	
risŬ͘	,oǁeǀer͕ 	it	is	north	of	the	Mormon	�hƵrch	ǁhere	oǀer	
the	neǆt	Ϯϱ	Ǉears	coastal	retreat	ǁill	progressiǀelǇ	increase	
eǆposƵre	anĚ	risŬ	of	Ěamage	to	the	roaĚ͘	�nǇ	coastal	Ěefences͕	
Ƶnless	ǀerǇ	carefƵllǇ	ĚesigneĚ͕	on	the	PƵŬƵsrƵŬ	coast	ǁill	
eǆacerďate	erosion	on	aĚũacent	ƵnprotecteĚ	sections͘

&rom	PƵtƵŬte	to	&inpƵŬal͕	the	storm	ďerm	;anĚ	roaĚͿ	is	
loǁer	anĚ͕	Ěespite	ďeing	sheltereĚ	from	the	largest	of	ǁaǀes͕	
oǀerǁashing	of	the	eǆisting	roaĚ	at	high	tiĚes	ǁill	ďecome	
an	increasing	issƵe	as	sea	leǀels	rise͕	irrespectiǀe	of	ǁhether	
fƵrther	coastal	Ěefences	are	ďƵilt͘	

>anĚǁarĚ	of	the	roaĚ	from	&inpƵŬal	to	&inaƵnpes	most	
propertǇ	is	locateĚ	on	reclaimeĚ	lanĚ	ǁithin	the	mangroǀes	
ǁith	liƩle	eleǀation	aďoǀe	high	spring	tiĚe	leǀels͘	�etǁeen	
&inaƵnpes	anĚ	Sialat͕	propertǇ	locateĚ	on	the	loǁͲlǇing	lanĚ	
ďehinĚ	the	ďeach	ďerm	is	prone	to	occasional	inƵnĚation	ǁhen	
large	sǁell	eǀents	from	the	north	oǀerǁash	the	ďerm	;sƵch	
as	occƵrreĚ	in	�ecemďer	ϮϬϬϴͿ͕	or	ĚƵe	to	heaǀǇ	rainfall	anĚ	
ŇooĚing	from	the	ǀarioƵs	streams	that	Ěrain	to	the	coast͘	dhese	
areas	ǁill	increasinglǇ	eǆperience	Ěrainage	issƵes͕	ǁaterlogging	
anĚ	ponĚing	of	ǁater	ĚƵe	to	increasing	rainfall	anĚ	higher	sea	
leǀels͘		

dhe	inlanĚ	roaĚ	ďetǁeen	MƵtƵnnenea	anĚ	Sialat	has	ďeen	
in	place	for	manǇ	Ǉears	;&igƵre	ϭϲͿ͘	/t	ǁas	originallǇ	ďƵilt	
as	a	single	tracŬ	anĚ	ǁhen	maintaineĚ	ǁas	passaďle	in	
most	ǀehicles͘	,oǁeǀer͕ 	oǀer	the	last	feǁ	Ǉears	the	central	
section	has	haĚ	liƩle	maintenance͕	is	noǁ	largelǇ	oǀergroǁn	

&igƵre	ϭϱ͗	 /nĚicatiǀe	inlanĚ	roaĚ	ďetǁeen	htǁe	anĚ	Malem	shoǁing	the	reƋƵirements	of	neǁ	anĚ	ƵpgraĚeĚ	sections	of	roaĚ͘	
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anĚ	onlǇ	passaďle	ǁith	a	large	foƵrͲǁheel	Ěriǀe͘	,oǁeǀer͕ 	
progressiǀelǇ	it	has	encoƵrageĚ	an	increasing	nƵmďer	of	
resiĚential	properties	to	ďe	locateĚ	along	it͕	particƵlarlǇ	at	the	
soƵthern	enĚ͘	hpgraĚing	the	inlanĚ	roaĚ	ǁill	encoƵrage	fƵrther	
Ěeǀelopment	inlanĚ	aǁaǇ	from	the	eǆposeĚ	stormͬďeach	ďerm	
anĚ	loǁͲlǇing	areas	ďetǁeen	&inaƵnpes	anĚ	&inpƵŬal͘	

dhe	alternatiǀe	to	ƵpgraĚing	the	inlanĚ	roaĚ	ďetǁeen	
MƵtƵnnƵenea	anĚ	Sialat	ǁoƵlĚ	ďe	to	Ěeǀelop	the	cross	islanĚ	
roaĚ	ďetǁeen	/nnem	anĚ	KŬat͘	dhis	is	the	preferreĚ	option	for	

daďle	ϯ͗	 /nĚicatiǀe	costs	in	hSΨ	for	inlanĚ	roaĚ	anĚ	associateĚ	infrastrƵctƵre	Ěeǀelopment	ďetǁeen	MƵtƵnnenea	anĚ	Sialat͘	�osts	are	shoǁn	for	
ƵpgraĚingͬĚeǀeloping	the	inlanĚ	roaĚ	to	ďoth	sƵďͲďase	ǁearing	coƵrse	anĚ	to	hot	miǆ	asphalt	paǀement͘

Section
Upgrade 

existing road 
(m)

New road 
section  

(m)

Total to  
sub-base 

wearing course  
($)

Total to  
Hot Mix Asphalt 

Pavement  
($)

Total Power 
line upgrade/ 

installation  
($)

&igƵre	ϭϲ͗	 /nlanĚ	roaĚ	section	ďetǁeen	MƵtƵnnenea	anĚ	Sialat͘	

4.2.4 Priority section 3a: Sialat to Yekula/ 
 Wiya

�etǁeen	Sialat	to	tiǇa	the	roaĚ	is	locateĚ	close	to	the	
shoreline͘	�	nƵmďer	of	streams	Ěischarge	to	the	shoreline	
resƵlting	in	loǁͲlǇing͕	inƵnĚationͲprone	lanĚ	ďehinĚ	the	ďeach	
ďerm͘	�t	present	coastal	inƵnĚation	onlǇ	tenĚs	to	ďe	an	issƵe	
ĚƵring	episoĚic	sǁell	eǀents	;sƵch	as	occƵrreĚ	in	�ecemďer	
ϮϬϬϴͿ	or	ǁhen	high	tiĚes	comďine	ǁith	northerlǇ	ǁaǀes	;the	
loǁ	lǇing	areas	ďehinĚ	the	ďerm	are	also	prone	to	ŇooĚing	
ĚƵe	to	heaǀǇ	rainfall	eǀentsͿ͘	&rom	zeŬƵla	to	tiǇa	the	coastal	
margin	is	higher	in	eleǀation͕	less	prone	to	oǀerǁashing͕	anĚ	
relatiǀelǇ	staďle	ďƵt	it	has	onlǇ	a	narroǁ	ďƵīer	ďetǁeen	the	
shoreline	anĚ	roaĚ͘

dhe	most	eǆposeĚ	section	ďetǁeen	Sialat	anĚ	zeŬƵla͕	opposite	
the	channel	oǀer	the	oƵter	reef͕ 	ǁas	protecteĚ	ďǇ	a	seaǁall	
in	ϭϵϵϵ͘	dhe	ǁall	ǁas	ǁell	constrƵcteĚ	anĚ	sƵcceeĚeĚ	in	
minimiǌing	impacts	on	aĚũacent	sections	of	the	coast	ďƵt	haĚ	
no	crest	protection	resƵlting	in	the	eĚge	of	the	roaĚ	remaining	
prone	to	Ěamage	ĚƵe	to	ǁaǀe	oǀertopping͘	dhe	potential	for	
Ěamage	to	the	roaĚ	along	this	protecteĚ	section	ǁill	increase	
oǀer	time	Ƶnless	some	fƵrther	crest	protection	is	proǀiĚeĚ͘			

Kosrae	htilitǇ	�ƵthoritǇ	to	proǀiĚe	a	seconĚarǇ	poǁer	line	to	
KŬat	harďor	anĚ	airport͘	,oǁeǀer͕ 	the	MƵtƵnnenea	to	Sialat	
option	ǁas	generallǇ	faǀoƵreĚ	ďǇ	all	others	consƵlteĚ͘	Poǁer	
lines	Ěo	eǆtenĚ	Ƶp	the	eǆisting	inlanĚ	roaĚ	from	ďoth	the	
MƵtƵnnenea	anĚ	Sialat	enĚs	ďƵt	Ěo	not	Ǉet	ũoin	ĚƵe	to	local	
lanĚ	oǁnership	issƵes͘



Kosrae	Shoreline	Management	Plan͘	Repositioning	for	resilience	

Repositioning

35

&igƵre	ϭϳ͗	 /nlanĚ	roaĚ	section	ďetǁeen	Sialat	anĚ	zeŬƵla͘	

Section
Upgrade 

existing road 
(m)

New road 
section  

(m)

Total to  
sub-base 

wearing course  
($)

Total to  
Hot Mix Asphalt 

Pavement  
($)

Total Power 
line upgrade/ 

installation  
($)

Sialat to Yekula
 

daďle	ϰ͗	 /nĚicatiǀe	costs	in	hSΨ	for	inlanĚ	roaĚ	anĚ	associateĚ	infrastrƵctƵre	Ěeǀelopment	ďetǁeen	Sialat	anĚ	zeŬƵla͘	�osts	are	shoǁn	for	ƵpgraĚingͬ
Ěeǀeloping	the	inlanĚ	roaĚ	to	ďoth	sƵďͲďase	ǁearing	coƵrse	anĚ	to	hot	miǆ	asphalt	paǀement͘
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4.2.5 Priority section 3b: Malem to Pilyuul

dhe	coastal	roaĚ	throƵgh	Malem	ǀillage	to	the	north	of	the	
Malem	Riǀer	oƵtlet	is	protecteĚ	ďǇ	a	rocŬ	reǀetment	anĚ	ďƵīer	
of	reclaimeĚ	lanĚ͘	dhe	reǀetment	has	ďeen	poorlǇ	constrƵcteĚ	
in	places	anĚ	is	oǀerǁasheĚ	ĚƵring	high	tiĚes͘	,oǁeǀer͕ 	ǁith	
the	eǆception	of	tǇphoon	eǀents͕	the	roaĚ	is	not	presentlǇ	at	
signiĮcant	risŬ͘	do	the	north	of	Malem͕	throƵgh	zeǁaŬ	to	soƵth	
PilǇƵƵl͕	the	shoreline	position	is	relatiǀelǇ	staďle	ďƵt	oǀer	the	
neǆt	one	to	tǁo	generations	is	liŬelǇ	to	see	a	continƵal	sloǁ	
retreat	ǁith	the	roaĚ	ďecoming	progressiǀelǇ	more	eǆposeĚ	
to	coastal	haǌarĚs	;particƵlarlǇ	aroƵnĚ	the	section	of	coast	
opposite	the	shalloǁ	reef	channel	ďetǁeen	zeǁaŬ	anĚ	PilǇƵƵlͿ͘	

�etǁeen	Malem	anĚ	PilǇƵƵl	there	is	a	relatiǀelǇ	high	ĚensitǇ	of	
resiĚential	properties	locateĚ	along	the	coastal	roaĚ	anĚ	Ƶpon	
the	storm	ďerm͕	either͗

�roƵnĚ	PilǇƵƵl	the	ďƵīer	ďetǁeen	the	shoreline	anĚ	roaĚ	
increases	in	ǁiĚth	anĚ	Ěespite	a	sloǁ	rate	of	ongoing	shoreline	
retreat	the	roaĚ	is	less	at	risŬ	oǀer	the	foreseeaďle	fƵtƵre͘	

�s	ǁith	Ěeǀeloping	the	inlanĚ	roaĚ	ďetǁeen	MƵtƵnnenea	anĚ	
Sialat͕	ƵpgraĚing	the	inlanĚ	roaĚ	ďetǁeen	Malem	anĚ	PilǇƵƵl	
ǁill	encoƵrage	fƵrther	Ěeǀelopment	on	higher	groƵnĚ	aǁaǇ	
from	the	narroǁ	storm	ďerm͘	thilst	the	storm	ďerm	Ƶpon	
ǁhich	the	roaĚ	is	locateĚ	is	not	criticallǇ	eǆposeĚ	at	present͕	
parts	of	the	roaĚ	ǁill	progressiǀelǇ	ďecome	more	eǆposeĚ	to	
Ěamage	oǀer	the	neǆt	one	to	tǁo	generations͘	dhe	timing	for	
the	ƵpgraĚe	of	the	inlanĚ	roaĚ	Ěeǀelopment	ǁill	ĚepenĚ	on	the	
ongoing	rate	of	retreat	of	the	section	of	coast	ďetǁeen	zeǁaŬ	
anĚ	soƵthern	PilǇƵƵl͕	particƵlarlǇ	aroƵnĚ	the	location	of	the	
historical	oƵtlet	of	the	PilǇƵƵl	Riǀer͘ 	/t	is	sƵggesteĚ	that	as	soon	

as	the	ďƵīer	ďetǁeen	the	shoreline	ǀegetation	line	reĚƵces	to	
less	than	ϯϬ	feet	;ϭϬ	mͿ͕	planning	anĚ	implementation	for	the	
ƵpgraĚe	of	the	inlanĚ	roaĚ	shoƵlĚ	ďe	prioritiǌeĚ͘	

�s	on	other	sections	of	the	eǆposeĚ	Malem	anĚ	>elƵ	coastline͕	
anǇ	coastal	Ěefences	sƵch	as	seaǁalls	ǁill	tenĚ	to	caƵse	
ĚoǁnĚriŌ	erosion	on	aĚũacent	shoreline	sections	to	the	soƵth	
anĚ	are	not	recommenĚeĚ͘	

 

&igƵre	ϭϴ͗	 /nlanĚ	roaĚ	section	ďetǁeen	Malem	anĚ	PilǇƵƵl͘	

Section
Upgrade 

existing road 
(m)

New road 
section  

(m)

Total to  
sub-base 

wearing course  
($)

Total to  
Hot Mix Asphalt 

Pavement  
($)

Total Power 
line upgrade/ 

installation  
($)

TOTAL

daďle	ϱ͗	 /nĚicatiǀe	costs	in	hSΨ	for	inlanĚ	roaĚ	anĚ	associateĚ	infrastrƵctƵre	Ěeǀelopment	ďetǁeen	Malem	anĚ	PilǇƵƵl͘	�osts	are	shoǁn	for	ƵpgraĚingͬ
Ěeǀeloping	the	inlanĚ	roaĚ	to	ďoth	sƵďͲďase	ǁearing	coƵrse	anĚ	to	hot	miǆ	asphalt	paǀement͘
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4.2.6 Priority section 4: Pilyuul to Tenwak

�etǁeen	PilǇƵƵl	anĚ	denǁaŬ	most	of	the	coastal	roaĚ	is	locateĚ	
on	the	storm	ďerm͘	,oǁeǀer͕ 	along	this	section	there	is	a	
relatiǀelǇ	ǁiĚer	ďƵīer	formeĚ	ďǇ	a	more	recent	storm	riĚge	
;liŬelǇ	createĚ	ĚƵring	the	ϭϴϵϭ	cǇcloneͿ͘	dhis	ďerm	has	not	
Ǉet	migrateĚ	ďacŬ	to	ũoin	the	more	͞permanent͟	storm	ďerm͘	
/n	ďetǁeen	the	PilǇƵƵl	Riǀer	Ňoǁs	northǁarĚs	to	its	oƵtlet	at	
denǁaŬ͘	

Section
Upgrade 

existing road 
(m)

New road 
section  

(m)

Total to  
sub-base 

wearing course  
($)

Total to  
Hot Mix Asphalt 

Pavement  
($)

Total Power 
line upgrade/ 

installation  
($)

Inland: Pilyyul to Tenwak

Access: Tenwak

TOTAL

dhe	neeĚ	for	ƵpgraĚing	this	section	of	the	roaĚ	oǀer	the	
neǆt	one	to	tǁo	generations	ǁill	ĚepenĚ	on	the	paƩern	of	
shoreline	retreat͘	/f	the	storm	riĚge	continƵes	to	retreat	;anĚ	
the	PilǇƵƵl	Riǀer	oƵtlet	ďreaches	fƵrther	soƵthͿ	then	the	neeĚ	
for	repositioning	of	the	roaĚ	to	the	ďase	of	the	ǀolcanic	part	
of	the	islanĚ	maǇ	increase	in	prioritǇ͘ 	�s	ǁith	other	roaĚ	anĚ	
coastal	sections͕	ongoing	monitoring	is	ŬeǇ	to	the	continƵeĚ	
Įne	tƵning	or	priorities	for	roaĚ	relocation͘		

daďle	ϲ͗	 /nĚicatiǀe	costs	in	hSΨ	for	inlanĚ	roaĚ	anĚ	associateĚ	infrastrƵctƵre	Ěeǀelopment	ďetǁeen		PilǇƵƵl	anĚ	denǁaŬ͘	�osts	are	shoǁn	for	ƵpgraĚingͬ
Ěeǀeloping	the	inlanĚ	roaĚ	to	ďoth	sƵďͲďase	ǁearing	coƵrse	anĚ	to	hot	miǆ	asphalt	paǀement͘

&igƵre	ϭϵ͗	 /nlanĚ	roaĚ	section	ďetǁeen	PilǇƵƵl	anĚ	denǁaŬ͘		
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4.2.7 Other road sections

Other sections of coastal road
dhere	are	a	nƵmďer	of	other	sections	of	the	coastal	roaĚ	ǁhere	
the	steep	ǀolcanic	topographǇ	eǆtenĚs	to	the	shore͘	/n	these	
locations	there	is	liƩle	potential	to	relocate	the	roaĚ	fƵrther	
inlanĚ͘	dhese	sections	inclƵĚe͗

Protecting͕	or	ƵpgraĚing	anĚ	continƵing	to	protect	these	
sections	ǁith	coastal	Ěefences	is	the	most	liŬelǇ	option	for	
the	foreseeaďle	fƵtƵre	;Section	ϱͿ͘	�t	MalsƵ	the	roaĚ	anĚ	
sƵrroƵnĚing	lanĚ	is	loǁͲlǇing	as	it	is	the	oƵtlet	of	tǁo	streams͘	
�oth	riǀer	ŇooĚing	anĚ	oǀerǁashing	ĚƵring	high	tiĚes	anĚͬ
or	large	sǁells	ǁill	continƵe	to	ďe	an	issƵe͘	�t	this	location	
hoǁeǀer	there	appears	limiteĚ	option	to	relocate	fƵrther	inlanĚ	
anĚ	a	more	ĚetaileĚ	inǀestigation	of	options	is	reƋƵireĚ͘		

Mutunnenea to Mutunlik
�etǁeen	MƵtƵnnenea͕	throƵgh	dofol	to	MƵtƵnliŬ	the	roaĚ	is	
locateĚ	ǁell	ďacŬ	from	the	harďor	shoreline	anĚ	ƵnliŬelǇ	to	
ďe	signiĮcantlǇ	aīecteĚ	ďǇ	seaͲleǀel	rise	or	coastal	change	
oǀer	the	neǆt	feǁ	generations͘	KnlǇ	ďetǁeen	the	oƵtlet	of	the	
dafƵǇat	Riǀer	anĚ	soƵthern	part	of	MƵtƵnliŬ͕	ǁhere	the	roaĚ	
eleǀation	is	loǁ	is	there	a	neeĚ	for	improǀeĚ	protection	anĚ	
potentiallǇ	raising	the	roaĚ	eleǀation	to	aǀoiĚ	inƵnĚation	ǁhen	
this	ďecomes	a	too	freƋƵentlǇ	occƵrring	issƵe͘	

Utwe to Walung
dhe	section	of	roaĚ	from	htǁe	to	talƵng	is	cƵrrentlǇ	ďeing	
ƵpgraĚeĚ	ǁith	�hinese	'oǀernment	sƵpport͘	dhe	alignment	of	
the	roaĚ	aroƵnĚ	the	eĚge	of	the	loǁer	section	of	the	ǀolcanic	
part	of	the	islanĚ	is	a	gooĚ	eǆample	of	a	roaĚ	that	is	ǁell	
positioneĚ	to	minimiǌe	the	impacts	of	potential	coastal	haǌarĚs	
anĚ	the	fƵtƵre	eīects	of	seaͲleǀel	rise͘	,oǁeǀer͕ 	eǆtenĚing	the	
roaĚ	along	the	coastline	at	talƵng	to	/nsiaf	is	not	ǁell	aĚǀiseĚ	
anĚ	is	not	aligneĚ	to	a	long	term	strategǇ	to	reĚƵce	the	risŬ	of	
Ěamage	to	infrastrƵctƵre	from	coastal	haǌarĚs͘	

Okat to Yela   
dhis	roaĚ	is	cƵrrentlǇ	ďeing	ƵpgraĚeĚ	anĚ	eǆtenĚeĚ	as	part	of	
the	PaciĮc	�Ěaptation	to	�limate	�hange	proũect͘	dhis	inclƵĚes	
͞climate	prooĮng͟	the	cƵlǀert	siǌe	to	accommoĚate	increaseĚ	
intensitǇ	rainfall	anĚ	a	minimƵm	roaĚ	sƵrface	leǀel͘	there	the	
roaĚ	is	locateĚ	ĚirectlǇ	ďehinĚ	the	fringing	mangroǀes	it	ǁill	ďe	
eleǀateĚ	to	a	minimƵm	of	ϯ	feet	aďoǀe	high	spring	tiĚe	leǀel͘

/t	is	sƵggesteĚ	that	Ěeǀeloping	an	alternatiǀe	inlanĚ	roaĚ	
netǁorŬ	as	oƵtlineĚ	anĚ	prioritiseĚ	in	the	earlier	sections	
of	this	ĚocƵment	is	a	mƵch	higher	prioritǇ	than	anǇ	fƵrther	
ƵpgraĚing	or	eǆtension	of	this	section	of	roaĚ͘		

4.2.8 Other infrastructure: Airport and Okat  
 Harbour

Kǀer	the	neǆt	one	to	tǁo	generations	ďoth	the	airport	anĚ	
port	infrastrƵctƵre	are	liŬelǇ	to	cope	ǁith	the	moĚest	increases	
in	seaͲleǀel	rise	anĚ	other	climate	change	eīects	althoƵgh	
maintenance	reƋƵirements	maǇ	increase͘	,oǁeǀer͕ 	as	seaͲleǀel	
rise	continƵes	to	increase	in	to	the	fƵtƵre͕	the	airport	facilitǇ	
anĚ	rƵnǁaǇ	ǁill	ďe	increasinglǇ	impacteĚ	if	improǀements	in	
coastal	Ěefences	are	not	implementeĚ͘	/ncreasing	freƋƵencǇ	
anĚ	magnitƵĚe	of	ǁaǀe	oǀertopping	of	the	present	coastal	
Ěefences	sƵrroƵnĚing	the	rƵnǁaǇ	mƵst	ďe	eǆpecteĚ	anĚ	giǀen	
the	importance	of	this	facilitǇ	continƵeĚ	monitoring	anĚ	a	focƵs	
on	ƵpgraĚing	coastal	protection	;anĚ	in	the	fƵtƵre	potentiallǇ	
rƵnǁaǇ	anĚ	shoƵlĚer	eleǀationsͿ	ǁill	ďe	an	important	prioritǇ	
as	sea	leǀels	rise͘	

4.3 Safe development and 
relocation of existing property

Strategy 4: Ensure new development 
(property, infrastructure) is located away 
from areas at risk from present and future 
coastal hazards. 

Strategy 5: A programme of encouraging 
existing residential property to be relocated 
away from areas at risk from present 
and future hazards as it is replaced or 
renovated. 

Kǀer	time	reĚƵcing	the	nƵmďer	of	resiĚential	properties	
locateĚ	on	lanĚ	that	is	too	loǁ	lǇing	or	too	close	to	the	
shoreline	is	critical	if	Kosrae	is	to	ďƵilĚ	commƵnities	resilient	to	
the	fƵtƵre	eīects	of	coastal	haǌarĚs	anĚ	climate	change͘	

More	eīectiǀe	application	of	the	K/RM�	RegƵlations	for	
�eǀelopment	in	ensƵring	neǁ	properties	are	not	locateĚ	in	
coastalͲhaǌarĚ	prone	areas	is	fƵnĚamental	;see	Section	ϯ	anĚ	
&igƵre	ϭϮͿ͘	dhis	shoƵlĚ	aim	to	aǀoiĚ	fƵtƵre	Ěeǀelopment	in	
locations͗
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Programme Purpose Annual number  
of loans Loan value Loan duration

Housing loan programme

USDA 502

USDA 504

&or	eǆisting	properties	relocation	Ěoes	not	neeĚ	to	happen	
immeĚiatelǇ͕ 	rather	it	maǇ	taŬe	place	in	a	graĚƵal͕	planneĚ	
anĚ	proactiǀe	manner	oǀer	the	neǆt	one	to	tǁo	generations͘	
&or	eǆample	as	homes	are	replaceĚ	or	signiĮcantlǇ	ƵpgraĚeĚ	
these	coƵlĚ	ďe	assisteĚ	to	relocate	to	less	ǀƵlneraďle	areas͘	/t	is	
also	recommenĚeĚ	that	no	fƵrther	aĚ	hoc	coastal	Ěefences	ďe	
permiƩeĚ	to	ďe	ďƵilt	to	protect	eǆisting	propertǇ͘ 	

4.3.1 Incentives for developing in safer 
locations

thilst	the	K/RM�	RegƵlations	for	�eǀelopment	Proũects	
proǀiĚeĚ	a	regƵlatorǇ	mechanism	for	controlling	fƵtƵre	
Ěeǀelopment	of	resiĚential	anĚ	commercial	propertǇ	in	
locations	at	risŬ	from	coastal	haǌarĚs͕	there	is	also	opportƵnitǇ	
for	proǀiĚing	an	incentiǀe	mechanisms	for	achieǀing	eīectiǀe	
aĚaptation͘	

�	sƵďstantial	proportion	of	hoƵsing	reĚeǀelopment	or	
constrƵction	of	neǁ	propertǇ	is	carrieĚ	oƵt	ǁith	Įnancial	
assistance	in	the	form	of	a	loan	from	the	,oƵsing	anĚ	
Renoǀation	�iǀision	of	the	�epartment	of	ResoƵrces	anĚ	
�conomic	�eǀelopment͘	dhe	�iǀision	also	aĚministers	the	tǁo	
hS��	RƵral	�eǀelopment	loan	programmes	;daďle	ϳͿ͘

Strategy 6: Incorporate a grant component 
in to the loan programme to help encourage 
new property to be constructed in areas not 
exposed to coastal, river floor or landslide 
hazards. 

daďle	ϳ͗	 ,oƵsing	loan	programmes	aǀailaďle	on	Kosrae͘

�t	present	all	neǁ	hoƵsing	loans	are	reǀieǁeĚ	ďǇ	a	nƵmďer	
of	'oǀernment	�epartments	inclƵĚing	K/RM�	;�eǀelopment	
Permit	anĚ	�/�	reƋƵirementsͿ͕	,istoric	anĚ	Preserǀation͕	
Sanitation͕	'oǀernor s͛	Kĸce	;lanĚ	Ƶse	rights	anĚ	to	ensƵre	
not	to	ďe	locateĚ	on	'oǀernment	lanĚͿ	anĚ	the	�epartment	of	
ResoƵrces	anĚ	�conomic	�eǀelopment	;ǁho	act	as	trƵstee	anĚ	
ensƵres	the	propertǇ	is	not	locateĚ	aďoǀe	the	:apanese	>ine	or	
ďeloǁ	the	high	ǁater	marŬͿ͘

/ncorporating	a	grant	component	in	to	the	loan	that	Ěoes	not	
neeĚ	to	ďe	paiĚ	ďacŬ	coƵlĚ	proǀiĚe	an	incentiǀe	to	encoƵrage	
people	ǁhen	ďƵilĚing	a	neǁ	hoƵse	to	relocate	fƵrther	inlanĚ	
;assƵming	that	theǇ	oǁn	accessiďle	lanĚ	or	alternatiǀe	lanĚ	
is	maĚe	aǀailaďleͿ͘	'iǀen	the	nƵmďer	of	neǁ	loans	on	Kosrae	
the	total	costs	maǇ	ďe	relatiǀelǇ	moĚest	;of	the	orĚer	of	
ΨϭϬϬŬ–ΨϭϱϬŬ	per	Ǉear	for	an	incentiǀe	of	ΨϮ͕ϬϬϬ–Ψϯ͕ϬϬϬ	per	
loanͿ͘	dhe	potential	for	Ěonors	to	fƵnĚ	the	grant	programme	as	
aĚaptation	sƵpport	to	Kosrae	shoƵlĚ	ďe	eǆploreĚ͘	

Strict	gƵiĚelines	ǁoƵlĚ	neeĚ	to	ďe	ĚeĮneĚ	anĚ	applieĚ	to	
ensƵre	clear	ƵnĚerstanĚing	of	ǁhat	acceptaďle	criteria	for	
recipients	of	the	grant	ǁoƵlĚ	ďe͘	/n	aĚĚition	to	meeting	
all	cƵrrent	State	clearing	hoƵse	reƋƵirements	anĚ	K/RM�	
�eǀelopment	Proũect	RegƵlation	reƋƵirements͕	at	the	ǀerǇ	
minimƵm	it	is	sƵggesteĚ	the	folloǁing	ďe	inclƵĚeĚ͗
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4.3.2 Development of a relocation strategy

thilst	manǇ	families	on	Kosrae	haǀe	access	to	alternatiǀe	lanĚ	
areas	on	the	higher	ǀolcanic	parts	of	the	islanĚ	aǁaǇ	from	the	
coastline͕	there	ǁill	ďe	a	signiĮcant	nƵmďer	of	families	ǁho	Ěo	
not	oǁn	alternatiǀe	safe	lanĚ	for	relocation͘	/t	ǁill	ďe	important	
to	ďegin	commƵnitǇ	ĚiscƵssions	ǁith	a	ǀieǁ	to	Ěeǀeloping	
approaches	on	Kosrae	to	ensƵre	there	are	commƵnitǇ	options	
for	eǀerǇone͘	thilst	this	maǇ	not	ďe	a	signiĮcant	issƵe	oǀer	
the	neǆt	one	to	tǁo	generations	sƵch	ĚiscƵssions	maǇďe	taŬe	

Strategy 7: Commence community and 
state discussions to develop a relocation 
strategy identifying potential approaches to 
support relocation from areas exposed to 
coastal hazards where no alternative land is 
available. 

seǀeral	Ǉears	to	conclƵĚe	anĚ	ǁill	ďe	a	compleǆ	anĚ	sensitiǀe͘	
dherefore	starting	sƵch	consƵltations	noǁ͕	rather	than	ǁaiting	
Ƶntil	the	sitƵation	forces	Ěecisions	to	ďe	maĚe͕	ǁoƵlĚ	proǀiĚe	
certaintǇ	anĚ	secƵritǇ͘ 			

�ǆamples	of	approaches	coƵlĚ	inclƵĚe	lanĚ	sǁaps	ǁith	sƵrplƵs	
'oǀernment	lanĚ͕	opening	Ƶp	small	areas	of	loǁ	graĚient	lanĚ	
aďoǀe	the	:apanese	line	;e͘g͕͘	ďetǁeen	/nnem	anĚ	KŬatͿ͕	or	
Ěeǀelopment	of	a	commƵnitǇ	relocation 
fƵnĚ	to	sƵpport	the 
pƵrchase	of	lanĚ͘
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5 Defending
The future role of coastal defences
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5.1 Introduction
Kn	Kosrae͕	as	in	manǇ	other	places͕	seaǁalls	or	other	forms	
of	constrƵcteĚ	coastal	Ěefences	are	tǇpicallǇ	seen	as	the	
ΗsolƵtionΗ	to	coastal	erosion	anĚ	ŇooĚing	proďlems͘	

hnfortƵnatelǇ	sƵch	approaches͗

&igƵre	ϮϬ͗	 dhe	ĚeǀelopͲĚefenĚͲĚeǀelop	cǇcle͘	Seaǁalls	are	oŌen	ďƵilt	in	response	to	a	storm	eǀent͘	dhis	oŌen	then	leaĚs	to	a	sense	of	secƵritǇ	ǁithin	
the	commƵnitǇ	that	theǇ	are	͞protecteĚ͟	oŌen	leaĚing	to	fƵrther	Ěeǀelopment	on	lanĚ	that	is	either	too	loǁ	lǇing	or	too	close	to	the	shoreline͘	then	a	
fƵrther	storm	occƵrs͕	or	the	coastal	Ěefence	ďreaŬs	Ěoǁn	anĚ	Ěoes	not	proǀiĚe	as	mƵch	protection	as	anticipateĚ	there	is	a	ĚemanĚ	for	ďigger	anĚ	ďeƩer	
Ěefences͘	dhis	ĚeǀelopͲĚefenĚͲĚeǀelop	cǇcle	that	resƵlts	tǇpicallǇ	caƵses	the	haǌarĚ	proďlem	to	ďecome	more	compleǆ	oǀer	time	as	the	root	caƵse	of	the	
proďlem	is	ignoreĚ͕	that	is	that	people	resiĚe	anĚ	infrastrƵctƵre	is	ĚeǀelopeĚ	on	lanĚ	that	is	at	risŬ	from	coastal	haǌarĚs͘

Storm Event
Awareness  

of risk

More coastal 
development

Demand for 
defence

Defence 
works

Community/
individual  

feel secure

there	sƵch	strƵctƵres	ďecome	permanent	featƵres	there	ǁill	
ďe	longerͲterm	impacts	that	ǁill	aīect	the	aďilitǇ	of	KosraeΖs	
coastline	to	natƵrallǇ	responĚ	to	the	longͲterm	eīects	of	seaͲ
leǀel	rise͘	SƵch	aspects	are	rarelǇ	consiĚereĚ	ďƵt	are	important	
if	PaciĮc	/slanĚs	sƵch	as	Kosrae	are	to	sƵccessfƵllǇ	aĚapt	to	
climate	change	eīects͘

&or	eǆample	the	reclaimeĚ	areas	of	>elƵ	/slanĚ	anĚ	htǁe	
ǀillage	are	tǁo	highlǇ	ĚeǀelopeĚ	areas	that	ǁill	face	particƵlar	
challenges	ĚƵe	to	seaͲleǀel	rise͘	dhe	leǀel	of	the	reclaimeĚ	
lanĚ	in	ďoth	ǀillages	is	ďarelǇ	aďoǀe	present	high	;ŬingͿ	spring	
tiĚe	leǀels	ǁith	some	areas	alreaĚǇ	eǆperiencing	freƋƵent	high	
tiĚe	ŇooĚing͘	thilst	ďoth	these	areas	are	protecteĚ	ďǇ	seaǁall	
strƵctƵres͕	these	strƵctƵres	ǁill	not	preǀent	the	eǀer	increasing	
freƋƵencǇ	of	ŇooĚing	of	the	loǁͲlǇing	lanĚ	ďehinĚ	them͘					

&or	reǀetment	anĚ	seaǁall	strƵctƵres	constrƵcteĚ	on	the	open	
sections	of	coast͕	sƵch	as	at	dafƵnsaŬ	anĚ	Malem	ǀillages͕	
seaͲleǀel	rise	ǁill	signiĮcantlǇ	reĚƵce	the	eīectiǀeness	of	these	
Ěefences͕	for	eǆample͗



Kosrae	Shoreline	Management	Plan͘	Repositioning	for	resilience	

Defending

43

Kǀer	the	neǆt	one	to	tǁo	generations͕	the	eīect	of	seaͲ
leǀel	rise	on	the	aďilitǇ	of	eǆisting	Ěefences	to	proǀiĚe	a	
͞satisfactorǇ͟	leǀel	of	protection	is	liŬelǇ	to	ďe	manageaďle	
throƵgh͕	for	eǆample	ƵpgraĚing	the	leǀel	of	protection	of	these	
eǆisting	Ěefences͘	,oǁeǀer͕ 	ďeǇonĚ	this	time	the	magnitƵĚe	
of	seaͲleǀel	rise	is	eǆpecteĚ	to	ďe	too	great	to	enaďle	sƵch	
protection	to	ďe	eīectiǀe	or	aīorĚaďle	other	than	at	locations	
ǁhere	there	are	no	other	management	or	aĚaptation	options͘		

�s	Kosrae	has	ĚiscoǀereĚ͕	aĚeƋƵatelǇ	constrƵcteĚ	coastal	
Ěefences	haǀe	a	high	capital	cost͕	tǇpicallǇ	haǀe	a	high	
maintenance	reƋƵirement͕	anĚ	haǀe	a	limiteĚ	lifespan	at	ďest	
proďaďlǇ	aroƵnĚ	ϮϬ	to	ϯϬ	Ǉears͘	�s	a	longͲterm	approach	theǇ	
are	tǇpicallǇ	a	ǀerǇ	eǆpensiǀe	option͘	�	transition	neeĚs	to	
occƵr	ǁhere	coastal	Ěefences	are	onlǇ	ƵseĚ	ǁhere	there	are	
no	other	cost	eīectiǀe	options	to	reĚƵce	coastal	haǌarĚͲrelateĚ	
risŬ͘

�s	part	of	this	transition͕	ďoth	the	State	anĚ	MƵnicipal	
'oǀernments	on	Kosrae	alreaĚǇ	face	a	consiĚeraďle	fƵtƵre	
Įnancial	commitment	ensƵring	eǆisting	coastal	Ěefences	are	
maintaineĚ	anĚ	ƵpgraĚeĚ͕	to	proǀiĚe	a	satisfactorǇ	leǀel	of	
protection	to	enaďle	longerͲterm	aĚaptation	strategies	to	ďe	
implementeĚ	anĚ	ďefore	anǇ	fƵrther	neǁ	coastal	Ěefences	are	
planneĚ͘

5.1.1 Long-term protection requirements

Strategy 8: A strategic approach is adopted 
for the ongoing provision of coastal 
defences only where it is a sustainable 
long-term option or where a transitional 
approach to protecting areas over the short 
to medium term to enable repositioning 
strategies to be implemented.
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Defending

Location
Approx. 

length of 
protection

Current 
Priority Details

Okat Airport/Port

&igƵre	Ϯϭ͗	 >ocation	of	ǁhere	long	term	anĚ	transitional	coastal	Ěefences	ǁill	ďe	reƋƵireĚ͘

daďle	ϴ͗	 �Ƶrrent	anĚ	forseeaďle	fƵtƵre	reƋƵirements	anĚ	priorities	for	sections	of	coast	reƋƵiring	long	term	coastal	Ěefences͘	

daďle	ϵ͗	 �Ƶrrent	anĚ	foreseeaďle	fƵtƵre	reƋƵirements	anĚ	priorities	for	transitional	coastal	Ěefences͘	
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Okat access road

Headland between 
Malsu and Wiya

Wiya

Lelu Causeway 
(seaward)

Lelu Causeway 
(Harbour-Lelu Island 
to Marine Resources)

Lelu Causeway 
(Harbour-Marine 
Resources to Finpukal)

Tafuyat

Leyot to Mutunlik

5.1.2 Transitional protection requirements
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Defending

daďle	ϵ͗	 �Ƶrrent	anĚ	foreseeaďle	fƵtƵre	reƋƵirements	anĚ	priorities	for	transitional	coastal	Ěefences͘	

Location
Approx. 

length of 
protection

Current 
Priority Details

Tafunsak village

Finfukul

Finaunpes

Pacific Treelodge/
Putuk

North Lelu Island

South Lelu Island

Muntunlik

Malem village (North)
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Location
Approx. 

length of 
protection

Current 
Priority Details

Mali village (Kotfwa)

Pal

Mosral

Utwe village

Walung (Insiaf) 
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ϲ Monitoring adaptation progress
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Monitoring adaptation progress

No. Indicator
Required 
progress 
direction

2013 By 
2050

? ?

2 ? 0

–

? 0

0 –

6

20

0

7 29 0

222
0
0
0
0
0

9 –

0 9

0

– 0

daďle	ϭϬ͗	 SƵmmarǇ	of	inĚicators	as	of	late	ϮϬϭϯ	anĚ	goal	oǀer	the	neǆt	tǁo	generations͘	
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Summary of progress on the recommendations 
made in the Shoreline Management Plan in 2000
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Recommendation Progress Comments

The natural environment
Coral reef and reef flat:

Every effort needs to be directed at continuing to protect the health of Kosrae’s living coral reef 
from land based human impacts. 9 An ongoing issue.

The present practice of not removing coral rubble, shingle and sand from the reef flat be continued 
and that it be regulated if such activity re-commences. 9 Rubble and sediment from the reef flat 

has not been removed.

A full Environmental Impact Assessment is carried out by qualified personnel before any further 
reef flat dredging is permitted. However, it is strongly recommended that no further dredging of any 
part of the fringing reef flat be conducted.  

9 No further dredging (other than at the 
ship repair facility) has taken place.

Stricter regulation, enforcement, training and education aimed at managing and reducing both 
residential and industrial sources of pollution will be vital for the long-term health of Kosrae’s 
living reef biota.

9 No significant suggestion that pollution 
from land-based sources is. 

Beaches and the shoreline:

A long-term source of construction sand needs to be developed to meet Kosrae’s future 
development needs. Existing sand resources in the coastal hinterland are extremely limited and 
increasingly will not meet Kosrae’s construction demands.

û Still a pressing issue.

Sand mining from the beaches of Kosrae needs to be regulated. However, experience from other 
small island developing states suggests that this is likely to only be effective once a suitable long-
term alternative to beach sand is available.

=
Sand mining from beaches has reduced 
considerably due to KIRMA awareness 
effort but still practiced and is still an 
issue.

Vegetation clearing be discouraged for at least 50 m behind the vegetation line at the shoreline. 
Where possible the planting of typical coastal strand vegetation should be encouraged. û Still a pressing issue.

Construction of new coastal defences and land reclamation over the beach be strictly controlled 
and regulated through the Development Review Process. This is particularly important on the 
exposed sections of coastline (i.e., those facing the open ocean). 

û Inappropriate reclamation and coastal 
defences still being constructed.

Mangroves

Mangrove replanting, to provide natural coastal protection to the coastline, is a suitable mechanism 
in the following areas:

Lelu lagoon:- potentially from Mitais, all along the northern coastline of Lelu Island, 
the Causeway and Finpukal.
Lelu Harbour:- Mutunnenea area (south of the bridge).
Tafuyat:- mainly the area where mangroves died off due to the oil spill that occurred 
sometime in the 1980's.

û Some mangrove planting attempted in 
Lelu lagoon but have not established.

The area of mangrove replanting should be at least 50 meters wide. This is approximately the width, 
in a mature mangrove strand, that would effectively dissipate a 1 m high wave. û –

Should a severe storm or typhoon affect the mangrove strands on Kosrae, it is recommended that 
human activity, such as the removal of felled trees, be discouraged from the damaged areas and 
immediate surroundings to allow the damaged area to recover naturally.

9 No typhoons or serious storms have 
affected Kosrae.

From a coastal protection viewpoint, that harvesting of mangrove timber is discouraged from within 
100 m of the outer mangrove fringe and from within 50 m of major channels. 9 No significant suggestion that detrimental 

Mangrove harvesting is occurring .



58	 Kosrae	Shoreline	Management	Plan͘	Repositioning	for	resilience

Appendix A

Recommendation Progress Comments

Wetland areas and rivers

Where it is deemed necessary to develop swamp areas for activities such as agriculture, it is 
recommended that buffer zones of at least 100m be established around rivers and major drainage 
channels and along the coastal edge of the swamp.

û Buffer zones rarely applied.

Further farm roads through wetland swamp areas, particularly between Tenwak and Kuplu, be 
discouraged 9 No further roads appear to be constructed

Future culverts and bridges over natural drainage channels and rivers are of sufficient size to have 
as little influence as possible on the passage of flood flows due to high rainfall events. 9 New guidance being developed and 

implemented as part of PACC project

Development or alteration of artificial river or drainage channels outlets is not recommended and 
should be controlled within the Development Review Permitting Process = No further significant river or drainage 

channel works conducted.

The built environment
Infrastructure:

Building further sea walls or other forms of coastal defences is not a recommended, appropriate 
or affordable option for the long-term protection of most of the existing infrastructure at risk from 
coastal hazards.

û Continued. 

With the current re-negotiation of the Compact Funding, it is recommended that now is an ideal 
opportunity for the Government of Kosrae to consider a program of developing Kosrae’s essential 
infrastructure inland away from such high risk areas. Within the next 10 to 15 years an inland road 
will be required between Utwe and Tenwak, and between Mutunnenea and Yekula or Wiya. Over this 
time, it is recommended that this road be developed as the main road linking the Municipalities

û
No progress on developing inland roads. 
General conditions of existing inland farm 
roads have deteriorated.

It is recommended that the existing practice of constructing the inland road around the perimeter 
of the lower slopes of the volcanic part of the island, above the freshwater swamp areas be 
continued, taking due care to minimize road slopes, run-off, and ensuring adequate culverts are 
installed to minimize changes to drainage patterns and to cope with periods of heavy rainfall.

9
Being applied in the extension of the road 
from Utwe to Walung and the extension 
of the road from Okat as part of the PACC 
project.

In developing the new sections of inland road, priority be given to: 

Extend the inland road between Malem village (Mutacsrisr) and Mosral.

Developing the road behind Sialat and Finfukul to Yekula or Wiya. 

û No progress.

Further development of the circumferential road beyond Okat bridge, towards Walung, be 
constructed around the perimeter of the lower slopes of the volcanic part of the island above 
freshwater swamp areas, taking due care to minimize road slopes, run-off, and ensuring adequate 
culverts are installed to minimize changes to drainage patterns and to cope with periods of heavy 
rainfall.

9 Being incorporated as part of the PACC 
project.

Upgrading and construction of coastal defences is recommended to protect the existing road at 
certain key areas where there is little opportunity to develop further inland. 9

Sea walls have been upgraded or 
constructed at Finfukal, Tafuyat, Leyot/
Mutunlik and Malem.

Residential property

Over the next ten to fifteen years, reducing the number of residential properties constructed or 
located within coastal hazard areas is of the highest priority. û No strategic progress made.
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Recommendation Progress Comments

The Government assist individuals in developing residential property out-with coastal hazard 
risk areas by gradually developing the existing essential infrastructure (roads, electricity, 
telecommunications) along an inland route.

û No progress made.

Where new development and property construction does occur close to the coastline, a general 
set-back zone of at least 100 feet from the vegetation line at the coastline be adopted. û Not applied.

The construction of sea walls or other forms of coastal defence to protect individual property is 
not permitted where there is no existing coastal protection structures. Future construction of  sea 
walls or other forms of low cost coastal defences is not a recommended option for the protection of 
residential property outwith certain locations.

û Ad hoc seawall structures still being built.

Land owners / housebuilders are advised that no hard structures will be permitted in front of newly 
built properties that have been located seaward of the circumferential road. û Not occurring to any great extent.

The DRC continue to work with the Housing Renovation Loan Fund Office (Department of 
Commerce and Industry) and the Rural Development Office (USDA) to minimize the development of 
loan-funded housing within coastal hazard areas.

9 Ongoing as part of the housing loan 
application process.

If it is felt that regulation of residential development is required in coastal hazard areas, above 
the measures that have been incorporated within the Housing Renovation Loan Fund and Rural 
Development processes, it is recommended that changes be made to the Development Review 
Process to include all residential housing.

= Strengthening the Development Review 
regulations is currently being conducted.

Private Sector

Future tourism, and other major commercial development is controlled within the Development 
Review Process. It is recommended that the use of Environmental Impact Assessments be 
continued as a pre-requisite for all major development projects.

9 Generally being applied.

Through the Development Review Process, it is recommended that no commercial development be 
permitted in high risk coastal hazard areas (and certainly not within 100 feet of the coastline or on 
land that could potentially flood). 

û
A number of Laundromats have been 
permitted on reclaimed areas over the 
shoreline 

The risk to develop land with any coastal hazard risk for commercial purposes, must be borne 
by the Developer. It is recommended that, at the project review stage, it is made clear to the 
Developer that the construction of coastal defences will not be permitted during the lifetime of the 
development to protect the development from storm damage or flooding where no coastal defences 
currently exist. 

9 Generally being applied.

It is recommended that the Development Review Process ensures that appropriate technology 
be utilized to ensure that effluent discharge to the fresh water or marine environment from any 
proposed commercial development has minimal detrimental or cumulative impact.

9 Generally being applied.

Coastal defences

The construction of engineered sea walls or other forms of coastal defence, such as breakwaters 
(wave breakers) are not an appropriate coastal management, or cost effective solution, for reducing 
the risks posed by coastal erosion, flooding and storms around much of the coastline of Kosrae.   

û Ad hoc seawall structures still being built 
and viewed as the preferred solution.

Construction or upgrading of coastal defences in locations where such an approach is the most 
effective long-term strategy for the protection of infrastructure or property. = Some upgrading of defences has occurred 

(e.g., at Leyot).
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An overview of coastal 
change on Kosrae
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Types of coastline
Kosrae	has	a	ǀarieĚ	coastline	the	cƵrrent	characteristics	of	
ǁhich	ĚepenĚs	on	the	ǁiĚth	of	the	reef	Ňat	anĚ	the	relatiǀe	
eǆposƵre	to	traĚeǁinĚ	ǁaǀes	anĚ	occasional͕	seǀere͕	storm	
or	tǇphoon	ǁaǀes	;&igƵre	�	ϭͿ͘	dhese	characteristics	haǀe	
also	ĚeĮneĚ	hoǁ	Ěeǀelopment	has	occƵrreĚ͕	hoǁ	ǀƵlneraďle	
parts	of	the	coastline	are	to	inƵnĚation	eǀents͕	anĚ	hoǁ	the	
shoreline	has	changeĚ	anĚ	ǁill	continƵe	to	change	in	the	
fƵtƵre͘	

Beach berm 
dhis	is	a	ĚominantlǇ	sanĚǇ	coast	foƵnĚ	along	the	north	facing	
dafƵnsaŬ	anĚ	talƵng	coastlines	that	are	moĚeratelǇ	eǆposeĚ	
to	traĚeǁinĚͲrelateĚ	ǁaǀes͕	anĚ	along	the	northern	part	of	
>elƵ	>agoon	;ďetǁeen	PƵtƵŬe	to	&inpƵŬalͿ͘	

&igƵre	�	ϭ͗	�asic	shoreline	tǇpes	on	Kosrae͘	

/t	is	characteriseĚ	ďǇ	a	ǁiĚe	reef	Ňat	ǁith	seagrass	ďeĚs͕	
narroǁ	ǁaǀe	ďƵilt	sanĚ	ďerm	Ƶpon	ǁhich	the	coastal	roaĚ	anĚ	
most	Ěeǀelopment	has	occƵrreĚ͕	ǁith	loǁ	lǇing	inĮll	sǁamp	or	
farmlanĚ	ďehinĚ	the	ďerm	to	the	ǀolcanic	part	of	the	islanĚ͘	�t	
talƵng͕	anĚ	ďetǁeen	PƵtƵŬe	anĚ	&inpƵŬal͕	mangroǀe	occƵrs	
ďetǁeen	the	narroǁ	ďeach	ďerm	anĚ	the	ǀolcanic	ƵplanĚs	
;&igƵre	�	ϮͿ͘

dhe	ďeach	seĚiments	along	the	dafƵnsaŬ	anĚ	talƵng	coasts	
are	ĚominateĚ	ďǇ	reefͲŇat	ĚeriǀeĚ	foraminiferal	tests	anĚ	other	
reef	anĚ	reef	Ňat	ĚeriǀeĚ	ďiogenic	fragments	;corals͕	algae͕	
gastropoĚs	anĚ	ďiǀalǀesͿ͘	�each	seĚiment	generateĚ	Ƶpon	the	
reef	Ňat	continƵes	to	ďe	an	important	soƵrce	of	seĚiment	to	
these	ďeach	sǇstems͘

�long	the	north	coast	the	ďeach	ďerm	has	ĚeǀelopeĚ	from	the	
sƵpplǇ	of	ĚominantlǇ	reefͲŇat	ĚeriǀeĚ	seĚiments͕	a	traĚeͲǁinĚ	
ǁaǀe	inĚƵceĚ	net	longshore	transport	of	ďeach	seĚiment	
to	the	ǁest͕	anĚ	the	shape	of	the	oƵter	fringing	reef͕ 	ǁhich	
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&igƵre	�	Ϯ͗	dǇpical	crossͲsections	for	the	coastline	at	talƵng	;topͿ͕	dafƵnsaŬ	ǀillage	;miĚĚleͿ	anĚ	ďetǁeen	zeŬƵla	anĚ	/nŬoeǇa	;ďoƩomͿ͘	

&igƵre	�	ϯ͗	KeǇ	seĚiment	soƵrces͕	longshore	transport	processes͕	anĚ	seĚiment	losses	along	the	dafƵnsaŬ	shoreline͘	
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inŇƵences	the	ǁaǇ	ǁaǀes	propagate	to	the	shoreline	oǀer	the	
reef	;&igƵre	�	ϯ	to	&igƵre	�	ϱͿ d͘he	eleǀation	of	the	ďeach	ďerm	
is	also	stronglǇ	relateĚ	to	ǁaǀe	eǆposƵre	anĚ	tenĚs	to	ďe	higher	
along	the	dafƵnsaŬ	coastline	anĚ	relatiǀelǇ	loǁer	at	talƵng	anĚ	
the	northern	part	of	>elƵ	>agoon͘	

KeǇ	coastal	process	featƵres	along	the	dafƵnsaŬ	coastline	
inclƵĚe͗

Primary sediment sources are from the sediments 
generated over the wide reef flat areas along this north-
facing coast and transported by waves onshore. Sediment 
is also generated and trapped within the extensive 
seagrass beds occurring along the inner to mid-part of the 
reef flat. This raises the level over the reef flat and helps 
stabilise the shoreline from wave-induced change.
Another important source of sediment to this coastline is 
from longshore transport from the Finaunpes region as the 
large salient that built up at Finaunpes due to protection 
provided by past banks of coral rubble on the outer reef flat 
has retreated landward (see coastal change figures later 
in this Appendix). This has resulted in a general build-up of 
land from Inkoyea to Sialat over at least the last fifty years.

At Finfukal the shape of the outer reef and shallow channel 
influence the way waves approach this part of the shoreline 
causing beach sediment to be moved away from the beach 
at Finfukal (drift divide). This has resulted in ongoing 
retreat of this short section of coast requiring a rock 
armour revetment to protect the road.
At Wiya and Finfokoa the position of the coastline has 
moved little when comparing the position of the coast 
between 1944 and the present (see section below). 
Occasional cut down of the beach does occur during large 
wave events, particularly at Finfokoa with the issue along 
both these areas being the proximity of the coastal road 
right on top of the beach crest, rather than any retreat of 
the shoreline.
The dredge pits at Tafunsak have been, and may well 
continue to be a sink of both beach and reef flat sediments. 
The net westerly longshore transport of beach sediment 
means that downdrift erosion problems (such as occurred 
at Sandy Beach and to a lesser extent at the western end 
of the Tafunsak seawall) are likely where poorly considered 
seawalls or reclamation is conducted.     

&igƵre	�	ϰ͗	KeǇ	seĚiment	soƵrces͕	longshore	transport	processes͕	anĚ	seĚiment	losses	along	the	talƵng	shoreline͘	
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KeǇ	coastal	process	featƵres	along	the	talƵng	coastline	
inclƵĚe͗

Again the reef flat will have been the primary sediment 
sources for sediments forming the beach berm between 
Insiaf and Koasr, and for the beach at Mwot which is 
separated by a rock headland. However, due to the 
relatively much more sheltered wave environment, 
present day sediment movements from the reef flat to the 
shoreline are likely to be relatively modest.
Between Insiaf and Leap, this lack of sediment entering 
the beach system is one of the causes for the erosion 
occurring along this section. However, this has been 
significantly exacerbated by two activities: 1) the cutting 

&igƵre	�	ϱ͗	KeǇ	seĚiment	soƵrces͕	longshore	transport	processes͕	anĚ	seĚiment	losses	along	the	PƵtƵŬte	to	&inpƵŬal	shoreline͘	

of the drainage channel at Leap in the 1970s, and 2) 
the removal of sediment from the beach for building 
construction.
Between Leap and the entrance to the channel between 
Koasr and Saoksa the position of the shoreline between 
1944 and the present day has been relatively stable (see 
Section below), with some slight changes at the mouth 
of Infal Panyea and on the eastern flank of the Utwe-
Walung channel entrance both associated with the general 
westerly longshore transport of beach sediment.  
The net westerly longshore transport of beach sediment 
means that downdrift erosion problems are likely where 
poorly considered seawalls or reclamation is conducted. 
This occurred at Leap after the opening of the channel 
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and construction of the seawall in the 1970s (Xue, 1996) 
and would have occurred with the construction of the 
new seawall associated with the road extension at Insiaf. 
However the western end of the seawall was terminated 
at a large Ituc tree (Calophyllum inophyllum) the roots 
of which have extended over the beach over many years 
acting as a groyne which has held the position of the 
shoreline to the east but resulted in downdrift erosion to 
the west of the tree.

KeǇ	coastal	process	featƵres	along	the	PƵtƵŬte	to	&inpƵŬal	
coastline	inclƵĚe͗

Historically, the majority of sediment that has formed the 
beach berm between Putukte and the Mutunnenea channel 
will be have been transported southwards along the 
Pukusruk shoreline into the northern part of Lelu lagoon. 
However, present day transport of beach sediment from 
the Pukusruk shoreline is now extremely low.
The effect of mangroves in trapping sediment and building 

&igƵre	�	ϲ͗	dǇpical	crossͲsections	for	the	coastline	at	PƵŬƵsrƵŬ	;topͿ͕	Malem	;miĚĚleͿ	anĚ	Mosral	;ďoƩomͿ͘	

up the beach can be seen along the central section of the 
shoreline.
Changes in position of the shoreline between 1944 and 
the present day has shown relatively little movement (see 
Section below). At Putukte the cut back of the beach, 
resulting in the concrete mattress protection in from to the 
Treelodge Hotel is typically where there is a net south-
westerly net movement of sediment towards Finpukal but 
with little new sediment being transported around the 
corner from the Pukusruk shoreline. 

Storm berm
MƵch	of	the	east	anĚ	soƵth	coastline	on	Kosrae	has	ďeen	
ďƵilt	ďǇ	storm	anĚ	tǇphoon	eǀents	oǀer	manǇ	Ǉears͘	dhe	east	
coast	is	characteriseĚ	ďǇ	relatiǀelǇ	narroǁ	fringing	reef͕ 	a	
narroǁ	storm	ďerm	Ƶpon	ǁhich	the	coastal	roaĚ	anĚ	most	
Ěeǀelopment	has	occƵrreĚ͕	ǁith	areas	of	loǁ	lǇing	inĮll	sǁamp͕	
farmlanĚ	or	lagoon	mangroǀe͕	ďehinĚ	the	ďerm	to	the	ǀolcanic	
part	of	the	islanĚ	;&igƵre	�	ϲ	anĚ	&igƵre	�	ϳͿ͘
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dhe	storm	ďerm	proďaďlǇ	ďegan	to	form	some	ϮϱϬϬ	to	ϯϬϬϬ	
Ǉears	ďefore	present	ǁhen	the	postͲglacial	rate	of	sea	leǀel	rise	
sloǁeĚ	anĚ	relatiǀe	sea	leǀel	reacheĚ	its	present	leǀel	;there	is	
liƩle	eǀiĚence	of	seaͲleǀel	high	stanĚ	anĚ	sƵďseƋƵent	fall	in	sea	
leǀel	at	this	time	on	KosraeͿ͘	�long	the	eastern	facing	>elƵ	anĚ	
Malem	eǆposeĚ	coastline͕	this	storm	ďerm	ǁill	haǀe	formeĚ	
ĚƵe	to	manǇ	stormͬtǇphoon	eǀents	Ěepositing	coral	rƵďďle	
anĚ	seĚiment	on	the	reef	Ňat͘	Kǀer	time	ǁaǀe	action	moǀes	
this	coral	rƵďďle	anĚ	seĚiment	lanĚǁarĚs	ǁhich	͞feeĚs͟	anĚ	

ďƵilĚs	Ƶp	the	storm	ďerm	;&igƵre	�	ϴͿ͘	dhe	height	of	the	storm	
ďerm	is	also	closelǇ	relateĚ	to	the	inciĚent	ǁaǀe	conĚitions	
eǆperienceĚ	along	the	shoreline͘	

Kn	the	leeǁarĚ	soƵth	coast	from	KƵplƵ	all	the	ǁaǇ	to	SaoŬsa	
in	talƵng	the	storm	ďerm	ǁill	haǀe	formeĚ	from	mƵch	more	
infreƋƵent	ďƵt	seǀere	tǇphoon	eǀents	ǁhich	resƵlts	in	larger	
ďlocŬs	of	coral	ďeing	ĚepositeĚ	;as	can	ďe	seen	along	the	
coastline	at	KƵplƵͿ͘	�t	KƵplƵ͕	there	are	a	nƵmďer	of	historic	

&igƵre	�	ϳ͗	>ocation	of	the	storm	ďerm	along	the	Malem	coast͘	
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&igƵre	�	ϴ͗	�asic	process	forming	the	storm	ďerm	along	the	eastern	facing	>elƵ	anĚ	Malem	shorelines	anĚ	soƵthern	coastline	of	htǁe͘	

storm	ďerms	eǀiĚent	;ǁhich	haǀe	formeĚ	the	laŬe	at	/nfƵlƵ	
KƵplƵͿ	ďƵt	ďetǁeen	hǁte	Ma	anĚ	SaoŬsa	the	storm	ďerm	is	
narroǁ	anĚ	formeĚ	close	to	the	eĚge	of	the	reef	;reŇecting	the	
generallǇ	milĚ	ǁaǀe	climate	ǁith	the	ǀerǇ	occasional	storm	or	
tǇphoon	eǀentͿ͘				

do	ƵnĚerstanĚ	ǁhǇ	coastal	changes	are	occƵrring͕	particƵlarlǇ	
along	the	eastern	facing	>elƵ	anĚ	Malem	shorelines͕	it	is	
necessarǇ	to	looŬ	ďacŬ	to	the	enĚ	of	the	ϭϵth	centƵrǇ͘ 	Kosrae	is	
rarelǇ	aīecteĚ	ďǇ	cǇclone	eǀents͕	ǁith	the	main	tracŬs	locateĚ	
to	the	north	anĚ	ǁest	of	the	islanĚ	;see	�ppenĚiǆ	�Ϳ͘	dhe	last	
maũor	cǇclone	ǁas	in	ϭϵϬϱ	ďƵt	it	ǁas	a	cǇclone	in	ϭϴϵϭ	that	
resƵlteĚ	in	a	ďanŬ	of	coral	rƵďďle	ďeing	ĚepositeĚ	on	to	the	
reef	Ňat	along	mƵch	of	the	eastern	coastline͘	/n	places	it	ǁas	so	
high	that	the	ďreaŬing	ǁaǀes	coƵlĚ	not	ďe	seen͘

dhis	ďanŬ	of	coral	rƵďďle	acteĚ	as	a	ďreaŬǁater	ďlocŬing	
a	sƵďstantial	amoƵnt	of	the	inciĚent	ǁaǀe	energǇ	that	
ǁoƵlĚ	haǀe	normallǇ	reacheĚ	the	shoreline͘	dhis	sheltereĚ	
enǀironment	in	the	lee	of	the	rƵďďle	rampart	enaďleĚ	the	
shoreline	to	graĚƵallǇ	ďƵilĚ	oƵt	anĚ	fringing	reef	mangroǀe	
stranĚs	to	Ěeǀelop	at	the	moƵths	of	streams	oǀer	mƵch	of	
the	earlǇ	to	miĚͲpart	of	the	last	centƵrǇ͘ 	Kǀer	the	sƵďseƋƵent	
ĚecaĚes	these	rƵďďle	ďanŬs	graĚƵallǇ	ďroŬe	Ěoǁn	ďƵt	
continƵeĚ	to	proǀiĚe	a	sƵďstantial	leǀel	of	protection	to	the	
eastern	shoreline	;&igƵre	�	ϵͿ͘	

,oǁeǀer͕ 	it	ǁas	in	the	ĚecaĚes	aŌer	torlĚ	tar	//	ǁhen	
consiĚeraďle	Ěeǀelopment	commenceĚ͕	inclƵĚing	the	
circƵmferential	roaĚ͕	anĚ	the	ǁiĚening	of	a	caƵseǁaǇ͘ 	dhese	
proũects	ƵtiliseĚ	large	amoƵnts	of	coral	rƵďďle	soƵrceĚ	from	
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Along the Pukusruk coast there are a couple of small, 
very shallow channels through the outer reef (Figure B 
10). These may be locations in the past where part of the 
Mutunnenea channel drained through and are locations 
where some beach/reef flat sediment will be lost offshore.
Changes in position of the shoreline between 1944 and 
the present day has shown relatively little movement (see 
Section below) for much of the Pukusruk shoreline south 
of Finfokoa. The most notable retreat is occurring at the 
locations of the two shallow channels which may allow 
greater wave energy to reach the shoreline.

�long	the	Malem	coastline	;&igƵre	�	ϭϭͿ͗

The net southerly longshore transport can be observed 
by the build-up of beach sediment to the north of the old 
Japanese blockhouse and subsequent downdrift erosion 

&igƵre	�	ϵ͗	�erial	photograph	of	the	northͲeast	Kosrae	coast	in	ϭϵϰϰ	;topͿ	
anĚ	the	remnants	of	the	rƵďďle	riĚge	in	ϮϬϭϯ	at	PƵtƵŬte	;ďoƩomͿ͘	dhe	
rƵďďle	riĚge	eǆtenĚing	from	&inaƵnpes	all	the	ǁaǇ	Ěoǁn	the	PƵŬƵsrƵŬ	
shoreline	to	PƵtƵŬte	can	ďe	clearlǇ	seen	in	ϭϵϰϰ͘	dhe	siǌe	of	the	riĚge	
ďetǁeen	&inaƵnpes	anĚ	&infoŬoa	resƵlteĚ	in	a	ďƵilĚ	oƵt	of	the	shoreline	in	
a	ďƵlge	in	the	lee	of	the	riĚge͘	tith	the	ďreaŬĚoǁnͬremoǀal	of	the	rƵďďle	
riĚge͕	the	seĚiment	in	this	ďƵlge	in	the	shoreline	has	ďeen	reĚistriďƵteĚ	
along	the	aĚũacent	coastline	;see	shoreline	position	comparisons	in	the	
section	ďeloǁͿ͘			

these	ďanŬs͘	dhe	remoǀal	of	sƵch	a	large	amoƵnt	of	rƵďďle	
from	the	ďanŬs	ďoth	accelerateĚ	the	ďreaŬĚoǁn	anĚ	shoreǁarĚ	
migration	of	the	remaining	coral	rƵďďle	ďƵt	also	sƵďstantiallǇ	
reĚƵceĚ	the	protection	proǀiĚeĚ	to	the	shoreline͘	dhe	increase	
in	ǁaǀe	energǇ	reaching	the	shoreline	has	sƵďseƋƵentlǇ	
resƵlteĚ	in	a	loss	of	the	fringing	mangroǀes	along	the	Malem	
coastline	anĚ	longͲterm	anĚ	onͲgoing	reaĚũƵstment	of	the	
shoreline	along	mƵch	of	the	eastern	coastline	ǁith	mƵch	higher	
rates	of	erosion	than	has	ďeen	occƵrring	on	anǇ	of	the	other	
shorelines	aroƵnĚ	Kosrae͘		

dhe	traĚeǁinĚs	anĚ	resƵlting	ǁaǀes	also	resƵlt	in	coral	rƵďďle	
anĚ	ďeach	seĚiments	ďeing	moǀeĚ	in	a	net	soƵthǁarĚs	
Ěirection	along	mƵch	of	the	east	coast͘	�long	the	PƵŬƵsrƵŬ	
coast	;&igƵre	�	ϭϬͿ͗

Sediment tends to move away from the Finfokoa area 
moved alongshore both to the north and to the south. 
However, the rate of longshore transport, particularly to the 
south will be presently relatively small.

&igƵre	�	ϭϬ͗		KeǇ	seĚiment	soƵrces͕	longshore	transport	processes͕	anĚ	
seĚiment	losses	along	the	PƵŬƵsrƵŬ	shoreline͘	
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to the south at the house of Chris Collin’s in Pilyuul and 
similarly at the position of the Tideflex outlet at the Mosral 
River mouth.
The increased wave energy reaching the shoreline and 
resulting southward longshore transport also result the 
mouths of some of the smaller rivers being blocked. 

&igƵre	�	ϭϭ͗		KeǇ	seĚiment	soƵrces͕	longshore	transport	processes͕	anĚ	seĚiment	losses	along	the	Malem	shoreline͘	

The reef flat channels at Malem, and Pilyuul are locations 
where beach / reef flat sediment will be lost offshore. 
The locations of these channels are also where erosion 
problems tended to most significant, notably at Malem. 
However, continued retreat of the shoreline at Pilyuul will 
increasingly expose the road. 
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The Kuplu area has been an area of sediment deposition 
with some significant changes apparent between 1944 and 
the present day (see section below) including the closing of 
the eastern outlet of Infulu Kuplu.

�long	the	soƵth	coast͕	from	KƵplƵ	to	htǁe͕	seĚiment	tenĚs	to	
ďe	moǀeĚ	ǁestǁarĚs͘	,oǁeǀer͕ 	Ěeposits	of	large	coral	ďoƵlĚers	
on	the	reef	Ňat	tenĚs	to	create	a	series	of	heaĚlanĚs	anĚ	ďaǇs	
ǁith	the	shoreline	rotateĚ	to	face	the	inciĚent	ǁaǀe	Ěirection	
anĚ	longshore	transport	rate	is	liŬelǇ	to	ďe	loǁ͘			

Mangrove coastlines
Mangroǀes	onlǇ	proǀiĚe	coastal	protection	along	relatiǀelǇ	
sheltereĚ	coastlines͕	i͘e͕͘	those	that	eǆperience	loǁ	ǁaǀe	
energǇ͘ 	Mangroǀe	areas	on	Kosrae	proǀiĚe	Ěirect	coastal	
protection	for	aďoƵt	ϮϮй	of	the	coastline	anĚ	are	also	an	
important	component	of	the	oǀerall	natƵral	coastal	Ěefences	
ǁhere	theǇ	are	locateĚ	in	ďacŬ	lagoon	seƫngs	;ďƵt	Ěo	not	
proǀiĚe	Ěirect	coastal	protection	to	ocean	ǁaǀesͿ d͘here	are	
three	ďasic	mangroǀe	seƫngs	;&igƵre	�	ϭϮͿ	on	Kosrae͗

Reef flat mangroves: The mangroves along the coastline 
between Tafunsak and Mwot is the only significant strand 
that provides protection on a reef flat location, albeit one 
that is relatively sheltered from typical tradewind wave 
conditions.

Harbour mangroves: Located around the fringes of Okat, 
Lelu and Utwe where some ocean wave energy can be 
experienced but predominantly local wind-waves generated 
within the harbours.
Lagoon mangroves located behind storm or beach berms, 
for example Mutunnenea, between Utwe and Mosral and 
between Utwe Ma to Walung which are largely sheltered 
from any wave action.      

dhe	eīectiǀeness	of	mangroǀes	in	proǀiĚing	shoreline	
protection	is	highlǇ	conteǆt	speciĮc͕	ĚepenĚing	on	the	
geomorphologǇ	of	the	area	anĚ	the	freƋƵencǇ	anĚ	magnitƵĚe	
of	storm	eǀents	that	haǀe	the	potential	to	caƵse	shoreline	
change͕	the	ǁiĚth͕	age͕	ĚensitǇ	anĚ	strƵctƵre	of	the	mangroǀe	
strand.  

dhe	narroǁ	stranĚs	of	mangroǀes	that	preǀioƵslǇ	occƵrreĚ	
on	the	oƵter	coastlines͕	sƵch	as	along	the	Malem	coastline͕	
proǀiĚeĚ	liƩle	eīectiǀe	coastal	protection	from	ǁaǀe	anĚ	storm	
conĚitions͘	Mangroǀes	onlǇ	ĚeǀelopeĚ	along	coastlines	sƵch	as	
Malem͕	ĚƵe	to	the	protection	from	ǁaǀes	proǀiĚeĚ	ďǇ	the	coral	
rƵďďle	ďanŬs	that	ǁere	preǀioƵslǇ	locateĚ	on	the	oƵter	part	of	
the	reef	Ňat͘	dhe	loss	of	mangroǀes	from	these	more	eǆposeĚ	
coastlines	is	relateĚ	to	the	loss	of	the	rƵďďle	ďanŬs	anĚ	has	not	
ďeen	a	Ěominant	caƵse	of	the	erosion	along	these	sections	of	
coastline͘

&igƵre	�	ϭϮ͗		KeǇ	mangroǀe	seƫngs	on	Kosrae͘			dop	leŌ͗	reef	Ňat	mangroǀes	ďetǁeen	KŬat	anĚ	zela͖	�oƩom	leŌ͗	&ringing	harďoƵr	mangroǀes	in	>elƵ	
,arďoƵr	at	dofol͖	Right͗	�acŬ	lagoon	mangroǀes	ďetǁeen	Eefalil	anĚ	htǁe	Ma͘
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Modified or man-made coastlines
�	sƵďstantial	amoƵnt	of	Kosrae s͛	Ěeǀelopment	anĚ	
infrastrƵctƵre	is	locateĚ	on	lanĚ	that	has	ďeen	moĚiĮeĚ	ďǇ	
reclamation	or	engineereĚ	strƵctƵres͗

Reclaimed areas upon which development is located, for 
example the main part of Lelu village on Lelu Island, the 
area upon which Utwe village is located and the airport and 
port infrastructure at Okat. 
Seawall or revetment structures built to protect land or 
development, such as at Tafunsak and Malem.

�ll	these	moĚiĮeĚ	areas	tenĚ	to	ďe	fronteĚ	ďǇ	form	of	
engineering	strƵctƵres	resƵlting	in	natƵral	coastal	change	
limiteĚ͕	eǆcept	ǁhere	sƵch	strƵctƵres	haǀe	ďeen	poorlǇ	ďƵilt	or	
maintaineĚ͘	/f	a	seǀere	tǇphoon	or	storm	ǁere	to	occƵr	manǇ	
of	these	Ěefences	ǁoƵlĚ	not	proǀiĚe	aĚeƋƵate	protection	anĚ	
signiĮcant	ǁaǀe	oǀertopping	Ěamage	ǁoƵlĚ	ďe	eǆpecteĚ͘	dhe	
most	signiĮcant	changes	are	ǁhere	poorlǇ	ĚesigneĚ	strƵctƵres	
haǀe	eǆacerďateĚ	erosion	on	aĚũacent	sections	of	coastline͕	for	
eǆample	at	SanĚǇ	�each	,otel	in	the	ϭϵϴϬs	anĚ	ϭϵϵϬs͘	

Assessment of coastal change 
between 1944 and 2011
Introduction
�n	assessment	of	the	change	in	shoreline	position	ďetǁeen	
aerial	photographs	collecteĚ	in	ϭϵϰϰ	anĚ	a	YƵicŬďirĚ	high	
resolƵtion	satellite	image	collecteĚ	in	ϮϬϭϮ͘	�Ōer	an	initial	
assessment	of	the	resolƵtion	of	the	scanneĚ	ϭϵϰϰ	aerial	images	
it	ǁas	ĚeciĚeĚ	that	these	ǁoƵlĚ	neeĚ	to	ďe	scanneĚ	at	a	higher	
resolƵtion͘	�opies	of	the	original	prints	are	helĚ	at	the	hS	
&orestrǇ	Serǀice	/nstitƵte	of	dropical	&orestrǇ	in	,ilo͕	,aǁaii	
ǁith	rescanning	of	the	prints	at	ϭϮϬϬ	Ěpi	ŬinĚlǇ	conĚƵcteĚ	ďǇ	
Mr	dhomas	�ole͘	

�	total	of	Ϯϭ	of	the	ϭϵϰϰ	scanneĚ	aerial	images	ǁere	
georeferenceĚ	anĚ	rectiĮeĚ	against	the	ϮϬϭϮ	satellite	image	
Ƶsing	�rĚas	/magine	ϮϬϭϯ	soŌǁare͘	&or	each	scanneĚ	print	
oǀer	one	hƵnĚreĚ	matching	control	points	ďetǁeen	the	ϭϵϰϰ	
image	anĚ	the	ϮϬϭϮ	satellite	image	ǁere	iĚentiĮeĚ	anĚ	ƵseĚ	to	
rectifǇ	the	ϭϵϰϰ	aerial	photographs͘	dhe	process	ǁas	repeateĚ	
Ƶntil	error	ǁas	reĚƵceĚ	to	the	minimƵm	possiďle	hoǁeǀer	this	
ǀarieĚ	ĚepenĚing	on	the	ƋƵalitǇ	of	imagerǇ͕ 	cloƵĚ	coǀer	anĚ	
reliaďilitǇ	of	control	points͘	

Knce	all	images	haĚ	ďeen	rectiĮeĚ	the	shoreline	;terrestrial	
ǀegetation	line͕	not	mangroǀesͿ	ǁas	ĚigitiseĚ	for	ďoth	the	ϭϵϰϰ	
anĚ	ϮϬϭϮ	images	anĚ	the	shorelines	compareĚ͘	dhe	ƋƵalitǇ	of	
the	ϭϵϰϰ	imagerǇ	ǁas	not	sƵĸcient	to	assess	ƋƵantitatiǀelǇ	
shoreline	positional	change	ďƵt	general	gross	paƩerns	of	
change	ǁere	reliaďlǇ	oďserǀeĚ͘

dhe	&igƵres	ďeloǁ	shoǁ	the	general	shoreline	changes	
ďetǁeen	ϭϵϰϰ	anĚ	ϮϬϭϮ	aroƵnĚ	coastline	of	Kosrae͗	

The image on the left shows the rectified 1944 aerial image 
with the digitised 2012 shoreline (red line). Where:
− The red line is seaward of the shoreline shown in the 

1944 aerial image, the coastline has built out (accreted) 
between 1944 and 2012.

− The red line is landward of the shoreline shown in the 
1944 aerial image, the coastline has eroded between 
1944 and 2012. 

The right hand image shows the 2012 satellite image with 
the 1944 digitised shoreline (orange line). Where:
− The orange line is seaward of the shoreline shown in the 

2012 satellite image, the coastline has eroded between 
1944 and 2012.

− The orange line is landward of the shoreline shown 
in the 2012 satellite image, the coastline has built out 
(accreted) between 1944 and 2012.
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Lelu: Finfokoa to Finpukal 
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Lelu: Lelu Island and Tofol
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Lelu: Tafuyat to Pilyuul



Kosrae	Shoreline	Management	Plan͘	Repositioning	for	resilience	

Appendix B

75

Malem: Yewak to Yeseng
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Malem: Mosral to Kuplu
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Utwe: Kuplu to Utwe Ma
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Utwe: Utwe Ma to Tukunsru
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Walung: Tukunsru to Mwot
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Tafunsak: Okat
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Tafunsak: Tafunsak to Finaunpes
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An overview of coastal 

inundation of <osrae
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&looĚing	of	lanĚ	from	the	sea	on	Kosrae	tenĚs	to	occƵr	
episoĚicallǇ	ĚƵe	to	three	tǇpes	of	eǀent͕	daďle	�	ϭ͘	&Ƶrther	
information	on	seaͲleǀel	components͕	ǀariaďilitǇ	anĚ	change	on	
Kosrae	are	proǀiĚeĚ	in	�ppenĚiǆ	�͘

daďle	�	ϭ͗	 �Ƶrrent	anĚ	foreseeaďle	fƵtƵre	reƋƵirements	anĚ	priorities	for	
transitional	coastal	Ěefences͘	

Inundation event Indicative frequency of occurrence

Higher than normal 
high tide levels. 

Large swell waves 
caused by distant 
storms in the north 
Pacific.

Typhoon events that 
track close to Kosrae.

High (King) tides
&looĚing	of	lanĚ	on	Kosrae	most	commonlǇ	occƵrs	ĚƵe	to	
higher	than	normal	high	tiĚe	leǀels͕	or	high	tiĚes	occƵrring	at	
the	same	time	as	moĚerate	to	large	ǁaǀe	conĚitions͘	tith	the	
eǆception	of	storm	or	tǇphoonͲrelateĚ	ŇooĚing	eǀents	;see	
neǆt	sectionsͿ	ǁhich	are	rare	on	Kosrae͕	coastal	ŇooĚing	tenĚs	
to	most	commonlǇ	occƵr͗

dhis	is	ďecaƵse	high	ǁater	leǀels͕	anĚ	hence	inƵnĚation	
eǆperienceĚ	aroƵnĚ	Kosrae͕	tenĚ	to	occƵr	ǁhen	a	nƵmďer	of	
components	comďine͗

,ence	ǁhen	larger	tiĚes͕	comďine	ǁith	>a	Eina	conĚitions	anĚ	
north	easterlǇ	traĚe	ǁinĚs͕	as	occƵrreĚ	aroƵnĚ	�ecemďerͬ
:anƵarǇ	ϭϵϵϵͬϮϬϬϬ	;&igƵre	�	ϭͿ	anĚ	Eoǀemďer	ϮϬϬϳ	to	
&eďrƵarǇ	ϮϬϬϴ͕	higher	seaͲleǀels	occƵr	anĚ	inƵnĚation	anĚ	
coastal	Ěamage	is	more	liŬelǇ͘

&igƵre	�	ϭ͗	,igh	tiĚe	leǀels	at	>elƵ	ĚƵring	�ecemďer	ϭϵϵϵ	;leŌͿ	anĚ	htǁe	
ĚƵring	�ecemďer	ϮϬϭϬ	;rightͿ͘	

dhe	main	locations	ǁhere	high	tiĚes	alone	caƵse	inƵnĚation	
proďlems	to	propertǇ	or	infrastrƵctƵre	tenĚs	to	ďe	ǁhere	
lanĚ	has	ďeen	reclaimeĚ	in	the	harďoƵr	areas	or	ǁithin	the	
mangroǀes	sheltereĚ	from	ǁaǀes͗

Lelu Island

Pukusruk

Utwe village

Walung

Tafunsak
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Kn	the	open͕	generallǇ	easternͲfacing͕	coastlines	of	>elƵ	anĚ	
Malem	MƵnicipalities͕	high	tiĚes	anĚ	traĚeǁinĚ	generateĚ	
ǁaǀes	comďine	to	caƵse	oǀerǁashing	of	the	coastal	ďerm͘	dhis	
is	ǁhere	larger	ǁaǀes	reach	the	shoreline	ĚƵe	to	Ěeeper	ǁater	
Ěepths	oǀer	the	reef	Ňat͕	rƵnͲƵp	the	ďeach	or	seaǁall	anĚ	
oǀerǁash	the	coastal	ďerm	ďehinĚ	the	ďeach͘

dhe	height	of	the	coastal	ďerm	along	this	eastern	coast	is	
generallǇ	relateĚ	to	the	height	of	ǁaǀes	eǆperienceĚ	along	it͗

/t	is	on	the	freƋƵencǇ	anĚ	magnitƵĚe	of	highͲtiĚe	relateĚ	
ŇooĚing	that	seaͲleǀel	rise	ǁill	haǀe	the	most	signiĮcant	
impact͘	

Inundation from swell wave 
events
dhe	coastal	ŇooĚing	that	aīecteĚ	the	northern	coastline	
;dafƵnsaŬ͕	talƵng	anĚ	parts	of	the	>elƵ	coastlineͿ	of	Kosrae	
ĚƵring	the	ϴ	anĚ	ϵ	of	�ecemďer	ϮϬϬϴ	;&igƵre	�	ϯͿ	ǁas	ĚƵe	
to	large	sǁell	ǁaǀes	generateĚ	ďǇ	a	seǀere	storm	far	to	the	
north	of	Kosrae	͘	dhe	inƵnĚation	eǆtent	along	the	dafƵnsaŬ	
coastline	is	shoǁn	in	&igƵre	�	ϰ	ǁhich	shoǁs	some	particƵlar	
characteristics͗

&igƵre	�	Ϯ͗	taǀe	oǀerǁashing	at	&ƵŬrin	in	Malem	ĚƵring	&eďrƵarǇ	ϮϬϬϬ	
;leŌͿ	anĚ	high	tiĚe	ǁaǀe	oǀertopping	of	the	seaǁall	at	Malem	ǀillage	
ĚƵring	�ecemďer	ϮϬϭϬͿ͘	

&igƵre	�	ϯ͗	�eďris	from	oǀerǁashing	of	the	seaǁall	at	dafƵnsaŬ	;leŌͿ	anĚ	at	
MalsƵ	;rightͿ	ĚƵring	the	sǁell	eǀent	of	ϴͲϵ	�ecemďer	ϮϬϬϴ͘	
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dhese	large	sǁell	eǀents͕	ĚƵe	to	particƵlar	storm	conĚitions	
ǁell	north	of	Kosrae͕	appear	to	happen	infreƋƵentlǇ	anĚ	
generallǇ	impact	on	the	northern	coastline	;talƵng͕	dafƵnsaŬ	
anĚ	to	a	lesser	eǆtent	the	PƵŬƵsrƵŬ	coast	of	>elƵͿ͘	Knoǁn	
eǀents	inclƵĚe͗

1979

1969:

&igƵre	�	ϰ͗	�ǆtent	of	inƵnĚation	along	the	dafƵnsaŬ	coastline	ĚƵring	the	sǁell	eǀent	of	ϴͲϵ	�ecemďer	ϮϬϬϴ͘	/nƵnĚation	eǆtent	information	coƵrtesǇ	of	
K/RM�͘	

1961:

Typhoons
�espite	no	tǇphoon	ĚirectlǇ	aīecting	Kosrae	since	ϭϵϬϱ͕	there	
is	a	ǀerǇ	real	risŬ	that	shoƵlĚ	a	tǇphoon	or	seǀere	tropical	storm	
tracŬ	close	to	Kosrae͕	catastrophic	Ěamage	ǁoƵlĚ	occƵr͘ 	

Year Details

1780? 

1835/37?

1874 15 March

1891
3–4 March

1900?

1905 19–23 April

1986 19 May

1992
5 January

2001 17 December

daďle	�	Ϯ͗	 SƵmmarǇ	of	past	cǇclones	eǆperienceĚ	on	Kosrae͘	
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ManǇ	of	the	tǇphoons	that	aīect	'Ƶam	anĚ	the	ǁestern	
&SM	islanĚs	originate	in	the	region	aroƵnĚ	Kosrae	as	tropical	
Ěepressions	anĚ	tropical	storms͕	Ěeǀeloping	into	fƵll	tǇphoons	
fƵrther	to	the	ǁest	anĚ	north͘	dǇphoons	tenĚ	to	occƵr	
ďetǁeen	:Ƶne	anĚ	Eoǀemďer	anĚ	are	more	liŬelǇ	to	tracŬ	
closer	to	Kosrae	ĚƵring	�l	EiŹo	phases͘	

thilst	strong	ǁinĚs	are	liŬelǇ	to	caƵse	most	of	the	Ěamage͕	
higher	sea	leǀels	ĚƵe	to	storm	sƵrge	;onlǇ	if	the	cǇclone	tracŬs	
close	or	ĚirectlǇ	oǀer	KosraeͿ͕	anĚ	large	ǁaǀes	;ǁhich	also	
increases	the	ǁater	leǀel	at	the	shoreline	ĚƵe	to	ǁaǀe	setͲƵp	
on	the	fringing	reefͿ	ǁoƵlĚ	caƵse	signiĮcant	ǁaǀe	oǀerǁashing	
anĚ	inƵnĚation	of	the	immeĚiate	coastal	margins͘	/nƵnĚation	
ǁoƵlĚ	also	ďe	eǆacerďateĚ	ďǇ	heaǀǇ	rainfall	ǁhich	ǁoƵlĚ	caƵse	
ŇooĚing	of	loǁͲlǇing	sǁamp	anĚ	agricƵltƵral	areas͘

dhe	location	anĚ	seǀeritǇ	of	ǁaǀe	oǀerǁashing͕	inƵnĚation	anĚ	
resƵlting	Ěamage	ĚepenĚs	on	the	tracŬ	of	the	tǇphoon	relatiǀe	
to	Kosrae͘	dǇpicallǇ	tǇphoons	tracŬ	in	a	ǁesterlǇ	Ěirection	anĚ	
are	more	liŬelǇ	to	occƵr	to	the	north	of	Kosrae͘

പ

Typhoon track 
(westerly movement) Areas most likely to be inundated

North of Kosrae

South of Kosrae

Directly over Kosrae

daďle	�	ϯ͗	 'eneral	cǇclone	tracŬs	anĚ	resƵlting	areas	on	Kosrae	most	liŬelǇ	to	ďe	aīecteĚ	ďǇ	inƵnĚation͘	

sirtƵallǇ	eǀerǇone	on	Kosrae	liǀes	on	lanĚ	that	is	less	than	ϰ	m	
;ϭϮ	feetͿ	aďoǀe	mean	sea	leǀel͘	�ll	of	this	lanĚ	is	at	ǀerǇ	high	
risŬ	from	the	impacts	of	a	tǇphoon	ǁith	there	ďeing	potential	
for	signiĮcant	loss	of	life	anĚ	ĚestrƵction	of	a	high	percentage	
of	resiĚential	propertǇ	from	the	eīects	of	ǁinĚ	anĚ	storm	
sƵrge	anĚ	ǁaǀes͘

dhe	areas	potentiallǇ	at	greatest	risŬ	are	those	parts	of	the	
coastline	fronteĚ	ďǇ	a	narroǁ	reef	ǁith	loǁͲlǇing	sǁamp	lanĚ	
ďehinĚ	a	narroǁ	strip	of	coastline͕	sƵch	as͗

&Ƶrthermore͕	all	of	Kosrae s͛	infrastrƵctƵre	;roaĚs͕	ƵtilitiesͿ	are	
locateĚ	on	loǁ	lanĚ	close	to	the	coastline͘	/f	a	tǇphoon	ǁere	to	
ĚirectlǇ	aīect	Kosrae	there	ǁoƵlĚ	ďe	signiĮcant	Ěamage	to	the	
roaĚ͕	ĚisrƵption	to	traĸc	ďetǁeen	ǀillages͕	anĚ	loss	of	mƵch	
poǁer	anĚ	telecommƵnication	infrastrƵctƵre͘	�ǆisting	coastal	
Ěefences	ǁill	not	protect	the	coastline͕	or	the	lanĚ͕	propertǇ	
anĚ	infrastrƵctƵre	ďehinĚ͕	from	the	eīects	of	high	ǁater	leǀels	
anĚ	ǁaǀes	caƵseĚ	ďǇ	a	tǇphoon͘

�	tǇphoon	or	seǀere	storm	coƵlĚ	also	ĚestroǇ	mƵch	of	the	
matƵre	mangroǀe	areas	sƵch	as	those	at	KŬat	anĚ	zela	anĚ	
haǀe	a	short	term	impact	on	the	coral	reef͘ 	,oǁeǀer͕ 	tǇphoon	
eǀents	are	also	a	ǀital	natƵral	process	in	limiting	longͲterm	
coastal	erosion	ďǇ	reͲsƵpplǇing	sanĚ͕	coďďles	anĚ	coral	rƵďďle	
to	the	reef	Ňat	anĚ	coastline	from	the	coral	reef͘
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Appendix D
Climate change and sea-level rise
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Background

What influences sea levels around Kosrae?

The astronomical tide  

The 2 to 5 year El Niño Southern Oscillation (ENSO) 
cycle: 

Decadal/Inter-decal Pacific Oscillation: 

&igƵre	�	ϭ͗	MeasƵreĚ	sea	leǀels	ǁithin	>elƵ	,arďoƵr	ďetǁeen	ϮϬ	Eoǀemďer	ϮϬϭϭ	to	ϮϬ	Eoǀemďer	ϮϬϭϮ͘		
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&igƵre	�	Ϯ͗	Mean	seaͲleǀel	ŇƵctƵations	ďetǁeen	ϭϵϵϮ	anĚ	ϮϬϭϮ	for	Kosrae	shoǁing	eīects	of	�l	Eino	anĚ	>a	Eina	perioĚs	on	sea	leǀels͘	Sea	leǀel	
anomalies	measƵreĚ	ďǇ	satellite	anĚ	ĚoǁnloaĚeĚ	from	hƩp͗ͬͬsealeǀel͘coloraĚo͘eĚƵͬcontentͬinteractiǀeͲseaͲleǀelͲtimeͲseriesͲǁiǌarĚ͘

&igƵre	�	ϯ͗	Percentage	eǆceeĚence	in	mean	leǀel	of	the	sea	ŇƵctƵation	for	Pohnpei	anĚ	the	Marshall	/slanĚs͘	
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Storm surge: 

Wave setup: 

Sea-level rise: 

How much have sea levels risen around 
Kosrae?

“it is virtually certain that the rate of global mean sea level rise 
has accelerated during the last two centuries. It is very likely 
that the mean rate was 1.7 [1.5 to 1.9] mm per year between 
1901 and 2010 for a total sea level rise of 0.19 [0.17 to 0.21] m. 
Between 1993 and 2010, the rate was very likely higher at 3.2 
[2.8 to 3.6] mm per year; similarly high rates likely occurred 
between 1930 and 1950. It is likely that global mean sea level 
has accelerated since the early 1900s, with estimates ranging 
from 0.000 to 0.013.”

&igƵre	�	ϰ͗	'loďal	ĚistriďƵtion	of	the	rate	of	aďsolƵte	seaͲleǀel	rise	ďetǁeen	Kctoďer	ϭϵϵϮ	anĚ	�pril	ϮϬϭϯ	as	measƵreĚ	ďǇ	satellite	altimeter	Ěata͘	SoƵrce͗	
http://www.aviso.oceanobs.com/en/applications/ocean/mean-sea-level-greenhouse-effect/regional-trends.html.
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Island Period of record Rate of sea level rise (mm/year)

Pohnpei

Marshall Islands

Nauru

Is storm surge increasing?

Are king tides becoming more frequent?

daďle	�	ϭ͗	 Relatiǀe	seaͲleǀel	rise	rates	on	sƵrroƵnĚing	islanĚs	to	Kosrae	from	the	S��&R�M�	tiĚe	gaƵge	netǁorŬ͘	SoƵrce͗	hƩp͗ͬͬǁǁǁ͘ďom͘goǀ͘ aƵͬntcͬ
/�KϲϬϭϬϭͬ/�KϲϬϭϬϭ͘ϮϬϭϮϬϲ͘pĚf͘

How much sea level rise will occur in the 
future?
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&igƵre	�	ϱ͗	�ďsolƵte	mean	leǀel	of	the	sea	measƵreĚ	at	Kosrae	ďǇ	satellite	ďetǁeen	ϭϵϵϮ	anĚ	ϮϬϭϯ	anĚ	the	range	in	/P��	�Rϰ	sea	leǀel	proũections	oƵt	to	
ϮϭϬϬ͘	�ll	leǀels	are	relatiǀe	to	Kosrae	ǀertical	ĚatƵm	ďaseĚ	on	a	comparison	ďetǁeen	mean	leǀel	of	the	seas	from	satellite	anĚ	the	Kosrae	tiĚe	gaƵge	at	
>elƵ	ďetǁeen	Eoǀemďer	ϮϬϭϭ	to	Eoǀemďer	ϮϬϭϮ͘	dhe	sea	leǀel	proũections	haǀe	ďeen	aĚũƵsteĚ	to	ϮϬϬϬͲϮϬϬϵ	aǀerage͘

How much sea level rise should we allow 
for when planning development and 
infrastructure?
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Timeframe/Design life Generational timeframe Sea level rise (m) Sea-level rise (feet)

2030s

2050s

2070s

2090s

How much more frequently will present-day 
high tide levels occur in the future?

daďle	�	Ϯ͗	 SƵggesteĚ	relatiǀe	seaͲleǀel	rise	alloǁances	relatiǀe	to	the	present	ĚaǇ	for	Ěeǀelopment	planning	anĚ	infrastrƵctƵre	Ěesign͘	dhe	present	ĚaǇ	is	
assƵmeĚ	to	ďe	the	ϮϬϬϬ–ϮϬϬϵ	aǀerage͘	
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&igƵre	�	ϲ͗	,igh	tiĚe	eǆceeĚence	cƵrǀes	for	the	present	ĚaǇ	anĚ	for	the	ϮϬϯϬs͕	ϮϬϱϬs͕	ϮϬϳϬs	anĚ	ϮϬϵϬs͘	

&igƵre	�	ϳ͗	,igh	tiĚe	eǆceeĚence	cƵrǀes	for	the	present	ĚaǇ	anĚ	for	the	ϮϬϯϬs͕	ϮϬϱϬs͕	ϮϬϳϬs	anĚ	ϮϬϵϬs	relatiǀe	to	the	leǀel	of	the	roaĚ	at	dafƵǇat͘	
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What effects will climate change have on 
other factors influencing coastal hazards?  

How will sea-level rise affect overwashing of 
land and seawalls?

How will sea-level rise affect low-lying 
swamp or farm land areas between the 
coastal berm and the volcanic part of the 
island?
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