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SOUTH PAGIFIC CLIMATE VARIARILITY
AND ITS IMPACT ON LOW-LYING ISLANDS

Jacques Merle _
ORSTOM - Noumea, New Caledonia

1. THE IMPORTANCE OF CLIMATE IN ms PACIFIC

The Pacific.is the world's largest ocean, With a suffaoe area of 175 million km®, i
arrntinte for 404] of the planclls upon walois, o uie Wplcal iamuaes, 1t spans

more than half the globe‘s circumference,

ui s WESIEIN UDPICal Tegions, surface water temperature is-glways in excess of
28°C over & depth of several hundred meters. This constitutes the world’s major
store of thermal energy available for exchange with the atmosphere (Fig.1). This is
where the interaction between ocean and atmosphere is the most intense, and
what takes place there influences the climate notjust regionally but planet-wide.

The nations of the Pacific are isolated pockets of human settlement immersed in
this vast fluid universe. The ncean is by far tho most impsrtant factor conbulling
the environment and all fife in it. Thus any variation in oceanic conditions, and the
resulting. climatic changes, are of fundamental importance for the environment and
the life of the inhabitants.

This article aims at presenting the major climatic phenomena affecting the Pacific
Ocean (chapter 2) and their impact on the environment (chapter 3).

£ VIUMALE SIGNALS AFFECTING THE SOUTH PACIFIC

The most characteristic aspact of the mean climate of the Pacific rogion ic that it is
entirely ocean-dependent, Yet, above and beyond the seasonal fluctuations, it is
subject to variations on a larger scale in which periods of intense drought alternate
with period of extreme reinfall, Sclentists  have attempted to identify climate
signals, which can be more or less distinct, and to determine the particular
frequency (or rate of return) characteristic of each,

The best known among thass is the phansiiciu uallml BNSO (B Nlﬂ_o Southem
Oscillation), which has a frequency of 2 to 4 years and affects the tropical ragions
In 8 Spectacuiar manner.

A ten-year, or dpcadal, oscillation has also been observed; this affects each
hemisphere in turdland is the subject of current research.
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Global warming is not strictly speaking a signal, as it does not possess any
identifiable frequency. This general waming trend has been observed since the
beginning of the century, and appears to have bsen gathering speed over the last
few years. At this stage, it is not possible to say whether this phenomenon is of
nptural origin or whollei Ul linked to man's mncreased industrial activity.

The study of ‘paleo-climatology in the Pacific, using the evidence found in the
build-up of coral formations, hopes to yield valuable information conceming longer-
term oscillations of the region's climate. This kind of researah may olso help us
understand betier the currently observed sherter-term oscillafions, and establish &
relationship between climate and the large-scale migrations and the lifestyles of the
peoplé of the Pacific. x

~ Before discussing these variations, or signals, let us consider the characteristics of
the mean climate in the Pacific region.

2.1 - Mean climate conditions in the Pacific

Tha climate of & region is defined by avoraging the esnditisns sksarved cvar &
period of 30 years or more, taking into consideration all the parameters that
constitute “‘weather” as it is felt py everyone and predicted by meteorologists.
Among these parameters, the major ones are atmospheric prassure, temperature,
wingd conditions. rainfall and cloud cover.

As all inter-tropical reqions, the South Pacific is bound by an araa of law pressure
near the equator (10°N fo 10°S) and an area of high pressure centred around the
30°S parellel. Between these two areas, the resulting north-south pressure
gradient generates the regular winds known as the South-East Trades.

Yet, within this overall pattern, there exiet differoncos between the cestern end
western parts of the region. Equatorial low prassuras are fower in the wast (around
northern Australia and Indonesta), while the sub-tropical high pressures are higher
in the east, reaching @ maximum in an area south of French Polynesia and around
Easter Island. This constitutes another pressure gradient, east to west, affecting

the whole Pacific reginn hatwean tha sruatnr and 30°S. |

This eas{-west pressure gradient is ene of tha alrmenis, in tha Aquatarial 7one, of
what meteorologists call “Walker's cel”, It is made up of a surface atmospheric
flow generated by the sbove mentioned pressure gradient; this converges toward
the low-pressurs ares of the -equatorial western Pacific which covers northemn
Australia and extends tn the whals of Indonesia. In this ragion, cloud cover ig

abundant and rainfall is intense. Above this warm and rainy regien. Yery .pqwerful
ascending convection currents can be observed. Conversely, the wind circulation

at higher altitudes (10,000 m, pressure 200 mb) foliows & reverse pattern, i.e. from
west to east. Over the srea of high pressure at other end of the ocean, in the
vicinity of Eastéf Island, the aimeseheric circuiation follews a dawnward fiaw
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closing the loop of the equatorial clrculation cell- (Walker's cell), which pleys an
essential role in the climate of the South Pacific. Disturbances in the flow of
Walker's cell are associated with the ENSO phenomenon, which we shall discuss

later¢Fiq 2)

Air and ocean temperatures follow the same general pattern as that of atmospheric
pressure and wind. A north-south thermal gradient exists between the equatorial
areas, whers avsrags air and 'vater tempermturcs nevor drop bolow 36°C and aro
iittle influenced by seasonal cycles, and the tropical regions where the
tempearatures are considerably cooler during the southem winter (for example 21°C
for sea water and 19°C air temperature in New Caledonia). Similarly, there is also
A temparatura gradiant between the western and eastem Pacific, partieularly
conceming soe surface temperature. Tho wostom- ond of the ocean (northemn
Australia, Indonesia) experiences sea-water temperatures in excess of 28°C all
yoar round: thic ic tho planot'e boiler that we mentioned earlier (see Fig. 1).
Conversely, the eastern equatorial regions can have comparatively much cocler
waters (below 20°C in the vicinity of the Galapagos Islands), this is due to the
upwelling of cocler water from the ocean'’s depths. This phenamenan is extremely
_ important: it is one of the elements which drive the overall aimospheric circulation

in Walker's cell, and its behaviour is responsible for the anomalies in this
circulation aesociated with the ENSO cycle.

2.2 - ENSO : El Nifio Southern Oscillation

FNSQ is the dominant mataorelegical and oceanclogical phenomenon affecting the
South Pacific, it is responsible for a large part of itg inter-annual climate variability.
“EL Nifio" refers to the oceanoclogical aspect of the phenomenon, and is
characterised by an abnermal warming of the ucually cool waters off the coast of
Peru and Ecuador. “Southem Osciliation” is the atmospneric aspect of the evenl,
characterised by a remote interaction between the atmospheric pressure figlds of
the eastern and western rPacmc.

The German meteorologist J. Bjerknes was the fIrst to establish a link Letwesn the
warming of the ocean waters off the coast of Peru and a vast oscillation of the
ocean-atmosphere system affecting the whals of the Indo-Pacific region, He als_o
showed the existence of a negative correlation between the surface atmosphgnc
preeeure In the area of northem Australia / Indonesia and that of the regien
between Talili and Easter Island. Hs .observed that whon tho atmoephoqc
pressure is lower than average over several months in the Australia-lr]donesua
region, it is higher than average 10,000 km to the cact in the central Pacific (near
Tahiti and Easter Island), Such osciilations of atmospheric piessuie have bsen
shown to commespond to sea surface temperatures off the coasts of Peru and
Ecuador, home ot the El Nifio phenomenon. Whan the Saullwer Oscillation Index
(SO, which is based on the difference in sea-level pressure between Darwin
(northem Australia) and Easter Island, reaches a maximym, {he warm anomaly
characteristic of El Nifio appsars along the Peruvian and Ecuadorian coastlines
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Since the beginning of the 1950's, scientists- have had at their disposal the
necessary equipment for obgervation, and have besn able to document fiftean El
Nino events associated with the Southem Oscillation. The most pronounced El
Nifio recorded this century beqan during the summer of 1982 and intensified
through 1983, maching a magnitude never experienced before. lte impact on
climate was spectacular, and was featured in the news media over a period of
several months. Although the phenomenon does not always follow the same
pattern, there ars enough coramion features that & typical scenaniv can be
described.

The most likely sequence of events is based on a simple mechanism (Fig. 3). The
sauth-rast trade winds, whaen they blow consistently over @ long period of tims,
create an accumulation of warm waters and a rise in sea level In the westemn
Pacific. As soon as tha wind strength drops, the accumulated water tends to fiow
back eastward. This return flow ¢an bes accompanied by an equatorial wave
(known as a Kelvin wave) resulting from the deformation of the interface between
the surface warm watore and tho coolor watore bolow.

in turn this eastward movemienl of wann walers, which cunslilule the El Niw
phenomsnon proper, Influences the lower atmosphere resulting in a lowering of the
atmesphariz pressurs, parlisulady in flie Talul - Easler léland réguwnt whars the
pressure Is normally high. The Southern Oscillation Index drops, as does the
strength of the trade winds. Thus the phenomencn is further fuelled by its own self-
reinforcing foodback, end reaches the warm phase of ENSO, the stago usually
called El Nifio, These warm waters then disperse norih and south along the coasts
of the American eontinent. Ceold water reappears off the coast of Reru and
Ecuadu, binging the atmospheric pressure back to normal o lhe aea
- Atmospheric pressure increases in the Tahiti - Easter Island zone, raising the
Southem Osclllation Index and relvforcing the frade winds, The phenemendn
moves then into its cold phase, sometimes erroneously called “normal”, and the
trade winds begin once more to push warm waters fo the western edge of the
Pacific {Indonesia and northemn Australia).

The climatological consequences of these oscillations between a cold and a warm
pole are very important for the South Pacific region. In a *normal’ situation (cold
pole of ENSQ), the South Pacitic regions enjoy plentiful rainfall. During the “El
Nifio" phase (warm pole of ENSQ), the area of abundant rainfall shifts eastward
taward the cantral and eastern Panific Thus in 1883, Indongsia and nerthem
Australia suffered from the most scvere drought ever obcorvad in theee regions.
Conversely, torrential downpours drenched the central Paclfic, particularly the
Margquesas Islands which received 2400 mm of rain in three months (Fig. 4).

New Caledonla is affec;ied by the cydlic influence of ENSO. Periods of drought,

such as the one which began in 1992, correspond to the El Nifio phase of the
oscillation, [.e. the warm pale of ENSO .
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2.3 - Global warming

Sinca tha haginning of tho ssmtumy the cailli'e averays wInperaure nas increassd
by O.}5°C; this has bqenj accompanied by a 10 cm rise in the leve! of the oceans.
The rise in sea level is the result of thermal expansion of the surface layers of the
oceans. '

This long-term climate change is termed “global warming”, The process has shown
a tendency to accelerate, and computer modelling of the situation indicates that
this warming may. be the result of an increase in the *greenhouss effect’, itself due
to an Increase in the atmospheric concentration of gases produced by industrial

activities, such as carbon dioxide, methane gnd ozone, |

Whatever the cause of the phenomenon, be it natural evelution or man's industrial

aclivity, this warming trend in the atmosphere is transferred to the oceans,
reqtilfing in A warld wide riss in iwiun vwa lovikl. Slubal wainimy 1S inererorg or

particular concem to the Paclific island communities who exist within this ocean
environment, The rise In sea-water temperature affects marine life and increases
the chances of cyclones. The rise in sea-avel Is a vital concem for many of the
. region’s islands and nations.

We shall discuss the'impact of giobal warming ip more detail in Chapter 3.

2.4 - The ten-year (or decadal) oscillation

This climate signal, whose existence was recently discovered, is only mentioned
hore Besause it o fkely lv Lo die sulyect uT researcn projects i the near future, it

affects altematively the whole of each hemisphere. It appears to be particularly
noticeable in tha Atlantir. and might ha ana of tho driving fasisrs in ths surent
persistent drought in the sub-Sahara regions of Africa. In the Pacific, it has been
detected as & factor in oceanic water circulation in the vicinity of Kuro Shivo
(Japan). It might affect climatic conditinns in the Pacific on @ ten-year cycle, and
may have an influsnce on the effect of the shorter-cycle ENSC.

2.5-The paleo—c!imates of the Pacific

Changes in climate have a significant. influsnce on the biology of the resf
ecosysterns, on their morphology, structure and abundance.

Corals hava a wall documented rocponoco to onvirsnmental conditions, thus. ghe
siudy of coral reef structures makes it possible to determine with surprising

accuracy the average surface temperature and level of the oceans during past
LI Sy, wind vron o dolow aiv uale atival BV HRGIETIUEE GITde vanauons,

from the recent past all the way back to the close of the last ice~age (roughly
18,000 years ago).
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Cush studico aro olicuonig ngnt on long-term trends which have affected the
Pacific -since the last ice-age, and have leg scientists to recansidar some
Prévivusly avuopiea scenarios. They show for instance that in the region of
Vanuatu, the surface temperature of the ocean may have been 5° to 7°C lower
than at present at the time of the last ice-age. In New Caledonia, the waier was
also much colder, and the seasonal variation far more pronounced. The discovery
of past occurrences of rapid changes in average ocean temperature (several
degrees per century) and sea-leve! (a rise of over 1 cmlyear during the thaw that

‘ friirisnd tho los age) kas iivud yussllons abuur s Hiuman ongin ot the current
warming, which Is progressing at a much slower pace. :

Ract olimato shanges o vl wlly hiwiugniceo e 1Te ana settiement patterns of
the early inhabitants of the region. A good understanding of the way in which
human communities reacted and adapted to these variations Is likely to be very
relevant today.

Studies are currently being undertaken in this field, and further research
pregrammes may soon be initiated focusing on the Pacific region, where ancient
coral formations can readily be found.

3 - THE IMPACT OF CLIMATE CHANGES ON THE SOUTH PACIFIC ENVIRONMENT

The impact of climate variability ih tho Pacific ig linked to the avelution of the
atmosphere and of the ocean waters, the major characteristic of the region being
its oceanic nature.

Among the impacts of the evolution of oceanic waters we may list:
(i)  The consequences of the rise in mean saa-lavel;
() The consequences of the warming of surface waters for marine fife
and its harvesting for human consumption;
(i) The consequences of the warming of surface waters on the
frequency of cataetrophic mefcorological svents, notably cyclones,

Among the impacts of the evolution of atmospheric conditions, we may list:
(iv) The consequences of climate variation on rainfall and the fresh-

water supply; ‘
(v) The consegquences of climate variations on certain types of

agricultural activities.

We may also consider types of impact which are linked to climate change, but
which act through factors of purely human origin, such as over-population:
(vi} The consequences of warming and coastal pollution for fagoon
environments: Isaching of mineral salts and heavy metals, erosion.
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3.1- CO_m;equences’ of the rise in mean sea-level for the nations of the South
Pacific '

The rise of the mean sea-level (ignoring the changes |n lgval diir tn tides ond
mafenrologioal evants) affeuls an coastines in the Pacific. Since the beginning of
the century, the figures for this rise vary between Island groups, going from 0.6
mmiyear in Micronesia to 3.8 mm/year in the Hawalian Islands. This observable
rise in water level is not only due to a general increase in the lavel nf the aceant,
hut aleo to *insstasic® iuvements of the seabed which supports the islands, Given
the short period of time since the beginning of scientific observations of the
phenomenon (often less than 20 years), it Is difficult to establish a clear tendency
independent of these tectonic movements. Neverthaless, we may estimate that the
mean sea-level in the Pacific, and over the rest of the globe, rises at a rete of 0.5
mmyjvear, This is principally due ts thermual expansion ot the water as a result of
global warming.

It is very difficult fo say with confidence whether the current rising trend of the
mean ieval of the oceans, a phenomenon which is tied to global warming and has
now been observed for a full century, is the direct result of the increase in the
greenhouse effect due to man's industrial activities, or whether it is a stage in @
perfactly natural long-torm evolutionury process.

Some nations are at risk

ke any vasw, acung on the hypothesis that the rise in sea-level is a consequencs of
industrial aclivity, there has been much debale on'the subject among the
governmerits of the small island nations of the Pacific. The tendency has been to
overestimate the danger, and to demand action {and compensations) from tha
industrialised nalivns of the northern hemisphere, considered to be the major

producers of grarnhnisasaffeot gasoo.

One must admit that some of the figures can be frightening. The more pessimistic
models, given the continuing production of greenhouse gases at current rates,
anticipate a rise in sea-level of the order of 0.5 m in the next 50 years (giocument
published by the Intemational Panel an (limate Changes). Somo ontiro islands of
the atoll type do not exceed a. height of 3 m above mean sea-leval. A risa nf this
magmlude would be enough to wipe such nations as the Marshall Islands, Kiribati,
Tuvalu and Tokelau off the map within the next century. While it is true that the
whole of the populations concemed represents only a few tens of thogsands of
individuals, and that these could be easily relocated on other [glands, the imeact an
publis ssinidvusness of ne aisappearance of several sovereign states coqld be
stupandnus, partioulary if | esuld Ba slwwu lhut thelr demise was directly
attributable to the industrial activity of other nations.

Yet, paleo-climatology - the study of the climate patterns of ancient times - has

shown that the Pacific has experienced several major changes in sea-level over
the last few miliénnia. About 18,000 years ago, at the tima of the peak of the last
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ice-age, the mean level of the uuean was approximately 120 meters below its
current level. It then rose rapidly untll 5000 years ago, when it reached a level
higher than that of today. Over the last 2 to 3000 years, the general tendency has
been {0 a decraass, but with upe and dewns lasting several centuries. For
example, -between 750 and 1300 AD, the mean sea-level ross; then, during the
mini-ice-age of 1300 to 1800 AD, it dropped again.-Siice 1800, we have ceen
expsrisneing & puiod of rise In sea-level, which coincides with the development of
the Industrial age; but it is impossible to say whether this, or natural causes, Is at
the root of the phenomenon.

Compounded dueyradation of coastal areas

Not only would rising ocean levels mean the disappearance of low-lying lands, but
it would also affect entire coastal areas above the level of flooding.

In atolls, any rise in sall-water level would tend to push the precious fresh-water
lenses upwards, where they would evaporate faster.

The lass of coastal areas, combined with a rsduction i wvullkble fresh-water,
would could be very detrimental to the agricultural potential of the many islands
where the coastal strip is the only area suitable for cultivation.

The temporary rise of water laval which accompanies such evente 26 oyclones or
tidal waves would threaten and damage lands which had been previously out of
reach of the sea.

3.2 - Consequences of the warming of surface walers on marine Ife and Its
harvesting ‘

Life in the ocean is very much dependent on the thermal conditions of the water.
Salinity is also important, but this is less affected by climate change. Ocean
dynamics are another significant factor: strength of curmrents, turbulence, frontal
and convergence zones, all of which are likely to be altered by climate change.

The life and death of corals - The phenomenon of “bleaching”

Corals grow successfully where the water is between 26° and 30°C. Above 30°C,
corals become separated from the symbiotic algas which are t_he indispensable
pariners of thair existence, and which give thom their usuel eslouring.

Over the last few years in the Pacific, particularly the South Pacific, one has been
able {0 aobsarve a discoloration -of corale, a phenomenon referred to as 'cpral
bloaching®. Ths eoral coloiios suddenly take on vivid colours, going trom brilliant
blue to pink and fluorescent yellow. They appear o bioom, while at the same time
the tips of the branches start to turn fotally white. In the space of a few weeks, this
stark white colour extends to the wholo structure, and filiform algae begin to grow
over the coral, indicating without any dauht that tha coral is now irreversibly dead.
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In the Society Islands, scientists from the ORSTOM Centre of Tahiti observed
coral bleaching over 600 km of barrier reef. Other regions of the Pacific are also
affected. Similar observations had been made during the wamm periods of the
1083 83 Rl Miflo, &t & time when sa2 swlave lepsinlues I Uk cenbial and

eastern Paclfic were 4°C above normal. The same phenomenon has also been
awled I e Allanlic Ouealr since e 1U's, wnen 1emperaiure anomales afected

the Caribbean region.

Thus it is possible to associate the bleaching syndrome and death of coral with the
general warming of surface waters in the tropical oceans, itself & consequence of
global warming, although at this time the information is too sketchy for an exact
mapping of the extent of the phenomenon and far establishing with pracision its
relationship with the warming of the waters and of the climate in general. Other
factors, linked ar nnt with rlimate rhange, may well-be involved in tho proooce.

Impact on ﬂsh'ing resources

Life within the ocean is directly dependent on the conditions it finds there and, near
the surface, on certain atmospheric influences such as the effect of the wind.

Of the two climate signals which affect the, South Pacific, ENSO and global

warmind, enly the fermer has significant and masnnahly wrll undemtnnd AffRRS An
life in the ocean. Our understanding of the biological consequences of global

warming have net pregresssd bevend seeculation,

The impact of ENSO on marine ecosystems has been known to fishermen off the
coast of Peru, Ecuador and Chile for centuries. The warm waters assoclated with
the phenomenon Interfere with the upwelling of cold, nutrisnt-rich waters, inhibit the
development of plankton; and thus limit the supply of nutrition available to the food-
chain. This means fewer fish to catch for human consumption. Furthermore, the
tomperaturs anemalies whieh acconipany ENSO alfoul lis belisviva of miany fish
species, which will tend o seek waters where the temoerature Is more to their
uking and wnere food Is more plenuful. During an EI Nifio occurrence, these fish
migrations take place north and south along the American coast, shifting the
traditional fishing grounds by hundreds, if not by thousands, of kilometres.

At times, this may lead to large. congregations of fish within a very limited area
where water temperature is favourable, meking them vulnerable to massive over-
fishing. Thie may roprocont *miraoulouc catohoo” {0 como fichormen, but in tho

long term this can be dangarous for the population dynamics of the parlicular
spacioc, and a throot to the ouoiainabilit, sfihe reasurss.

Another physical factor associated with El Nifio and capable of negative impact on
marine life is the disruption of the rhythm of the seasons. Both flora and fauna rely
on this cycle to time the stages of their life-cycle and any disturbing of the pattem
is cerlain to be detrimental to their development.
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In the Society Islande, sciontists from the ORSTOM Cantre of Tahlti observed
coral bleaching over 500 km of barrier reet. Uther regions of the Paclfic are aiso
affected. Similar observations had besn made during the warm periods of the
1982-83 Fl Nifio, at @ time when esa eurfaco temperatures In the cantral and
sastern Pacific were 4°C above normal. The same phenomenon has also been
nafed in tha Atlantic Qcean since the 70'e, whon tomporaturo ansmalies affastss
tho Caribbean ragion.

Thus it is possible to associate the bleaching syndrome and death of coral with the
ganaral warming of surface waters in the tropical cooans, itself @ congequence of
global warming, although at this time the information is too sketchy for an exact
mapping of the extent of the phenomenon and for establishing with precision its
relafinnship with the warming of the wators-and of the ¢limate in general. Other
factors, linked or not with ¢limate change, may well be involved in the process.

Impact on fishing resources

Life within tho occen is diractly dependent on tha eonditiens it finds thers and, near
.. the surfacs, on cortain atmospheric influences such as the effect of the wind.

Of the two climate sigrals which affect the South Pacific, ENSO and global
warming, only the former has significant and reasonably well understood effects on
life in the ocean. Our understanding of tha biological consequences of global
warming have not progressed bayond speculation.

The impact of ENSO on marine ecosystems has been known to fishermen off the
coast of Feru, Ecuador and Chile for canturies. The warm waters associated with
the phenomenon interfere with the upwelling of cold, nutrient-rich waters, inhibit the
develppinent of plankion; and thus limit the supply of nutrtion availahle ta tha fead-
chain. Thie means fewer fish to catch for humsan consumption. Furthermore, the
tamperature anomalies which accompany ENSO affect the behaviour of many fish
specles, which will tend to seek waters where ths temperature is more to thalr
liking and where food Is more pientiful. During an El Nifio occurrence, these fish
migrations take placa narth and south along the American coast, shifting the
traditional fishing grounds by hundreds, if not by thouesands, of kilometres.

At times, this may lead to large. congregations of fish within a very limited area
whoro water tomperature is favourabla, making them vulnsrabls to massive over-
fishing. This may represent ‘miraculous catches” fo some fishermen, but in the

long term this can be dangerous for the population dynamics of the parficular
species, and a threat tn the sustainahility nf tha resaurca

Ancther physical factor associated with El Nifio and capable of negative impact on
marine life is the disruption of the rhythm of the seasons. Both flora and feuna rely
en this eycls to time the stages of el life-cyde and any disturbing of the pattemn
fs cerlaln to be detrimental to their development.

252



Tema 2b Art 14 Pag. 11

The impact of global warming on marine ecosystems is not expected to modify
thelr composition, but only to alter their zone of expansion following the shifting of
the Isstiharwis. Slobal warming generally tends to shift these in latitude, which
implirs & progreseive oxpanoion of marins halilals hum the troplcs owara nigher
latitudes. Nevertheless, if the warming trend accelerates, it is debatable whether
the various ecosystems will be able to adapt to such rapid change.

The distribution and the abundance of the different marine populations will be more
affootod by medifieatioins i vwean dynamics (currents) than by the warming itself.
It is thus difficult at thia time to predict the evolulion of marine ecosystems in the
South Pacific under the influence of the warming of ocean waters (excepting in the
case of corals - see earlier paragraph).

Global warming will also have consequences for the carbon exchange process at
the interface between ocean and atmoephere. Gonerally speaking, oceans act as
receplor for excess atmospheric carben dinxide, and thus contribute to the
regulating of the global carbon cycle, which is an important factor in climate
change. However, the equatorial regions of the Pacific actually give out carbon
dioxide to the atmosphere through a release of the CO; digsolved in the surface
layers. Nevertheless, the equatorial Pacific plays and assential mle in the
balancing the global carbon budget, which amply justifies the amount of research
which is currenlly belng carled out on the subject (JGOFS - FLUPAC, Chapter
4.2.2), :

3.3 - The consequences of the warming of surface waters for catastrophic

-

meteorological events -

Tropical cyclones are an important feature of the climate of the South Pacific; their
dosirustive powsr alfecls agriculture, housing, and the whole of the living
conditinns of the many icland groups whieh lis within the syzisneg L.

One of the necessary conditions for the formation of cyclones is sea surface
temperatures in excess of 27°C. Thus any warming up of surface temperature,
whether temporary as during an ENSQ event or more lasting as a result of global
warming, will contribute to an -incroace in the rigk of cyclones. This was
demonstrated clearly during recent ENSO occurrences; in 1983, during what was
termed “the El Nifip of the century”, French Palynasia, an area naot normally prone
{o cyclones, was battered by six particularly violent cyclonic storms which
devastated a number of atolls, notably Muroroa. Temperature anomalies of 4 to
5°C above normal were observed in this region, resulling in favourable conditions
fer the funnation of livplcal cyclones (water temperatures o1 28 to 30%C),

If tho ourrent warming trand persists, the fieyuency of cyclunes in the central Sogth
Pacific can be expected to increase. This frequency is not proportional to the rise
in temperature, but can actually accelerate with warming. Furthermore, a larger
area of the ocean will become likely to experience cyclones. as the 27-28°C
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isotherm shifts poleward and toward the central Pacific, increasing the risk, among
other islands, for Freich Pulynesia. '

Over the last few yuens, u sbiking Increase In cyclonic activity has been observed
in the region of French Polynesia, where such tropical storms used to be virtually
unknown,

2.4 . The consoquonces of elimate change on rainfall and fresh-water resources

The pattern of rainfall over the whole of the South Pacific, up to fairly high latitudes
(3078), is to a great extent governed by the ENSQ phenomencn. The wam
phases of ENSO, the ones usually referred to as.El Nifio, correspond to below-
normal reinfall throughout the westem Pacific, which includes the sast ¢oast of
- Australia, Indonesia, Papua New Guines, Solomon lelands, Vanuatu and New
Caledonia. Conversely, the central Pacific, including Tuvalu, Kiribati and French
Polynesia, experiences heavier rainfall than normal. The actual quantitiss of water
may vary by a factor of 3 betwesn a dry and a wet ysar, with significant
conseguences for agriculture and fresh-water reserves, Therefors, the ability to
prediet the bohavisur of the Eouthern Oscillatien 8 few menths to a yoer in
advance could be of exireme importance to the planning and management of
resources, particularly among the regions’ smaller nations where the avallability of
tresh-water is critical and traditioral agriculture reprasents a8 sizeable tactor (n the
economy.

Globé! warming will also affect rainfall, and thus the region’s fresh-water resources.
The fresh-water ¢yele, and nolably the rale of evaporation and rainfall, will be
intensified by the combined warming of air and sea-water. Rainfall statistics have
net been kept long enough in the South Pacific reglon te essess any trend toward
increace in average rainfall, ae thic evolution would be & longsterm, low amplitude
phenomenon, and would be overshadowed by the more dramatic influence of
ENSO, far the strangest influence on South Pacific rainfall,

3.6 Tho consequenoes of olimate changoe on agriculture

Here aggin, we shall consider the difference between short-term fluctuations, such
ao thooo finkod to ENEQ ond whioh rogult in oltornating poriods (or vears) of heavy
ralnfall and of pronounced drought and which aie polenlially predictabls, and the
long-term warming trend whose effect on the rainfall pattemns is much less
dramatic, {o the point of being barely moasurable.

In many countrles, the ENSC cycle Is already the subjecl of govemmant concem
and involvement. Farmers are advised of predicted upcoming wet or dry periods,

so that they may plan accordingly. This Is the case in Pery, in Ecuader, in Brazil,
and in other Pacific countries. In Peru, for instance, farmers are encouraged to

alternate the growing of cotton (during dry periods) and rice (wet pen:ods).
hprovenenls' In production, measurable in maamabit NS, have Esan ashisved
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this way, and while such predictions are still at the experimental stage, they should
soon become an opsrational too! for the whole Pacific region.

Conceming any need to adapt the agricultural practicos in the Nasifie an azzount of
the consequences of global warming, one can only speculate at this stage. It can
only bs saig that some raginns will ha wetter, othoro dryor, and that tha diffs e s
over spaco (betweenm regiens) and uver time (between periods for any given
region) will be more pronounced, raising the risk of persistent drought In certain
cases, and of chronio fioeding in others. Furthermore, if the concentration of
alimuspheric carbon dioxide continues to increase, this will have a positive
influence on the growth of plants, but may be detrimental to their physiology (too
rapid & rate of growth may result In improper maturing).

Generally speaking, the adaptation of agricultural practices in response to
changing climatological parameters (fresh-water supply, temperature, amount of
sunlight, carbon dipxide lavels, wind smrangth....) will follow two major dircctiona:

- switching to different crops (as is done in Peru by switching betwesn cotton
and rice in harmony with the ENSO cycle), and

- modifying cultivated epecice through genetics, as Is alieady being done
industrially for maize (Indian corn).

Two extremely imporiant negative factors resuiting from a general trend toward a

warmer climate should also be notéd:

- .Increase erpsion and leaching of sails due to Increased rainfall and
intensification of climatic contrasts, and

- Increased pest activily (insects, bacteria, etc.) resulting from increased
humidity.

2.6 - The consequenves uf climate changes ano demographic growth on
coagtal and lagoon areas

Human activity is responsible for major alterations fo coastal marine environments.
If this influence reinforcee that of climate changs in the dirsction of warines
conditions, this ean bs highly debunenlal to the health and balance of lagoon
habitats through the Impact of such phenomena as leaching of chemicals into
lagoon and coastal waters, and gharp increass in sedimentation.

The island environments of the Pacitic are particularly vulnerable to these risks,
which are only partly the result of climatic change, but also that of a human factor
which characterises our tirmes: rapid denuyisphic growth. A general warming of
the climate would only amplify the dangers, and the impact of climate changes
must ba taken into account in future studles conceming the problems of leaching

and over-sedimentation.
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