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Introduction

Climate change induced sea-level rise and increased frequency and intensity of extreme weather events
puts the long-term ability of humans to inhabit atolls at risk, according to the latest findings of the
Intergovernmental Panel on Climate Change (McCarthy et al. 2001). We argue that this risk constitutes
a dangerous level of climatic change to atoll countries by potentially undermining their national
sovereignty. We outline the novel challenges this presents to both climate change research and policy.
For research, the challenge is to identify the critical thresholds of change beyond which atoll social-
ecological systems may collapse. For the international policy process, centred on the UN Framework
Convention on Climate Change (UNFCCC), the possible extinguishing of atoll-countries radically
challenges international norms of justice, sovereignty, and human and national security.

Climate Impacts on Atoll Countries

Atolls are rings of coral reefs which enclose a lagoon. Around the rim of the reef there are islets called
motu with a mean height above sea-level of approximately two meters. There are five countries
comprised entirely of low-lying atolls: Kiribati (population 78,000), the Maldives (population
269,000), the Marshall Islands (population 58,000), Tokelau (population 2,000), and Tuvalu
(population 9,000). With the exception of Tokelau (a dependent territory of New Zealand), these are all
sovereign states. Kiribati, the Maldives and Tuvalu are official ‘Least Developed Countries’ (LDC) in
the United Nations system.

Atolls have common environmental problems that render them particularly vulnerable to climate
change. They have very high population densities (897 people/km” in the Maldives). Water reserves
are restricted to a narrow subterranean freshwater lens easily contaminated by salt water and human
and industrial wastes. Freshwater lenses become depleted in times of low rainfall. Atoll islands
typically face coastal erosion as a result of mining of beaches, while construction of sea walls and
infrastructure, and waste dumping on reefs and mangroves undermine the ecological functions on
which these island systems depend (Moberg and Folke 1999). Coastal developments and pollution has
also lead to depletion of artisanal fisheries.

Overall, their small size, isolation, physical infrastructure and low levels of income make atoll
countries apparently vulnerable to global economic forces as well as to climatic changes. The atoll
countries are relatively more vulnerable in terms of economic structure and, on average more food
insecure than other small island developing states as demonstrated in Figure 1. These parameters of
underlying economic vulnerability can, however, be questioned for subsistence economies which are
often more resilient to weather extremes and climatic change than suggested by economic structure
(Smith and Wishnie 2000). This underlying vulnerability, when combined with sensitivity to climatic
changes, nevertheless raises the necessity for large-scale adaptation for the atoll countries.
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Figure 1. Economic vulnerability and food insecurity of small-island states and atoll nations.

Food security is a normalised weighted index comprising national food shortage (food availability per capita);
household food poverty (GNP per capita); individual food deprivation (based on FAO data) following Downing
(1992). The data are from FAO sources and include national food production and import per capita, GNP per capita,
and calorific intake per capita. Economic vulnerability is an index constructed to comprise economic openness, the
costs of remoteness and level of diversity in the economy. It is estimated in a normalised weighted index procedure
of nine variables representing openness, remoteness and diversity, including export concentration and intensity,
freight and insurance costs as a percentage of imports, proportion of net energy imports and dependence on
overseas development assistance. Data are from UNCTAD and World Bank sources and the index follows the
economic vulnerability index for small islands developed by the Caribbean Development Bank (Crowards 1999).
Data not available for Tokelau.

The ‘commitment’ to climate change caused by greenhouse gases already present in the atmosphere
means that sea-levels will rise by 5-12 cm by the year 2025, and a rise of 14-32 cm by 2050 is
projected with a high level of certainty (Jones 1999). Their high ratio of coastline to land area, high
population densities, and low level of adaptive capacity renders atoll countries the most physically
vulnerable of all small island states to sea-level rise (Figure 2). It is not sea-level rise per se, but rather
projected increases in sea-surface temperature that poses the greatest risk to atoll morphology. Raised
sea surface temperature events cause coral bleaching and the death of reef and motu building corals.
Without coral bleaching reefs would most probably be able to grow at a pace with rising sea-levels
(Brown et al. 2000).
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Figure 2. Vulnerability to sea-level rise of small-island states including atoll nations.

The index is comprised of coastline length divided by land area multiplied by population density to deliver a
coastal vulnerability index (Gommes et al. 1998), GDP/capita is taken as an indicator of adaptive capacity and
divided by the coastal vulnerability index to deliver the overall sea-level rise vulnerability index.

Sea-level rise and coral bleaching are mid- to long-term problems for atoll-countries. The more
immediate problems are likely to arise from enhanced climatic variability and extreme weather events
(McCarthy et al. 2001). The damages from these changes will be enhanced due to existing stresses
caused by unsustainable development.

Water resources are likely to be increasingly stressed in the future through a shift to more intense
rainfall events and possibly more intense droughts. In 2080 flood risk is expected to be in the order of
200 times greater than at present for Pacific atoll countries (Nicholls et al. 1999). Cyclones are likely
to be more intense if not more frequent. Climatic variability is linked to El Nifio Southern Oscillation
(ENSO) events, and these may be becoming more frequent and intense as a function of climate change
(Jones et al. 1999).

Artisanal fisheries are likely to decline as episodes of coral bleaching increase, and the availability of
deep water fish may become increasingly variable as there is reasonable confidence that this is linked
to ENSO events (McLean and Tsyban 2001). Agriculture is highly vulnerable due to increased heat
stress on plants, changes in precipitation and soil moisture, salt water incursion from rising sea-levels,
and increased damage from extreme weather events. In conjunction with the likely increased spread of



vector borne diseases and more frequent and severe extreme events, this greater food insecurity is
likely to degrade human health in the Pacific region. Climate change will have substantial impacts on
the economies of atoll-countries. The World Bank estimates that by 2050 Tarawa atoll in Kiribati
could face an annual damages bill equivalent to 13-27% of current Kiribati GDP (World Bank 2000).

Ultimately, atoll environments may be unable to sustain human habitation, a possibility with even a
moderate amount of climate change over the next century. Should low-probability yet high-impact
changes occur, then this would almost certainly result in atolls becoming uninhabitable (McCarthy et
al. 2001). Thus, IPCC Chair Robert Watson has said that low-lying small island states face “the
possible loss of whole cultures” through the impacts of climate change (Watson 2000).

Dangerous Climate Change and Sustainable Adaptive Capacity

The potential impacts of climate change therefore suggest that the physical basis of national
sovereignty — the right to self determination — is at risk. This represents a particular, political form of
‘dangerous’ change in terms of the ultimate objective of the UNFCCC to stabilise greenhouse gas
concentrations at a level that would prevent dangerous anthropogenic interference with the climate
system. It is also a very clear case of environmental insecurity (Barnett 2001a).

The risk to atoll countries challenges the ability of science to predict and prevent dangerous thresholds
of climate change (Jones 2000). The threshold of penultimate concern is that point at which atolls will
no longer be able to sustain human habitation. Thus there is a need to engage in impact assessments
that consider the full range of biophysical, social, and biophysical-social interactions at all relevant
scales to understand the nature of thresholds, and to link these thresholds to levels of concentration of
greenhouse gases. Methods designed for global and regional assessment such as general circulation
models and integrated assessment models fail to capture the most important elements of impact and
adaptation strategies on atolls. There is a need to explore empirically the effects of climate change at
the local level, as well as to incorporate the culturally-specific adaptive capacity of diverse and
potentially resilient societies (Kaluwin and Smith 1997).

The thresholds of dangerous climate change are, we argue, manifest in behaviour and risk as well as in
physical parameters. So, for example, rates of international migration from atoll countries threatened
with climate change may pass a critical threshold that constitutes danger for a society. This may arise
through increasing dependency ratios, or social and cultural impacts of migration. Historical migration
patterns from atoll countries in the Pacific and from other small island nations have been shown to
contribute to the resilience of these societies when faced with stresses such as hurricane impacts
(Paulson and Rogers 1997). Such migration also contributes to maintaining a sustainable resource base
and social structure (Connel and Conway 2000). But ultimately a threshold may be reached which
pushes the social system from sustainable international migration into complete abandonment due to
resource scarcity on the islands, cultural unsustainability, or increased adverse effects from droughts or
storm surges.

Atoll societies are faced with challenges to adapt to this risk. Many small island societies have proved
resilient in the past to social and environmental upheaval (Bayliss-Smith et al. 1988). The key
parameters of this resilience include: traditional knowledge, institutions and technologies;
opportunities for migration and subsequent remittances; land tenure regimes; the subsistence economy;
and linkages between formal state and customary decision-making processes (Barnett 2001b). But atoll



countries of the Pacific and small island states in general are increasingly integrated into the world
economy primarily through commercial exploitation of their extensive Exclusive Economic Zones and
through international tourism. Forces of globalisation, regional integration and national policy changes
can interact with and effect adaptive capacity in important ways (O’Brien and Leichenko 2000).

The confidence of foreign investors, aid agencies and atolls people themselves in the ability of atolls to
sustain future human occupation is important, and represents an important critical threshold. The threat
of future serious climate impacts can undermine present sustainable resource use in three ways.

First, given the prospect of ultimate abandonment due to climate change, the optimal exploitation rate
for renewable and non-renewable resources is to deplete to extinction. This unsustainable resource use
creates a feedback that undermines ecological and social capacity to adapt to climate change. Second,
should foreign investors and aid agencies believe that atolls will cease to be able to sustain human
populations in the future, then investment and aid may cease to flow into atoll countries. The
government of Tuvalu, for example, may well have undermined investor confidence by negotiating
migration rights to New Zealand for up to half of that country’s population in the event of serious
climate change impacts. A decline in foreign investment and aid is likely to undermine sustainable
development and capacity to adapt to climate change. A precursor of this possibility is the increasing
withdrawal of insurance coverage for climatic extremes (Edwards 1999). Third, the institutions for
collective action in resource management have been shown to break down when there are expectations
of future resource degradation (Adger 2001a). This has been evident in tourism development in the
Maldives where the tourism sector adopts a frontier resource use strategy, opening new atolls to
tourism as the tourism life cycle seeks pristine beaches and waters. Such development is in effect the
open access use of scarce resources and has been shown to lead to the deterioration of water quality as
well as breaches in cultural carrying capacity (Brown et al. 1997).

Through these three processes, the end result of lost confidence in atoll-futures may be the end of the
habitability of atolls brought about less by the physical impacts of climate change per se, and more by
a common expectation of serious climate impacts leading to changes in domestic resource use and
decreased assistance from abroad.

There are two implications of this issue of confidence thresholds for climate change research. First, the
prevailing emphasis of research on vulnerability is conducive to a loss of confidence as it focuses on
weaknesses and shortcomings rather than inherent strengths and opportunities (Campbell 1997). This
can be avoided by framing research in terms of resilience rather than vulnerability. Second, the highest
standards of uncertainty management are necessary. Estimates of serious change need to be subjected
to a higher level of certainty given their potential effects on confidence, and extant uncertainties need
to be clearly and forcefully stated. Shifting the emphasis of impact assessment to risk assessment with
explicit quantification of uncertainties is therefore desirable.

Justice in Global Climate Policy

In climate policy research, debates over justice predominantly concern the equitable distribution of
costs of climate impacts and emissions reduction measures. These are determined largely in economic
terms informed by the assumption that there can be an optimisation of competing values. However, the
risk of the loss of atoll-countries is incommensurable with economic optimisation in that there is no
common measure by which to compare the value of atoll sovereignty and cultures with the monetary
costs of climate change. To compare values to a common standard for the purposes of seeking an
optimal solution implies all items of value are ultimately substitutable and losses can be compensated



(O’Neill 1993). Although technically possible, we argue that atoll-countries and cultures can never be
satisfactorily compensated for the loss of their physical bases. The difficulties of sufficient
compensation for loss of land and the cultural and economic impacts that ensue is evident in ongoing
tensions over land rights and self-determination in post-colonial countries such as Australia and New
Zealand, countries which are themselves likely hosts to any climate refugees from the Pacific atoll-
countries.

The incommensurability of loss of rights within economic optimisation renders decision-making
approaches problematic. Cost-benefit analysis applies more for micro-level decisions and requires
standard metrics of value which are unavailable as the comparability between values cannot be
sustained in this instance. To reduce the problem of lost atoll-countries into any such decision-making
framework would be to fit philosophically incomparable values into inappropriately technical
procedures (O’Neill 1993).

This is not to say the decision-analysis of the problem must be ‘irrational’, nor that choice is
impossible. It is the latent recognition by some countries of the potential severity of impacts on atoll-
countries that has given the small island states considerable leverage in negotiations over the
UNFCCC. However, decisions on global climate policy must be made according to a higher formal
conception of justice than the equitable distribution of costs. Various international treaties offer such a
formal benchmark of justice.

There are both legal and philosophical pointers to what this justice entails. The Universal Declaration
of Human Rights states simply that “everyone has the right to a nationality” (Article 15.1), and that
“no one shall be arbitrarily deprived of his [sic] property” (Article 17.2). The United Nations Covenant
on Civil and Political Rights states that “in no case may a people be deprived of its own means of
subsistence” (Article 1.2). In the case of climate change’s effects on atoll-countries, these basic rights
are at risk, reinforcing the ‘danger’ that climate change poses to atoll-countries and cultures.

Theories of justice are implicit in such international laws and norms. For international decision-making
on climate change, consideration of just actions depends on these existing laws and norms. Under
theories of justice such as those proposed by Rawls, the explicit international rule would be that global
decision making on climate change by nation states would adhere to the maximin principle — just
actions minimise the impacts of climate change to the most vulnerable state (Rawls 1971, Adger
2001b). For sovereign states the possibility of extinction would constitute the greatest threat, and this is
likely for perhaps five of the 181 states which are Parties to the UNFCCC. Even without this maximin
principle, a radically different and just outcome would be arrived at if states negotiated under a ‘veil of
ignorance’ whereby the 181 states in the UNFCCC would decide on ‘dangerous climate change’ on
the basis of not knowing a priori which of the five out of 181 states would cease to exist. This would
result in greater action than exhibited at present in the Kyoto Protocol negotiations. These
philosophical underpinnings for climate justice are implicit in the negotiating position of the
Association of Small Island States and carry some moral weight, though clearly not outweighing
national self-interest which, as the ‘veil of ignorance’ exercise shows, obscures proper recognition of
justice.

The constitutive principle of international relations — sovereignty — is itself problematised by the
possibility of climate change extinguishing atoll-countries. Sovereignty is the right of political entities
to be free from outside interference. It is an intersubjective construction, meaningful only because it is
mutually recognised that states should not act in ways that interfere with other states. It is a founding
principle of the Charter of the United Nations (Article 2.1), and is the core value underlying national



security practices. For all states to do less than everything possible to prevent the loss of a sovereign
entity is to undermine this most essential and powerful norm of international law and politics.

Conclusions

Climate change puts the long-term ability of humans to inhabit atolls at risk. The potential
abandonment of sovereign atoll-countries can be used as the benchmark of ‘dangerous’ change which
the UNFCCC seeks to avoid, not least because such an outcome would be contrary to international
standards of justice and human rights. The challenge for research is to identify the thresholds of change
beyond which atoll social-ecological systems collapse and how likely these thresholds are to be
breached. Existing techniques for assessing optimum climate policy responses are incapable of dealing
with the risks posed to atoll-countries and cultures. This is, in effect, a call for sustainability science
which seeks to promote social learning for just solutions to the consequences of climate change on
diverse cultures and societies (Kates et al. 2001). The possible extinguishing of atoll-countries has yet
to be sufficiently incorporated into UNFCCC negotiations. It calls for a higher conception of justice
than simply a focus on the equitable distribution of economic costs of mitigation.

Acknowledgments

This research was funded by the New Zealand Foundation for Research, Science and Technology and
the Tyndall Centre for Climate Change Research, University of East Anglia. Thanks for comments to
Julian Agyeman, Ashgar Ali, Frans Berkhout, Simon Dalby, Stephen Dovers, Mike Hulme, Edward
Page, Jouni Paavola, and David Wratt. We retain full responsibility for this version.

References
Adger, W. N. 2001a. Governing Natural Resources, in Berkhout, F., Leach, M. and Scoones, I. Eds.
Negotiating Environmental Change: Advances in Environmental Social Science (Edward Elgar,

Cheltenham). In press.

Adger, W. N. 2001b. Scales of governance and environmental justice for adaptation and mitigation of
climate change. Journal of International Development 13: 921-931.

Barnett, J. 2001a. The Meaning of Environmental Security (Zed Books, London).

Barnett, J. 2001b. Adapting to climate change in Pacific island countries: the problem of uncertainty.
World Development 29: 977-993.

Bayliss-Smith, T., Bedford, R., Brookfield, H., and Latham, M. 1988. Islands, Islanders and the World
(Cambridge University Press, Cambridge).

Brown, B., Dunne, R., Goodson, M. and Douglas, A. 2000. Bleaching patterns in coral reefs. Nature
404: 142-143.



Brown, K., Turner, K., Hameed, H. and Bateman, 1. 1997. Environmental carrying capacity and
tourism development in the Maldives and Nepal. Environmental Conservation 24: 316-325.

Campbell, J. 1997. Examining Pacific Island Vulnerability to Natural Hazards. in Planitz, A. and
Chung, J. Eds. Proceedings of the VIII Pacific Science Inter-Congress (United Nations Department for
Humanitarian Affairs, Suva).

Connell, J. and Conway, D. 2000. Migration and remittances in island microstates: a comparative
perspective on the South Pacific and the Caribbean. International Journal of Urban Regional Research
24: 52-78.

Crowards, T. 1999. An Economic Vulnerability Index for Developing Countries with Special Reference
to the Caribbean. (Caribbean Development Bank, Bridgetown).

Downing, T. 1992. Climate Change and Vulnerable Places: Global Food Security and Country Studies
in Zimbabwe, Kenya, Senegal and Chile. (Environmental Change Unit, University of Oxford, Oxford)

Edwards, M. 1999. Security implications of a worst-case scenario of climate change in the South-west
Pacific. Australian Geographer 30: 311-330.

Gommes, R., Du Guerny, J., Nachtergaele, F., and Brinkman, R. 1998. Potential Impacts of Sea-Level
Rise on Populations and Agriculture (FAO, Rome).

Jones, R. 1999. An Analysis of the Effects of the Kyoto Protocol on Pacific Island Countries:
Identification of Latent Sea-Level Rise within the Climate System at 1995 and 2020 (South Pacific
Regional Environment Programme and CSIRO, Apia).

Jones, R. 2000. Managing uncertainty in climate change projections — issues for impact assessment.
Climate Research 14: 89-100.

Jones, R., Hennessy, K., Page, C., Walsh, K. and Whetton, P. 1999. An Analysis of the Effects of the
Kyoto Protocol on Pacific Island Countries: Regional Climate Change Scenarios and Risk Assessment
Methods (South Pacific Regional Environment Programme and CSIRO, Apia).

Kaluwin, C. and Smith, A. 1997. Coastal vulnerability and integrated coastal zone management in the
Pacific islands region. Coastal Research 24: 95-106.

Kates, R. W. et al. 2001. Sustainability science. Science 292: 641-642.

McCarthy, J., Canziani, O,. Leary, N., Dokken, D. and White K., Eds. 2001. Climate Change 2001 :
Impacts, Adaptation & Vulnerability (Cambridge University Press, Cambridge).

McLean, R. and Tsyban, A. 2001. Coastal Zones and Marine Ecosystems, in McCarthy, J., Canziani,
O,. Leary, N., Dokken, D. and White K., Eds. Climate Change 2001. Impacts, Adaptation &
Vulnerability (Cambridge University Press, Cambridge).



Moberg, F. and Folke, C. 1999. Ecological goods and services of coral reef ecosystems. Ecological
Economics 29: 215-233.

Nicholls, R., Hoozemans, F. and Marchand, M. 1999. Increasing flood risk and wetland losses due to
global sea-level rise: regional and global analyses. Global Environmental Change 9: 69-87.

O’Neill, J. 1993. Ecology, Policy and Politics (Routledge, London).

O'Brien, K. and Leichenko, R. 2000. Double exposure: assessing the impacts of climate change within
the context of economic globalisation. Global Environmental Change 10: 221-232.

Paulson, D. and Rogers, S. 1997. Maintaining subsistence security in Western Samoa. Geoforum 28:
173-187.

Rawls, J. 1971. 4 Theory of Justice (Harvard University Press, Cambridge).

Smith, E. and Wishnie, M. 2000. Conservation and subsistence in small-scale societies. Annual Revies
of Anthropology 29: 493-524.

Watson, R., 2000.Presentation of the Chair of the Intergovernmental Panel on Climate Change at the
Sixth Conference of Parties to the United Nations Framework Convention on Climate Change
(http://www.ipcc.ch).

World Bank. 2000. Cities, Seas, and Storms: Managing Change in Pacific Island Economies (World
Bank, Washington).


http://www.ipcc.ch/

Tyndall"Centre

for Climate Change Research

The inter-disciplinary Tyndall Centre for Climate Change Research undertakes integrated
research into the long-term consequences of climate change for society and into the
development of sustainable responses that governments, business-leaders and decision-
makers can evaluate and implement. Achieving these objectives brings together UK climate
scientists, social scientists, engineers and economists in a unique collaborative research
effort.

Research at the Tyndall Centre is organised into four research themes that collectively
contribute to all aspects of the climate change issue: Integrating Frameworks; Decarbonising
Modern Societies; Adapting to Climate Change; and Sustaining the Coastal Zone. All
thematic fields address a clear problem posed to society by climate change, and will generate
results to guide the strategic development of climate change mitigation and adaptation
policies at local, national and global scales.

The Tyndall Centre is named after the 19th century UK scientist John Tyndall, who was the
first to prove the Earth’s natural greenhouse effect and suggested that slight changes in
atmospheric composition could bring about climate variations. In addition, he was committed
to improving the quality of science education and knowledge.

The Tyndall Centre is a partnership of the following institutions:
University of East Anglia
UMIST
Southampton Oceanography Centre
University of Southampton
University of Cambridge
Centre for Ecology and Hydrology
SPRU — Science and Technology Policy Research (University of Sussex)
Institute for Transport Studies (University of Leeds)
Complex Systems Management Centre (Cranfield University)
Energy Research Unit (CLRC Rutherford Appleton Laboratory)

The Centre is core funded by the following organisations:
Natural Environmental Research Council (NERC)
Economic and Social Research Council (ESRC)
Engineering and Physical Sciences Research Council (EPSRC)
UK Government Department of Trade and Industry (DTI)

For more information, visit the Tyndall Centre Web site (www.tyndall.ac.uk) or contact:
External Communications Manager
Tyndall Centre for Climate Change Research
University of East Anglia, Norwich NR4 7TJ, UK
Phone: +44 (0) 1603 59 3906; Fax: +44 (0) 1603 59 3901
Email: tyndall@uea.ac.uk



Other titles in the Tyndall Working Paper series include:

1. A country-by-country analysis of past and future warming rates, November 2000
2.
3. Socio-economic futures in climate change impact assessment: using scenarios as

Integrated Assessment Models, March 2001

‘learning machines’, July 2001

How high are the costs of Kyoto for the US economy?, July 2001

The issue of ‘Adverse Effects and the Impacts of Response Measures’ in the
UNFCCC, July 2001

The identification and evaluation of suitable scenario development methods for the
estimation of future probabilities of extreme weather events, July 2001

Security and Climate Change, October 2001

Social Capital and Climate Change, October 2001

Climate Dangers and Atoll Countries, October 2001

The Tyndall Working Papers are available online at:

http://www.tyndall.ac.uk/publications/working_papers/working_papers.shtmil



