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Preface

This document reports on “Global Warming and the Pacific Islands”, and is the output from
the Islands Forum-International Symposium that was held at Kagoshima University on 4th
February 2006, organized by the Kagoshima University Research Center for the Pacific Islands.
The symposium was held to examine the important problems caused by global warming in the
Pacific Islands, and to assess the present situation. This symposium was sponsored by Japan
Consortium for Area Studies and supported by the Japan Society of Island Studies, Japanese
Society for Oceanic Studies, the Pacific Society, Kagoshima Prefecture Government and
Citizen's Alliance for Saving the Atmosphere and the Earth.

Global warming has become a serious issue on a global scale and caused various impacts
on the environment such as unusual climate and rising sea level. Greenhouse gases which cause
global warming are emitted by developed countries but the Pacific Islands hardly emits any at
all. These islands are therefore ‘victims’ of foreign greenhouse gas emissions. Japan is ranked
high in the list of greenhouse gas emitters. For that reason, we have to work to reduce emissions
and exercise our leadership in the international scene, especially considering that we held the
presidency of Kyoto Conference on the Prevention of Global Warming (COP3) in the past.

It has been determined that one region where global warming will soon have huge influ-
ences is the Pacific Islands. Across these islands, the erosion and loss of land has already been
reported and some inhabitants from low-lying atoll nations have been forced to move to the other
countries, such New Zealand, posing problems for community-based identities in the adopted
homes. The sustainability of natural environments, socioeconomic systems, and developing na-
tions' wellbeing are becoming serious issues. This document contains the contents discussed in
the lectures presented during the symposium.

Editors MORIWAKI Hiroshi and KAwaArl Kei

March 2007
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Holocene Sea-level Change in Eastern Polynesia, the South Pacific in the
Light of Change in Coastal Environment Associated with Global Warming

MoRIwAKI Hiroshi
Physical Geography section, Faculty of Law, Economics and Humanities,
Kagoshima University

Abstract

Holocene sea-level changes have been mainly discussed in the light of two points of view:
whether eustatic highstand of sea level existed or not, and whether eustatic sea level has fluctu-
ated or not. While extensive regional differences of sea-level heights, which have ever been elu-
cidated, can be geophisically interpreted, various factors are responsible for local sea level
heights. Hydro-isostasy, volcanic loading, tectonic movements and sea-temperature change etc.
are considered to be responsible for the Holocene highstands and sea-level fall, which have been
extensively recognized in the southern Cook islands. Studies on Holocene sea-level change pro-
vide fundamental data to discuss sea-level rise associated with global warming and its influence
on coastal environments and people.

1. I3IU®IC

gbooobooobooboboooboooboobooobooboobooboobon
gooobgooob, boogboobobboobooboobobbooboooboobo
O00 (OO 1978)0 0O0D0O0O0o0DOO00oDO0oo0ooOoooOO0oDO0oDbODO0ooOOoDOo0OD
oo, obogboooboobooboboobooboobooobooboobooobo
gobooboboboobooboobobbooboooboobobbooboooboobo
goboooobooooboooboggobooooboo, bbboooboo
oo, obobooobooboobobooboobooboobooboobooobo
gooobooob, booboobobooboooboobobooboooobog, bo
ooooboobooboooboo, obboboooboobooDbooboDooboobo
gobogooboooobog, goboboobooboobooboobooboobo
gobooboboboobooboobobooboooboobobboobooboobo
00000000 0boo0oD0oDoooooDOobOo (COoooo 2001)0



2 0o 0

goboooboooobogob, obobooboobooboobooboobooobo
O000o0obO000obObO00ob0ObOOo0obOb0ooo0bOoOb0bUOOD (ALLEN 1998, N
UNN 2000a 2000b, DickenssoN 2003)0 OO O0OO0O, ODOOOOO0OOODOOOCOODO
gobogoboooobooboooboboobo, boobooboobooobooobo
gbooboboooboobuoobobboobooobgo

2. IerOK IO i e S0 AR O g i 22 B D W T/l

gooobooobooboboboooobooboobobobooboooboobon
oo00o0O0O0O, JooddooooooooopooooooOo (o 1978, OO 19950
gobooboboooboobooboboobooboobooboooboooboon,
goboobooboboooboobobobobooobooobooboooo

0000000000 0000000 DALy (1920) OOOODDOOODO, ODDOOOO
gobooboooobooboobobbob, oboboboboboobooobooo

veouDoooooooooooooooooooo, “0o00000Ooo0ooog
goooobg, boboobooboboobooboobooboobooobooobo
gog, veo00dn0, obooboboobooobooboooboooboooboobo
FARBRIDGE (1961) O, OO0 0O O0D0O0OODOO0DOOODOOOODOOOOODOOO, OOO
goooooo (o)l oo, DobDOoU0DOOoUDOoUODOoUOUDOoUODOUODOOD
O SheparD (1964) OO0 (OO)O Seeparp (1964) DO OOOOOOOODOOODO
ooo0o, oobobooboobobbooooobobobooDbooboDooboobo
O000ooooOoOoopooOooooogg (oo 1978)0

£ R
IO(I)OOB.P. SOQOB.P. 0
-0 3R
Shepard (1964)®D
EE L R 10
&
X
.. Fairbridge (1961)® &
BEELR L 20
' -30

{m)

B1 1960FRORKRMETH I BEEL LR
M (1995) EKZE

goo, veotogooobogoooboooob, ooboobooboooooo
gobooboooboobooobooboboboo, ooboobobbooboooboobo
Oo0o0bOO0, 00b0oD0DO0oDO0oDoO0obOO0oD0DO0oDO0o0obO0ODOD (BLoom 1970



gooo, oooooooooooooo 3

CurrAY eral. 19700 0)0 OODOOCO0ODOOUOOOOOOODOOOODOOOO19700
gooopoooogoo

gooooooooooooooooooobobooo, oooobooooogao
gooooooooooOoobooo, ooooUoboooOooooogoobooooo
0000000 (Warcort 1972)0 0O OO, Warcorr (1972) O, OOOOOOO
gooooboooooooboooobobboooooboboooooo
goooooogooooog, Obobgob, bogbooogooooogoopoog, O
goooo0O, 0odddoooooooooooogggdogoooooooooo
gooooooooo, oo buooooo, bboooooo
gOOoofooOO0odfooboO0odooOoOooDOOoUOooOobOOoOoboboUoOobobDogoDooOoo
FarBrIDGE (1961) 00O O0OO0OO0OO0OOOOOOOOOOOOODOOOOO,
SHEPARD (1964) 000000000 DODOOOO0ODODDOOODODDOOD WALCOTT
(1972) OO0, JOOoOOOUOOOODOOUODOUODOO, DOQOOODOUODODOODO
0000, 0000000000000 00 CLARK et al. (1978), CLARK and LINGLE
(1979) DOOOOoOoOOOO0oDOOoOoOoDDbOOoOo0oDOOoooDoOooooDoDoOooon
00, jbo0obcOfdoO0oO0ooU0odooUoogooooobogopooogvoooo
00, ooo0oooooooo0ogooo0oooogoooogo, oogoo
goooooodoooooooooooooon

0000000000 DOO00000O0ODOOO0OO0OOoOoOODOOOd, FAIRBRIDGE
(1961), SHePArRD (1964) OO, O0O00O0OOO, OD0OOOO0OOOOOOODOOOODO
000 FaRBrRIDGE (1961) O, 000D O0O0ODOOODOOO0DOOODOOODOODOOODOOO
goooo (¢g)o ooo, booooooogoooobogoogoogoo, o
goooooogoooooooooogooodoooodoooogoooog, O
goooobooooooooboobooonooouo 0o, booooooao
SHEPARD (1964) OO0 OOUOODOOUO0ODOOO0ODOOOOOOODOOOODOOOODO
oot oogoooooooodoooodUooooD, Doboogooooooo
oooooooooog (oa)o

00, 0oog0oooooooogoUoooog, boogUoooogoobooooo
0000ooodoododoooo0oo0ooUooU0oU0oboooooooooooo
(ODO0O0O 1982, PirazzoLl 1991)0

oooOod0ooOoUobooOooooUooog, 011000 (Younger Dryas0) OO O
O0000000000000 Younger Dryas (YD) ODODOODOOOOOOOOOOO
goooooooooog, obbooooobbuoooooboboooooo
gogoilo0ooodod, bogooooUoUoobooo4goo, bogoobooooo
OO0DO0O0ooOoo@o 1978, OO OO 1982, Piazzoul 1991)0 OO O, OOOOO
gooudoobodooouoooooooo, Yboooooooooooooo
OO0, 0000000000000 (Fareanks 1989)0 OO0, OJOOOOOOOO
goooooooooooOd, bobgooooooooogoo

ddoooogoovrvoocal OO0 ODODODODODODODODOOODOOOOODODDODOOOO
0, d0oooofooooooooggooog, boopgoooogo, bogoo
goooooooooooooooogooodUooO, bgoooooooooooo
goooooooooooo, boooogooobobuo, oooboboooooo



4 oo O

gboobobooboobooboobobooboobobobooboobooboobo
000d0fbbobb0UdbDUbb0UbDObO (OobOo 1982 0obgoooooo
gooobooboboooboo, obbobooobobo, ooboboboooboobo
goooooooob, obooobobooboobooboboobooobooobo
gooobooboooo

goooooobooboobooooobo, boobobobooboobooboo
gobooboboobooboobgooboboobooboooobooboobooobo
gobooboboboobooboobobbooboooboobobbooboooboobo
ogooob, bbobooboobobobooboooboobooDboooooboobo
gobooboboobooboobotbboboobooboobooboobooobooobo
goooob, oooooooooooooooooooooooooooooooon

goooboooboobobobooooobooboobuob, oboobooboo
goooob, boboboobooboboobooboobooboobooobooobo
0000000000 0DO0bDOoOonO (0O 199, 00O 2004)0 OO0, ODOOO
ogoooboobooboooboobobboo, ooboobooboooDooboobo
000000 (OO 20040)0 OOODOOODOOOOOODOGBO00-7000cal DO OODOC
goo, booboobooboobobbooboooboobobobooboooboobo
0o

3. MY v VO£t

0000000000 (0O) O, YONEKURA ef al. (1988), WOODROFFE ef al. (1990)
0000000000000 0000 0000000, 00000000000000
00000000000000000000 WOODROFFE ef al. (1990) 0O OO, OO
0000000000000 00510003400 “000000, 0000000000
O000000000000000, 000000 Mangaia DO OO0, 34000 2900

170'E 180° L1707 160°'W

h New Zealand

2 TGEB Cook EBEDAIE
MORIWAKI et al. (2006) #t&kZE

1000 km




gooo, oooooooooooooo 5

“0O0000000000C000U000D0O0C00UU, Do0OoUOUOODOooOoooOoOOo
OO0O0O0ODO0OO (YONEKURA ef al. 1988)C

000, 0000000000000 0D0O0 Rarotongad 0 Aitutaki D0 00000
0000000000000 00 flexere 000000000000 DOOOOODOO
OO0O0D0DOO0OO0O0O0 (MceNurt and MENARD 1978, JARRARD and TURNER 1979,
LAMBECK 1981, SPENCER ef al. 1987)0 WOODROFFE et al. (1990) OO 0O O, OO flexure
00000000 0oD0o000oooDooooooooooooDoDoooogoooD oo
O, 000000, YonNEkURA etal. (1988)0 000 00O00O0OODOOOOODOCO
Jo0o0ooobooogos3eo00o0noooDooooooooboonD ooon
0000000000 AimtakiODOOO0ODO, DOO0OOO0S000000DOODOOOO
015000 00000000 (YONEKURA et al. 1988)0 OO, MORIWAKI et al. (2006) O
00000000 Rarotonga 000000000000 DOODOOOODOODODODO
0000 O0ooOg, 0es00cal 00O OOODODODODODODOOOODOODOOO
000, 04500cal D00 00DOO0OOOODDOOOODOOODODOOOODOOODOOO
Oo00obooOo1s50000, 0DbOD0O0DO0ODOO, O600calD0OO0DOODOOOD0
600cal DO ODOOODOOODOO, OD0DODODOOODOODOODOODOOOOOOO
O, 0000000D0000000O0D000O00, Oooooooooooooooao
Oo00oooO, o300 0000000000000 OO00DOO0ODOODODODODOODOO0ODO
0000 Rarotonga 000000000600 cal 00D ODOODODOODOOODOODO, O
00000000 Rarotonga 0 00D DO O0OO0OOOO0DOOOODOOODODOO O300000
oo0Do0oo0oooooo, 0000000 Aitaki DOOOODOODOOO, OO, OO
00000000 O0DO00D00oDoooooooooooooooooo
OoooooobObOOo0o0oooooDoooODn, Rarotonga OO Aitutaki 00 0 0O O
0000000000000 oo0ooDoooooDoooooDoooo
Rarotonga 0 00000000 O0OOO, O00DO00OO00OO0OOODOODODOOOOODOODOO
0000000 o0oooooooooooooooooooood (Pirazzour 1991)

m
10

Yonekura et al., 1988
B, C Badyukov, 1982

D Montaggioni, 1988;
Pirazzoli & Montaggioni, 1988

E Pirazzoli et al., 1985
F  Moriwaki et al., 2006

(oo}
(&)
oL

4 x 1000 14c BP
3 WRURITOEHBERZEL
&ML L 7= PIRAZZOLI (1991) MDER#RIC Rarotonga BD i (MORIWAKI et al, 2006) Z3&HN



6 oo O

0000000000 (OO)D YoNEKURA efal. (1988) DO ODOOODOOODOOODO
00000000000 bO0bOobDuobO0oDb0O vO (Crark and LINGLE 1979) OO O
O0o0o0oooobo0ooobon, Rarotonga OO D DOODOO0OODDOOOODODOOO
gboobgbooobooboobobooboobobobooobooo

00, 600cal 0 OOODOOOOODO, Nunn (2000a, 20000) OOOOCOOOOOO
0000000000 000O000 NuNN (20000) DOOOOODOOOOODODOOOO
gobooboboooboobooobobooboobono, obooboobooobo
goooboooo, oobooboboobooboobobooboooboobo
OO0Rarotonga 0O OO0 000ODOO0DO0O0ODOOOODOODOOOODODOOOO, ODDOOO
googobodoooooooo, gooooooooooooooooboobooobooobo oo,
goooboobooboobobooboobooboobooobooboo, booboooboo
obooboboboobooboobobobooboooogo

4, BHOIZ

gooooo, boobgobooobooobooboobobooboobooo oo
o, dgbgoboooboob, oboboobooboobooboooboooboob,
gooobooboboooboobobooboobobobooDbooboDooboobo
gobogooboobooobooobooobob, obooboooboobooboo, gobo
gobooboobooboobooboobobooboo, boobobooboooboobo
gooobooboboooboobobobooboooboobooooDboboDooboobo
gobooboboooboobooobobooboobooobooboob, obooobo
goboobooooboooboobobooboooboobobboobooboo, o
gooobooboboooboobobobooboooboobooDboooDooboobo
goooogo

goobobobobobobobobob, b gbobobobobob,
0000 (Dboob1o00) obOoOO0OODO (OD1000-1000000) DOODODO
god, bgobooboobgooboboobooboooboo, boboobooobo
goboobobboobooboobobbooboo, boobobooboooboobo
ooooboobooooboo, gbweonoobooobooboooooboobo
o, jobobooboobgoobobooboobooobooboob, obooobo
gbooboboboobooboobobooboobobobooobooo

51 A3k

ALLEN, M. S. 1998. Holocene sea-level change on Aitutaki, Cook Islands: Landscape change
and human response. Journal of Coastal Research, 14, 10-22.

Broowm, A. L. 1970. Paludal stratigraphy of Truk, Ponape and Kusaie, Eastern Caroline Islands.
Geol. Soc. Amer. Bull., 81, 1895-1904.

CLARK, J. A., FARRELL, W. E. and PELTIER, W. R. 1978. Global changes in postglacial sea level
: a numerical calculation. Quaternary Research, 9, 265-278.

CLARK, J. A. and LINGLE, C. S. 1979. Predicted relative sea-level changes (18,000 years to pre-
sent) caused by late-glacial retreat of the Antarctic ice sheet. Quaternary Research, 11,



gooo, oooooooooooooo 7

279-298.

CURRAY, J. R., SHEPARD, F. P. and VEEH, H. H. 1970. Late Quaternary sea-level studies in
Micronesia: CARMARSEL Expedition, Geol. Soc. Amer. Bull., 81, 1865-1880.

DALY, R.A. 1920. A recent world wide sinking of ocean-level. Geological Magazine, 57, 246-
261.

DICKINSON, W.R. 2003. Impact of mid-Holocene hydro-isostatic highstand in regional sea level
on habitability of islands in Pacific Oceania. Journal of Coastal Research, 19, 489-502.

FAIRBANKS, R. G. 1989. A 17,000-year glacio-custatic sea level record: influence of glacial
melting rates on the Younger Dryas event and deep-ocean circulation. Nature, 342, 637-
642.

JARRARD, R. D. and TURNER, D. L. 1979. Comments on, ‘lithospheric flexure and uplifted ato
1Is’ by M. McNutt and H. W. MENARD. Jour. Geophys. Res. 84, 5691-5694.

FAIRBRIDGE, R.W. 1961. Eustatic changes in sea level. Physics and Chemistry of the Earth, 4,
99-185.

o000 1978. DOO0O0O0oOoDOoOoOooOOO, 000000 pObooooboooooad
oooooo, ooooooobio, 183-233.

LAaMBECK, K. 1981. Lithospheric response to volcanic loading in the southern Cook Islands.
Earth and Planetary Science letters, 55, 482-496.

McNUTT, M. and MENARD, H. W. 1978. Lithospheric flexure and uplifted atolls. Jour. Geophys.
Res., 83, 1206-1212.

00 0O 1978. JO00OO0O0OO0OO00OOO0ODOO0OOOO0OOO0ODOOOOO. Obooo, b1,
176-187.

OO0 0O 199%5. 0DOhoooooooooooooboo, OO poooboboooo
oo oboo 0o Oo,00p00bo0oo, 288, ODOOO, 84-97.

OO0 0O 2004a. OO0ODOO0ODOODDOODOOO DOODOOODOOODODOO 706p. O
000, 135-143.

OO0 0O 2004b. OO0O0OO0OOD0OODOODODOODOOODOODODDOODOODOOD
000 00O00Db obbobooooooon, 246p, ODODOO, 59-66.

MORIWAKI, H., CHIKAMORI, M., OKUNO, M. and NAKAMURA, T. 2006. Holocene changes in sea
level and coastal environments on Rarotonga, Cook islands, South Pacific Ocean. The
Holocene, 16, 839-848.

NunN, P.D. 2000a. Environmental catastrophe in the Pacific islands around A.D. 1300.
Geoarchaeology: An International Journal, 15, 715-740.

NUNN, P.D. 2000b. Illuminating sea-level fall around AD 1220-1510 (730-440 cal yr BP) in the
Pacific islands: implications for environmental change and cultural transformation. New
Zealand Geographer, 56, 46-54.

O00000o0ooOooonO 0O 198. 0O0O0O0OoDOOoOoobDOoOoOoobooobooa
ooood. oooono, 21, 133-143.

PirAazzOLL, P. A. 1991. World atlas of Holocene sea-level changes. Elsevier, 300pp.

SHEPARD, F.P. 1964. Sea level changes in the past 6,000 years: possible archeological signifi-
cance. Science, 163, 574-576.

SPENCER, T., STODDART, D. R. and WOODROFFE, C. D. 1987. Island uplift and lithospheric



8 oo O

flexure: observations and cautions from the South Pacific. Zeitschrift fiir Geomorphologie,
Supplementband, 63, 87-102.

0000000000 2001. OO0O0O0OODOOODOOOOOOOO, 190p.

WALCOTT, R. I. 1972. Past sea levels, eustasy and deformation of the earth. Quaternary
Research, 2, 1-14.

WOODROFFE, C. D., STODDARD, D. R., SPENCER, T., SCOFFIN, T. P. and TUDHOPE, A. W. 1990.
Holocene emergence in the Cook islands, South Pacific. Coral Reefs, 9, 31-39.

YONEKURA, N., IsH1, T., SAITO, Y., MAEDA, Y., MATSUSHIMA, Y., MATSUMOTO, E. and
KAYANNE, H. 1988. Holocene fringing reefs and sea-level changes in Mangaia island,
southern Cook islands. Palaeogeography, Palaeoclimatology, Palaeoecology, 68, 177-188.



000000000000 No47 (2007000) 9
OCCASIONAL PAPERS No.47 (March 2007)

IR E TSN
— HEERTRBBALIR AR O BIR —

ik ¥k
(EFAVr—FURD)

What’s Happening in Tuvalu
— Realities of Global Warming —

JiMBO Tetsuo
(Video Journalist)

Abstract

Tuvalu is locatad in the middle of the South Pacific. This country is severely affeted by
global warming. The situation was presented by video footage of Tuvalu.
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Impacts on the Land Maintenance Mechanisms of Atolls
Induced by the Climate Changeand the Aea Level-rise
—Field Survey on Majuro Atoll, the Marshall Islands—

YokoKkI Hiromune
Center for Water Environment Studies, Ibaraki University
Email: yokoki@mx.ibaraki.ac.jp

Abstract

According to IPCC Third Assessment Report, the mean sea level is projected to rise to 9 to
88 cm by 2100 relative to in 1990 due to the global warming and climate changes (IPCC, 2001).
Various impacts are anticipated to be caused by the sea-level rise in coastal areas. As for the in-
undation risks for example, the potentially inundated area are expected to increase by 1.5 times
relative to the present against 50cm sea-level rise according to the calculations using the global
topographical data. Storm surges enhance the risk. In particular, the countries which consist of
atolls like Marshall Islands and Tuvalu in the South Pacific region are exposed to the risk of in-
undation. This paper focuses on the impacts of global warming and sea-level rise onto the coastal
areas of atolls, and presents the preliminary results of the field survey in Majuro atoll supported
by Global Environment Research Fund (GERF), Ministry of the Environment, Japan.
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Abstract

The Conference of the Parties to the United Nations Framework Convention on Climate
Change (UNFCCC) at its 11" session and the Meeting of the Parties to the Kyoto Protocol at its
first session (2005), at Montreal, signified a successful start into a new era of international cli-
mate policy.

Much literature has been published offering proposals on what should be done with a post
-2012 regime. Most of them mention the importance of enhancing adaptation policy. Adaptation
as a strategy to cope with impact of climate change is increasingly the focus of policy action at
each level. Developing countries, including Small Islands Developing States, urge to amplify the
adaptation policy in the UNFCCC framework. It has been indicated the needs for an international
mechanism for assisting the Parties to adapt to climate change at local level suitable to their sus-
tainable development strategy.

This article summarizes concepts of adaptation and adaptive capacity in the Third
Assessment Report of the Intergovernmental Panel on Climate Change, introduces treatments of
adaptation in the UNFCCC and the Kyoto protocol, and shows proposals on adaptation policy
options in the future regime. Finally it presents the points at issue on adaptation policy for dis-
cussing post-2012 framework.
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Abstract

Much of the response to past climate change and future climate change in the Pacific Islands has been
driven by outside bodies that have agendas which are international but not necessarily applicable locally.
Much uncertainty in responding to climate change by Pacific Island decision-makers has also arisen be-
cause of the international view of ‘climate change’ (or global warming) as a problem that is isolated from
others. In the Pacific Islands, issues of environmental sustainability are intermeshed with those of climate
change.

Much of the international assistance given to the Pacific Islands has been focused inappropriately, par-
ticularly on developing legislation to ensure environmental sustainability. In reality, national legislation,
particularly when it involves resource issues, is frequently ignored in the Pacific Islands. In the future,
more realistic assistance needs to be given to Pacific Island nations to help combat the challenges of climate

change.

1. Introduction

A range of challenges from future climate change are faced by the Pacific Islands and their
inhabitants. How successfully they cope with these challenges depends on a number of factors,
including

0 how well informed decision-makers in the Pacific Islands are,

U how able these people are to both develop and apply appropriate solutions, and

0  whether or not there is the will, at both national level (among politicians) and at commu-
nity level (among community leaders), to respond appropriately.

There is abundant evidence to suggest that the present approaches to climate-change adap-
tation in the Pacific Islands - many sponsored by the international community (including bilateral
aid from Japan) - are not successful in

O either adapting (in either physical or human terms) to short-term climate (and related)
changes,

O or adequately preparing for future (longer-term) changes (ensuring environmental and so-
cietal sustainability).
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This view is based on the author’s 20 years of involvement in climate change issues in the
Pacific Islands, his interactions with key decision-makers at both national (government) level
and at community (traditional, religious) level, and his understanding of the likely future effects
of climate change (and sea-level rise) on the Pacific Islands and their inhabitants. There is great
cause for concern that not enough is presently understood or presently being done in the Pacific
Islands to ensure that they can continue to sustain their inhabitants in the future. The lack of a
long-term vision, and the emphases on short-term profit-making, is part of the wider ‘develop
ment’ debate. Yet such views in the Pacific Islands are particularly worrying because their en-
vironments and societies are comparatively vulnerable compared to other parts of the ‘develop
ing world’ where such views are also prevalent.

This paper outlines the nature of future climate change and its likely effects in the Pacific
Islands. It then goes on to look at the nature of the responses of Pacific Island governments,
community-level decision-makers, and the international community to the worsening situation in
the region. It concludes that many efforts at improving adaptation to climate change are mis-
guided in the Pacific Islands and, should they continue, there will be no significant improvement
in most places. This paper ends by suggesting ways in which the situation could be improved,
so that the environments and societies of the Pacific Islands endure.

2. Nature of future climate change

Future climate change will affect Pacific Island nations in myriad ways, some of which can
be predicted with certainty, others of which are less certain (HAY ef al. 2003). The key factors
to be considered are temperature rise and sea-level rise, although a host of other climatic factors
(such as precipitation, tropical cyclones) will contribute to environmental stress although these
are less easily predictable (NUNN and MIMURA 1997, 2006).

The most recent estimates of future temperature from the IPCC (Intergovernmental Panel on
Climate Change) involve a net rise of Earth-surface temperature of between 1.400 and 5.800 by
the end of this century (for the period 1990-2100 - IPCC WGI, 2001). This compares to a rise
of around 0.60 in the Pacific Islands for the past 100 years (NUNN 2001), and therefore repre-
sents an increase in the rate of temperature rise in the future of at least 2.3 times faster, perhaps
more than 9 times faster. Recent work suggests that the temperature increase by the year 2100
will be even greater than that estimated by the IPCC (STAINFORTH et al. 2005).

The other important aspect of future climate change that is causing concern in the Pacific
Islands is sea-level rise (Fig.1). Sea-level rise is a direct result of temperature rise, predictable
with a high degree of accuracy for the rest of this century. The IPCC estimates that sea level will
rise 9-88 cm by the year 2100 (relative to 1990 level), and there have recently been suggestions
that sea level is rising faster than predicted within this scenario. The sea level in the Pacific has
risen about 10-15 c¢m in the past 100 years (WYRTKI 1990, NUNN 2001 2004b) so its future rate
(1990-2100) may be as much as 6 times faster.

More so than temperature rise, the effects of sea-level rise over the past few decades has
been widely felt in the Pacific Islands (Fig.2). Most sandy coastlines have been eroded, even
those that are reef-protected, and the mobilized sediment has been dumped in lagoons or on
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reefs. The other major impact of recent sea-level rise has been the salinization of lowland
groundwaters (NUNN and MIMURA 1997, 2006, MIMURA and NUNN 1998).
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Figure 1. Sea-level changes, AD 1880 to AD 2100. Upper limit of estimates comes from the maximum
sea-level rise under the A1F1 scenario of the IPCC WGI (2001). Lower limit comes from mini-
mum sea-level rise under the B1 scenario.

Figure 2. The effect of sea-level rise along sandy shorelines is to cause their erosion. This example
comes from Naigani Island in central Fiji, where fallen coconut trunks are evidence of shore-
line erosion.

It is sometimes easy to focus on future challenges rather than on those that arise from pre-
sent unsustainable people-nature interactions. Most Pacific Island archipelagic nations, espe-
cially in their central, more ‘developed’ parts, are experiencing environmental problems resulting
from prolonged unsustainable people-nature interactions (BELLER et al. 1990, PELLING and
UITTO 2001, NUNN 2003 2004a). These are principally a result of



32 Patrick D. NUNN

O increasing 20"-century population densities (including temporary or visitor occupation)
and

0 changing and more complex demands on the environment for the purposes of food acqui-
sition for both subsistence and cash and, more broadly, resource exploitation (such as
mining, deforestation, and coastal ‘re-modelling’ for infrastructure).

This ‘human backdrop’ to the challenges of future climate change is something that will, if
not improved in the short term, make the goal of environmental sustainability far more difficult
to achieve in the future. Put another way, the dilemma for environmental management currently
facing the Pacific Islands can be divided into two parts.

O  First, there are the present problems associated with unsustainable people-nature interac-
tions. If there were no extraneous ‘threats’ to Pacific Island nations in the future, then
the current trends of present unsustainable people-nature interactions should be enough
to cause concern to Pacific leaders.

O Second, there are the challenges posed by future climate change. Even if present people-
nature interactions in the Pacific Islands were sustainable, then it would be prudent for
Pacific Island leaders to plan effectively for future changes across a range of natural sys-
tems.

One difficulty is the poverty of most Pacific Island nations, as measured by GDP, which
limits the implementation of high-cost ‘big-fix” approaches to present and future challenges, ap-
proaches that are deemed most appropriate and are practiced by richer nations. Another diffi-
culty is that most Pacific Island leaders, because they are locked into a system of democracy and
therefore re-election against often vigorous opposition every 4-5 years, are focused on short-term
goals not the long-term future of people and nature in their constituencies (NUNN 2004a).

3. Likely effects of future climate change

An increase in temperature is already affecting the Pacific Islands, disrupting activities that
have been sustaining humans for generations in the region. Among these activities are agricul-
ture and fishing. Yet it is difficult to identify the contribution of climate change to the declining
success of such activities because climate change has occurred at the same time as profound
changes in people-nature interactions in the Pacific Islands. The spread of the cash economy has
changed the way in which people interact with their environment, and led to the more common
‘western’ view of the environment as a limitless supplier rather than the earlier ‘indigenous’
view of the environment as provider with limits that needed occasionally to be ‘conserved’
(AkMICHI 1986, KLEE 1980, McNEILL 1999, NUNN 2003 2004a).

Changes in precipitation in the Pacific Islands over the next 100 years or so remain uncer-
tain. Too small to register in most GCM (Global Climate Model) simulations of future precipi-
tation change, some predict that rainfall will increase but most that it will decrease and perhaps
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become more seasonal (so that the dry season becomes drier, and the wet season wetter). Of par-
ticular concern, because of their often devastating effects on Pacific Islands and their inhabitants
are the changing frequency and intensity of tropical cyclones (typhoons or hurricanes). In the
last decade or so, tropical cyclones in the South Pacific have occurred increasingly outside the
‘normal’ season and have increasing formed and penetrated outside the ‘normal’ areas. For ex-
ample, Tropical Cyclone Ofa in 1990 was the first to hit Samoa in 35 years, but several have hit
these islands since then. Islands in the Cook Islands and western French Polynesia have also ex-
perienced several tropical cyclones in the past 20 years - high unusual occurrences that are inter-
preted as tropical cyclones extending their geographical spread.

Both the increased seasonality and geographical spread of tropical cyclones in the South
Pacific are likely to be a result of increased sea-surface temperatures. Tropical cyclones form
only in places where the sea-surface temperature is greater than 2601 . In addition, the frequency
and intensity of tropical cyclones appears to have increased. The frequency of tropical cyclones
in Fiji, for example, appears to have increased by as much as 3-4 times since the 1940s (NUNN
1994) while the intensity has demonstrably increased (EMANUEL 2005), both effects attributable
to higher sea-surface temperatures in the tropical Pacific.

The fact that it is unclear whether or not tropical cyclone seasonality, range, frequency and
intensity will continue to change in the future as they have in the past, reflects the poor under-
standing that we have of these processes and the climatic factors controlling their development.
It does seem reasonable to suppose that changes represent a new tropical-cyclone regime, one
arising from a warmer world, and that therefore this new regime will at least continue in the fu-
ture.

Future sea-level rise will have a range of effects on Pacific Islands, perhaps even rendering
some islands uninhabitable. While the challenges are severe, there are dangers in exaggerating
the ‘threat’ from sea-level rise so that it is perceived - both popularly and by the international
donor community - as ‘the problem’ confronting Pacific Island nations in the 21* century. The
dangers are primarily

O that other climate-associated challenges will be ignored or sidelined, both by island gov-
ernments and international aid donors, and

O that the issue of sea-level rise will be increasingly regarded as a ‘problem’ in isolation,
capable of being ‘solved’ independently of the other issues to which in reality it is inex-
tricably linked.

Effects on Pacific Island environments

Future increases in temperature will have profound effects on Pacific Island environments,
particularly in the ways that they are able to sustain human life. It is likely that in the future, as
temperatures rise this century, that they will cause changes to the vegetation of Pacific Islands.
In particular, higher lands where a range of cooler-adapted crops are presently grown may expe-
rience higher temperatures with a result that such crops can no longer be grown successfully.
In lower lands, it is rising sea level - and the associated salinization of groundwater - that may
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have the greatest effects on agriculture (AALBERSBERG ef al. 1993).

Temperature rise is likely to be a major cause of future coral death through the process of
coral bleaching. The world’s area of coral-reef is likely to become significantly less in the next
few decades, as prolonged sea-surface temperatures higher than the 3000 that corals can endure
for only a short time become widespread in the tropics, particularly during El Nifio events
(HOEGH-GULDBERG 1999).

Future sea-level rise will see increased inundation (flooding) and salinization and an in-
creased rate of erosion along many island coasts, rendering them less suitable for a range of
human uses (SHERWOOD and HOWORTH 1996). Some islands, typically low-lying atoll motu,
may be completely eroded and disappear, as have islands like Bikeman and Tebua in Kiribati in
the past 30 years (HOWORTH 2000, MOORE 2002). It has been suggested that the structure of
many atoll islands (motu) is such that, while current shoreline erosion may be slow, the rate of
erosion will increase abruptly when sea level reaches the level at which the fossil-reef foundation
of motu is overlain by unconsolidated sand and gravel (DICKINSON 1999).

Effects on Pacific Island societies

Little is known about the nature and effects of changing patterns of agriculture in the Pacific
Islands resulting from temperature rise, but it is likely that people will have to change, perhaps
reduce, the range of crops currently grown, for both subsistence and for export. Diets may
change, and effective pre-planning is needed to minimize the impacts of temperature rise on ag-
riculture.

The death of corals from coral bleaching will render the biotic productivity of many reefs
much lower, and this will mean that far less edible marine foods will live on or around them.
This in turn will have major consequences for most Pacific Island people who depend on reef-
and lagoon-associated foods, often acquired from nearshore areas (without using boats).

Temperature rise in the Pacific Islands may see diseases spread by temperature-limited in-
sects, for example, increase their spatial (geographical) range and their altitudinal range. For ex-
ample, in Papua New Guinea, most highland dwellers live beyond the upper (altitudinal) limit of
the malarial mosquito but this limit is likely to rise as temperatures rise, perhaps bringing signifi-
cant numbers of people within the reach of this mosquito.

A fall in precipitation will render many vulnerable populations, particularly in already drier
(leeward) parts of islands more so. Rain-fed agriculture will suffer, and it may be time to re-
introduce traditional methods of food cropping involving raised gardens and irrigation.
Although more labour-intensive than most modern agriculture in the Pacific Islands, many such
traditional methods made more efficient use of available water and therefore made food supplies
less vulnerable than they appear to be at present.

If the recent changes in tropical-cyclone regime noted above continue in the foreseeable fu-
ture, then its effects will continue to impact Pacific Islands. This impact is particularly severe
in upland (steepland) areas where there is little alternative to agriculture on steep slopes. The ef-
fects on economic activities and infrastructure will likely continue to cause pauses in ‘develop
ment’ activities.
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The human effects of sea-level rise on Pacific Island coastlines have been much discussed.
Perhaps the most profound effect will be the displacement of coastal-dwelling people from loca-
tions that they and their ancestors have occupied for generations. It seems inevitable that 21°-
century sea-level rise will see a massive re-organization of coastal populations with significant
numbers of present lowland dwellers being required to move inland and upland. The loss of
coastal lands will also impact many of the economic activities, from subsistence cropping to
manufacturing, in such areas with probable serious consequences for those island governments
that fail to respond adequately. Salinization of coastal and lowland groundwaters will also make
it more difficult for humans to occupy such areas as sources of potable water (from wells) may
be reduced.

4. Nature of the responses to climate change

As elsewhere in the world, it is convenient to divide the nature of the responses to climate
change in the Pacific Islands into those responses concerned with mitigation and those concerned
with adaptation. Understandably, most efforts at mitigation have been led by island governments
and targeted at supporting international agreements to reduce emissions of greenhouse gases.
The very small contribution of Pacific Island nations to global greenhouse-gas emissions has
meant that in-country emissions reductions have not been pursued very vigorously.

This section focuses only on adaptation to climate change in the Pacific Islands, arguing
that many of the efforts to help island nations to cope with climate change are ineffective be-
cause they ignore the nature and effectiveness of island decision-making. For example, much of
the aid that has been directed towards Pacific Islands for the purpose of climate-change adapta-
tion has been for ‘policy development’, the assumption being that policy in the form of legisla-
tion is the best way to ‘adapt’. In fact, very little environmental legislation in the Pacific Islands
is effective, largely because it cannot be enforced.

International responses

The earliest phase of climate-change assistance to Pacific Island countries (1988-1998) fo-
cused on helping them understand the nature of their environmental and societal vulnerability.
Many studies of the “what-if” kind were carried out; for example, “what if temperatures rise 3
O in 100 years?” or “what if sea level rises 2 m in 80 years?”. Many such studies employed
some of the earliest scenarios of future climate change that we now know to be much higher than
the IPCC consensus. Examples of such studies include AALBERSBERG and HAY (1992) on
Tuvalu, and NUNN ef al. (1994) on Samoa.

Such studies were valuable because it allowed Pacific Island nations not only to understand
the nature of their environmental and societal vulnerability but also to make inventories of their
environmental resources and societal trends, and therefore to make predictions of future trends
in these variables that could inform appropriate decision making. The clearest expression of
such work were the ‘country reports’ produced by every Pacific Island nation as part of their ob-
ligations as signatories to the UNFCCC (United Nations Framework Convention on Climate
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Change). The position of the Pacific Islands was summarized in DAHL and BAUMGART (1993).

The more recent (second) phase of climate-change assistance (1998-present) has come with
increasing acceptance worldwide of scenarios of future climate change. In the Pacific Islands,
it has focused on adaptation, specifically on “what can we do about this particular problem?”, be
it shoreline erosion, coastal flooding, or coral-reef bleaching. Many aid donors have been more
comfortable with funding adaptation strategies in Pacific Island nations, although unfortunately
most of these efforts have been directed at informing and developing supposedly appropriate pol-
icy (a top-down approach) rather than enabling adaptation at community level (a bottom-up ap-
proach).

The problem in this approach is that it runs contrary to both the geography and the culture
of Pacific Island nations.

Many Pacific nations are archipelagic - they have many islands. Travel between these is-
lands is often difficult, so that there is no easy way to enforce environmental laws or to give ad-
vice to particular communities on environmental issues (see KUMAR paper in this volume for
a discussion of the margins and the centre). In addition, most Pacific Island governments em-
ploy only a few people to develop and enforce environmental laws, far too few to effectively en-
force these. Hence such laws are generally ineffective.

In the rural parts of the Pacific, most decisions affecting the environment are made by
‘persons of influence’ within a particular community, be they traditional (hereditary) leaders
(chiefs), elected leaders, or religious leaders. Government attempts to enforce particular envi-
ronmental legislation may be ignored, especially when

O there is no inducement for community leaders to follow the legislation, and
0 where there are inducements for communities to ignore the legislation.

Cash inducements or chiefly directives to allow, for example, logging or mining of key eco-
systems (forests or coral reefs) will usually overrule government legislation. In addition, many
community leaders argue that such legislation simply does not apply to the land that they own.

In this context, it must also be mentioned that corruption surrounding the exploitation of
natural resources is becoming as institutionalized in the Pacific Islands as it is in parts of
Southeast Asia. Examples include the logging of parts of Solomon Islands, discussed by
HVIDING and BAYLISS-SMITH (2000) and Lomo (2001).

Government responses

Most Pacific Island governments have been reluctant to commit their own funds to initia-
tives targeting adaptation to climate change. Most climate-change managers at government
level, indeed often most staff of national environment agencies, are funded by ‘soft money’,
commonly recurrent aid or project-associated aid. Governments justify such a situation by point-
ing to their short-term ‘development’ goals, most of which are linked to income generation.
Activities like environmental conservation do not generate income, in fact in many situations
they limit income-generating possibilities, so they are not funded directly.
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Most Pacific Island governments have signed most international agreements associated with
climate change mitigation and adaptation. This opens the door for external funding of various
initiatives on which governments often come to depend for a whole range of non-income gener-
ating activities, including climate change mitigation and adaptation.

Projects intended to help Pacific Island nations adapt to climate change have also brought
much-welcomed external funds into Pacific Island government coffers. As noted above, much
project-based funding as well as much aid is directed towards policy development. This is some-
thing that is ineffective but not discouraged by island governments who benefit from it directly.
Some project-based funding is directed towards adaptation, usually shown in a small number of
key studies, based in a few supposedly representative parts of the country, usually in the easily-
accessible centre rather than the margins. Such ‘pilot studies’ are intended to develop solutions
that government can then implement across the country in comparable situations. But in reality,
most pilot studies are never widely implemented because aid donors commonly regard this as
something for governments to fund themselves, not using external funds.

The dilemma is that top-down government-sponsored initiatives about climate change are
not working in Pacific Island nations. The onus is on the aid donors to understand that this is
principally a result of geography and culture. Just because top-down legislation is effective in
donor countries does not mean that it is (or that it can become) so in those countries that receive
such aid. The process of effective decision-making about the environment in Pacific Island na-
tions is not well understood, yet needs to be so if there is to be successful and widespread adap-
tation to future climate change.

Community-level responses

In the rural parts of the Pacific Islands, the effects of recent (20" century) climate change
are being felt most severely. In particular, the effects of sea-level rise are being felt, typically
as

O crops in lowland areas growing less well than they once did, because of the salinization
of the groundwater,

0 coastal flats being inundated (flooded) by rising sea level, often shown by coastal villages
being squeezed into much smaller lowland areas than they were within living memory,
and

O shorelines being eroded as a result of sea-level rise, with consequent loss of valued land
(for agriculture, for dwellings) and mobilization of sediment in nearshore areas, some of
which smothers once-productive coral reefs.

Many communities have responded to the most obvious and the most worrying of these
problems - that of shoreline erosion - by building sea walls, in simple mimicry of those built
around the few urbanized areas of the islands (Figure 3). In rural areas, as on Moturiki Island
in Fiji (see KUMAR, this volume), most such seawalls are inappropriate solutions because they
are vertical and impermeable, thus changing the shoreline dynamics. This has many
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consequences, including

Figure 3. Most sea walls in the rural parts of the Pacific Islands are ineffective, and many are aban-
doned after repeatedly collapsing. This example comes from Yadua village, on the southwest
coast of Viti Levu Island, the largest in the Fiji archipelago.

0 the concentration of wave energy at the foot of the sea wall, often leading to its scouring
and the scouring of the shore flat with the removal of nearshore habitats for shellfish and
other organisms, and often the replacement of a sandy sea bed with a coarser (gravel)
bed,

U the ponding of water on the landward side of the sea wall, and the associated undermining
of the sea wall as water seeps slowly underneath it back into the sea, and

00 the transference of wave energy to areas peripheral to the sea wall, accelerating their ero-
sion.

For the first two reasons, most sea walls in the rural parts of the Pacific Islands collapse
within 1-2 years of their first construction. Many are repaired over and over again, but often fi-
nally left in ruins.

This example underlines the point that most rural communities in the Pacific Islands are not
receiving appropriate advice about how to cope with current environmental problems, let alone
those that may arise from climate change in the future. Community leaders in the Pacific Islands
need to be empowered appropriately to make decisions about their environments that are conso-
nant with best practice in similar geographical situations and in the cultural context of the region.

5. Optimal future responses to climate change

The first challenge for Pacific Island nations is to improve the sustainability of present peo-
ple-nature interactions. This is something that requires government direction and community
participation. Many valuable such initiatives are already underway in the region, but these have
yet to be extended to every community.

As to the future, it is likely that the flow of aid targeting climate change in Pacific Island
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nations will become less,

0 because donor nations will perceive the climate-change issue as having had sufficient
support, and that it is time that Pacific Island nations took over its management,

0 because these donor nations may be facing increasing problems of their own, requiring
large-scale funding, associated with climate change, and

0 because there may be other, more pressing, more short-term issues in the Pacific Islands
that seem more deserving recipients of aid (such as high population densities).

It is unlikely in the author’s view that Pacific Island governments, even harder pressed in
the future to fund economic growth, will give much priority to climate-change issues. It is prob-
able that communities will become ever more responsible for managing their own environments.

In the light of this probable future, and in the light of the nature of decision making in
Pacific Islands (the ineffectiveness of top-down approaches, discussed above), it is clear that the
optimal future responses to climate change in this region must be focused on empowering per-
sons of influence in local communities to make appropriate decisions about their environments.
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Abstract

Outsiders sometimes fail to appreciate the complex geography of the Pacific Islands region when try-
ing to understand the problems associated with global warming and their potential solutions. For this rea-
son this presentation looks at an island on the margins rather than in the centre of a large island group - the
Fiji Islands.

Moturiki Island is home to some 800 people living in 10 villages, mostly engaged in subsistence farm-
ing and fishing. Increasing population has strained the resource base of the island, and making the popu-
lation less resilient and more dependent on outside assistance. The physical fabric of the land of Moturiki
is being slowly inundated by sea-level rise associated with global warming. Agriculture is being affected
by rising temperatures. Decisions about adaptation - both current and proposed - are being driven from the
community level and are often inappropriate.

In the foreseeable future it is likely that conditions on Moturiki will become far worse, with large
areas of coastal lowland being flooded. Key uncertainties include future precipitation levels and changes
in the frequency of typhoons (tropical cyclones). Moturiki is typical of hundreds of smaller, more marginal,
inhabited Pacific Islands on which life may be more difficult to sustain in the future because of climate

change.

1. Introduction

Many responses to the issue of climate change in the Pacific Islands assume that the region
is homogenous. In other words, they assume that all parts of it are equally vulnerable to threats
from climate change and that all parts are able to respond equally. This is not true.

The purpose of this paper is to show that there are considerable differences between what
I call the “centre” and the “margins” of a country. These differences are normal in any country
but are exaggerated in an archipelagic nation - like most of those in the Pacific Islands region.
In many Pacific Island groups, the outer islands are more difficult to reach and less ‘develope
d’ than the larger more central islands. The situation is the same in Japan, with the centre of eco-
nomic activity perhaps being concentrated on Tokyo-Osaka and the margins being Hokkaido and
the Ryukyu Islands. Besides being the centre of economic development, such a centre is nor-
mally the place where new ideas develop first. In contrast, the margins are where new ideas take
longest to reach, and where traditional ways of life are strongest.

I argue that it is important for anyone trying to help Pacific Island people adapt to climate
change to understand the important cultural and geographical differences between the centre and
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the margins of an archipelagic Pacific Island nation like Fiji. In Fiji (Fig.1), the centre comprises
the area on the south side of the largest island (named Viti Levu) between the two largest cities,
Suva and Lautoka. The rest of the country, which comprises 300 islands, 90 of which are inhab-
ited, can be regarded as the margins. It is about one of the islands on the margins - Moturiki
Island in central Fiji - that this paper focuses on.
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Figure 1. Map of the Fiji Islands showing the centre and the margins, and the location of Moturiki
Island.
Since 2000, I have visited Moturiki many times, to undertake research into both climate
change issues and geoarchaeology. 1 am grateful to the people of the island, especially those of
Nasauvuki and Uluibau villages, for their assistance and hospitality.

2. The geographical context: central Fiji and Moturiki Island

Moturiki Island is part of the central Fiji group, a group of smaller islands lying between
Viti Levu (in the west), Vanua Levu (in the north), and the Lau Islands (in the east). The islands
are mostly volcanic, being the eroded remains of volcanoes dating from the late Tertiary period
about 5-10 million years ago. They form lines which are believed to show that they formed par-
allel to a former plate boundary (COULSON 1970).

The island of Moturiki is 10.7 square kilometres in area (Fig.2). It rises to about 133 m
above sea level and is fault-bounded along its northeast coast. This coast faces Ovalau Island,
which is the remains of the centre of the Lovoni Volcani. Moturiki is interpreted as a broken-off
piece of the Lovoni Volcano. The general geology of Moturiki is of breccias and pyroclastic
flows dipping southwestwards, away from the centre of the Lovoni Volcano. The geological
structure of the island is the main control of its landscape.

There is a coastal plain around most of Moturiki, except in the extreme north, where the vil-
lage of Savuna sits on a hill top. The coastal plain along the northeast coast is narrow and
bounded by steep cliffs representing the fault scarp (Fig.3). Around the eastern part of the island
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Figure 2.  Map of Moturiki Island showing the main villages, the coastal lowlands (light shading), reefs

and the offshore islands (including Yanuca).

(Naicabecabe to Daku) there is a coastal plain thought to have formed when sea level fell in the
period 4000-1000 years ago (NUNN 2005). Along the other coasts of the island, the coastal plain
is quite wide because the rocks beneath are dipping gently seawards. For the same reason, this
coast has a broad mangrove fringe.

Figure 3. Photo of the cliffs behind Nasauvuki Village. There is no inland area to which the Nasauvuki
community could easily move.

There is a coral reef fringing most of the Moturiki coast. This reef is widest (as much as
2.5 km) in the south of the island. This reef has attracted people to settle on Moturiki Island
since the earliest period of human arrival in Fiji, about 3000 years ago (KUMAR et al. 2004).
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Some 800 people live on Moturiki today, in ten villages (see Fig.2) including one on smaller
nearby Yanuca Island, classified as part of Moturiki for administrative purposes.

With the exception of Savuna Village, all the villages on Moturiki (including Yanuca) are
on low-lying flat areas along the islands’ coasts. The reasons for this include

0 ease of construction and maintenance (shelter) of dwelling houses,

0 easy access to flat land for horticulture, and to the ocean for marine foods and other re-
sources, and

0 ease of access to other islands and communities.

These coastal flats formed only about 4000 years ago, when they were cut during the high
sea level of the middle Holocene period. Holocene sea-level changes on Moturiki and nearby
Ovalau Island have been studied in great detail by NUNN (2000a).

Since the middle Holocene, sea level has generally fallen around Moturiki, exposing ancient
reef corals in the coastal flats. This sea-level fall created the coastal flats which became overlain
with sediments - both from the sea and the land - and developed fertile well-drained soils. These
are used widely by the present people of Moturiki for crop growing, especially taro, cassava,
yams, and a range of green vegetables. Most of these crops are for on-island consumption.

Root-crop agriculture also dominates the farming in the islands’ interiors, where the high-
return export crop yaqona (or kava - Piper methysticum) is grown. Yaqona is the traditional
drink of Fiji, and has become an important export crop. The other important use of the islands’
interiors is for forestry, with many areas of what used to be grassland (known in Fiji as talasiga)
having been planted with exotic pine (Pinus caribea) which can be harvested some 20-30 years
after planting.

The landscape of Moturiki has changed considerably within the past two hundred years, es-
pecially along its coast. Before about AD 1800, as with most parts of the higher islands in the
tropical Pacific (NUNN 2000b), most people on Moturiki lived in fortified upland settlements,
alert to attack from neighbouring groups. The root of this conflict was competition for a pool
of food resources that had been reduced during the AD 1300 Event. A good study of this in Fiji,
in the Sigatoka Valley on Viti Levu Island, has just been published (KUMAR ef al. 2006).

As conflict ended, particularly with the arrival of missionaries, so people moved from up-
lands to lowlands and the modern villages on Moturiki were established. The British colonial
administration that took over in the late 19" century laid the foundations of the modern organi-
zation of rural Fiji society on islands like Moturiki. Besides requiring people to live along island
coasts, many colonial medical officers also encouraged people to chop down the mangrove
swamps that fringed these coasts. It was thought that these mangrove swamps were undesirable
because they were the breeding grounds of disease-carrying insects, particularly mosquitoes.
One result of mangrove clearance was the exposure of island coasts to marine erosion. Shoreline
erosion around Moturiki can be attributed to mangrove clearance and 20"-century sea-level rise
(NUNN 2000c).

Today, almost all exposed coasts on Moturiki are experiencing shoreline erosion. A view
of the coast near Daku Village is shown in Figure 4. The response to shoreline erosion has been
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generally to build sea walls, which has usually made the problems of coastal sustainability more
severe rather than solving them.

Figure 4. Shoreline erosion just north of Daku Village is shown by the fallen and leaning coconut trees.

In the modern villages of Moturiki, there is a mixture of traditional (thatched) houses called
bures and modern houses of bricks with roofs made from corrugated iron. In all villages, the
grandest building is the church (Methodist). The church roof is normally an important catchment
for rainwater, being directed into communal tanks. Many individual houses also capture rain-
water in this manner. Yet almost all villages on Moturiki depend on well-water for drinking,
washing and cooking. Some have cement-lined pools for bathing.

The modern population of Moturiki is dominated, as on many islands on the margins, by
older people and their grandchildren. The young adults in particular often live elsewhere, where
they can be in cash employment, and send money home to their families on the island. This
situation is changeable, depending in particular on

0 the wage employment available else (pull factors), particularly seasonal labour during
sugar-cane harvesting, and

0 the demand and price of cash crops, such as yagona, which can be grown on Moturiki
(push factors).

The modern population and age structure of Moturiki influences environmental practices.
Many food gardens are overgrown because there is no-one to tend them, especially far away
from the villages. Subsistence crops are dominated by cassava, an “easy” crop to grow com-
pared to the more labour-intensive crops like yams and taro. And fishing practices, especially
during holiday seasons when large numbers of people living “off the island” return home briefly,
are often of the non-sustainable kind - using fish poison (duva root), for example.

3. The future of Moturiki

It is expected that this century, the temperatures in the tropical Pacific (and everywhere else



46 Roselyn Kumar

in the world) will increase by 1.4-5.800 (1990-2100), which will certainly influence subsistence
dwellers throughout the region. Higher temperatures may restrict the types of crops able to be
grown. Higher temperatures are also likely to cause coral bleaching, which will have dire con-
sequences for the production of marine foods.

Sea level is also expected to rise 9-88 cm (1990-2100) which will see the problems associ-
ated with 20"-century sea-level rise get worse. Sea-level rise will cause flooding and shoreline
erosion, perhaps forcing coastal villages to relocate inland. Sea-level rise will also cause
salinization of lowland groundwater, causing problems for crop growing in lowland areas.

There will also be changes in the society of Moturiki - and many other islands on the mar-
gins in the Pacific. Population growth is currently quite fast, most families having 3-5 children.
This will cause increased demands on the environment, although this may be offset by rural de-
population. There are concerns among the older people that such changes will lead to a loss of
cultural identity.

This section discusses the future of Moturiki in more detail in three sectors. The first is ag-
riculture, then water, and then coasts.

The future of agriculture on Moturiki

Most crops grown on Moturiki today are for subsistence, that is for on-island consumption.
While many of these crops are grown close to the villages, some are grown inland, mostly be-
cause the complicated system of land ownership on Moturiki requires it. Many extended family
groups (matagali) own land that is a considerable distance from their homes. Other family
groups have to lease land.

Some varieties of taro, particularly the swamp taro (known as via), are tolerant of saline
groundwater and grow well even in lowland areas where groundwater is salty. But most subsis-
tence crops are not, and large areas inland of some villages (like Naniubasaga, Uluibau and
Wawa) have been cleared for such agriculture. This trend is likely to continue, as coastal low-
land areas become less suited to growing crops. It is likely that areas increasingly higher up the
valleys (where these exist) will be cropped, but this is not an easy option for some villages (like
Naicabecabe, Nasauvuki and Navuti - see Fig.3) where there are no areas suitable inland.

Fortunately Moturiki is not too large, so that crops can be grown at considerable distances
from villages and brought back daily for consumption in those villages. But the ease of subsis-
tence agriculture in modern Moturiki is likely to disappear in the future.

The nature of the crops will also change, and the Fiji Government has been working on de-
veloping new strains of (salt-tolerant) crops that its people can grown in more saline
groundwaters. Some of the taro so developed is being grown just south of Nasesara Village.

New cash crops have occasionally been introduced to Moturiki, but none have been very
successful. The longest-term cash crop is coconuts, the copra from which is bought by the go
vernment’s National Marketing Authority. But this is a labour-intensive and low-return crop, so
not very popular, although many uninhabited coastal flats on Moturiki are covered with coconut
forest.

Sea-based crops like beche-de-mer (sea slug) and seaweed have been farmed commercially
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but the difficulties of sustaining the supply of these has reduced its commercial success. Trochus
shells are occasionally collected and sold to the button factory in Suva.

Much of the future of Moturiki’s agriculture depends on how rainfall will change in the fu-
ture. If there is more rain, that will present problems for inland agriculture, much of which is
on steep slopes. If there is less rain, as there probably will be, then water-management practices
will have to be improved on Moturiki. The island is already sensitive to drought.

Future water supply and water management on Moturiki

Like many islands on the margins, most communities on Moturiki do not manage their
water supplies in ways that are sustainable in the short term. Many roof catchment systems are
falling apart or have been dismantled. Many pipes are leaking. Many rainwater tanks, particu-
larly the communal ones, are likewise leaking or polluted. And, in response to this, many fami-
lies who can afford it have purchased their own rainwater-collection tanks, thereby excluding
themselves from the communal system.

The problem is the cost of installing and maintaining the rainwater-collection infrastructure.
On islands like Moturiki that are on the margins, there is little cash. This is not a criticism.
Normally there is little need for cash and, when that need arises, then the cash can be earned.
But pipes and cement for rainwater tanks are costly, and most communities look to government
for financial aid. The government’s dilemma is that they do not have enough money for every
village in need, so inevitably some villages are “left out” - usually the villages on the margins.

Water management needs to be improved on Moturiki in the future, whether rainfall be-
comes more or less. Reservoirs could be established, boreholes could be dug, but people also
need to be more aware of the need to conserve the water they have, whether that water is used
for agriculture or directly by people.

The future of Moturiki’s coasts

The coasts of Moturiki are where most of its people live at present, and where most eco-
nomic activity (agriculture) and infrastructure (villages, schools, nursing station) is located. As
sea level rises, so life will become more difficult along low-lying coastal flats,

Many communities have responded to the problem of shoreline (coastal) erosion by build-
ing sea walls. This was done as community initiatives, with little professional input from gov-
ernment, and has generally been unsuccessful. The sea wall at Nasauvuki is a typical vertical
impermeable sea wall (Fig.5), which sea water at high tide goes under and around, and often
over. It has caused scouring of the area offshore for more than 200 m, reducing its ecological
productivity. As seen in Figure 5, the house nearest the sea has raised its entrance to prevent
flooding at high tide.

One of the most vulnerable villages is Naicabecabe (Fig.6) which, being the lowest-lying on
Moturiki, is regularly flooded at high tide. Life in Naicabecabe become very difficult at such
times, but the people own no land on Moturiki so cannot easily locate themselves.

One very important cultural site is at Naitabale in the south of Moturiki. It is one of the ear-
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liest-known human settlements in Fiji, dating from more than 3000 years ago (KUMAR ef al.
2004), and was the place from which a complete Lapita-era skeleton was recovered. The person
in question died about 800 BC (KATAYAMA et al. 2003). This site is also threatened by sea-level
rise. This emphasizes the point that sea-level rise threatens not only modern livelihoods, but also
cultural heritage.

Figure 5. The sea wall at Nasauvuki.

Figure 6. The front of Naicabecabe Village, the lowest-lying village on Moturiki.

In the future, if sea level rises as the IPCC predict, it is likely that some villages on Moturiki
(Naicabecabe, Navuti, Yanuca) will be abandoned. The question of where the affected people
will move is unresolved. Other villages may be able to continue living in their present locations
if appropriate coastal conservation is carried out. Such villages include Nasauvuki and Uluibau,
where mangrove replanting along the shoreline needs to be carried out.

4. Barriers to problem solving, opportunities for problem solving

There are barriers to problem solving on Moturiki. The main one is that community leaders
- traditional chiefs, village headmen (furaga ni koro), and religious leaders (vakatawa) - do not
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have the appropriate information to make informed decisions about environmental management.
They need to know about appropriate coastal protection (mangroves rather than sea walls), they
need to know about water conservation, and about likely future climate changes, so that they can
plan effectively for the future of Moturiki.

The other major barrier to problem solving is resources, particularly financial resources.
Perhaps a combination of government assistance and local contributions could provide sufficient
money to buy the basic materials for constructing better rainwater-collection infrastructure, for
example, but it is not all about the money.

Many of the problems of present and future environmental management on Moturiki - and
many other islands on the margins - could be solved by “appropriate empowerment” of commu-
nity-level decision makers. By giving such people, the information they need to make informed
decisions is to empower them to make such decisions. The hierarchical nature of many tradi-
tional Pacific Island societies - like that on Moturiki - is appropriate to such empowerment.

Other opportunities include income-generating activities, ranging from tourism to
mariculture (seaweed farming), and the improvement of village-level infrastructure (electrifica-
tion, for example) to encourage more young adults to stay on the island.

5. Conclusion: sustaining People-Nature Interactions on Moturiki

Present people-nature interactions on Moturiki are not sustainable. The first challenge is to
make them sustainable. The second challenge is to prepare for future changes, resulting from
21%-century climate change. The solution lies in empowering the community leaders of Moturiki
to make appropriate choices about the future management of the islands’ environment and its
natural and cultural resources.
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