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toll countries have a unique geographical config-
uration, which explains why their land resources
are very limited. They are also relatively poor
countries, whether they are independent (Kiri-
bati, Tuvalu, the Maldives) or still connected to
their former colonial power (Niue or the Mar-
shall Islands, for example). Often described as
the countries that are “most exposed to climate
change” (Barnett and Campbell, 2010), what they in fact show is the
extent to which future threats first take root in current problems of
unsustainable development (particularly, the severe degradation of
ecosystems and uncontrolled urbanisation), which climate change
will further exacerbate.

The case of Kiribati (Central Pacific) is an illustration of this. A brief
reminder of the country’s natural constraints and socio-economic
changes over the last two centuries will help to explain the pressures
currently affecting Kiribati and how these will be amplified by climate
change. In this context, field research combining the environmental
and human dimensions is crucial in order to understand all the as-
pects of current natural hazards, and to inform discussions on future
risks with knowledge anchored in on-the-ground realities. This em-
pirical approach to the future is a major challenge for the elaboration
of pragmatic adaptation strategies.

* The authors would like to thank the Agence nationale de la recherche for its support to
the projects, CapAdapt (ANR-2011-JSH1-004 01) and Labex (ANR-10-LABX-000x), as well
as the CNRS (GéoKiribati Programme). They also extend thanks to Raphaél Billé, Pierre
Barthélemy and Benoft Martimort-Asso for their comments on a previous draft. The authors
also thank Gill Gladstone for her translation from the French version.
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A HIGHLY CONSTRAINED
NATURAL ENVIRONMENT

Like Tuvalu and the Maldives, Kiribati is made
up of atolls that evolve in function of the corals’
response to variations in the weather and sea
conditions.* The country is intrinsically maritime,
with an exclusive economic zone (EEZ) covering
3.5 million km? for a total land area of 726 km?
comprising a large number of scattered islands.?
On the scale of an atoll, the dominant feature is
the lagoon, which is bounded by a ring of coral
that forms islets usually less than 1 km? in area. Not
all of the land on the islands is inhabitable due to
the presence of swamps and mangrove mudflats,
the high instability of their shorelines and their
low elevation. With highest points of between 3
and 4 m, they are at risk of sea flooding. As they
are young (between 2,000 and 4,000 years), com-
posed of sand and coral rubble and exposed to
marine processes, their soils are poor and their
plant resources little diversified. Water is scarce,
brackish (2 to 3 g. of salt/1) and highly sensitive to
climate variations. It is supplied by rainfall, which
infiltrates the ground to form shallow freshwater
lenses (about 2 m deep) sized proportionally to
the island. In the southern Kiribati islands, water
supply is unpredictable owing to the periods of
drought linked to El Nifio events.

RECENT CHANGES IN A SOCIETY
WITH MILLENNIAL ROOTS

Some three thousand years of history have shaped
aterritorial organisation originally based on a two-
pronged strategy: ensuring each family (or clan)
has access to the entire diversity of land and sea
resources, and managing these resources rational-
ly. The fact that the islands are divided into strips
of land linking the lagoon to the ocean enabled
each family to exploit the different natural envi-
ronments (Figure 1). Dwellings were built some
20-30 m from the lagoon shore, sheltered from the
sea swell. Inland, the islanders cultivated coconut
palms and pandanus (for wood, palms and fruit)
and, in very low-lying areas, taros.: The families al-
so shared the management of the fishing grounds
along the seacoast and collected shellfish on the

1. Depending on the conditions and the species, they can
follow the rise in sea levels (simultaneously or with a
slight time lag) and survive, or be overtaken and die.

2. The exact number is unknown.

3.A root vegetable, emblematic of the Pacific civilisation
(food and ceremonies). Each family owned a share of the
“taro garden”.

f2

muddy foreshore of the lagoon. This system ensu-
red that the population’s diet was optimally diver-
sified and helped to cushion crisis periods caused
by fluctuations in the different resources. Today,
this way of life has almost disappeared, especially
on the most urbanised and most populated islands.

In less than two centuries, Kiribati has experi-
enced profound changes: (a) dwellings have been
grouped into villages on the rural atolls and into
urban areas on the Tarawa atoll; (b) power has
been concentrated in the capital atoll, Tarawa,
and the system of self-management by each atoll
has been abandoned; (c¢) complex customary law
has given way to simplified written law; (d) the
subsistence economy has been replaced by a mar-
ket economy; and (e) the traditional land tenure
system has been dismantled. Recent decades have
been marked by a population explosion, driven
chiefly by improvements in the health sector.
Population rose from 38,000 inhabitants in 1963
to over 103,000 inhabitants in 2010 (+171%). This
growth has been mainly concentrated in the urban
district of South Tarawa, which is now home to
more than half the country’s population with an
average density of 3,125 persons per square kilo-
metre. This situation has brought on (i) a rapid
degradation of ecosystems and resources, (ii) the
loss of traditional ties linking cultural identity with
the environment, (iii) the inhabitants’ high level
of exposure to weather and sea-related hazards
as they have settled in flood-prone and unstable
areas and (iv) a growing dependence on interna-
tional aid and food imports. These changes go a
long way to explaining Kiribati’s vulnerability to
climate change (Duvat & Magnan, 2012).

CLIMATE CHANGE, AN AMPLIFIER
OF CURRENT PRESSURES

Increases in the concentrations of atmosphe-
ric greenhouse gases will have three major
consequences that will compromise the current
system of resource use.

First, rising sea levels. Measures taken across
the Pacific Ocean show a rise of between + 2.5
and 5.5 mm/year since 1950, with an acceleration
in recent years (Becker et al. 2012). Moreover, the
IPCC’s Fifth Assessment Report of 2013 estimated
that, by 2100, the average global rise* would be
between + 0.26 m and + 0.82 m. Yet, many scien-
tists now expect the rise to exceed this upper limit,
predicting that it could even top 1 m by 2100 (see,
for example, Rahmstorf, 2007). Although there

4. For the period 2081-2100 relative to 1986-2005.
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Figure 1. Traditional organisation of the |-Kiribati island communities
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Source : Longépée and Duvat, 2013.

are continuing uncertainties both on the magni-
tude of climate change and on how islands and
coral ecosystems will respond to its impacts, the
types of threat endangering a country like Kiribati
are already known: the expected consequences in-
clude total flooding of low-lying areas and more
frequent temporary flooding, soil salinization and
brackish groundwater lenses, degradation of ter-
restrial vegetation and, most likely, a reduction
in the surface area of some islands, while others
could, on the contrary, continue to grow due to the
material brought in by the waves and human ac-
tion (for example, filling in the reef flats). Overall,
however, a degradation of the atoll land resources
is to be expected.

The rise in temperature of the ocean’s surface
water is another problem that will compound the
rise in sea level. When corals’ limit of thermal tol-
erance, which borders on 30°C, is exceeded, they
emit zooxanthelles (symbiotic algae that ensure
photosynthesis) and bleach. The increasingly

IDDRI POLICY BRIEF 09/2013
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frequent bleaching events are now raising fears
that this will wipe out the corals definitively in
some regions.

In tandem with climate change, pollution from
greenhouse gases is beginning to produce a higher
content of dissolved CO- in the ocean — a process
better known as ocean acidification (Billé et al.,
2013). This phenomenon causes a drop in the cal-
cification rate of many organisms, such as coral,
that have a calcareous skeleton, thus increasing
their fragility. The consequences of acidification
are already having adverse effects on coral but
the experts estimate that, once the concentration
of atmospheric CO, reaches 500 ppm, the effects
will become unmanageable (Hoegh-Guldberg et
al., 2007).5

5. The threshold of 400 ppm for CO, concentration in the
atmosphere was exceeded in May 2013 at the monitoring
station in the Mauna Loa observatory (Hawaii). This same
station reported 386 ppm in 2009.
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Figure 2. Digital terrain model of Bairiki in the urban district of South Tarawa
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Since corals produce sediments that help to re-
plenish the islands with sand and coral, their deg-
radation is raising concern about coastal erosion
in places where the existing coral reef plays a ma-
jor role in the sedimentary system.® The expected
degradation of the coral reefs will also bring about
areduction in the fish populations that inhabit the
atolls.

The corals and islands will find it all the harder
to resist future climate stress as they are already
suffering from human-induced degradation and
pressure. The unsustainability of our development
paths are harming their natural capacity to adapt
to future changes and creating problems that are
central to the threats posed by climate change.

DEVELOPING FIELD RESEARCH FOR
BETTER INSIGHT INTO FUTURE RISKS

Field research is indispensible if we are to unders-
tand current and future risks in greater detail. This
research would collect the empirical data that are
crucial for devising realistic strategies for climate
change adaptation.

6. This is not the case everywhere: on some atolls, inert
sediments from previous periods significantly help the
accretion process of the islands.

P

To map the most flood-prone areas, high-resolu-
tion elevation readings need to be obtained using
GPS.” Readings of hundreds of altitude points per
km? makes it possible to precisely determine the
islands’ relief with digital terrain models show-
ing the variations between the highest and lowest
points (Figure 2). In addition, a detailed study of
the coastal morphology provides data on the cur-
rent level of exposure to flood risk in developed
areas, as well as the likely future exposure to this
risk. For example, a low-lying area can be protect-
ed from sea flooding by an alignment of coral rub-
ble ridges that break the waves. This means that
the evolution of these natural barriers will play a
key role with respect to future exposure to flood
risk. These ridges may be subject to erosion, which
will increase the exposure of the developed areas
or, conversely, continue to grow and provide pro-
tection. To anticipate future risk levels, it is thus
important to measure and analyse their develop-
ment in detail by comparing aerial photographs
taken at different dates.

In parallel, other elements—this time, man-
made—also affect the level of risk, as for exam-
ple defence works (flood defence walls, vegeta-
tion defences, etc.) built by the authorities and

7. Global Positioning System.
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Figure 3. Population density in the Eita-Bangantebure sector (South Tarawa)
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Source: Duvat et al, 2013.

inhabitants for protection against the onslaught of
the sea. These works can offer protection if they are
well designed, but have destabilising effects if they
are badly located and poorly calibrated, in which
case they increase the risk of coastal erosion and
even sea flooding. It is thus also useful to charac-
terise these artificial coastlines through systematic
land surveys and to assess the effectiveness of the
works along with their negative impacts (Duvat,
2013). When possible, aerial photographs taken at
different dates are compared so as to track chang-
es in the use of space and in the ecosystem deg-
radation processes (mangroves, coral reefs, etc.)
that exacerbate the risks (Figure 3). In the context
of the demographic explosion experienced by the
capital atoll, Tarawa, this analysis reveals that ur-
banisation is advancing rapidly to the detriment

IDDRI POLICY BRIEF 09/2013

of the protective ecosystems. Finally, other lines
of analysis can also help to identify the territory’s
capacity not only to be resilient to events that oc-
cur, but also to anticipate future risks. This type of
investigation covers, for example, the population’s
new relationship to the environment (key struc-
tures and resources), the dislocation or transfor-
mation of traditional support mechanisms and the
government’s risk management policies.

It is thus by comparing different types of data
that one can identify these changes, gain an over-
all understanding of the natural and anthropo-
genic dynamics of the territory, and hierarchize
the factors underlying the current risks and which
will strongly influence future risks. These research
projects can inform diverse response strategies to
address present and future risks. For example, they
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Figure 4. Exposure of buildings to erosion and flooding in Eita-Bangantebure (urban district of South Tarawa, Kiribati)
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can use systematic characterisation of the type and
state of shoreline defence works to produce an ex-
haustive diagnosis of the level of protection for
different key structures. Implementing efficient
coastal defence policies is fundamental in a situ-
ation with tightening environmental constraints
(rising sea levels) and anthropogenic constraints
(increasing population densities and sediment dis-
turbances). These studies bring responses to the
following questions: what is the level of protection
in the different risk-prone areas? What then are
the areas that must be given priority in a coastal
defence strategy? Can these approaches help to
better calibrate international aid, which most of-
ten operates on an ad hoc basis and intervenes in
the critical sectors (protecting the international
airport, for example) with no overall view of the
situation? A comparative diagnosis of land use/
defence works is required to plan coastal defences
(which works need repairing and building, and
when?) and reduce the vulnerability of key struc-
tures (infrastructures, buildings, etc.).

A cross-comparison of morphological maps,
digital terrain models and land use maps pro-
vides valuable data to help with developing spatial
planning policies. It reveals risk-prone areas and
provides useful elements for risk reduction (iden-
tification of “high points” and sectors the least
affected by erosion in view of relocating popula-
tions, for example). Coupled with an analysis of

Fs

the sociocultural dimensions (social ties, land ten-
ure, etc.) and economic aspects (emerging sectors,
for example), these diagnoses are proving crucial
for identifying and managing the new frontiers of
urbanisation, as in the case of Buota Island, locat-
ed at the junction of the North Tarawa and South
Tarawa districts, which has adopted a longer term
approach to planning. Buota is easily accessible by
bridge from South Tarawa and holds large ground-
water reserves. It is thus an area of great impor-
tance that must be protected from uncontrolled
urbanisation and its impacts (notably pollution). It
is also the case for the outer-lying atoll islands that
have not been affected by urbanisation and con-
stitute a reserve of available space with a wealth
of resources. Although there are some land tenure
obstacles to developing these islands, they may
well play an important role for resettling the I-Kir-
ibati population at some later date. In this event,
care must be taken not to repeat the mistakes of
South Tarawa. In-depth knowledge on the current
characteristics of these areas is thus needed so as
to anticipate future dynamics and ensure that they
do not significantly add to the levels of risk.

In sum, the empirical studies presented above
give a very detailed insight into the vulnerability
of populations to weather and sea related hazards.
Given that they are able to precisely map the ex-
posure to coastal hazards (Figure 4), they clearly
identify which sectors are under most threat.

POLICY BRIEF 09/2013 IDDRI
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These maps inform decision-makers of which ar-
eas are the most in need of urgent action to rein-
force protection for populations. Furthermore, the
use of geographic information systems — already
in use in some ministries in Kiribati, but which
lack raw data — makes it possible to calculate the
proportion of built stock that is currently exposed
to sea flooding and/or coastal erosion. Our stud-
ies have led us to estimate this share at 13% and
17% respectively for buildings in Bairiki and Eita-
Bangantebure (Duvat et al., 2013). As a result, and
since a building’s location is related to altitudinal
data, it is possible to estimate the exposure level in
function of different sea-level-rise scenarios. This
requires more than simply mechanically raising
the average sea level. It also involves integrating
components such as urban growth (on the basis
of past trends) in particular. As these simulations
are empirically based, they are able to support
decision-making for the elaboration of compel-
ling anticipatory strategies, given that these can
be grounded first and foremost on local reali-
ties (relating to topography and land tenure, for
example).

IDDRI POLICY BRIEF 09/2013

A PROBLEM SHARED

Across the planet, all the coastlines on which
human societies have settled are threatened by
extreme weather and sea events. Hurricane San-
dy, for example, which hit the coast of New Jer-
sey (United States) in November 2012, is an apt
reminder of this. In fact, though the atoll countries
are positioned on the front line of climate-related
threats due to their physical characteristics, their
situation raises more universal questions. These
territories are not on the side-lines and carry
some important lessons, including a main one
that emerges from this paper: if climate change
is a real threat — and to deny this would be both
irresponsible and dangerous — then tomorrow’s
problems are intimately tied to current patterns of
land use and resource use that are not sustainable.
Very concretely, this means that engaging, as of
now, in proactive policies designed to readjust our
spatial planning and protect the environment is
a major step towards climate change adaptation.
This is no longer a matter of choice but an impera-
tive. As such, research projects crucially need to be
developed on geographical scales that are detailed
enough for us to understand the highly complex
processes that are now creating risks, because
these are all levers on which we can act to limit
future risks.
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