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ABSTRACT

The glabal mean sutface temperature may rise by about 0.3C per decade during the next few decades as a result
. pf anthropggenic greanh gas emissions in the earths atmosphere. The data generated in the gresnhouse warming
simuiat {Busi ag-LUsual scenario of IPCC) with 1he climate models developed at Max Planck Instituie for

Meteorology, Hamburg have been used 1o assess future plausible hydrologicul scenario for the South Asian region.

The modz results indicate enhanced surface warming (2.7C for summer and 3.6T for winter} over the land ruginos
of South Asia during the next hundred years. While there is no significant change in the precipitation over most of the
land regions during winter, substantial increase in precipitation is likely to oceur during summer. As a result, an in-
crease in 30il moisture is likely over centrai Indis, Bangladesh and South China during summer but & statistically sig.
nificant decline in soil moisture is expected aver central China in winter. A moderate decrease in surface runoff may
occur over large areas of ceniral China during winter while the fiood prone areas of NE—India. Bangladesh and South
Chiq'a are likely to have an increase in surface runoff during summer by the end of next century.

Key words: Global warming, Climats change, Regional impacts, Hydrology of South Asian region, Surface runoff
- and seil moisture

L INTRODUCTION

The world faces unprecedented global warming with potentiaily disastrous effects largely
as a result of combustion of fossil fucls, deforestation and extensive land use. The global sur-
face temperature will rise by 0.3C per decade (with an uncertainty range of 0.2 to 0.5C), dur-
ing the next few decades, if human activities which cause greenhouse gas emissions continue
unabated (IPCC, 1990). This greenhouse gas—induced warming of the earth—atmosphere sys-
tem is likely to alter water resources, their distributions in space and time, the hydrological
cycle of the water bodies, water quality and requirements for water resources in different re-
gions. Quantitative estimates of hydrological effects of climate change on regional scale are
essential for understanding, planning and management of future water resources.

© - A numerical modelling approach seems 2 reliable way to assess the future climatic
change that may result from the increased concentration of CO, and other greenhouse gases
(GHGs). The evolution of changes in surface meteorological as well as hydrological
parameters during the course of trassient numerical experiments with the current
state—of—the—art coupled climate models at leading research centres in the world have exhib-
ited a number of similar global and regional features in their response to increasing GHGs in
the atmosphere (IPCC, 1992). These transient experiments hokd much promise for a better
understanding of the simuiation of interannual variability of climate and its change on re-
gional scale for developing adaptive response strategies.
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The vulnerability of the South Asla subcontiient to the impact of changing climate is
vilal for large population that ekes out a Hving at bare subsistence level from degruded land
aress. At assesstient of [uture chanpes i the mean and / of vadlunses of hydrological
puratiieters due to ati anthropogenle inerense of GHGs i niueh warsanted for South Asla
which ls wedk aind deficlent 1n Infrastrueture 16 deal with erives and adverse impacts to lts de:
velopthent programimen that ay havea to be faced 4s & result of global warming.

The nutierical experiments performed with the coupled ocean—dtinosphere elimate mod-
el (horlzontal resolution in ~ 500 km > 600 km at T21) developed ut Hamburg are able to
provide projections of the possibie perturbations in the key climatic elements in time veales of
dpto 100 years (Cubaseh et ul., 1992) for future preenhouse pas erilsion seenarios (seenarle
A in which future emissions of GHGs are allowed to inereass unrestricted and scenario
D expected through 4 set of striiigent abatement policies for future emissions) b outlined in
the tepott of the Working Group 3 of the Inlergovernmental Panel on Climate Chunge
(IPCC, 1990), Recettt numierical experiments with the Hamburg limate model ut T42 resolu:
tion have demonstrated that g fner horizontal resolution (= 300 kim x 300 km) in the model
caupled with relined parameterization of cumulus convection produces distinet improvements
In the spatial distribution of rainfhll over the Indian subeontinent {Lal, 1993). The resulls of
the analyels of the dats generated in the reference control experiment with this elimate model
of seasonal an well g annual seale in simulating the preseni=day hydrologienl parameiers
over the [ndian subcantinent ure encouraging (Lal & Chander, 1993). A plausible future
hydrolegienl scennrlo for the South Asian region bused on the numerical results obiained
from greenhouse warming simulation (Business—ss=Usual seepurio of [PCC) with the
Hamburp elimdte model is presenled in this paper.

i. THE MODEBL

The Hamburg coupled climate model {atmosphetic eomponent s version 1 of European
Cottunity HAMburg model (BECHAM 1 Hoveanic componeat is Large Sesle Geostrophie
oceati model (1L8G)] developed at Mux Blanck tnstitute for Metearelogy (MPIM) in
Hamburg has demonstiated substantial sklll in the simulatlon ef chazucteristic features of the
Asiat sumittier tiofsoon as well an the broad eireulstion features over the Indian subsontinent
(Lal et al., 1993), The horizontal resolution in the eoupled elimate model (BCHAM 1+1.8G) at
T21 resolution {3.625° in latitude and longilude) is, however, typieally 60 course to provide
eonfident repionnl scale information on elimate change required for impaet analysis, The con:
trol and greenhouse warming simulalions sarrled out with the coupled climute model provid:
ed the sed sifface temperature (88T) foreings for u set of recent sumericul exparimants with
the version 3 of the BCHAM rmoede! which has u horizentul resolution of 2.81° in latitude und
longliude (T42) und employs 4 comprehensive muss Qux scheme for cumulus eonvestion. The
present—day mean hydrological parunieters ure inferred from the ECHAMI model experi-
ments using the global elimutologicsl 88T foreing while the future projections of hydrelogical
paraitielers are jnferred from the experiment usiap the global SST foreltg (average of yeurs
2075-2084) cbialned from 100 year's cliniute change integration with T21 eoupled elimale
nodel under [PCC’s soennrio A eonditlons. The medel output geaerated from BCHAM3
sitinulations following a time-slice method (Perlwitz vt al.; 1992) provide o realistic acoount of
the present ~day global annual hydrological eyels (as compared to the ebservations). For fur-
ther detuils on the description of the models and the experiments, reuder is refereed to
Cubaseh et al. (1992), Perlwitz et al. (1993) und MPI (1992),
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Itf. RENULTN

The South Aslan reglon selected for this study i bounded by latitudes 10°8-40°N and
longliudes 60°E-140°E. The study aren hax g total of 504 grid poluts [195 on land and 309
over the ocean). We have analysed the datu from the reference control and greenhouse watm-
ing experlments (Mean of 10 year's integration) for anaual mean conditions us well 4 for the
two sensotis tamely winter (December to Februgry) und summer (June to August ) for
validation of the repional seale model=simulated hydrolegy and the assessment of future
chanpe in the hydrology of the reglon the fndings on which are dissussed here.

V. HYDROLOOY OF THE REGION: THE CONTROL EXPERIMENT

i & previous study, It has been whown that the ECHAM 3 mode! stilation s capable of
reproducing the observed spatinl distribution ef summer monsoon precipitation rate over 1a-
dia (Lal, 1993). In terms of the total annval und seanonel preeipitation, the modal {8, however,
able to produce only about 75% of the observed raiafull. As observed 1n elimatologieal re-
cords, the porthern summer monsoop sets in dusing May over Thailand and South Chiaa und
during June over South [ndia in the reference control simulation.

Evaperation snd aoll moisiore over the land surfuce have a significant eentrol vn
econysterms, agriculture and water resources. None=the=lais, these are (he most complex
hydrologieal purumeters in the physics of the model and more so over'the monsoon region
with {ts varied topography and complex interactions between the land and the avedrs b the
region. The maps for mean spnual soll moisture and the st harmonie of seasonal changes
for the South Asian reglon (Willmott ot al., 1985} show that the time of maximum Wwetness
here is in the mid-to-late summer. When compated with the Mintz end Serafini’s (1981)
observational estimates, the control experiment with the BECHAM3 elimuate medel hus been
able to fuithfully reproduce the observud leatures of the annual aad seasonul spatiat disteibu-
tion of mirface evaporation over the South Aslun reglen. The model=simulated spatial distr-
butlon of sail molsture over the reglon li aluo in fair agreement with the ebserved cllmatelogy
of Mintz und Serafini (1989).

About 40% of the preclpitation resching the surfuce aver the Asian continent makes its
wuy towards streamms, lakes and oeeans as surfuee runeff and forms 4n impertant component
of the water rescurce potentlal of » region. The model-simulatien of the general features of
the measonal eyclen of surface runefl (In termw of units of dischurge computed based on
monthly runefl data at selected geid boxes) for the Brahmaputss / Ounges and Indus river
bunine is in fuit agreement with the elimutological river guuge data.

These tenults demonsteate thut the Hamburg elimate model hun u vkill i simulating the
present-day hydrometeorological paramaters and s Interanaual varlubility over the study
fegiom,

‘.‘

V. EFFECT OF GREENHOUBE WAR.SAING ON REGIONAL HYDROLOGY

The resulis Fom preenhouse warming slmulation of the Hambury climate modal suggest
a rime in annusl mean surface ale temperature of shout 1.0 to 2.5°C over ocean and between
2.0 to 4.5°C over the luad replons of south Ava during the next huadred years. This warming
s likely to Be most pronounced over the northwest margins of Iadia (Thar Desert). During
the NH-winter, the surfuce warming In the land reglens of tndia und China is considerably
higher (2.5 to 4.5°C) thun during the NH=summer (1.0 to 3.0°C). No significant seasonal
changes {n the wuefuce warming over the oqeuns are simulaied (Fig. 1). The significunt
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Fig. 1. Model-simulated rise in scasonal surface air temperature (T ) expected over South Asia by

the year 2080.
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Fig. 2. Seasonal changes in rainfall aver South Asia expected dus to greenhouse warming.
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Fig. 3. Scasonal changes in surfiuce evaporation over South Asia 2 inferred from the model

simulation.

consequence of higher surface temperatures conid be expected on the rainfail distribution of
the region. In IPCC’s scenario 4, the model simulates an increase in total {(averaged for the
land points over the study area) annual precipitation of about 16 ¢cm per year. This increase in
annual precipitation is largely due to enhanced rainfall over central and north—east India,
Bangladesh, South Clﬁna and Indonesia. In a warmer atmosphere, the monscon trough over
Tndia is likely to advange further northward as a result of an enhanced ocean—continent pres-
sure gradient during NH~summer (itself a consequence of more intense warming of the land
surface). If it were to occur, the monsoon rainfall could increase over the contral plains of the
India as is indeed ohserved in the model-simulated change in precipitation during the’
NH-summer (Fig. 2). An increase in precipitation is also expected over Bapgladesh,
Indonesia, Malaysia and South China during NH—summer (statistically significant at 90%
confidence level} while a decline in rainfall is likely over Thailand. The spatial distribution of
changes in precipitation over the study area during NH~winter and NH-summer seasons is
depicted in Fig. 2. During NH-winter, a marginal decrease in precipitation might be expected
over southern peninsular India and north Phillipines. _

The saturation vapour pressure of water increases noalinearly with temperature so that,
at higher temperatures, proportionately more of the increase in radiative heating of the sur-
face is used 1o increase evaporation. The model simulation under enhanced greenhouse condi-
tions suggests n moderate increase in surface evaporation over the land regions of
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Fig. 4. Model-simulated seasoral changes in &H maikture over south Asia expected due ta gresn-
bouw warming. .,

South Asia on &n arnual mean basis. Durink the NH=summer season,-no significant change
in evaporation is simulated over the oceanie regions. Hawever, substantial inergase in surface
evaperation is simulated over parts of ceatral India during the NH-summer season (Fig. 1).
The model results indieate enhanced snil webtdesa over India for annual ynean cenditions, The
area—weighted annval mean seil moisture over the study area li likely te go up by about 5%
by the year 2080. Alse, a decline in woil moisture could be expected over contral China, This
deplietion in woll molsture is statistically significant at 90% oconfidence level during the
NH-=-winter. During NH-summer (Fig. 4), an incrcase in soil moisture ia possible aver central
India. Bangladesh, Seuth China, Indenesia and Malaysia, However, the soll wetnens ia likely
te decline over North China during NH-summer. This deplotion of soil maisture may reduoo
evapotranspiration an well as boundary layer convergence in this region.auch that lesa rainfali
in likely herg during the monseen season.

The malor river Aystem# over the South Asian region are largely still unregulated and,
therefore. most vulnerable to hydrometeorological change nssoclated with the greenhouse
warming. The mean annual increase in surface runoff over the study area simulated by the
model for the year 2080 is about 1 5§%, Much of this increase in surfaco-runefl is lacgely con-
fined to northeast India, South China and Indenesia. Durlag NH-summer. a signifieant in-
croase in runef over northeast India, Bangladesh and South China is likely undsr enhanced
greenhouse conditions (Fig. 5). A decline in surface runoil is-also possible ever North China
and Thailand. No significant change in surface runoff during NH-winter in simulated by the
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model over the siudy region. A marginal decrease in surfaes runoeff is, however, likely over
eentral China, ]

Fig. 6 depicts a plaunible scenario of the greenhouse gas—induced temperature change
(seavona! means) expected aver the South Axian ragion as available from & recent elimate
model simulation and the assoeigted impscts on hydrometeorological parameters. This seena-
fin I only o broad picturs of wha! the changed climate might be like in 2080 AD. Given the
uneertaintie in current model predictions, these should primaslly be useful enly for apprapri-
ately flaxihle planning stratogios.

¥I. CONCLUBIONE

The medel results clearly indicate an enhanced surface warming over South Asia by the
end of next century under scenario A4 (Business—as—Usual) of the farergavernmental Panel o
Climate Change. The net effect of thie warming in to increase the precipitation and hence
runoff in floed—prone arear of the nartheast India and South China during summer season,
with no substantial change druing winter. The mods) also indicates 2 marginal doereade in
summer pregipitation and, thersfore, runaff over Narth China.

The current estimates an the impact of global warming on rogional sgale have low confi-
dence due to disagreement hetween various general ciroulation maodel resuls. The cantrol
simulations of seupled climate models stll centain & number of sywabkatic arrors in eompari-
son ta the observed climate and the causde of theme doficiencied are being explored.
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Fig. 5 Medel-simulated seasonal changes in surface runof aver Sawth Asia expecied dug ta
greenhouse warming:
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Fig. 6. Arep—weighted changes in seasonal mean surface air temperatures (a}, and precipitation,
soil moisture and surface runofT (b, in percent) simulated by the model for the South Asian region.

The subgrid scale physical processes (in particular clond feedback) could contribute further to
the uncertainty in the simulation of the regional climate.
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