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Abstract

The paper reviews the political and economic situation in

South Asia, with emphasis on likely economic changes in the

1990s. The range of climatIc changes that are likely to take

pI&ce on the South Asian sub-continent are discussed on the basis

of projections made by the Intergovernmental Panel on Climate

Change. The impact of these likely changes in climate are

evaluated with respect to agriculture, forestry, biological

diversity, water resources and human health and social impacts.

( The problem of sea level rise and its implications for South Asia

are also discussed,. since these are likely to have disastrous

implications for countries of the region. The special

implications of global warming in the Ganga River basin are

explored, culminating with a discussion on the imperatives of

internatioiai cooperation among countries of the region to

successfully face the collective threat of global warming. The

paper indicates that with the difficult economic situation facing

this region, international assistance from outside the region and

close cooperation between the countries within the region would

be the only effective strategy for the future.



1. THE DEVELOPMEN'I' BCENE

The South Asian sub-continent provides a unique range of

pàlitical, social, economic, geographic and ecological conditions
in the context of which the complex impacts and implications of

global warming assume a significant dimension. For instance, if

one considers diversity of climate, the countries of the region

include areas which experience cold, sub-zero temperatures

perennially, deserts which attain high temperatures matching the

hottest regions of the world, and precipitation levels which are

the highest anywhere on the globe. Further, apart from the

highest mountain peaks on the globe this region also has some of

the lowest islands inhabited by man, which rise barely a metre

above the sea that surrounds them. In economic terms, South Asia

is a poor region, but it does have centres of significant

industrial activity, a science and technology infrastructure

which compares, in some cases, with the best and yet a large

population which ekes out a living at bare subsistence level from

land which is degraded and which, in several areas, is slipping

gradually from the marginal category into the uncultivable

condition. In several respects, therefore, not only is South Asia

a varied and rich microcosm of regions that would experience the

full range of impacts that global warming would have on different

parts of the globe, but it also provides a cross-section of

capabilities and human capacities for coping with or adapting to

these impacts.

There is, as yet, relatively meagre research in South Asia

on the impacts and implications of global warming. Indeed, the



first major event to focus attention on this subject in South

Asia was the International Conference on Global Warming and

Climate Change: Perspectives from Developing Countries, which was

held in New Delhi in February 1989. This Conference, the

proceedings (2) of which are an important contribution to the

literature in this field, in general, was attended by outstanding

scientists and researchers from all over the' world, including

those from the countries of South Asia, and led to several policy

initiatives on the subject, at least, within the Government of

India. Several research projects have also been launched

subsequently to study both the likely impacts of global warming

in the region as well as possible responses that, at least, some

of the countries of South Asia can develop and implement. But

knowledge in this field specific to the countries in the region

remains scant and imperfect, and this publication, is, therefore,

based on extensive analogies drawn from other parts of the world.

To unfold a backdrop of likely demographic and economic

developments against which the effects of global warming would

have to be evaluated, we first review briefly the economic

scenario pertaining to South Asia in the coming decades.

A major departure in the thinking of multilateral

development organisations has been initiated recently in the UNDP

publication on human development (8) and the most recent World

Development Report of the World Bank (10). The UND? report makes

a pertinent point while stating "Life does not begin at $11,000,

the. average per capita income in the industrial world". The

report establishes and reiterates the possibility and importance
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of human development independent (and in support) of efforts to

improve material standards of living. The World Bank report of

1990, quoted above, also makes this point in a somewhat different

way, emphasizing the importance of poverty removal, which

requires provision of adequate social services such as for

health, education and family planning. Human development and the

elimination of poverty are critical not only for minimizing the

impacts of global warming on human activities and actions but

also for ensuring that abatement measures and adaptive responses

can be launched to the full potential of the human capacity that

should be developed in the region. To this end, the prognosis for

South Asia as a whole does not appear heartening. This is

conveyed by the projections made in Tables 1 and 2. While these

projections portend a substantial decline in undesirable

indicators such as illiteracy and child mortality as well, as a

major dent on the absolute poverty that exists in South Asia,

this region would still remain weak and deficient in

infrastructure to deal with crises and adverse impacts that may

have to be faced as a result of global warming. The decade of the

l990s is, therefore, crucial for the people of South Asia, and

much would depend on whether the tempo of economic growth of the

1980s can be maintained or improved on and whether the countries

of the region would make a greater commitment to the provision

and widespread supply of a package of social services, so that a

safety net can be woven around the most populous and widespread

communities, whose vulnerabilities to crises would be the

highest. There is a danger, as the World Bank points out, that



the nunber of the poor in Bangladesh would increase, which as we

would discuss later, would be a particularly vulnerable part of

the sub-continent.

Table 3.

Social indicators, by developing region 1985 and 2000

Net primary Under S
enrollment mortality

ratio

Region 1985 2000 1985 2000

Sub-Saharan Africa 56 86 185 136

East Asia 96 100 54 31

China 93 95 44 25

South Asia 74 88 150 98

India 81 96 148 94

Eastern Europe 90 92 25 16

Middle East and
North Africa 75 94 119 71

Latin America and
the Caribbean 92 100 75 52

Total 84 93. 102 67

Source: World Development Report 1990



Tabi. 2
Poverty in 2000, by developing region

Region 1985 2000 1985 2000

Sub-Saharan Africa 46.8 43,1 180 265

East Asia 20.4 4.0 280 70

China 20.0 2.9 210 35

South Asia 50.9 26.0 525 365

India 55.0 25.4 420 255

Eastern Europe 7.8 7.9 5 5

Middle East North
Africa and other Europe 31.0 22.6 60 60

Latin America and
the Caribbean 19.1 11.4 75 60

Total 32.7 18.0 1125 825

Source: World Development Report 1990

2. GLOBAL WARXING

The Intergovernmental Panel on Climate Change (IPCC) set up

three working groups to go into the major subjects related to

global warming and climate change. Working Group I dealt with the

scientific assessment of climate change and estimated the extent

of warming that is likely to take place upto the year 2100. Under

the IPCC business as usual scenario (3) of greenhouse gas (GHG)

emissions, the average global mean temperature increase during

the next century is likely to be about 0.30C per decade, with an

uncertainty range of 0.20C to 0.5°C. Consequently, the likely

increase in global mean temperature would be 10C above present

Incidence of Number of poor
poverty (millions)



levels by 2025, which would be about 20C above temperatures

during the pre-industrial period, and then rising to about 30C

above present levels before the end of the next century. The IPCC

report gives values of global temperatures for high, low and best

estimates. It needs to be explained that these estimates depict

temperatures actually realised and do not include that component

of temperature rise to which the earth may be committed, and

which would be realised only after a time lag.

In respect of South Asia the IPCC business as usual scenario

indicates warming of 1 to 20C in 2030 over the pre-industrial

period. Precipitation is predicted to increase 5 to 15% in the

summer, but would change very little in the winter, throughout

the region. The moisture in the soil during summer is projected

to increase by 5 to 10%. There are, of course, various

uncertainties associated with these projections and scientific

doubts regarding their validity are widespread, but for the

purpose of assessing likely impacts of global warming these

magnitudes should be quite acceptable. The general circulation

models (Gcz4s) on which predictions of climate change are based,

unfortunately, have not attained a high degree of reliability

with respect to regional climatic effects, but there is a general

convergence in their results pointing to some conclusions which

are of relevance to South Asia:

(1) In general, a warmer globe will also be wetter and

more humid, particularly in tropical regions.



Resulting from global changes in the cliiate, sea level is

likely to iiicrease, along with an increase in the

temperatures of the oceans.

Tropical regions are likely to suffer from increased risk

of storm tides, becavse of the high frequency of tropical

cyclones.

We would evaluate the implications of these possible changes

later in these pages, but it would be useful first to assess the

human dimensions of likely impacts that may occur in the region

as a result of global warming and to quantify the number of human

beings who would be affected by climate change. Population

changes in the South Asian sub-continent are projected on the

basis of World Bank estimates as shown in Table 3.

Table 3

Projections of population in countries
of South Asia (thousands)

Bangladesh
Bhutan
India
Maldives
Nepal
Pakistan
Sri Lanka

101147
1362

769183
183

16915
103241
16108

Source: World Bank estimates

114783
1516

847925
212

19037
120701
17162

146603
1891

1010954
268

23223
153307
19011

212672
2831

1292640
359

31126
230257
21859

1985 1990 2000 2025
(Estimated)

World Total 4853848 8466516

South Asia
World Total (%) 22.77% 21. 16%

1008139 1791744



In essence, we would be dealing with over one fifth of

humanity when we assess the impacts of global warming in South

Asia. Some of the impacts which we would discuss may also have

implications for movement of people across international

boundaries in the region, and the dimensions of this problem can

be assessed on the basis of the populations projected for the

countries of the region. In particular, population increases in

Bangladesh, Nepal and Pakistan are not only projected to be

higher than the average for the region, but constraints in the

availability of good land for cultivation and human habitats

would make these societies particularly vulnerable to climate

change and associated effects on agriculture and forestty.

3. EFFECTS OF GLOBAL WARMING

3.1 Agriculture

The countries of South Asia have a high dependence on

agricultural activities. Table 4 shows the value added in

agricultural production as well as GD? for the countries of South

Asia in 1988.

Table 4

Production (in Millions Share of
' of dollars) agriculture

in GD? (%)

Source: World Development Report, 1990.

GDP Value added
in agriculture

Bangladesh 19,320 8,882 46
Bhutan 300 130 44
Nepal 2,860 1,601 56
India 237,930 76,618 32
Maldives
Pakistan 34,050 8,935 26
Sri Lanka 6,400 1,685 26



From these figures it is clear that the economic well-being

of the countries of South Asia is highly vulnerable to changes in

climate, the impacts of which on agriculture can be discussed in

the following manner.

3.1.1 effect carbon dioxide - Several studies, as yet

inconclusive, suggest that the responses of agricultural plants

to higher levels of CO2 concentration in the atmosphere vary in

accordance with their being in the C3 group, i.e. wheat, rice,

legumes, oilseeds, cotton or the C4 group consisting of

sugarcane, sorghum or maize. The C3 grouping shows higher CO2

assimilation, growth and yield in response to higher CO2

concentration than the C4 crops. One preliminary survey indicates

that CO2 enrichment caused a 26% increase in economic yield of

mature crops and 40% by dry weight of immature shoot. In general,

C3 crops showed a mean increase of 36%. At the same time, both C3

and C4 crops showed a decrease of 34% or more in transpiration
with doubling of CO2 concentration. This could lead to a net

decrease in water requirements.

3.1.2 effect temperature - Some work on assessing the effect

of temperature on rice yields indicates that increases in

temperature result in a reduced growing season and a decline in

productivity. There appears to. be an increasing consensus among

scientists that temperature increases would lead to lower yields

in wheat and rice.

3.1.3. Effects p jncreaed QQ nd temperature and reduced water

- Some simulations using computer models for crops have been
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undertaken recently to study the effect. of changes in all these

three sets of variables. The indications from these studies are

that increased temperatures would have a much higher impact in

the higher latitudes, particularly under conditions of dryland

farming, but under irrigated conditions the variation would be

minor. It also appears that increased CO2 concentration would

compensate for any yield decreases caused by higher temperature,

particularly in the case of maize.

3.2 Por.stry

While research on the impacts of global warming on

agriculture in South Asia has been meagre, the assessment of the

impacts on forestry has been more or less non-existent. Yet,

perhaps forestry activity is far core critical to the eco-systexns

and human activities of South Asia than any other sector. Since

region-specific analysis of this problem has not been carried

out, all we can do is to fall back on research carried out

elsewhere and then draw analogies between forests in other parts

of the world and those in South Asia. The report of the US EPA to

Congress (7) is perhaps the most comprehensive assessment of the

impact of global warming on forests, and some of the assessments

and conclusions contained in that report are of relevance to the

situation in South Asia. Figure 1 provides an indication of the

spread and distribution of different types of forests that exist

in South Asia. In essence, the' variability of climate in

different parts of the subcontinent is such that we find in this

region forests of every variety that occur in this figure, with a

large predominance of deciduous forests. Hence, in assessing the



I

1flre.1 Approximate dicthbutions of the major oups of world biornass based upon mean annual
Peranires and preQpitalion (Hammond, 1912).
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impacts of global warming we would necessarily have to research

into the specific impacts in each of the diCferent agro-c].imatic

regions in South Asia and derive implications for forestry

activity accordingly.

Firstly, it must be understood that vegetation has been in a

regular state of change and adjustment due to changes in climate

over the past 10, 000 years as well as over the past several

hundred years. Added to this has been the effect of geological

changes that have taken place over time. For instance, the

Aravalli range of hills surrounding Delhi and spreading into the

north-western part of India were at some stage a much higher

mountain range, but through geological changes have diminished

considerably in altitude. Consequently, much of the original

vegetation has vanished, with just a few scattered trees of rare

species surviving at the existing lower altitudes. The biological

diversity of forestry stock in South Asia is generally on the

decline as a result of various changes.

In general, forests in South Asia, as in other parts of the

world, are sensitive to variations in temperature and

precipitation. Within a certain temperature range, an increase

would promote rapid growth of trees, but once the range of

tolerence is exceeded, excessive warming can result in a

reduction of growth and the destruction of plants. Similarly with

rainfall; too much or too little precipitation can limit forest

production and survival. An 'excess of rainfall can result in

flooding or increase of the water table whereby roots can be

11



drowned and oxygen intake denied for their survival. A reduction

in rainfall can reduce growth and increase vulnerability to fire

or pests that lead to their mortality. Higher Co2 concentration

levels could increase the growth rate of tree species with

increased photosynthesis and higher efficiency of water use. This

is particularly true of hardwood species. But most of the

experimentation on this subject has been carried out in growth

chambers, and, therefore, extrapolation to real world conditions

is not always valid. A higher rate of CO2 intake and forest

growth could, to some extent, act as a balancing force, enhancing

the ability of the forests to act as a carbon dioxide sink.

Changes in the level of light, which could accompany climate

change in the future would also have a direct effect on forests

in South Asia. Greater cloud cover would reduce the flow of

sunlight and could, therefore, reduce the growth of trees.

Some models have provided outputs indicating changes in

forest cover resulting from climate change in North America. But

these results are tentative not only in their applicability to

North America but far more so in their relevance to other

regions. In essence, of course, a change in climate would bring

about migration of certain species from regions where they grow

currently to other regions which may become climatically more

favourable to their growth in the future. For instance, in the

United States it has been suggested that in the eastern part of

the country species such as spruce, nothern pine and northern

hardwoods could move north by about 600 to 700 Kms. Consequently,

coniferous forests in New England could be replaced by hardwood

12



forests, particularly oaks. In the south-eastern part of the

United States it was indicated that forest lands might get

replaced by scrub, savanna or very sparse forest cover. In one of

the scenarios that was developed, it was found that forest areas

in South Carolina and lower in latitudes would become marginal,

with biomass volumes roughly half of those existing currently.

Given the fact that a large part of South Asia has very poor

forest cover, it is not unlikely that extensive areas might get

converted to grasslands and shrub covered marginal terrains.

Also, several species of central India could migrate to the sub-

Himalayan region and to the Ganga basin of North India. The exact

process of migration is difficult to identify at this stage, but

it could take place through a variety of possible movements,

which could include changes in reproductive processes, such as

flowering, pollination, seed setting and germination as well as

through an increase in droughts and changes in distribution of

rainfall.

The ecological implications of changes in forestry include

impacts on animals, soils, water, etc. There would be

considerable changes in biomass production, and it is not certain

whether even with massive reforestation efforts species might be

as productive as existing forests. At the same time, a change in

the type and extent of forest cover would impact on the survival

of certain types of animals. Animals themselves exert a

considerable effect on forest structure as a result of selective

browsing of seedlings, insect attack, seed dispersal and other

factors. Hence, in effect the delicate balance that exists

13



currently could get disturbed, whereby further changes in the

type and pattern of forestry and forest resources could come

about.

There would be significant changes in soils resulting from

changes in forests. The existence of bacteria, fungi and animals

has an important effect on the recoinposition of litter and,

therefore, the availability of nutrients essential for forest

growth. The most important dimension of changes in forestry in'

South Asia is the effect that these would have on human lives and

patterns of livelihood. For instance, large numbers of people in

South Asia are dependent on fuelwood for meeting their cooking

needs. An estimate of dependence, on biomass forms of energy

within four countries of South Asia is provided below:

TptaL Mousehold Ilofuets end Total Modern

luets: Circa 1980

(1) (2)

Population Mousehold

CaUtions) biofuets

(Mt0.)

(3) (4)

Modern

tue Is

(Mtwe) (Mtoe)

Mtoe': itlfon torwes oil equivalent (42.6 GJ çer toe)

ktwe: ailtion tonnes wood equivalent (16 SJt )

Source: Leach (6)

It is evident from this that the already critical problem of

fuelvood supply and constrained availability would only get

(5)

liofuets as % of

biofuets aodern

fuels

(Cot .2/(Cot .2.CoL p4))
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Santsd.sh $8.5 10.3 (27.3) 3.0 77

india 673.2 71.9 (191.6) 97.3 43

Pakistan 82.2 8.5 (22.6) 12.7 40

Sri Lanka 14.7 2.8 (7.4) 2.0 58



accentuated by changes in forests and the stock of vegetation

would reach crisis proportions due to the projected population

increases discussed earlier. There are also several other wood

products the use of which depends on continuous supplies from

forest areas, and these too would suffer substantial.y as a

consequence of global warming.

3.3 Biological Diversity

What is applicable in a limited sense to the balance between

forests and the ecology of a region is relevant to a much greater

degree in relation to biological diversity as a whole. It is, of

course, difficult to arrive at specific predictions about how

biological diversity would be affected by changes in climate, but

some general directions of change and likely effects can be

assessed to provide pointers to the future. Biological diversity

would be influenced not only by direct impacts of climatic change

but also as a result of indirect influences. For instance,

changes in population which may bring about changes in habitat,

food availability and predator,/rey relationships, could prove

far more important than direct effects of climate change.

Barriers of various kinds including those made by man, such as

roads, townships, mountains, bodies of water, land under

agriculture and other elements of habitat could block migration

of species due to climate change and thereby multiply the extent

of losses. And, of course, rapid climate change would only

accelerate the process of destruction of bio-diversity which is

taking place as a result of manmade activities such as

deforestation and fragmentation of habitats.

15



Fresh water fish in large bodies of water could increase in

productivity as a result of warmer climates in some parts. of

South Asia, but it is equally likely that some species would

actually die. The survival of migratory birds would also vary,

with some birds actually benefitting from warming of climates,

particularly those that migrate from arctic regions, but others

could actually be threatened as a result of sea level rise

inundating their wintering grounds or from increased temperature.

There is already some indication that several types of

butterflies in the Himalayas have become extinct due to warmer

temperatures in the opinion of the famous collector F. Smetacck

The importance of maintaining biological diversity can

hardly be overemphasized. Bio-diversity has evolved gradually

through millions of years in response to climate changes that

have taken place slowly over time, but what threatens future

developments is the rapid rate of change that is likely to be

experienced in South Asia as in some other parts of the world.

The greatest concentration of biological diversity is seen in

tropical forests, some of which exist in the hot and humid

regions of South Asia. It is partly for this reason that the

Silent Valley project that became the subject of great debate in

India in the early eighties was rejected by the Government of

India, since its implementation would have resulted in large

scale inundation of rich tropical forests in the state of Kerala.

3.4 Water Resources

A warming climate would have serious implications for the

availability of water resources and their use. The South Asian

16



region already has serious problems of water management, with

growing scarcities during certain periods of the year in some

parts of the subcontinent There are severe and recurring floods

that have tragic effects on the lives of many millions of

inhabitants in' the region. A warmer and wetter climate could

accentuate these effects.

In general, as the climate becomes warmer and drier the

demand for water would increase, particularly for irrigation and

the production of electric power. Reduced flows of river water,

resulting from drier conditions could affect activities like

production of hydro power, inland water transport, and aquatic

eco-systems. With reduced water availability conflicts among

users would only sharpen. These could include conflicts over the

use of reservoirs for flood control storage, regulation of flows

and water supply as well as control over water rights among

agricultural, municipal and industrial users both within and

between nations that get affected in South Asia.

Climate change is likely to affect both the supply and

demand sides in the water cycle. Higher temperatures, in general,

increase the demand for water, even for direct human consumption.

With warming climates the extent of evaporation is likely to

increase and, therefore, there would be greater precipitation. At

the same time, the melting of snows in the northern region, along

the Himalayan and Hind Kush mountains would increase. Ground

water availability would also change as a result of recharge

rates being altered. At the same time, transpiration may not

17



increase correspondingly, because with higher levels of carbon

dioxide the pores of plants may shrink. All in all, the most

unpredictable effect of climate change is in respect of rainfall

patterns and precipitation rates. And yet, this is one set of

effects which would have perhaps the most important impact on the

lives of the people of South Asia. In particular, the population

in the eastern, part of India and all Qf Bangladesh may be

affected most seriously, since not only would this region become

highly 'prone to increased flooding and drainage problems but also

the timing and extent of monsoon rain would change substantially

with serious consequences for agricultural practices and the

living patterns of people in the area. Much greater modelling and

development of predictive capabilities on precipitation would be

necessary before reliable forecasts can be made about the impacts

on water resources in the subcontinent.

3.5 Human Health and Social Impacts

The South Asian region has several areas which experience

very high temperatures for prolonged periods during the summer.

Often a heat wave brings about a sharp rise in mortality

particularly among the aged and the very young. Table 5 shows

some sample temperatures for the month of June 1989 as an

indication of the severe summer heat that the large populations

in the countries of South Asia are subjected to. The relationship

between mortality and weather has been studied by several

researchers, particularly Kutschenreuter (5) and Kalkstein (4).

As would be expected they found mortality much higher during cold

winters and hot summers and lower during warm winters and cool

18



summers. Considering the fact that a small but significant number

of people live at reasonably high altitudes in South Asia, this

section of society is likely to benefit from global warming, with

a possible reduction in mortality. However, the total number of

people that live at altitudes of 4000 ft. above sea level is

estimated to be no more than 50 million in all the countries of

the region. At the same time, warmer temperatures in the year

2010 would adversely affect over a billion people living in the

plains. The hottest conditions on the basis of meteorological

data would appear to affect a total of about 250 million people

who live in the highest temperature regions of the subcontinent,

wherein maximum temperatures can go as high as 450C.

Table S

Source: World Meteorological Organisation

An indirect health related impact of global warming could be

changes in employment that people would have to adjust to. For

instance, several industrial plants, such as steel mills,

foindries and forging units generally experience much higher

indoor temperatures than the ambient. With global warming, the

19

Mean Temperature in Degrees (Centigrade)
on Land Surface (June 1989)

Multan (Pakistan) 34.4

Jacobabad (Pakistan) 36.1

Bikaner (India) 34.8

New Delhi (India) 32.9

Trincomalee (Sri Lanka) 30.1

Kathmandu (Nepal) 23.8



extent of sickness and productivity decline in some of these

industries would adversely affect their competitive positions in

the international market. Consequently, it may very veil happen

that some of these units would actually become non-viable or

future expansion as veil as relocation may favour lover

temperature regions in the Subcontinent. Already there is a

tendency to locate factories manufacturing electronic goods and

watches etc. in mountainous regions, largely because the

transportation requirements of some of these units are very small

and relatively cold and dust free conditions are an advantage in

their location in mountainous areas. The growth of industrial

centres like Bangalore, Pune and Hyderabad in India is largely

climate related.

Several diseases are directly related ;to higher

temperatures, and it is likely that these would increase as

temperatures in the region rise in the future. These include

cardiovascular, cerebrovascular and respiratory diseases. The

indication is that outside the range of -50C to +250C mortality

would increase as temperature goes up at the upper end and down

below the lower end of the range. Hence high summer temperatures

are likely to increase mortality from cardiovascular,

cerebrovascular and respiratory diseases in vast areas of the

sub-continent far in excess of reductions in mortality in those

regions which experience cold temperatures.

There are also several vector-borne diseases that could

increase as a result of likely changes in humidity and

temperature, which would have an impact on specific plants,
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animals, insects, bacteria and viruses. Similarly, in the cas. of

mosquitoes, higher temperatures and humidity, and particularly

with larger volumes of standing water from higher precipitation,

mosquito-borne diseases are likely to increase. Perhaps the most

dangerous of these is malaria, which, in any case, has increased

in incidence in recent years. Unfortunately, mosquitoes have

generally become resistant to several insecticides and sprays

which have earlier been used in malaria eradication programmes.

The most important social impact of higher temperatures and

increased mortality and mobidity lies in the requirements of

health care which would multiply particularly for infants and the

elderly. Society would have to make provision in the future for a

larger infrastructure and level of services to ensure the good

health of the newborn and the aged.

3.6 Sea Level Rise

A major cause for concern in South Asia relates to the

impacts of global warming on the level of the sea. The danger of

sea level rise is dramatised by the threat of total submergence

of the Maldive Islands, which has been put forward as a

futuristic horror story in several conferences and deliberations.

But there are several other parts of the subcontinent which also

would face severe dangers in the event of appreciable rise in sea

level. The primary effects of rising sea level will be increased

coastal flooding, erosion, storm surges and wave activity. In

order to assess the likely impacts of sea level rise it would be

useful to classify coastal activities in terms of (i) coast

dependent such as ports, oil terminals, fish processing, etc.;
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(ii) coast preferring such as tourism, coastal residential

development, etc.; (iii) coast independent, such as defence,

industries not directly linked with the sea, etc. The extent of

vulnerability of each of these has to be seen in relation to its

linkages with coastal regions. The environmental effects of sea

level rise is summarised in the matrix shown in Table 6.

Table 6

tet.ton letween EnvIrorent.t Effects fro. $1.1 and Coastst Uses

X - Major ispacts

(N) - Minor fap.cts

Marine Uses Urban Tour- Ports Power Cam. Marl- AgrI Desa- Sea- Paper Navi-

Environ- Of dave- is. Nar- St.- Fish- cut- cut- tina- Silt gatien

aintat Gas Lop- bours tions ing ture ture tfon Ponds Pulp

effects tat ent

reguta- Areas

ting

fro. SLI

SaLinity N N N N (N) N N

Turbidity N N N N N N

T..per.ture N N N N N

DIssolved 02 N N

Nutrients N N N N (N)

flora 4

Fauna (K) X N N N N N N K

Pr fairy

Productivity N N N N N

ErosIon N N N N N N

Deposition

& Accretion N N N N

$ubaergence

of Wetland N N K K N
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While the island nation of Maldives, and other island

settlements such as in the Andamans, Lakshadweep and Nicobar

islands are particularly vulnerable, the large coastline of the

main land mass of South Asia makes coastal settlements and

activities a far more serious problem in the event of sea level

rise. For instance, India itself has a coastline of about 6000

kins. with about 55% of Indian shores being occupied by beaches.

The eastern shore of India is rich in deltas which have been

formed by the rivers Ganga, Godavari, Krishna, Mahanadi and

Kaveri. These delta regions generally have large deposits of clay

and mud and contain vast marshy areas. The eastern coast

extending into Bangladesh is particularly vulnerable to tropical

storms and coastal flooding. Sea level rise is likely to increase

the vulnerability of this region to tropical storms, storm surges

and greater inundation. Some of the mangrove forests of this

region are likely to be completely decimated.

In terms of adaptative responses, the ability of the region

is rather limited. Governments and societies essentially face

four possible responses, which are:

No protection

Retreat from the affected areas and relocation of economic

and human activity

Construction of some form of structural protection; and

Adaptation to the changed environment and climatic

conditions.



Given the uncertainties attached to global warming and its

impacts and the extreme poverty of the region, it is unlikely

that Governments would make significant commitments of resources

to take any action which could provide a suitable response to the

anticipated problem of sea level rise. The problem is complex,

because the cost, for instance, of holding back the sea would be

so high as a share of total expenditure that it would be

enormously more burdensome than for the developed countries.

Additionally, to initiate action far ahead of adequate

information being available would require tying up scarce

resources in projects of less immediate and low relevance as

compared to the immediate needs of the countries of this region,

which are very basic. The countries of the region have dire need

for food, clothing, shelter and basic infrastructure, and no

government or society is likely to set aside resources for

meeting the problem of global warming by ignoring these

priorities. Consequently, sea level rise could cause the most

serious human disasters in South Asia, unless it is financed and

organised through some international action.

4. THE VULNERABILITY OF THE GA}GA BASIN

The South Asian subcontinent is densely populated in

general, but the most densely populated region is within the

basin of the Ganga river. It is within this region that

political, ecological and demographic changes would be influenced

most seriously by glbal warming in the future. Based on censuses

carried out during 1981, the population of India and the nations

of Nepal and Bangladesh have been compiled in Table 7. Existing
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data indicate that population densities in the range of 3.01 to

more than 600 persons per sq.km. extend throughout this region,

and the bulk of the region shows population densities exceeding

401 persons per sq.km. A substantial area in the extreme south-

east of the basin extending over West Bengal and parts of

Bangladesh has population densities in excess of 600 persons per

sq.km. The districts of Hoogly and Howrah which constitute a

large part of the Calcutta metropolitan region had district

densities of 1129 and 2022 persons per sq.km respectively in

1981. The total area of the Calcutta metropolitan region which is

about 104 sq.kms has an average population density of about

32,000 persons per sq.km., which is perhaps one of the highest in

the world. Based on current projections tabulated from the UN'S

population projections, the Ganga basin is expected to have a

population of 485 million in the year 2000 and 570 million in the

year 2010, which would represent more than a 80% Increase over

the census estimate of 319 million in 1981.

Table 7:

Population Density in the Ganges Sum, 1981, by countries and Indian States

Country Total Area Denst turd Area DensIty Urban Area Densit

Pop. (1.2) (No/k. ) Pop. (1.2) (No/k. ) Pop. (1.2) (Nc/k. )

(.000) (.000) (.000)

India 283,283 851,390 333 225,867 835,686 270 57,616 15,704 3,656

NepaL 15,023 167.000 102 14,066 ND - 957 ND

langladesh 20,945 39,000 537 18,495 MD - 2.450 MD

China (Tibet) ND 26,000 ND MD 26.000 MEG 0 0

Total Sum 319,251 1,063,390 300 258,428
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The land which is categorised as forest cover is

approximately 16% (175,000 sq.krns.) of the total surface area,

but a large part .f this forest area is highly degraded and

sparsely forested. Not only is the Ganga basin vulnerable in

terms of its agricultural potential which is already

overstretched in parts, but the growth of urban settlements and

continuing degradation of land would only affect agricultural

output adversely. Intensive forms of agriculture would,

therefore, have to replace traditional systems accentuating the

demand for water. To this must be added the growing demand for

water for direct human consumption. If the demand for water per

capita is to remain at 25 litres per day in rural areas and is to

increase to 200 litres per capita per day by the. year 2010, the

total urban and rural demand for water in the year 2010 would

translate to a mean annual flow of about 520 cu.m. per second for

the basin as a whole. This quantum of water is about the same

magnitude that would be required for diversion for a major

surface water irrigation scheme. If there is a further increase

in temperatures, with warmer and long summers, not only would the

demand for water go up on account of increased evaporation, but

human consumption itself would increase over the per capita

requirements mentioned above, and so would the water requirements

increase for the large and growing animal population in the

region. Hence, water, which is already a scarce resource and the

subject of territorial disputes, would become a bigger bone of

contention in the region. Besides, if rainfall increases during

the monsoon season there would be further requirements for major

river projects for flood control and regulating the flow of water
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to provide benefits beyond the annual monsoon period. This would

require greater understanding and improved institutional

mechanisms for resàlving riparian disputes and implementing

mutually acceptable projects in one country with implications

beyond that country. In the absence of a harmonious approach to

solving each country's specific water problems, the 700 towns and

cities that already exist in the Ganga basin would not even get

proper supply of water for drinking purposes in the decades

ahead. Even more intractable is the problem of migration from

one country to another, which requires understanding and

agreements to ensure that tensions are not created unduly by

ecological refugees from those areas which are affected adversely

by the impacts of global warming.

5. INTERNATIONAL CO-OPERATION WITHIN SOUTH ASIA

The problem of the Ganga basin and likely disputes on the

control and use of water are only one area of concern which

require cooperation on an unprecedented scale between the

countries of the region. The growth in demand for electricity,

which is currently at very low per capita levels througout this

region, would require greater trade of energy across

international boundaries. For instance, Nepal possesses

substantial hydro-electric resources (9) wtdch, if tapped even to

the extent of 25% of currently estimated potential, could provide

at least 20,000 MW of power with a ready market in India.

Unfortunately, several schemes which were identified for

implementation through agreement between the two countries have

nt made much headway because of political suspicions and lack of
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understanding of pricing and transfer arrangements. Consequently,

Nepal has foregone substantial revenues which could have helped

alleviate poverty and promoted faster economic development and

similarly India has had to forego development opportunities on

account of shortages in power supply and losses of economic

output as a consequence. The case of natural gas in Bangladesh is

also identical. Suitable trade agreements between Bangladesh and

India would prove mutually beneficial for both countries

involving the sale of natural gas from Bangladesh to India. On

the western side of the subcontinent there is an interesting

possibility of supply of natural gas from the southern portion of

Iran to Pakistan and India by construction of a natural gas

pipeline. A preliminary estimate (1) indicates that such a

pipeline would cost approximately 12 billion dollars for supply

of 100 million cu.m. of gas per day. This supply would be

consumed partly in the southern portion of Iran with the balance

portion going to Pakistan and India.

While these possibilities would require political

understanding and a framework for economic cooperation, which

seems almost unthinkable at this stage, there is perhaps

considerable scope even at present for cooperation in fields like

the development of renewable energy technologies. There are

substantial advantages in organisations and institutions in the

countries of the region working together on joint R&D projects,

whereby technologies for harnessing renewable forms of energy

could be developed jointly. Even more relevant would be joint R&D

in subjects such as forestry and, the applications of
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biotechnology to agriculture, so that species can be developed

including agricultural crops and trees to withstand drought and

saline conditions that are likely to worsen as a result of global

warming.

South Asia, due to the vision of the leaders of the region,

particularly the late Gen. Zia-ur-Rahxnan of Bangladesh, has

established the South Asian Association for Regional Cooperation

(SAARC) which has started functioning as the main instrument for

promoting cooperation between the countries of the region. One of

the subjects included under the present charter of SAARC is

environment, and some minor exchanges have already taken place in

sharing of experiences and knowledge on environmental protection

between the countries of the region. It would be useful for SAARC

to set up a small multi-nation group to go into the possibilities

of cooperation in the context of possible global warming. Such a

committee could mobilise experts within and outside the region to

come up with a blueprint for cooperation, which the leaders of

the region could debate and consider for implementation. Despite

the political problems that hamper effective economic cooperation

within the countries of South Asia, one should not under-estimate

the power of analysis of the type proposed, which would only

bring out clearly and unambiguously the benefits of cooperation

within the region, which, while good in itself for a variety of

reasons, acquires even greater value in view of the manmade

natural calamities that we are propelling the world and South

Asia towards. In essence, the poverty, the over-population, and

stagnant economic growth of this region require greater
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cooperation not only for some of the specific reasons discussed

above but also to ensure that the region emerges economically

stronger in a short period of time. In the ultimate analysis, the

ability of the countries and the people of this, region to

withstand the impacts of global warming would depend largely on

their economic strength. If there is a peace dividend from

removal of tensions and the threat of war in other parts of the

world, such a dividend in South Asia is a pre-requisite for

survival and stability.
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