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Abstract

This paper examines climate change in the South Pacific Island
Region. It looks at the increases in atmospheric concentrations of
greenhouse gases and aerosols as inferred from coupled atmos-
phere-ocean global climate models. The surface temperature at
the end of this century is estimated to be 2.5°C more than the
1990 level. Seasonal variations of projected warming are mini-
mal. No significant change in diurnal temperature range is likely
with rise in surface temperatures. An increase in mean tempera-
ture would be accompanied by an increase in the frequency of
extreme temperatures. The models simulate only a marginal in-
crease or decrease (<10%) in annual rainfall over most of the
Small Island Nations. During summer more rainfall is likely
while an increase in daily rainfall intensity causing more fre-
quent and heavier rainfall events is also likely. The paper also
looks at some implications of climate change in the region.

Introduction

The economy of Small Island States in the South Pacific is in-
trinsically linked with agricultural production, aquaculture, fisheries
and tourism. The thermal stress stands a good chance of disrupting the
terrestrial and marine ecosystems in Island Nations. Sea level rise
poses by far the greatest threat. It could inundate many Islands of Ki-
ribati and Tonga, increase storm damage to the remaining land and
contaminate fresh water supplies in aquifers thus increasing health
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risks to local population. Rise in sea surface temperatures would sig-
nificantly reduce the fish catch and would lead to bleaching of coral
reefs. Higher temperatures would also affect abundance and distribu-
tion of disease vectors or disease causing microbes. An appropriate in-
tegrated assessment of the adverse effects of climate change and sea-
level rise is critical for developing adaptation strategies which build
resilience and capacity to address vulnerabilities in Small Island Na-
tions of the South Pacific and to cope with their economic, social and
environmental aspects of the sustainable development pathways.

Is the Earth’s Climate Changing?

Climate can be considered as a valuable natural resource, which is
of enormous economic and social importance, but which is usually
taken for granted. When we are exposed to climate variability or con-
sider the possibility of long-term climate change, the practical impor-
tance of climate information is recognized. This natural resource should
be protected and adapted to wisely. That is why in the past three dec-
ades there has been great interest in research dealing with climate vari-
ability and climate change.

Climate is the average state of the atmosphere and the underlying
land or water, on time scales of seasons and longer. Climate is typically
described by the statistics of a set of atmospheric and surface variables,
such as temperature, precipitation, wind, humidity, cloudiness, soil
moisture, sea surface temperature, and the concentration and thickness
of sea ice. The statistics may be in terms of the long-term average, as
well as other measures such as daily minimum temperature, length of
the growing season, or frequency of floods. Although climate and cli-
mate change are usually presented in global mean terms, there may be
large local and regional departures from these global means. These can
either mitigate or exaggerate the impact of climate change in different
parts of the world.

Weather station records and ship-based observations indicate that
global mean surface air temperature warmed between about 0.4 and
0.8°C during the 20" century. Although the magnitude of warming var-
ies locally, the warming trend is spatially widespread and is consistent
with an array of other evidences. The oceans, which represent the larg-
est reservoir of heat in the climate system, have warmed by about
0.05°C averaged over the layer extending from the surface down to
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10,000 feet, since the 1950s.

The observed warming has not proceeded at a uniform rate. As
Figure 1 shows, virtually all the 20" century warming in global surface
air temperature occurred between the early 1900s and the 1940s and
during the past few decades. The troposphere warmed much more dur-
ing the 1970s than during the two subsequent decades, whereas the
Earth's surface warmed more during the past two decades than during
the 1970s. Global mean temperature data indicate that the year 2002
was the second warmest on record, exceeded only by 1998 and well
above the average temperature of 14°C that prevailed from 1951 to
1980; Figure 2 shows the trends. Recent analyses of surface temperature
data over a network of stations in the Small Island Developing States of
the South Pacific also suggest that the past three years of the 21* cen-
tury have continued to record higher than normal temperatures. The
causes of these irregularities and the disparities in the timing are not
completely understood. One striking change of the past 35 years is the
cooling of the stratosphere at altitudes of ~20 kms, which has tended to
be concentrated in the wintertime polar cap region.

The Intergovernmental Panel on Climate Change’s conclusion
that most of the observed warming of the last 50 years is likely to have
been due to the increase in greenhouse gas concentrations due to human
activity, accurately reflects the current thinking of the scientific com-
munity on this issue.” There is general agreement that the observed
warming is real and was particularly strong during the past 30 years.
Figure 3 shows the trends in the average global temperature and atmos-
pheric carbon dioxide concentrations. One cannot rule out that a signifi-
cant part of these changes is also a reflection of natural variability. Hu-
man-induced warming and associated sea level rises are expected to
continue through the 21% century. Secondary effects also include en-
hanced rainfall intensity and increased susceptibility of semi-arid re-
gions to drought. The impacts of these changes will be critically de-
pendent on the magnitude of the warming and the rate with which it oc-
curs.

1 Ipcc, a scientific body set up jointly by United Nations Environment Programme and
World Meteorological Organisation in 1988 in response to the 1987 UN General Assembly
resolution following the Brundtland Commission Report to provide authoritative scientific
assessment of climate change issues.

2 Greenhouse gases absorb infrared radiation, tend to prevent this heat radiation from
escaping to space, leading eventually to a warming of the Earth's surface)
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Fig 1: Average Global Temperature, 1867-2002
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Fig. 3: Average Global Temperature and
Arnasphere Carbon Diexide Concentrations, 1950-2001
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What is the range of natural variability in climate?

The range of natural climate variability is known to be quite
large (in excess of several degrees Celsius) on local and regional spa-
tial scales over periods as short as a decade. Precipitation also can
vary widely. For example, mean temperature variations at local sites
exceeded 10°C in association with the repeated glacial advances and
retreats that occurred over the course of the past million years. It is
more difficult to estimate the natural variability of global or regional
mean temperatures because of the sparse spatial coverage of existing
data and difficulties in inferring temperatures from various proxy data.
Nonetheless, evidence suggests that global warming rates as large as
2°C per millennium may have occurred during retreat of the glaciers
following the most recent ice age.
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Is Human Activity the Cause of Increased Concentrations of
Greenhouse Gases?

Of the greenhouse gases that are directly influenced by human
activity, the most important are carbon dioxide, methane, ozone, ni-
trous oxide, and chlorofluorocarbons (CFCs). Aerosols released by
human activities are also capable of influencing climate. Concentra-
tions of carbon dioxide (CO,) extracted from ice cores drilled in
Greenland and Antarctica have typically ranged from near 190 parts
per million by volume (ppmv) during the ice ages to near 280 ppmv
during the warmer ‘interglacial’ periods like the present one that be-
gan around 10,000 years ago. CO, concentrations did not rise much
above 280 ppmv until the Industrial Revolution. By 1958, when sys-
tematic atmospheric measurements began, they had reached 315
ppmv, and they are currently ~375 ppmv and rising at a rate of 1.5
ppmv per year (slightly higher than the rate during the early years of
the 45-year record) due to human activities (Table 1). The primary
source, fossil fuel burning, has released roughly twice as much carbon
dioxide as would be required to account for the observed increase. De-
forestation and forest fires have also contributed to carbon dioxide re-
leases during the past few decades. The oceans and land biosphere
have taken up the excess carbon dioxide. The increase of global mean
fossil fuel carbon dioxide emissions in the past decade has averaged
~0.6% per year.

Table 1: The Principal Greenhouse Gases Influenced by Anthropogenic

Activities

Gas COZ CH4 Nzo HFC-23 CF4 SF@
Preindustrial atmos- 280ppmv* 0.70ppmv 270ppbv* 0 40pptv* 0
pheric concentration
(1750-1800)
Current atmospheric 375ppmv  1.79ppmv 316ppbv  17pptv  80pptv  4.2pptv
concentration (2002)
Recent rate of 1.5ppmv  4.9ppbv  0.8ppbv 0.55pptv  1.3% 1.1- 1.3pptv
concentration change (0.6%) (0.8%)  (0.25%) (7%) (7%)
per year (2000)
Atmospheric lifetime 50-200 8.6-11.2 114-120 260 50,000 3200
(years)
Global Warming 20 yrs - 62 290 9200 4100 16,500
Potential relative to CO, 100 yrs — 245 320 12,100 6300 24,900

500 yrs - 7.5 180 9900 9800 36,500

* CO, — Carbon dioxide; CH, — methane; N,O — nitrous oxide; HFC-23 hydrofluorocarbons; CF, —
carbon tetraflouride; SF6 — Sulphur Hexafluoride. ppmv = parts per million by volume; ppbv = parts
per billion by volume; pptv = parts per trillion by volume.
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Like carbon dioxide, methane (CH,) is also more abundant in
Earth's atmosphere now than at any time during the 400,000 year long
ice core record, which dates back over a number of glacial/interglacial
cycles. Concentrations increased rather smoothly by about 1% per
year from 1978, until about 1990. The rate of increase slowed and be-
came more erratic during the 1990s. About two-thirds of the current
emissions of methane are released by human activities such as rice
growing, the raising of cattle, coal mining, use of land-fills, and natu-
ral gas handling, all of which have increased over the past 50 years.

Nitrous oxide (N,O) is formed by many microbial reactions in
soils and waters, including those acting on the increasing amounts of
nitrogen-containing fertilizers. Some synthetic chemical processes that
release nitrous oxide have also been identified. Its concentration has
increased approximately 13% in the past 200 years.

Atmospheric concentrations of CFCs rose steadily following
their first synthesis in 1928, and peaked in the early 1990s. Many
other industrially useful fluorinated compounds (e.g., carbon tetra-
fluoride, CF,4, and sulfur hexafluoride, SF¢), have very long atmos-
pheric lifetimes (Table 1), which is of concern, even though their at-
mospheric concentrations have not yet produced large radiative forc-
ing. Hydrofluorocarbons (HFCs), which have replaced CFCs after the
Montreal Protocol, also have long atmospheric lifetimes and contrib-
ute to the greenhouse effect.

What Other Emissions are Contributing to Climate Change?

Besides greenhouse gases, human activity also contributes to the
atmospheric burden of aerosols, which include both sulfate particles
and black carbon (soot). Both are unevenly distributed, owing to their
short lifetimes in the atmosphere. Sulfate particles scatter solar radia-
tion back to space, thereby offsetting the greenhouse effect to some
degree. Black carbon aerosols are end products of the incomplete
combustion of fossil fuels and biomass burning (forest fires and land
clearing). They impact radiation budgets both directly and indirectly.
Recent satellite observations have revealed that black carbon aerosols
from biomass and fossil fuel burning can absorb sunlight in the at-
mosphere, thereby increasing the warming effect of greenhouse gases.
Satellite observations have also revealed that the absorption of heat by
soot can evaporate cloud droplets and thus reduce the presence of
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clouds. However, aerosols’ climatic effects cannot be simply com-
pared to those of greenhouse gases because they are distributed in
time and space far differently. For example, greenhouse gases are well
mixed in the atmosphere and have a lifetime of up to 100 years. In
contrast, aerosols suspended in the troposphere (lower atmosphere)
last only about a week before they are removed by winds and rain.
The exception is the injection of sulfates into the stratosphere, or up-
per atmosphere, where they can remain for a few years. The global
cooling observed following large volcanic eruptions, such as that of
Mount Pinatubo in the Philippines in 1991, provides dramatic evi-
dence for the climatic influence of aerosols.

Temperature Changes Over the Next 100 years

A wide range of the demographic, technological, and economic
driving forces of future emissions of greenhouse gases provide an ar-
ray of four plausible pathways for the world with different greenhouse
gas emission/concentration trajectories evolving through the 21* cen-
tury (Nakicenovic et al., 2000). The first scenario represents the most
conservative future emission of greenhouse gases. The second sce-
nario represents one with higher rates of greenhouse gas emissions in
combination with higher sulfur and other aerosol emissions. The third
one represents a world of rapid economic growth and rapid introduc-
tion to new and more efficient technology. The fourth scenario repre-
sents development activities where there is emphasis on dematerializa-
tion and introduction to clean technology.

Future projections of human induced global warming are based
on the premise that the growth rate of atmospheric greenhouse gases
will accelerate in the future. According to most recent estimates
(IPCC, 2001a), the global mean surface air temperature is projected to
increase by between 1.4° and 3°C above 1990 levels by 2100 for low-
emission scenarios and between 2.5° and 5.8°C for higher emission
scenarios of greenhouse gases and aerosols in the atmosphere. The
projected warming by the end of the 21* century will be sensitive to
assumptions concerning future concentrations of greenhouse gases
and aerosols. Because there is still considerable uncertainty in current
understanding of how the climate system varies naturally and reacts to
emissions of greenhouse gases and aerosols, current estimates of the
magnitude of future warming should be regarded as tentative and sub-
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ject to future adjustments (either upward or downward).

Globally, the projected warming is larger over higher latitudes
than over low latitudes, especially during winter and spring, and larger
over land than over sea. Globally averaged precipitation is projected
to increase, but at the regional scale both increases and decreases are
projected. Rainfall rates and the frequency of heavy precipitation
events are projected to increase, particularly over the higher latitudes.
Higher evaporation rates would accelerate the drying of soils follow-
ing rain events, resulting in lower relative humidity and higher day-
time temperature, especially during the warm season. Global mean sea
level is likely to rise by 0.14 to 0.80 meters between 1990 and 2100.

Over the Small Island Nations of the South Pacific, the area-
averaged annual mean surface temperature rise by the end of this cen-
tury is projected to range between 2.5°C and 3.5°C. Table 2 contains
the details on future seasonal projections of changes in surface air
temperature and rainfall as simulated by the A-O GCMs. The pro-
jected temperature change is not likely to have any significant sea-
sonal dependency. An increase of only about 3 to 7% in annual mean
precipitation is simulated over the Small Island Nations of the South
Pacific. Appreciable changes in spatial pattern of mean annual winter
and summer rainfall are, however, likely. While year to year variabil-
ity in rainfall during the summer season is not likely to change signifi-
cantly in the future, more intense rainfall spells but lesser number of
wet days are simulated over the Small Island Nations of the South Pa-
cific for the future thus increasing the probability of extreme rainfall
events in a warmer atmosphere. Enhanced variability in the date of
commencement of summer rainfall over the region is also projected
for the future.

What will be the regional consequences of climate change?

Temperature increase will be accompanied by rising sea levels,
salt water intrusion and large scale inundation due to storm surges;
more intense precipitation events in some regions and increased risk
of drought in others; and adverse effects on agriculture, human health,
fresh water resources and coastal/marine ecosystems of the Pacific Is-
land Nations. The frequency of extreme temperatures during summer
season is likely to rise in Small Island States of the Pacific thereby in-
creasing the probability of thermal stress conditions.
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Table 2: Seasonal Mean Climate Change over South Pacific in the 21 Century
(as simulated™ by the state-of-the-art Global Climate Models)

Models — CCCma | CSIRO | CSM1.3 | ECHAM4 | GFDL MRI CCSR-NIES | HadCM3
Scenarios | CGCM2 mk2 R15b

Temperature (°C)

DJF - A2 2.67 2.34 2.56 2.96 3.05 2.82 3.37 2.87
JIA - A2 2.71 2.62 2.87 3.41 3.32 2.79 3.98 3.01
DJF - B2 1.94 2.22 2.20 2.27 2.30 1.96 291 2.38
JJA -B2 1.89 2.03 2.14 2.09 2.19 1.83 2.65 2.16
Precipitation (%)

DJF - A2 3.24 6.71 2.08 8.73 10.01 2.78 -8.91 4.77
JIA - A2 5.40 9.43 3.12 4.76 7.64 10.15 5.76 9.46
DJF - B2 4.27 7.89 4.03 5.11 -1.42 -3.71 4.63 7.63
JJA-B2 7.14 5.47 5.96 6.54 3.68 4.19 10.17 11.38

*Data Processing: The original data took the form of a value for each box on a 0.5 degree latitude / longitude grid. The
weighted mean of the values from its constituent grid boxes of aggregated changes for South Pacific Region was calculated for
the summer and winter seasons (DJF and JJA). Each grid box was weighted by surface area, using the cosine of the latitude.
The data are from eight state-of-the-art A-O GCMs and values are for the changes between 1961-90 and 2070-99 (30-year
mean). Two SRES Marker scenarios of anthropogenic emissions of greenhouse gases and sulfate aerosols (A2 and B2) were
considered.
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While agriculture and forestry may benefit from carbon dioxide
fertilization and an increased water efficiency of some plants at higher
atmospheric CO, concentrations, these positive effects are likely to be
negated due to thermal and water stress conditions associated with
climate change. A decrease in productivity of rice, root crops and sug-
arcane as a result of rise in temperature is very likely. The optimal
climate for crops may change, requiring significant regional adapta-
tions. More frequent incidences of pests and diseases could be one of
the major constraints to achieving higher leguminous and oil seed crop
yields in tropical countries located in South Pacific with the rise in
surface temperature.

In recent decades, the hydrological characteristics of the water-
sheds in the Small Island Nations of the South Pacific seems to have
undergone substantial change as a result of extensive land use (e.g.,
deforestation, agricultural practices and urbanization) leading to hy-
drological disasters, enhanced variability in rainfall and runoff, and
extensive reservoir sedimentation. One of the major issues relating to
rainfall is the recurrence of extreme events. More frequent heavy rain-
fall events are likely in a warmer atmosphere and it may cause serious
flash floods. Extreme precipitation events have geomorphological sig-
nificance in the mountainous terrain where they may cause wide-
spread slope failures and land slides. The issue of the response of hy-
drological systems, erosion processes and sedimentation could alter
significantly in some parts of the Small Island Nations due to climate
change.

Climate variability in the Pacific is a combination of seasonal,
multi-annual variability associated with the ENSO (EI Nino — South-
ern Oscillation) phenomenon and decadal variability, the latter influ-
encing the ENSO phenomenon itself. The major concern for impacts
in the region is not with the mean climate changes described above;
rather it is with the extremes that are super-imposed on those mean
changes. Numerous studies suggest the likely intensification of rain-
fall when the mean change will be only a marginal increase. Global
climate models currently suggest that the sea surface temperatures in
the region will increase by 1°C and the rainfall intensity in the central
equatorial Pacific will be higher, affecting many Small Islands States.

Recent changes over the tropical Pacific Ocean and the surround-
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ing land areas are related to the fact that since the mid-1970s warm
episodes (El Nifo) have been relatively more frequent or persistent
than the opposite phase (La Nifia). The ENSO phenomenon is the
primary mode of climate variability on the 2 to 5 year time scale. At
present, the weight of evidence from both observations and the model
projections is that it is uncertain whether there will be any significant
change in the amplitude or frequency of ENSO in the future. None-
the-less, recent studies suggest that an increased frequency of ENSO
events and a shift in their seasonal cycle in a warmer atmosphere is
likely such that the maximum occurs between August and October
rather than around January as currently observed. Thus, the current
large inter-annual variability in the rainfall associated with ENSO is
likely to dominate over other impacts attributable to global warming.
Changes in intensity of tropical cyclones could result from changes in
sea surface temperature linked to characteristics of ENSO events.
Many recent studies do suggest a possible increase of about 10 to 20%
in intensity of tropical cyclones under enhanced CO, conditions. Stud-
ies also suggest that during ENSO events, a tropical cyclone in the Pa-
cific Ocean has more than a 40% chance of being a severe one (IPCC,
2001b). Any increase in sea surface temperature is likely to cause an
increase in wind stress on surface waters. Thus, an increase in sea sur-
face temperature due to climate change should lead to amplification in
storm surge heights and an enhanced risk of coastal disasters including
serious damage to soils and decline in the fresh water supplies in the
fragile and vulnerable coastal regions. Many Pacific islands are, there-
fore, extremely vulnerable to climate change and will be among the first
to be forced to abandon or relocate from their homes to an accelerated
sea level rise.

Deforestation in Small Islands of the South Pacific has caused
heavy land drainage and siltation and even resulted in the partial death
of corals around them. Quarrying of massive live corals is currently be-
ing done (for manufacture of calcium carbonate) causing severe damage
to the entire ecosystem. The coral reefs are also undergoing rapid de-
struction in terms of habitat richness in some parts of the region due to
several other factors (including extreme temperatures and solar irradi-
ance, sub aerial exposure, sedimentation, freshwater dilution, contami-
nants, and diseases) acting singly or in combination. Coral reefs are,
thus, at risk due to destructive fishing techniques, reef mining, sedimen-
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tation and marine pollution. The future increase in atmospheric CO,
concentration (resulting in higher CaCO; concentrations in sea water)
and consequent rise in sea surface temperature is likely to have serious
damaging effects on reef accretion and biodiversity. Some areas of coral
reefs in this region may be so enfeebled that they may not be able to re-
cover from bleaching events in the future. For the low-lying atolls, the
economic disruption could be catastrophic.

The Small Islands of the South Pacific have more rare, endan-
gered and threatened species per capita than anywhere else in the
world. In addition, this region is the centre of origin for many crop
and fruit-tree species that are important sources of genes for the wild
relatives. Biodiversity is being lost here because of human activities,
especially land degradation and the exploitation of resources. Up to
50% of the region’s total biodiversity is at risk due to climate change.

It is likely that with one meter rise in sea level the wetlands and
mangroves will disappear. Many species and a large population of
many other species will be exterminated as a result of the synergistic
effects of climate change and habitat fragmentation.

The fishery resources of the South Pacific Ocean are fast deplet-
ing due to over fishing, use of pesticides and industrial activities. The
current trend in commercial fisher activity is that there marine culture
products are rising which marine fishery output is declining. The im-
pact of global warming on fishery depends on the complicated food
chain in the ocean, which is likely to be disturbed by sea level rise,
change in ocean currents, and alteration of the mixing layer thickness.
These phenomena are expected to reduce plankton productivity and
thus contribute to a general decline in fishery production in the coastal
waters of Small Island Nations in the South Pacific.

Health outcomes in response to climate change are the subject of
intense debate. Climate is one of a number of factors influencing the
incidence of infectious disease. Heat stress and smog induced respira-
tory illnesses in urban cities of the Small Island Nations would in-
crease. Exposure to higher temperatures appears to be significant risk
factor for cerebral infarction and cerebral ischemia during the summer
months. Global warming will enhance the number of incidences of
some diseases, such as respiratory and cardiovascular diseases.

The distribution of vector-borne infectious diseases such as ma-
laria is influenced by the spread of vectors and the climate dependence
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of the infectious pathogens. Malaria, still, is one of the important dis-
eases in many of the Small Island Nations of the South Pacific due to
high summer temperature and humidity. The changes in environ-
mental temperature and precipitation could expand vector-borne dis-
eases such as malaria and dengue fever. Warmer sea surface tempera-
tures along vast coastlines would support higher phytoplankton
blooms. These phytoplankton blooms are excellent habitats for sur-
vival and spread of infectious bacterial diseases such as cholera. Wa-
ter-borne diseases, including cholera, and the suite of diarrheal dis-
eases caused by organisms such as giardia, salmonella and crypto-
sporidium could also become common with the contamination of
drinking water quality. For preventive actions, impact assessments are
necessary on various aspects such as nutritional situation, drinking
water supply, water salinity and ecosystem damage. The risk factor of
diseases will depend on improved environmental sanitation, the hygi-
enic practice and medical treatment facilities. A better understanding
of the interaction among climate change, environmental and health
status in communities at regional and local scales is crucial to forge
physiological acclimatization and social adaptation.

The observed trends in the mean sea level along the Island Na-
tions of the South Pacific indicate a rising trend of about 1 cm per
decade, which is close to that noticed in other parts of the globe. Ob-
servations suggest that the sea level has risen at a rate of 3.5 mm year™
along the coastline of Small Island Nations in the South Pacific since
1950s. A sea level rise of between 25 and 58 c¢cm is projected by the
mid-21* century along the coastline of Small Island Nations in the
South Pacific. The projected future sea level rise could inundate low
lying areas, drown coastal marshes and wetlands, erode beaches, ex-
acerbate flooding and increase the salinity of rivers, bays and aquifers.
With higher sea level, coastal regions could be subject to increased
wind and flood damage. A detailed assessment of the implications of
future sea level rise to the coastlines of the Small Island Nations in the
South Pacific, for example, on mangroves and fresh water aquifers
needs to be worked out. A significant warming could also have far
reaching implications for marine ecosystems.

In view of above, it is obvious that global warming could well
have serious adverse societal and ecological impacts on the Small Is-
land Nations of the South Pacific by the end of this century, especially
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if surface air temperature increases approach the upper end of the
IPCC projections. Even in the more conservative scenario, the models
project temperatures and sea levels that continue to increase well be-
yond the end of this century, suggesting that the assessments that ex-
amine only the next 100 years may well underestimate the magnitude
of the eventual impacts.

What are the Specific Areas that Need to be Studied Further?

Reducing the wide range of uncertainty inherent in model projec-
tions of global climate change will require major advances in our sci-
entific understanding on the subject in the years to come. There are a
number of fundamental scientific questions relating to the buildup of
greenhouse gases in the atmosphere and the behavior of the climate
system. Issues that need to be addressed include (a) the future usage of
fossil fuels, (b) future emission of methane, (c) the fraction of the fu-
ture fossil-fuel carbon that will remain in the atmosphere and provide
radiative forcing versus exchange with the oceans or net exchange
with the land biosphere, (d) details of the regional and local climate
change consequent to an overall level of global climate change, (e) the
nature and causes of the natural variability of climate and its interac-
tions with forced changes, and (f) the direct and indirect effects of the
changing distributions of aerosols. An effective strategy for advance-
ment in the understanding of adverse impacts of climate change in the
Small Island Nations of the South Pacific will require strengthening
the academic institutions to make an all out effort to (a) include ap-
propriate environment education and awareness programmes, and (b)
conduct innovative studies at the inter-regional, regional and sectoral
level that also promotes analysis of the response of human and natural
systems to multiple stresses. The research enterprise to deal with envi-
ronmental change and the interactions of human society with the envi-
ronment must also be enhanced through strengthening cooperation and
partnership with international scientific communities.

What Needs to be Done now to Arrest Ongoing Climate Change?

It is now evident that human activities are already contributing
adversely to global climate change. ‘Business as usual’ is no longer a
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viable option. On global, regional and on national scales, individuals,
businesses and governments must take prompt and collective action to
reduce emissions of greenhouse gases. The question of whether there
exists a ‘safe’ level of concentration of greenhouse gases cannot be
answered directly because it would require a value judgment of what
constitutes an acceptable risk to human welfare and ecosystems in
various parts of the world, as well as a more quantitative assessment
of the risks and costs associated with the various impacts of global
warming. In general, however, risk increases with increases in both
the rate and the magnitude of climate change.

One hundred and eighty-one governments are Parties to the 1992
United Nations Framework Convention on Climate Change, demon-
strating a global commitment to ‘stabilizing atmospheric concentra-
tions of greenhouse gases at safe levels’. Eighty-four countries (Par-
ties) have signed and 120 Parties have ratified or acceded to the sub-
sequent 1997 Kyoto Protocol (as of November 2003), committing de-
veloped countries to reducing their annual aggregate emissions by
5.2% from 1990 levels by 2008-2012. The ratification of this protocol
represents a small but essential first step towards stabilizing atmos-
pheric concentrations of greenhouse gases. Provided Russia™ ratifies
the Kyoto Protocol after USA and Australia have opted out of the
Treaty, the planet’s most crucial agreement will enter into force and
help create a base on which to build an equitable agreement between
all countries in the developed and developing worlds for the more
substantial reductions that will be necessary by the middle of this cen-
tury. The balance of the scientific evidence demands effective steps
now to avert damaging changes to Earth's climate.

For almost a decade now, appropriate methods and tools to
evaluate impacts of vulnerability and adaptation to climate change
have been tested and are currently being used for sector specific stud-
ies in Small Island States of the South Pacific. Following the wide-
spread drought conditions in 1998 and 2003 faced by some Island na-
tions in this region, there has recently been an upsurge in interest and
concern about adaptation linked to current climate variability and cur-
rent vulnerability in addition to the concern with future climate and
vulnerability. The context is also being broadened to include other en-

1 Russia is the world’s second largest oil exporter. It contributes to about 17 percent of the
global GHG emissions.
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vironmental and social stressors, and changes in socioeconomic condi-
tions and sustainable development within the risk management deci-
sion-making framework. Small Island Developing States of the South
Pacific have demonstrated their commitment to address national sus-
tainable development in the region that takes into account the eco-
nomic, social and environmental aspects. These nations are also com-
mitted to eradicating poverty and improving the livelihoods of their
peoples by the implementation of strategies, which build resilience
and capacity to address their uniquely disproportionate vulnerabilities.
This must be facilitated by a multilateral framework that is more re-
sponsive to the financial and technical needs of the Small Island De-
veloping Countries of the South Pacific.
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