Climate Change:
Science, Impacts and Policy

Proceedings of the Second World Climate Conference

Edited by:
J. JAGER (Stockhoim Environmenr Insritute) and
H. L. FERGUSON (Co-ordinaror, SWCC)

CAMBRIDGE UNIVERSITY PRESS

Cambridge
New York Port Chester
Metbourme  Sydney



Short Term Climate Variability and Predictions

by I. Shukia (USA)

Abstract

This paper first describes the nature of short term
variability of the coupled atmosphere-ccean-biosphere
system as shown by analysis and diagnosis of observations
during the past 100 years. By “short werm” we mean hose
fAucruations of the coupled climate system whose dme
scales range from 10 days to 1000 days. We have
deliberately excluded any discussion of short range weather
forecasting (less than 10 days) and decadal changes (more

than 1000 days).
We next present a discussion of the present stamus of our

xnowledge of the predictability of shom termn fluctuarions of

the coupied climate system, Based on a large number of
observational and modefing swdies using complex modeis
of this system. we suggest that most of the major short term
climarte fluctuations observed during the past 100 years of
cefiable data are consegquences of the interactions among
the different components of the ciimate system. For
example, interactions between the atmosphere and the
biosphere play an important role in the maintenance of
orofonged drought conditions over the land areas.
Interactions between the oczans and the atmosphere
oroduce large and significant changes in the locations and
the intensities of the large scale rain belts and also produce
large changes in the global atmospheric circulation
pattemns.

We then present a brief description of TOGA {Tropical
Oceans and Global Atmosphere), which is a 10 year
program {1985~1995) launched by the Worid Climate
Research Programme (WCRP) to monitor and model the
interactions between the tropical oceans and the globai
armosphers. Its uitimate objective is the design and
devetopment of an ocean-atmosphere abserving system for
operational cfimate prediction using advanced modeis of
the coupled climate system.

We also point out that the narural variability of regional
climate is so large that the uncertainty of predicted climate
change due to such factors as increase of greenhouse gases
wouid be significant. uniess the climate models can
realistically simulate the interannual variability of the

coupied climaze system. For example, decadal mean globat
temperature can be significantly affected by the number
and intensicy of El-Nifio events. which can be produced by
interacrions between the atmosphere and the aceans, Beter
simulation and prediction of short-term climare variability
will increase our confidence in climate madeis used (0
predict climate change.

Finally, we make a recommendation that as a naturat
extension of the earlier and ongoing programs like the
Giobat Atmospheric Research Program and T OGA, WCRP

-shouid now inidate a comprehensive Global Climate

Prediction Program to investigate the feasibility of
operational prediction of monthiy, seasonal and interannual
variability of regional climatic anomalies over the globe.
Such a Globat Climare Prediction Program wouid utilize
reaiistic models of the aunosphere, oceans and biosphere
including snow and sea ice. Most of the important
ingrediems of a globai climate prediction program are
already in place. The ongoing program of TOGA would
need to be expanded to cover giobal oceans; the ongeing
WCRP project of hydrolegical and atmospheric pitot
experiments (HAPEX) would provide berter tmatment of
the biosphere: the ongoing WCRP radiation projects would
hetp improve the weatument of clouds and radiative
processes; and the ongoing projects on sea ice research
would help improve the armosphere-ocean-sea ice
interactions in the climate system model.

i. Inmoduction

Before coming to the topic of short-term climate variability
and prediction, let us begin by asking a more fundamental
question. What determines the mean climate of any region
of earth’s atmasphere-ocean-biospitere system?

The primary energy source for ammospheric motons is
the mdiarion heating of the warm equatoriai regions and the
cooling of the cold polar regions. The acrual tates of
heating and cooling are determined by astronomical
variables (the eanh's distance from the sun. the periods of

rotation of ihe earth around its axis and of the earth's orbit
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around the sun) and the planetary varfables (size, shape and
mass of the sarth: chemical composition of the atmesphere,
ocean and biosphere: and distribution of land, ogean,
mountains. and vegetation). In addirion to these fixed
parameters, the amount of heat uansported around by
atmospheric and oceanic currents. which we would rerer 1o
as the dynamical variables, aiso piays an imporiant role in
determining the mean climate of any region on the earth,

.The mean climate of the earth. therefore. is an
equilibrium resulting from the various factors described
above. This mean ciimate contains strong spatial and
temporal gradients of pressure. temperature, saiinity,
velocity and warter vapor. These gradients combined with
the rotation of the earth give rse o day-to-day flucruations
of "weather" in the armosphere and oceans which are
routinety measured and diagnosed in order to predict their
future evolution. It is the seatistical average of these day
day weather fluctuations which gives rise-to the weekly,
monthiy, seasonal and annual average climazes. whose
variability from one year w0 another is referred W as the
interannual variability, It is no surprise, therefore. thar
superimposed on a well defined seasonal cycte - which
irseif has a rich space-time structure - there are jarge
weakly, monthly, seasanaf and interannual variations in the
earth's climate system. For convenience of discussion in
this paper. we shail make the following somewhat arbitrary
classification of vardous time scales:

Time/Scale Qualitative Description

(10 days Houry & Daily Changes

10~100 days Monthiy, Inraseasonal &
Seasonal Changes

100-1.000 days Annual & Interannuaj Changes

1.000-10.000 days  Decadal & Interdecadaj Changes

10,000-100,000 days Centennial & Beyond

For discussion in this paper [ have chasen 1o include the
variations in the range of 10 days to 1000 days 10 define
short-term climate variability. This means that we will not
discuss weather prediction, and we will not discuss decadal
and longer climate change, As a partial justification for thig
choice of tme scales, it should be noted that the needs of
water, energy and agricuiture, and. in fact the entire
socio-economic fabric of the global community are affectad
significantly by climartic flucruations on these time scales.
Understanding and prediciing shorr-term climate
varability are 2lso important, for such variability can be
helprui in verifying climate models which are used for the
prediction or climata change. Just as the numericaj weather
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prediction modeis were usefui for simulation and prediction
of short-term cfimarte variability, likewise, models with
reatistic simulation of shorr term climate variability will
enhance our confidence in predictions of long-term climate
change. It shouid be noted that most of the climate models
that have baen used so far w predic: the climate change due
to the increase in greenhouse gases have not been
surficiently validated in terms of the simulation and
prediction of short-term climate variabilicy.

In addition to the two factors of societal impertanca and
validaton of climate models. there is vet another important
reason for our discussion of short-term climate variabiliry,
A large body of modeling and empiricaj studies. and our
current understanding of the mechanisms that govern

-interannuai changes, suggest that there is a scientific basis,

and indesd some hope, for making usefui predicrions of
climate variations on seasonal and interannual time scajes.

It is. of course, true that day to day atmospheric
fluctuations are not predictable after a few weeks because
of the chaotic natre of atmospheric mations; however, it is
now recognized that there is predicuability in the midst of
chaos. The intsractions berween the atmosphere and ocean,
and atmosphere and biosphere produce long-period
variations in the coupied system which enhance the
prediciability of the coupled system for months to years.
These interactions are found to be much stronger in the
ropics than in the extrawopics. and therefore, the
predicrability of the short-term climate variability is also
much higher for the wopics. We will come to this pointin a
later section, .

In this paper, we shall address the following aspects of
the shor-termn climate variabiliry:

*  Examples of short-term climate variability

*  Mechanisms of short-ierm climare variability

*  Pradictability of short-term climare variability

*  Tropical Oceans Global Ammosphers (TOGA)

* A proposal to initiate an international program for -
prediction of global short-term climats variabiliry,

During the past 130 years of giobal observadons of the
earth’s climarte, thers are many exampies of significant
short-term ciimate varability, such as the El-Nifio-
Southern Oscillation (ENSO), the monsoons. the wopical
droughts and heat waves/severe cold winters in the exma-
ropicat regions. It will be pointed out in the next section
that these regional short-term climate anomalies are
manifestations of regional and global scaje ammosphere-
biosphere and armosphere-ocean interactions. The
interretationships among El-Mifio-Southern Oseillation and
monsoons are the most remarkable examples of interannual
changes in the coupled climate system which affect global

2. Examples of Short-term Climate Variability
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circulation and rainfall. A comprepensive summary of
mechanisms of air-sea interaction and worldwide ciimarte
anomalies associated with the 1982-33 Ei-Niio has been
presented by Rasmusson and Watlace (1983).

It was noted by Waiker (1924) that "when pressuré is
high in the Pacific Ocean, it tends o be low in the Indian
Ocean from Africa o Australia”, and for this recurrent
pattern of planetary scale atmosphere fluctuations he
coined the term ~“Southern Oscillation.” It was later
suggesied by Bjerknes (1966) that Walker's Southern
Oscillation is but one component of a coupled ocean-
aumosphere climate sysiem, the other being the sea surface
remperature flucruadons in the tropical Pacific Ocean. It is
the interaction berwean che ocean (ocean warming off the
South American coast being referred to as Ei-Nifio) and the
atmosphere that is responsible for such flucmations and
produces shori-term climaze anomaiies in different regions
of the globe. Figure 1 shows flucruations of surface
pressure over Darwin, Austratiz (dashed line). The
anomalies (deparmures from climartological mean} are first
smoothed by & |2 month running mean and then divided by
the standard deviation, and then smoathed again by a 12
month running mean. Darwin pressure has been chosen (o
illustrate the fluctuatons in Southern Oscillarion. The solid
curve in this figure represents the sea surface emperature
(SST) anomalies for the easem squatoriai Pacific. it can
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e seen thar both variables, surface pressure and SST. show
long-geriod (2-3 vears) fluctuations. and it is also
remarkable that the two are highly correlated. These
coupled flucrations of trapical ocean and atmosphere are
referred to as ENSO (El-Nifio-Southern Osciliation).
Interannual variations in seasonal mean rainfall averaged
over the whole of India also show very large interannual
variabiiity. Figure 2 shows the summer (June. July, August,
September) monsoon rainfail averaged for more than 300
stations over the whoie of India except the northern and the
eastern hilly regions. It can be seen that even after
averaging over a [arge spatial region and the whole
monsoon season. there are significant fluctuarions in
monsoon rainfall from year o year, and from decade to
decade. The solid line shows the 30 year running mean of
the seasonal mean rainfail and the dashed line shows the
standard deviation of rainfail for each 30 year period. Ttis
remarkable that the 30 year mean as well as the variabiiity
within 2 thirty year mean show such large changes from
one to the other thirty year period. It is uniikely that such
large-scale, long-period fluctuations could be explained as
a mere consequence of different sampling of high-
frequency, small-scale, rain-producing disturbances. It is
more likely that such fluctuations are produced by
planetary scale, long-period fluctuations of the coupled

ocean-iand-ammosphere system.
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Figure 2: Summer monsoon rainfzil over india (solid bars), 30 year running mean minfaii (solid line) and standard deviation for

successive 30 year periods (dashed fing).

These selecred examples of short-term climate varability
suggest that quite large changes in our climate system can.
and do, occur which are not necessarily either due to
external or anthropogenic factors. We will refer to such
fluctuations as the naturat varability of our climate sysiem.
For lack of a better definition of natural variability, we
would define it as the climarte variabiliry that would occur if
the planet were never inhabited by the human species, This
provides a basefine for detecting and predicring changes in
ciimate and climarte variability due to human influences.
According to this definidon. the examples described above
will be categorized as being part of the nagura{ variability of
the cfimate system.

3. Mechanisms of short-term climate variability

The mechanisms responsible for the short-term climate
variability can be described conceptuaily in two categories
(Shukla. [981).

*Intemnal dynamics of the individual components of the
climate system

sInteractions among the various components of the climarte
system.

Internal Dynamics:

Even if the external forcings of the solar radiation and
boundary conditions at the earth's surface were constant in
time. the regional atmospheric circulation will exhibit
shon-term ciimate variability due to the combined effects
of the hydrodynamical instabilities of the climate system
and nonlinear interactions among various scaies of motion.
Although the distribution of oceans, continents, and

mountains are fixed with time, their interactions with
fluctuaring winds can producs short-term climate
variability. The occurrence of nearly zonal or persistent
non-zonal regional circulation regimes ("blocking™ are
possibie examples of anomaiies due to the internal
dynamics of ‘the atmosphers. Likewise. the internal
dynamical instabilities of ocean currents can produce
variability in the ocean circuiation and possibly the
overlying atmosphere. We know thar the specoum of the
atmospheric observations is red. A cerain amount of
interannual variability will be produced solely due o the
unpredictable weather and. therefore, that will remain
unpredictable toa,

Interactions (Atmosphere - Qcean; Atmosphere -
Bigsphere; Atmosphere- Cryosphere):

We suggest that ail the major events of short-term climate
varabiiity observed during the past 100 years - & pariod for
which reasonably reliable insqumental measuraments of
climate variabies exist - are due to0 the interactions among
the atmosphere, ocean, biosphere and cryosphere
components of the climarte system.

Atmosphere-Ocean Interactions:

Changes in SST produce changes in evaporation. sensible
hear flux and low level moisture convergence which in tum
produce changes in atmospheric heating. The anomaious
atmospheric heating produces changes in atmospheric
circuiation which in tum produce changes in wind suess
and heat flux at the ocean surface, If this air-sea coupiing
has a positive feedback. it can produces long-lived
anomalies of S3T and the associated atmospheric
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Figure 3: Summer monsoon rainfall over india. Soiid
anomaly was rising tnd failing respectivety.

circuiation. Because of the differing rotational forces in the
twopics and the exua-Topics. and because tropical ocean
temperatures are warmer. even a smail change in SST in
the ropics can produce much larger changes in moisture
convergence and heatng than similar SST changes in the
extratropics. This is.the main mechanism forthe occurrence
of wropical droughts and floods which are manifestations of
spatiai and remporal shifts of mean climatological maxima
of rainfall. The rropical armosphere and oceans also do not
nave strong dynamical advections {(as they do in
midlatinudes) and therefore changes in ammospheric heating
and surface wind stess can produce significant changes in
aumospheric circutation and SST respectively. This is the
primary reason why short-term climate variability of the
wopical oceans and agnosphers are 50 srongly linked, and
aiso why there is hope for predicting this coupled
variability. In Figure 1 it was seen that the rropical SST and
surface pressure fluctuations wers highty correiated. Many
researchers have further shown that in association with
ENSOQ, several large regions of the giobe experience
droughts and heavy floods. For example, Figure 3 shows
the Indian monsoon rainfail fluctuations (as in Figure 2)
axcept that the years in which the wopical Pacific 38T was
rising and falling during the monsoon season are
represented by black and harched bars respectvely. It is
again remarkable that most of the severs droughts and
floods over India oceur during the anomalous warming (Ei-
Nifio) and cooling of the equatorial Pacific ocean
respectively.

and haiched bars denote the years when the eastermn equacorial Pacific SST

Atmosphere-Blosphere {nreraction:

Changes in vegetation produce changes in albedo. surface
roughness and soil moisture. These changes in wrm produce
changes in ground temperature, avaporation and sensible
heat flux. Changes in horizonwal gradients of ground
temperature groduce changes in convergenca of moisture,
and changes in vertical gradients of temperatre along with
moisture convergence praduce changes in convection and
rminfail, which in turn changes the soil moisture. The nawre
and degree of this interaction again depend on the characrer
of the dynamical circutation regime where the land surface
changes are taking ptace. The occurrence of prolonged
droughts in sub-wopical regions (where the aanospheric
dynamics are rejatively weak) and even the tendency of
heat waves o persist in the exma-opical regions can be
explained, at least in part, by such atmosphere-biosphere
interactions. The West African Sahel has experienced
persistent drought conditions for more than 20 years with
significany interannual changes during these 20 years.
Figure 4 shows flucruations of rainfall over the west of the
Sahel during the period 1940-1990. It can be seen that
Sahel rainfall, like the Indian monsoon rainfall shown in
Figure 2, dispiays large year 10 year changes in seasonal
mean rainfall. However. in addition there is 2 significant
shift in the mean rainfall after 1968. Whiie such shifts in
seasonail and anpual mean values are not UNCOMMOR for
regionaily averaged climatic parameters. this is a rather
unique case because there is not a single year during the
past 20 years when the seasonal rainfall was significantty
above the climatological normal. Atmosphere-gcean
interactions over the global oceans. as well as local
atmosphere-biosphere interactions have been suggested as



08

P e,

;
A
£
k

q

a

AV ool Bepariung

¢
o
ar
£
L
4

143 R w53 19 1310 1530

Figure 4: Raintall index for sub-Saharan West Africa. Anomaly
is normatized by standard deviation (courtesy of P.I, Lamb),

possible causes for these changes. Since monsoon rainfail
over India as well as China aiso showed a notable shift
{reduction) from the decade of 1950s 1o the dscade of
1970s. it is reasonable 0 assume that this decadal shift in
rainfall was perhaps due to some planetary scale circuiation
changes. However, it is quite likely that the local
armasphere-biosphere interactions, sxacerbated by human
actvities teading to changes in the land-surface properties,
could conmibute towards the continuation af the reduced
rainfail regime,

4. Predictability of short-term climate variability

It is weil known that the inszantaneous weather conditions
are mot predictabie beyond a few days. It is also well
understood that this lack of predictability is due to
dynamical instabilities and aon-linear interactions which
ampfify even very small initial uncenainties which may be
either due to inadequate observations or imperfect
equations for physical principies (Lorenz. 1965). However,
it should be noted that lack of deterministic predictabilicy
of day-to-day weather beyond a few wesks does not
necessacily mean that space and time averages for a month
OF season or beyond are aiso not predictable. In fact, we
wouid like to propose that the large body of observational,
theorstical. and modeling resuits collectvely suggest that
there is indeed a scientific basis for the predicrability of
space-time averaged shorr-term climate varability. The
primary scientific reasons for such an oprimistic view on
the predictability of shon-term climate can be summarized
as follows:

The space dre spectm of atmospheric observations
show that most of the variance in the interapnuai
variability is accounted for by long-period, large
seale fluctuations which are intrinsically more
predicrable than the day-to-day smalil-scaie weather
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svstemns, and it is these telatively longer period large
scale variations which are important for the
predicrion of shor-term climate vartability, In
addition, atmosphere-geean and atmosphere-
biosphere interactions produce prediczable changes in
the coupied c¢limate system. The atmospheric
circulation anomalies are likely to be more
prediciable for those time scales for which the
boundary forcings due to the anomalies in SST and
soil moisture can also be predicted. For time pericds
beyond the persistence of boundary forcings, we
musi be able to predie: the evolution of the boundary
forcings themselves, Recent developments in the
medeiing of the coupled system suggests thar for the
particuiar example of ENSO, the coupled wopical
ocean-atmosphere climate system is theoretically
predictable up to 1-2 years (Goswami and Shukia,

1996).

However, while considering the predictability of any
climate signal. we must aiso consider the possible sources
of climate noise which would tend to introduce a lack of
confidence in the predicrions, The following tabie gives
some simple examples of possible signals we may wish to
predict and important sources of aoise which will make the

' predictions unreiiable,

SIGNAL NOISE

Daily Weather Thunderstorms -

[=10 Day Mean Cyclones

Monthly Mean Climate Blocking

Seasonal Mean Climate 3060 Day Qscillations

Internnnual (1-3 Year) Coupleq Air-Sex Instabilides

Climate (ENSQ)

Decadal Climate Change ENSO

It shouid be noted that predictions of monthly and seasonal
mezn ciimate anomalies (from a given inidal state} will be
aifected by the presence or absence of blocking regime, and
the amplitude and phase of 30-60 day oscillatons.
Similarly, the predictability of ENSO will be determined by
the instabiiities of the coupled ocean-atmosphere system
much. like the predictability of short and medium range
weather is influenced by barociinic instability in the
atmosphere. It shouid aiso be noted that the predictabilicy
of decadai climate changes (e.g., greenhouse warmning) wiil
be swongly influenced by the intensity and frequency of
ENSQ evenis. Pan and Qort {1983) have shown that
interannual changes in the global mean temperatre of the
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entire atmospiteric coiumn are highly correlated witht SST
anomalies in the sastern equatorial Pacific. -

This is particularly reievant for the 0Ongoing Conraversy
aver the detection and prediction of gresnhouse warming.
Based on the observational record of the global mean
temperacure, it is not possible to conclude that the climate
change has been detected. The observed changes are
entirely within the range of the natural variabilicy of the
coupled climate system. Likewise. the present climate
models - the ones used for predicting erfects of increased
greenhouse gases - have not been adequately validated
against the actual observed climate variabiiity during the
past, Therefore, there is no suwong basis (0 accept the modet
predicted changes in giobal climate, The present climate
modefs show large systematc errors in simulating the mean
climate. 1t is assumed thar although the simuiated mean
climare of the models is wrong, the differences berween the
simulated climate for the furre {with increased greenfiouse
gases) and the simulated cfimate for the present can be
accepted beGause the ervors in simuiating the present
climate get removed when we subtract one moded
simuiation from the other. This assumption is generaily
correct if the models were used to simulate the direct
response of a srong extemnal forcing. The simuladon of the
affeets of ingreased greennouse gases fails in an aitogether
different category. The direct radiative forcing due to
increased greenhouse gases is quite smafl (3~ Wars m2
compared to the mean vaiue of about 300 Watts m"<), and
the corresponding increase in surrace emperanue will aiso
be quite smail. Thus. the model prediced climate changes
due w0 greenhouse gases are entrely due to a number of
positive feedbacks as formulated in the modei para-
meterizations. Therefore, in order to accepr the model
results, it is quite important that the models are validated
against some known climate variations in the past before
we can have confidence in the modet predictions for the
furure. It is in this context that it is considered partcuiarly
important that the clinrate modeis are vaiidated for their
ability © simulate and predict the short-term climare
variability including the frequensy and intensity of Ei Niilo
avents.

5. Tropical Ocean Global Atmosphere (TOGA)

Recognizing the role of wopical SST anomalies in forcing
global scale atmospheric circutarion anomalies, and that the
rropicat SST anomaiies are deterministicaily forced by
atmospheric circulation anomalies. the World Meteoro-
logica} Organizaton {(WMO) and the Internationai Council
of Scientific Unions (ICSU) established a sciendfic sieering
group for the intemational TOGA program which is an
alement of the World Climate Research Progmmms

(WCRPY.
The scientific abjectives of TOGA are (WMO, 1985}
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1. To gain a description of the wopical oczans and the
giobal aunosphere as a time-dependent system. in
order to determine the extent to which this system is
predictable on time scales of months to years, and to
understand the mechanisms and processes underlying
that predictability

To swdy the teasibility of modeling the coupled
ocean-atmosphere system for the purpose of
predicting its variadons on time scales of months to
years

To provide the scientific background for designing an
observing and data ansmission system for
operational prediction if this capability is
demonsmated by coupled ocean-atmosphere madels.

{4

b

TOGA was conceived as a ten year program (1985-1995)
of dara coilection and modeling research. It is hoped thar
by use of advanced four-dimensional data assimilation
techinques, ail the surface and sub-surface ocean obser-
vations can be synthesized to producs an internaily
consistent basin-wide synoptic description of wopical
aceans. Likewise, an intemally consisient homogeneous
data set for the four-dimensional structure of the global
atmosphere can also be produced. Current efforts of
tropical ocean dara assimilation in USA and France have
already begun to produce basin scale synopuc maps of
ocean circulation, This is a major breakthrough for
dynamical oceanograpity.

The ongoing modeting efforts using aunospiteric models
with prescribed SST, ocezn modeis with prescribed wind
stress and heat flux. and coupled veean-anmosphere madels
have produced the highly promising resuit that interactions
berween the tropical oceans and the global atmosphere
enhance the predictability of short-term climate variability.
A description of the accomplishments in the first five yeas
of the US TOGA program and chailenges for the future are
summarized in a recent report {TOGA, 1990),

It should be recognized, however, that although the
largest predicrable part of the interannual variabilicy of
climate arses from ENSO, and more generally TOGA
phenomena. to successtuily carry out the predicdon of
short-term climase variability on seasonai and longer time
scales will require adequate treatment of the other
important interacrive components of the climate system.
inciuding the extra-tropicat oceans, {and surface processes
(biosphere) and variations in snow cover and sea ice.

6. A Proposal

In order 10 exploic the scientific advancss in understanding
the dynamics of the coupied Tropical Ocean/Global
Atmosphere system as weil as celevant results of other
studies by WCRP and Climate and Global Change
Programs. serious consideration shoufd be given 0 the
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initiation of an inemarional pragram for the prediction of
global short-term climate variabiiirty.
The overall objectives of this program might be 1a;

* Provide real-ime predictions of varjations of the
earth climate system on time scales of seasons to
several years

*  Validate predictive modeis of global climate change
by demonstrating skillful forecasts of short-temm
variations of the coupled ocean-land-atmosphers

climate system

A iransition from TOGA and other ongoing WCRP
programs to this project will require 4 ransition from ocean
models that focns entirely on tropicai oceans to globaj
atmospheric models with fully interactive land-surface
processes inciuding smow cover. and global oceans
including sea ice. It is likely thar in the initaf phase. such a
Program may need to rtake into account oniy the
thermodynamics of the global upper ocean and the fas:
dynamics of wopical ocsan basins, The information base
and the resuits from this program will be highly valuable in
putting quantitative confidence limirs on predictions of
climate change on decadai time scales,

The program might include three main components. in
addition to development of global observing systems
foreseen in the framework of the World Weather Waich
(WWW), World QOcean Circuiarion Experiment (WOCE)
and Global Energy and Water Cycle Experment

{(GEWEX), These components are;

@ A giobai atmosphere-ocean-land climate data
analysis and prediction component, based on one or
several dedicated central facilities for dara
acquisition, analysis, quality control and ciimate
forecasts

(1) Aa opertional global abserving system to provide

the required dara inputs for atmosphere, surface and

UPpeT ocean, seq ice, snow cover and soil moisture

A research component 1o address outstanding

.problems and new scientific issues which may arise

in the course of the progran.

(iii)

It is recognized that for endrely fundamentai scientific
reasons (differences in the rotationai force, dynamical
instabikities and non-adiabatic heat sources), the potential
predictability of the opicai atmosphere and oceans is
much higher than that of the exumatropics. Therafore,
initially, the greatest beneficiaries of any organized,
internationaily coordinated effort in short-term climate
prediction will be thae tropicai counwies. However, the
Topical countries do ot have, at this ume. the required
esources of trained scientific personnei and compurtation-
cemmunication facilities 1o exploit this gift from nawre for
the weil being of their Tespective societies. Therefore. we

Proceedings of the Second World Ciimate Congerence

conclude with a suggestion that the nations of the world
Jjoin together to exploit the recent scientific advances by
initiating an internationaj program on the prediction of
short-term climarte variabifiry.
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