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Newspegs:  

5 July - World Environment Day  

"Developing nations face an acute dilemma 
- how do they pursue development goals to 
meet the needs of their citizens while 
avoiding the mistakes made by the West 
through high energy consumption?" says 
Gerald Foley, author of Panos book, 
"Global Warming: Who Is Taking the 
Heat?", 1991.  

"The IPCC findings should wake the world 
up to the fact of climate change and what it 
could mean for the South. A two -pronged 
approach of drastic cuts in emissions and 
radical land and energy policies will be 
needed to reverse these dangerous 
climate changes" says Fred Pearce, author 
of Panos briefing, Last Warning on Climate 
Change.  

 

 

 

 

 

 



Introduction  

The world was warmer than ever in 1995. Worldwide, average temperatures 
were 0.4 degrees Celsius higher than the average of the past 30 years, and 0.8 
degrees C above those of a century ago. One year doesn't show a lot. But the 
four warmest years on record have now all occurred in the 1990s, and nine of the 
ten warmest have been since 1980.  

In a report published in April 1996, the UN's climate advisers, the scientists of the 
Intergovernmental Panel on Climate Change (IPCC), have concluded formally 
that the warming "is unlikely to be entirely natural in origin" and that "the balance 
of evidence suggests a discernible human influence on global climate".  

The IPCC report is properly spiked with cautions. Yet the evidence grows that 
these subtle changes in average temperatures are pushing the world's climate 
into new extremes of behaviour, disrupting life round the world. The records are 
tumbling. In 1995, India had its hottest year this century, with temperatures as 
high as 50 degrees C in the arid state of Rajasthan and forest fires in the 
Himalayas. It now seems that the past century has been warmer than any for at 
least 600 years. And that the pace of warming has been greater than any seen 
since the end of the last ice age, 10,000 years ago.  

These and other trends are consistent with the predictions for global warming 
made by the complex computer models assembled by several teams of scientists 
in recent years for the IPCC. But it is just the beginning. Those models warn that 
further major changes to the world's climate are now probably inevitable, and the 
South is likely to be hard hit. The IPCC's report, its first for five years, described 
in unprecedented detail how global warming will trigger much bigger changes in 
some local climates, unleashing floods of environmental refugees seeking to 
avoid famines, accelerating desertification, widespread flooding of inhabited 
areas, and the spreading of tropical diseases.  

The approach of such calamities has thrust the notion of "equity" to the centre of 
an acrimonious North-South dispute. The South says the rich countries are the 
main polluters and therefore must cut their emissions immediately; some 
Northern governments point out that there are no emission targets set for 
developing countries and so are gaining an unfair trading advantage. Southern 
governments were up in arms recently when an IPCC cost-benefit analysis 
seemed to suggest that the value of life was cheaper in the South, so potentially 
underestimating the costs of global warming. To address the equity issue, some 
environmentalists have argued for a permit system which would allow nations to 
emit a certain amount of pollution. If countries wanted to emit more, then they 
could buy permits from countries such as India, that do not need their full 
allocation. This would help to release funds and increase energy efficiency.  



Meanwhile, negotiations to head off global warming continue. Most of the 150 
nations that signed the Climate Cha nge Convention, agreed at the "Earth 
Summit" in 1992, have accepted the need for real cuts in emissions of 
"greenhouse gases" from industrialised countries, starting in the year 2000. 
Some countries are making progress, but there are signs that some large 
industrialised countries including the United States and Canada are dragging 
their feet. The IPCC says cuts in emissions of more than 50% are needed, which 
is technically possible. The scientific weight of evidence is that further delay will 
bring dangerous changes to the world's climate.  

 

Guide to the Climate Change 1995 Report  

The Intergovernmental Panel on Climate Change (IPCC) predicts:  

? the concentrations of CO2 rises steadily year by year and is now 30% 
higher than 200 years ago. In recent years, about  

? three-quarters of this added CO2 has come from burning fossil fuels such 
as coal and oil, and roughly a quarter from the destruction of tropical 
rainforests.  

? a 50-centimetre rise in average sea-levels by 2100, between two and five 
times the rise in the past century. (But the IPCC admits there are 
significant uncertainties, and the rise could be as high as 95 centimetres, 
or as low as 15 centimetres, depending on the fate of the Greenland and 
Antarctica great ice sheets.)  

? a sea-level rise, which threatens 70 million people in China and a similar 
number in Bangladesh, with millions more flooded from their homes in 
Egypt, India, Mozambique, Pakistan, Vietnam, coastal West Africa, and 
many Indian and Pacific Ocean states.  

? an extra 50-80 million cases of malaria, as 60% of the world population 
finds itself living in potential malarial zones. African highland cities such as 
Harare and Nairobi, which are currently malaria-free could succumb first.  

? "the gravest effects of climate change through sudden human migration, 
as millions are displaced by shoreline erosions, river and coastal flooding 
and severe drought."  

? on farming systems, most studies show that the tropics will be hit the 
most. Yields of millet, the most important grain crop of many poorer 
communities in Africa, will decline by 63% to 79%.  

? there may "be increased risk of hunger and famine", particularly among 
the poor in sub-Saharan Africa, south, east and southeast Asia, tropical 
areas of Latin America, as well as some Pacific island nations".  

[from Climate Change 1995: The science of climate change, the IPCC second 
assessment report. Published by Cambridge University Press, April 1996]  



 

1. HARD SCIENCE; HARD LESSONS  

"The hand of man"  

Human activities, largely in the industrialised world, are causing a build-up of so-
called greenhouse gases in the atmosphere. These gases, which include carbon 
dioxide (CO2) and methane, trap solar heat in the atmosphere and stop it 
escaping back into space. In that way they warm the surface of the Earth.  

Most of these greenhouse gases also occur naturally. But for them, the world 
would be a frozen, lifeless hulk. But too much of them would turn Earth into an 
equally lifeless, boiling cauldron, like Venus.  

Human activity in the two centuries since Europe initiated the industrial revolution 
has increased the amount of these gases in the atmosphere. The concentrations 
of CO2, the most important of them, rises steadily year by year and is now 30% 
higher than 200 years ago. In recent years, roughly three-quarters of this added 
CO2 has come from burning fossil fuels such as coal and oil, and roughly a 
quarter from the destruction of tropical rainforests.  

Meanwhile, concentrations of methane, the second most important greenhouse 
gas, have risen by no less than 145%. The causes of this increase are less clear, 
but include increased numbers of cattle, whose guts produce methane, the 
spread of rice paddies and deforestation.  

Scientists can measure the direct "radiative forcing" on the planet of these extra 
gases. It currently amounts to 2.5 watts per square metre of the Earth's surface, 
sufficient to increase temperatures worldwide by about one degree Celsius. The 
actual increase has been a bit less than that. The reason, says the IPCC, is that 
some human industrial activities also have a cooling effect. The cooling effect 
works like this.  

Small particles of pollution, such as the sulphates in acid rain, create a thin veil in 
the atmosphere, reflecting the sun's rays back into space. This cooling is not 
evenly spread, ho wever. In many places it is minimal, while in others it may be 
greater than the warming from greenhouse gases. So the most polluted areas 
are to some extent protected from global warming by their own pollution. 
Unindustrialised areas suffer most. That is the theory. But a key scientific finding 
of the past two years is that global warming has indeed been concentrated 
outside the industrial regions. The IPCC's scientists say this discovery is an 
important reason why they now believe that they can see "the hand of man" in 
climate change.  



An inadvertent piece of evidence of how susceptible the world's climate is to 
outside interference came with the eruption of Mount Pinatubo in the Philippines 
in mid-1991. It injected some 30 million tonnes of dust into the s tratosphere, 
much more than most volcanic eruptions. The result, at its peak, was a 
theoretical cooling of the planet by up to 4 watts per square metre. And the 
cooling was recorded in practice, with average global temperatures dropping by 
around half a degree for two years.  

The IPCC scientists forecast that, despite being partially masked by local 
pollution and occasional volcanic eruptions, there will be sufficient greenhouse 
gases in the atmosphere by the end of the next century to cause a worldwide 
average temperature rise of between 1.5 and 4 degrees Celsius. The only 
alternative is major changes in energy and land use policies to reduce this build-
up.  

 

Can sulphate cooling protect us from global warming?  

Some sceptics claim that the cooling from sulphates means we don't have to 
worry about global warming. But the IPCC, which has the backing of more than a 
thousand specialists, warns that this localised cooling "is not a simple offset of 
the warming effect of greenhouse gases". They are very different phenomena. 
Most importantly, while carbon dioxide lasts in the atmosphere for a century or 
more, sulphates last only a few days. The cooling effect of sulphates, though 
sometimes intense, is local.  

Also, the long lifetime of greenhouse gases means that they constantly 
accumulate in the atmosphere, whereas sulphate particles disappear quickly and 
do not accumulate. For this reason, the ability of sulphates to mask warming 
even locally will become less with time. Moreover, from North America to China, 
efforts to reduce the damage caused by acid rain will inevitably "unmask" global 
warming. Few nations will want to live in an ever thicker smog of acid pollution in 
order to shield them from global warming. And no nation will be immune from the 
global impact of rising sea levels, caused largely by ice melting in the unpolluted 
Arctic regions subject to the full force of global warming.  

 

Remaining uncertainties - no excuse for delay  

Scientists are not yet certain how intense greenhouse warming will be. Much 
depends on how the planet itself - its ice sheets and forests, ocean circulation 
systems and cloud cover - responds to warming. And how these changes "feed 
back" to further changes in climate. Crucially, they believe that these feedbacks 
will significantly amplify the initial warming.  



For instance, the central IPCC prediction of a "business-as-usual" future is that 
CO2 concentrations in the atmosphere will double by the end of the next century. 
On its own this would trap sufficient extra heat to warm the planet by 1.2 degrees 
C. But feedbacks could amplify this three or even more times. How do these 
feedbacks work?  

One key feedback is the world's polar ice sheets. These cover large areas of the 
planet and, being white, reflect most of the sunlight that hits them right back into 
space, helping keep the planet cool. But as warming melts the ice, it exposes 
land and water, which reflect much less, and so trap more heat, causing further 
warming. That warming causes further melting, and so on.  

Another important feedback is water vapour. Warmer temperatures increase 
evaporation over the oceans, so there will be more water vapour in the 
atmosphere. Because water vapour is a powerful greenhouse gas, this will also 
add to warming.  

Much of the water vapour will turn to clouds, however. And that makes things 
more complex. Some clouds reflect solar radiation back into space (a cooling 
effect), while others act as a blanket, trapping heat, especially at night. Nobody 
knows yet which effect will dominate. The IPCC says that clouds alone could 
plausibly either double warming or reduce it.  

Scientists and the political process  

Scientists first began to take the threat of global warming seriously in the late 
seventies, and held a groundbreaking conference in 1985, long before 
environmental non-government organisations had picked up on it. As their 
message spread, the IPCC was set up by the UN in 1988 to provide a consensus 
view on the phenomenon, involving scientists from round the world. Its first 
report, in 1990, warned of the dire effects of global warming. Coming at a time of 
high international concern for the environment, it galvanised governments to 
negotiate the Climate Change Convention in time for signing at the Earth Summit 
in Rio de Janeiro in 1992. The first full meeting of signatories to the Convention 
then took place in Berlin in March 1995.  

The Convention, signed by more than 150 nations, committed industrialised 
nations to stabilise their emissions of carbon dioxide at 1990 levels by the year 
2000, and to help other nations to develop their own energy plans and to adopt 
clean energy technologies. But it also committed all its signatories to act to adopt 
further protocols to prevent "dangerous anthropogenic influences with the climate 
system".  

The IPCC has not ruled on what the dangerous level of greenhouse gases in the 
atmosphere might be, but its scientists say the level should be low enough to 
allow ecosystems to adapt naturally to climate change, to ensure that food 



production is not threatened and to enable economic development to proceed in 
a sustainable manner.  

That, say the scientists, will require much more fundamental policy changes than 
those so far promised by the industrialised world. It denies that remaining 
scientific uncertainties are an excuse for delay and it points to Article 3 of the 
Convention, which states that "where there are threats of serious or irreversible 
damage, lack of full scientific certainty should not be used as a reason for 
postponing [precautionary] measures."  

At the Berlin meeting of Convention signatories, the 150 national delegations 
agreed to begin negotiations on targets for industrialised nations to cut emissions 
in the early decades of the next century. An ad hoc committee will produce 
proposals to be agreed at a future meeting in Japan in 1997. It was also clear at 
the meeting that the industrialised nations will soon be looking for some 
commitments on future emissions from rapidly industrialising nations, such as the 
"tiger" economies of east Asia, whose emissions of CO2, though still low by 
comparison with the West, are rising by up to 10% a year.  

The latest IPCC report now becomes part of the deliberations of the Climate 
Change Convention. This formally begins at a meeting of the Convention 
Scientific Committee starti ng on 26 February. In particular, it should help the 
politicians make a realistic assessment of what amounts to "dangerous" 
concentrations of greenhouse gases.  

 

2. A PLANET IN PERIL  

Rising sea-levels  

For the hundreds of millions of people who live in coastal zones round the world, 
rising sea-levels pose a major threat in the coming century. The IPCC currently 
predicts a 50-centimetre rise in average sea-levels by 2100, between two and 
five times the rise in the past century. But it admits there are significant 
uncertainties, and the rise could be as high as 95 centimetres, or as low as 15 
centimetres, depending on the fate of Greenland and Antarctica's great ice 
sheets. And that would not be the end. Timelags in the onset of melting will 
ensure that sea-level rises will continue for many centuries, whatever happens to 
CO2 emissions. Moreover, in some parts of the world, sea-level rises could be 
two or three times greater than the global average, because of changes in global 
ocean circulation, local tidal regimes and local heating.  

There is also an outside possibility of a rise in sea-level of up to six metres, if 
warming triggered a catastrophic collapse of the West Antarctic Ice Sheet, which 
is known to be unstable. The IPCC says that "estimating the likelihood of a 



collapse during the next century is not yet possible," though it is likely to be "very 
remote".  

The latest studies, quoted by the IPCC, suggest that a one-metre rise in sea-
levels would flood 17% of Bangladesh, while 80% of the Majuro atoll, home to 
the capital of the Marshall Islands, could go. Other Pacific island atoll states that 
may partly or entirely disappear include Tuvalu and Kiribati in the Pacific and the 
Maldives in the Indian Ocean. Some atolls may survive rising sea-levels if their 
coral can grow fast enough to compensate, says the IPCC. But they also face 
being struck by more intense tropical storms, which would destroy the coral, flood 
lowlands and contaminate vital groundwater resources with salt. They are 
"among the most sensitive environments to long-term climate change and sea-
level rise," says the IPCC.  

The biggest populations affected would be about 70 million each in China (for 
instance in the lower valleys of the Yellow and Yangtze rivers) and Bangladesh, 
countries which both regularly suffer heavy death tolls from flooding. But "very 
large populations" are also vulnerable in Egypt (especially on the Nile delta), 
India, Mozambique, Pakistan and Vietnam. Large populations in West Africa are 
at risk, too, with many big cities on low lagoon coasts from Senegal and Gambia, 
to Sierra Leone, Nigeria, Cameroon and Gabon.  

Individual cities where detailed studies have revealed major problems from sea-
level rise include Tokyo and Shanghai respectively theworld's second and third 
largest cities), Lagos (likely to be the third largest city by 2015), Hong Kong, 
Alexandria, Recife, Tianjin, St Petersburg, Osaka, New Orleans, London, 
Hamburg and Venice. Other cities such as Jakarta, Sydney and Bangkok are 
also known to be at risk.  

The cost of building sea walls to protect such areas would be colossal. Protecting 
the Netherlands from a 50-centimetre rise in sea-level has been put at US$3.5 
trillion. Countries where coastal protection would cost more than 5% of GDP 
each year include Anguilla, the Cocos Islands, Gambia, Guinea-Bissau, Guyana, 
Kiribati, the Maldives, the Marshall Islands, Mozambique, Tokelau, the Turks and 
Caicos Islands and Tuvalu.  

Local climate change  

How will these global climate changes translate into altered climates in individual 
countries and regions? Here the scientists become more cautious still. Much 
local climate, they warn, is dependent on local factors, such as mountain ranges 
and lakes, that are not included in the models. And global climate change may 
have pro found effects on circulation systems that are the dominant influence on 
local climates - such as El Ni-o, the Asian monsoon, and even ocean currents 
such as the Gulf Stream, which keeps western Europe warm in winter.  



Under global warming, the hydrological cycle will run faster. Often this will be a 
more important change than the warming itself. Increased temperatures will 
increase rates of evaporation, creating more rainfall, especially in coastal 
regions. But inland, especially in the tropics, the greater rates of evaporation will 
dry out soils, reducing vegetation and causing rivers to dry up. The net result will 
deserts in the tropics. On the fringes of the new deserts, rivers will dry up and 
crops will fail as droughts intensify. When rainfall does occur in these dry zones, 
the IPCC says that it will often come in shorter, sharper bursts. Result: increased 
flooding and soil erosion. This bleak scenario may particularly apply to parts of 
Africa.  

Despite the uncertainties, the IPCC says that most likely, as greenhouse gases 
increase, there will be:  

? More heavy rainfall and floods in coastal areas, and more droughts in 
areas where average rainfall is less.  

? Greatest warming on land, and maximum warming in Arctic regions in 
winter.  

? More extreme weather events of all sorts, from more intense tropical 
storms to longer and hotter droughts.  

? More rainfall in the summer monsoon in south and east Asia.  

Most models also predict drier soils in southern Europe and much of North 
America because of increased evaporation. And two major models suggest a 
near-permanent El Ni -o in the Pacific Ocean, with major implications for climates 
from Indonesia to Peru.  

Some of these changes could be reduced (or perhaps exaggerated) by local 
cooling from sulphate pollution, as some regions become industrialised. Some 
climate models, for instance, suggest that over much of south and southeast 
Asia, and perhaps China, Malaysia and Indonesia, sulphate pollution may 
become so intense that by 2050 it could even be causing cooling. If that 
happened the Asian monsoon might even be reduced in intensity. Much, though, 
will depend on whether individual countries decide to control sulphate pollution to 
protect the health of their citizens, ecosystems and crops.  

Cry for the cryosphere  

A major impact highlighted in the latest IPCC report for the first time, is on the 
"cryosphere" - that is the parts of the world covered for part or all of the year by 
ice and snow, or where the ground is frozen.  

Warming will melt glaciers and permafrost, and reduce winter snow cover across 
large areas of the planet. And this melting will alter seasonal patterns of snow-
melt and river flow, which will in turn influence nature and land use over still 



larger areas. These changes to the cryosphere could be among the most 
immediate and dramatic from climate change, says the IPCC.  

There has been a massive retreat of mountain glaciers in the past century, 
especially in Europe, and permafrost has melted in large parts of Alaska and 
Siberia, sometimes causing whole towns to subside. Rivers and lakes in many 
areas now typically freeze one to three weeks later than a century ago, and thaw 
earlier. By 2100 "between one-third and one-half of all mountain glaciers could 
disappear", says the IPCC. Snow may disappear entirely from the Victorian Alps 
in Australia by 2070, for instance.  

Shrinking glaciers and melting snow will change the seasonal flow of rivers, 
altering ecosystems in rivers, wetlands and coastal waters, as well as disrupting 
human activities, ranging from agriculture to the generation of hydroelectric 
power.  

To take one example mentioned by the IPCC, the amount of water running off 
from the glaciers of central Asia in 2050 each year could be three times as much 
as today. This will cause extensive flooding. But it could perhaps allow the 
refilling of the Aral Sea, which is currently drying out because countries take too 
much water for irrigation. But the good news won't last. For, as the glaciers finish 
melting and disappear altogether, the region could become drier by 2100. River 
flows would fall to below today's levels, irrigation schemes would fail and the 
region would "gradually change into a more arid, interior desert," says the IPCC.  

Ice melting in the Arctic could have major socio-economic impacts. By 2050, the 
IPCC expects that there will be substantially less sea ice in the Arctic Ocean". 
Because this ice is already floating on the sea its melting will have no impact on 
sea-levels (unlike ice melting on land). But, as the North West Passage and 
Russian North Sea Route become free of ice for much of the year, the entire 
Arctic Ocean coastline will further open up to economic development, including 
oil prospecting and tourism.  

This, says the IPCC, could threaten large and pristine Arctic protected areas, and 
increase the amount of pollution entering the Arctic environment. The IPCC 
remarks that "stringent controls on pollution of these newly accessible regions 
will be necessary because ice will still retard clean-up possibilities for more than 
200 days per year."  

The carbon feedback loop  

Forests are an important part of the planet's carbon cycle, containing three-
quarters of all the carbon stored in vegetation on land. Seasonal cycles in the 
growth of the forests of the Northern hemisphere show up in a seasonal cycle of 
CO2 levels in the atmosphere. So it is easy to see that any major impact of 
climate on the world's forests could feed back into further changes in climate - 



especially if the world's forests began to die. Some scientists argue that trees will 
soak up more of the atmosphere's carbon in future, because the extra CO2 in the 
atmosphere will make photosynthesis - the process by which all plants grow - 
happen faster. But that will be only part of the story. The IPCC warns that the 
extra CO2 will also speed up the decomposition of leaves. A combination of more 
forest fires, more pests, more stress caused by changing climate, plus faster 
decomposition, may in the end cause a reduction in the amount of carbon stored 
in forests. As the forests released the CO2, they would accelerate global 
warming.  

 

3. THE HUMAN DIMENSION: FOOD AND WATER  

Agriculture: new famines predicted  

The overall global production of food and fibres may not be greatly altered by a 
doubling of CO2 levels, says the IPCC. Provided, that is, farmers can adapt 
quickly to changing climate and the changing risks of events such as early frosts 
and drought, and invasions of new pests. This bodes well for rich farmers and 
societies with a range of crops to choose from - but not for subsistence farmers 
for whom crop failure can be a matter of life and death. Moreover, the cost of 
trying to adapt to changing climate "could create a serious burden for developing 
countries," says the IPCC.  

Wheat, rice and some other major food crops will be able to make more efficient 
use of water in an atmosphere richer in carbon dioxide. This could cause bumper 
crops in some places. But in others - such as the American Midwest, which 
currently supplies much of the world grain trade, including famine-alleviation 
stocks - drought and higher temperatures could cause crop failure.  

Other crops such as sugar cane, maize and millet, gain much less from a CO2-
rich atmosphere. And the extra CO2 will worsen conditions for grazing on 
rangelands by increasing the carbon content of grasses at the expense of 
nitrogen. This will encourage the spread of woody species, and make the grass 
less nutritious and tasty for many animals.  

But this relatively rosy world picture hides local and regional changes in crop 
yields as climates cha nge. Rubber, one of the main cash crops of southeast 
Asia, could suffer as higher temperatures and changes in humidity cut yields by 
up to 40%, and interfere with the viscosity of resin. Cotton in Egypt and central 
Asia might suffer from reduced water for irrigation if flow in rivers such as the Nile 
and the Amu Darya diminished.  

All such projections are very tentative, the IPCC warns, but they show the range 
and scale of possible responses of farming systems to warming and changed 



hydrology. And consistent patterns do emerge. Most studies show that the 
tropics will be hit the most. For example, one finds that yields of millet, the most 
important grain crop of many poorer communities in Africa, will decline by 63% to 
79%.  

African grasslands from Ethiopia and the Sahel to Zimbabwe, scene of major 
droughts and famines in the past 25 years, are likely to see more and worse 
droughts. The IPCC warns that "because extremes drive rangeland systems, 
small changes in the frequency of extreme events may have a disproportionate 
effect." Grasslands will die and there will be "an acceleration of desertification" 
which "is more likely to become irreversible if the environment becomes drier and 
soils become further degraded through erosion and compaction." Animal-herding 
communities in Africa face special risks "because the rate of technology adoption 
is slow," says the IPCC.  

Similar scenarios threaten South America. On the pampas grasslands of the 
south of the continent, crop and animal production could drop drastically, a 
possible repetition of the 1920s and 1930s when 60,000 square kilometres of 
arable land were lost. One scenario suggests that wheat output in the whole of 
Latin America could fall by anything from 5% to 50%.  

Likewise, wheat yields are projected to fall in the former Soviet Union by 19% to 
41%, and in southern Europe soil erosion and bush fires are expected to 
increase, while African scrub invades from the south. The IPCC concludes that 
there may "be increased risk of hunger and famine", particularly among the poor 
in sub-Saharan Africa, south, east and southeast Asia, tropical areas of Latin 
America, as well as some Pacific island nations".  

Water resources  

Water resources are especially vulnerable to climate change. In a warmer world 
we will need more water - to drink and to irrigate crops. In the UK, for instance, a 
one-degree C temperature rise would increase demand for irrigation water by 
more than a quarter. But there could be less water to go round, as underground 
water reserves in coastal areas are flooded by sea water, as sea-levels rise; and 
as evaporation losses from reservoirs and rivers and flooded fields grow.  

The IPCC quotes a study of the likely effect of global warming on the flows of 
major rivers, many of which are vital water supplies fo r the countries through 
which they flow. It found that the largest decreases were in the tropics. The flow 
of the Indus - which currently waters the world's largest irrigation system in one of 
the world's most populous nations, Pakistan - was projected to fall by 43%. The 
River Niger, which waters five arid countries in West Africa, is projected to lose 
31% of its water, and the Nile, lifeblood for Egypt and Sudan, 11%.  



The IPCC warns that "relatively small changes in temperature and precipitation ... 
can result in large changes in runoff, especially in arid and semi-arid regions." 
And, as rainfall and river flows change and become less predictable, our ability to 
plan water supplies will be much reduced. Such drastic cuts in flows in 
international rivers raise the spectre of water wars as downstream countries fight 
to secure their water rights. Equally within countries, the prospects of community 
water wars grows.  

Potential changes in river flows need to be taken into account today as water-
supply projects are planned. For instance, Greece is currently planning a large 
water diversion project to take water from its largest river, the Acheloos, to 
irrigate fields in the arid east of the country. Recent reductions in river flows have 
suggested that it may be based on over-ambitious assumptions about river flows. 
And the IPCC reports that a 20% reduction in rainfall in the Acheloos catchment 
would increase the risk of the system failing to supply the target amount of water 
from less than 1% to 38%.  

A similar cut in supplies to reservoirs that provide water for New York City would 
leave the system "in a state of crisis" for up to 42% of the time. Many water 
supply systems in the developing world may be even more vulnerable.  

Global fisheries  

Some sea fisheries will collapse as the world warms, while others boom. Some 
species will move polewards as waters warm. For instance, northeast Atlantic 
bluefin tuna - which increased in number during a warming of the north Atlantic in 
the middle of this century, but then declined with subsequent cooling - might 
revive.  

But many of the changes will be very unpredictable. They will depend on local 
changes in climate and ocean currents. The IPCC says that "positive effects such 
as longer growing seasons, lower natural winter mortality and faster growth rates 
in higher latitudes" will often be negated by disruption to reproductive patterns, 
migration routes and food supplies.  

Sardine and anchovy stocks in the Pacific are known to be highly temperature-
sensitive. And they depend on upwelling currents bringing nutrients to the 
surface. Nobody knows how these currents may respond to climate change. If 
global warming introduced a near-permanent El Nino in the Pacific, this would 
destroy many fish stocks.  

Changes on land may upset fish migrations, such as the movements of the 
salmon. And changing river flows will upset the amount of fresh water and 
sediment brought to coastal waters, destroying fisheries. A harbinger of what that 
could bring has already occurred off the coast of West Africa in recent years, 
says the IPCC. The droughts in the Sahel in the past 25 years have reduced river 



flows by as much as a half, making waters on the West African shelf much more 
saline. As a result, at one stage, shrimp production collapsed.  

Many fish stocks will also suffer because their spawning and nursery grounds in 
coastal mangroves and lagoons will be engulfed by rising sea-levels. The IPCC 
estimates that half of the world's coastal wetlands could be inundated in the next 
century, including wetlands around the Mediterranean, the West African coast, 
east Asia, Australia and Papua New Guinea.  

By the middle of the next century, says the IPCC, climate change may become a 
more important threat to ocean fisheries than overfishing. But often the two will 
work together in deadly harness, with climate change magnifying the effects of 
overfishing. The IPCC points out that the recent collapse of the cod fishery off 
Newfoundland was a combination of environmental stress and overfishing.  

 

4. HEALTH AND HABITAT  

"Loss of life"  

Climate change will spread diseases, causing "significant loss of life", says the 
IPCC. Many large cities will expect climate change to "cause several thousand 
extra heat-related deaths annually" as hotter and longer heat waves raise death 
rates from heart and lung disease. Last year, the world was shocked that 500 
people died in heat waves in Chicago. But the IPCC says the people most at risk 
are those in "hotter developing countries", where current temperatures are 
already close to intolerable for humans.  

Air pollution, and pollen and mould spores in the atmosphere will all become 
more deadly in hotter temperatures. The overall effect, says the IPCC, is likely to 
be a doubling in heat-related deaths worldwide by 2020 and a much bigger 
increase by 2050.  

Meanwhile warmer, wetter weather is already extending the range of infectious 
tropical diseases such as river blindness, malaria, schistosomiasis, dengue and 
yellow fever to areas where they are not currently endemic and where the local 
population has no immunity. The IPCC says that by 2100, 60% of the world 
population will be living in potential malarial zones. It says African highland cities 
such as Harare and Nairobi, which are currently malaria-free, are especially 
vulnerable. There could be an extra 50-80 million cases of malaria and 3.5 million 
cases of river blindness.  

The death tolls from extreme weather, such as tropical storms, will also increase. 
Water shortages caused by changing river flows and migration to cities from 
drought or flood-hit rural areas will increase the spread of waterborne diseases 



such as cholera. But some places will benefit. A recent study quoted by the IPCC 
found that by 2050 Britain is likely to suffer 9,000 fewer deaths from winter cold 
annually.  

Habitat  

Climate change will alter the pattern of human settlement round the world, says 
the IPCC. "Wetter coasts, drier mid-continental areas, and sea-level rise may 
cause the gravest effects of climate change through sudden human migration, as 
millions are displaced by shoreline erosions, river and coastal flooding, or severe 
drought".  

It predicts that environmental refugees will flee from the tropics to temperate 
lands and from the countryside into already overcrowded cities, where supplies 
of water and fuelwood are running low, causing outbreaks of disease and ethnic 
tensions, especially in shanty settlements on the edges of megacities. 
Controversially, the IPCC warns that "environmental refugees" from the tropics 
"may introduce a number of exotic diseases into temperate-zone human 
settlements".  

Many cities will find that climate change seriously aggravates existing 
environmental health hazards. One example is Lagos, projected by the UN to be 
swollen to more than 20 million people by 2015 as migrants from the drought-hit 
Sahel continue to flood to the Nigerian coast. Here raw sewage is discharged 
into open gutters. Sea-level rise and tropical storms and floods threaten to 
overwhelm an already unhealthy sanitary system.  

Dams and bridges, drains and dykes, and all infrastructure built on  

low-lying coasts or other flood zones may be "susceptible to sudden, changes 
and surprises and increased frequency or intensity of extreme [climatic] events" 
says the IPCC. Typically, it suggests, disasters at present likely every hundred 
years could soon have a "return period" of just 25 years.  

In some countries, the assets at risk from flooding have a value greater than 10% 
of GDP. Under such circumstances, property insurance becomes prohibitively 
expensive. Already some s torm-threatened Pacific island nations can no longer 
obtain property insurance at any price. And the world's insurance industry claims 
to be under stress from a series of "billion dollar" storms since 1987 that some 
blame on climate change. At the Berlin climate conference in March 1995, major 
insurance companies shared a platform with Greenpeace to express their 
concern about climate change.  

 

 



Ecosystems race against time  

Fast-changing climate will leave many plants, especially trees, stranded in 
regions where they can no longer survive. A change in average temperature of 
one degree C will be sufficient to kill many trees. The likely warming of 1 to 4 
degrees C over the next century would shift climate zones towards the poles by 
an average of 160-640 kilometres - uncomfortably faster than the measured rates 
of natural forest spread, which range from 4 to a maximum of 200 kilometres per 
century. As a result, says the IPCC, "entire forest types may disappear," and 
"one-third of the existing forested area of the world will undergo major changes in 
vegetation types". Half of all the world's tropical dry forests could be lost to a 
doubling of CO2 levels.  

Worst hit will be the great boreal forests of northern Europe, Siberia and Canada, 
which cover a sixth of the planet's land surface. Warming will trigger many more 
forest fires in these remote regions. One study predicts that in Siberia alone, an 
extra 7-12 million hectares (an area the size of Austria) will burn annually. A 
quarter of all boreal forests could disappear, with perhaps half of the rest 
suffering "major changes in vegetation types."  

Studies in China, Europe and the US all suggest that wetlands - waterlogged 
areas of land including inland lakes, flooded river valleys, lagoons, deltas, 
swamps and boggy plains - will diminish dramatically in a warmer world, because 
of higher rates of evaporation-reduced rainfall. Wetlands are both ecological and 
human resources. Vital green strips of wetland along the rivers of the Sahel could 
disappear, destroying traditional agricultural systems based on planting seeds as 
floodwaters retreat. The dry lands of southern Europe, such as Spain and 
Greece, could lose 85% of their remaining wetlands. Meanwhile, deep tropical 
lakes in Africa, such as lakes Tanganyika and Malawi, are likely to lose their 
fisheries as they become stratified, with warm surface waters cut off from 
nutrient-rich waters at depth.  

Many mountain ecosystems will die as habitats are squeezed up mountainsides 
to cooler slopes, until they run out of mountain to climb. But the worst damage is 
likely to be done by the sheer pace of change, leaving little chance for 
ecosystems to adapt.  

 

Flooding and storms may not be the only natural risk to cities. More cities - from 
Borneo to California to South Australia - could face incineration by forest and 
bush fires. In Siberia, Alaska and northern Canada, settlements may succumb to 
smashed roads and pipes and collapsing buildings as permafrost melts. 
Landslides will hit communities as rainfall increases and hillside vegetation is 
upset by climate change. And many surprises await. For instance in India, where 



bullock carts carry huge amounts of freight, higher temperatures may severely 
restrict their ability to do this task.  

 

5. ECONOMICS AND EQUITY  

Rich in pollution  

There is no doubt which nations of the world are responsible for global warming. 
It is the rich industrialised countries. Average emissions of CO2 today are around 
1.2 tonnes per head of the world's population. But this hides a major regional 
disparity. In North America, the average is 5.2 tonnes per head, in Eastern 
Europe around 3 tonnes, Japan 2.4 tonnes and western Europe around 2.1 
tonnes. Whereas China and Latin America each average 0.6 tonnes, Africa 0.3 
tonnes and India 0.2 tonnes. Europe and North America together produce more 
than half of global CO2 emissions. And if past pollution still present in the 
atmosphere was included the disparities would be even greater.  

And yet there is little doubt, as the IPCC agrees, that the consequences of global 
warming will be felt most seriously among the citizens of the developing world. 
This is for three reasons:  

? the increased incidence of extreme climatic events is likely to be most 
evident in the tropics;  

? developing nations are most dependent on growing natural resources, 
such as forests and fields, that will be disrupted by climate change; and  

? poorer nations are less able to invest in adapting to changing climate and 
have less robust institutions for handling the consequences.  

A fierce debate has developed about equity issues and climate change, both 
within the IPCC process and during negotiations over future protocols under the 
Climate Change Convention.  

"Economics of the madhouse"  

One working group of the IPCC concentrated on cost-benefit analysis of climate 
change, putting dollar values on its impacts, and on the costs of adapting to it 
and of preventing it. This work raised a heated debate over the question, at its 
most crude: Is the death of an overweight American from heatstroke a greater 
loss than the loss of a Bangladeshi farmer struck down by a tropical cyclone?  

For in putting a dollar value to the cost of global warming, economists asked how 
much communities would be willing to pay to reduce the risk of some 
catastrophic event. Unsurprisingly, rich people would pay more to avoid risk. The 



upshot was to put a price on the head of an American at US$1.5 million, and that 
of a citizen of a "low-income country" at a tenth as much, or US$150,000.  

Alerted by NGOs to what the IPCC's economists were up to, India's then 
environment minister, Kamal Nath, wrote to fellow ministers round the world 
calling the calculation "absurd and discriminatory". The calculations matter 
because much of the cost of global warming, as computed by the economists, is 
from deaths. Critics argued that by undervaluing the life of poor people, the real 
costs of global warming were being underestimated. In the hands of people 
hostile to measures to halt emissions of greenhouse gases, they might be used 
to show that it was not cost-effective to act to prevent it. And in the hands of 
Western politicians, they might be used to suggest that the real victims of climate 
change would be from the rich rather than the poor world.  

The economists, some of whom work for the World Bank and the Global 
Environment Facility, defended their calculations and argued that it "does not 
mean that the life of a Chinese is worth less than that of, for instance, an EC 
citizen." But other economists hit back. Paul Ekins of Birkbeck College, London, 
called them "the economics of the madhouse" and said: "The fact is that the 
purpose of these figures is to inform cost-benefit analysis as to whether 
investments in the prevention of global warming are economically desirable."  

The IPCC compromised by allowing the economists' chapters to stand in the final 
report, but omitting them from the summary for policymakers, which specifically 
warned that "human life is an element outside the market, and society may want 
to preserve it in an equal way."  

Taming the tigers  

Meanwhile, within the Convention process, most observers expect the equity 
issue to be debated with increasing force in the coming years. At present, there 
are no obligations on developing nations to stabilise or cut their emissions of 
CO2. But this may not last for much longer.  

The disparity between rich and poor nations is starting to be reduced. Some rich 
nations are investing in cleaner technologies and in some cases have cut their 
emissions. Meanwhile, some poorer nations are industrialising fast, often using 
inefficient "dirty" technologies. Developing nations are increasing their 
contribution to CO2 emissions by 6% a year and by 2025 their contribution could 
increase from a current 30% of the total to more than 50%.  

At the Berlin conference in March 1995, the first formal meeting of signatories to 
the Convention, several national delegations, notably the US and Australia, 
attempted to turn the equity argument on its head. They suggested that the 
"tiger" economies of east Asia in particular might gain an unfair economic 
advantage over their North American and European competitors if their industries 



were able to expand unconstrained by limits on CO2 emissions. They want the 
tigers tamed by being given their own targets.  

Some Western environmenta lists are also moving in this direction. "My personal 
view is that by 2010 the developing countries will have to get serious about their 
own targets," said Michael Oppenheimer of the Environmental Defense Fund in 
New York in 1995.  

Tradeable permits  

Equity will be a critical issue in other debates to be resolved within the 
Convention process. Many Western economists argue that the most cost-
effective ways of reducing CO2 emissions may be found in the developing world 
and the countries of the former Soviet bloc. If they can reduce emissions more 
cheaply by installing efficient power plants in Romania for example, or suck up 
carbon by planting forests in Latin America, then they should be allowed to do so, 
say many economists. But, say critics, if this were allowed to become part of the 
rich nations' contribution to cutting CO2 emissions then the whole Convention 
process could be undermined.  

One way out, argues Anil Agarwal, director of the Centre for Science and 
Environment in India, would be to issue nations with permits to emit a certain 
amount of pollution - starting, say, at one tonne of CO2 per head of their 
population. If individual nations then wanted to emit more than that, then they 
would have to buy permits from countries, such as India or China, that do not 
currently need their full allocation.  

Permits could be bought and sold like coffee futures or government bonds on an 
international market. Governments might hold the permits themselves, or pass 
them on to polluting companies, such as electricity generators. Countries that 
invested in wind power, for instance, or a better railway network, might be able to 
recoup some of the cost by selling excess permits. In that way, Agarwal says, the 
economists' demands for efficiency and the introduction of market forces could 
be combined with those of equity.  

Agarwal was among the first to suggest this approach, at the Earth Summit in 
1992. The idea was partially adopted last year by the UN Conference on Trade 
and Development (UNCTAD), which called on rich nations to begin setting up a 
pilot pollution exchange for CO2. UNCTAD's head of global interdependence, 
Frank Joshua, said the permit system could be introduced after emission 
reduction targets were introduced after the year 2000.  

But UNCTAD has not decided how it thinks permits should be initially allocated. 
Some economists have suggested that they could be handed out according to 
energy efficiency criteria, rather than per capita. This would lead to radically 



different winners and losers. A typical Chinese steel mill uses between two and 
six times more energy to make a tonne of steel as a plant in the US.  

 

6. FIXING THE GREENHOUSE  

Limiting the damage  

However the economic carrots and sticks are arranged, few doubt that existing 
technologies can deliver major savings in energy use, which could lead to large-
scale cuts in CO2 emissions by early next century.  

The IPCC found that industrialised countries could produce reductions of 
between 10% and 30% in energy use at little or no real cost over the next two  to 
three decades through known methods of energy conservation and better 
materials and management. In many developing countries, it found that efficiency 
gains of 50% to 60% are achievable, provided finance and technology is made 
available.  

The need is urgent. Without these measures the IPCC estimates that energy use 
by industry could grow by more than 200% by 2025, and with most of the 
increases in developing countries. There are similar scenarios for the other major 
energy users: transportation and space heating and air conditioning in homes 
and offices.  

The fastest growing use of energy worldwide is in transportation, particularly 
motor vehicles. But the IPCC sees great potential to improve the situation. 
Design changes, such as lightweight construction and low air resistance, would 
reduce fuel consumption of vehicles a lot. Also, alternative fuels, better public 
transport systems and changes in land-use policy to reduce journey distances 
(from home to work, for instance) could reduce emissions from transportation by 
40% by 2025, as well as reducing local air pollution, the IPCC says.  

Meanwhile, electricity use in offices and homes could be cut by a quarter with 
changes to construction methods and more efficient lighting and electrical 
appliances. More trees and white, reflective buildings would reduce air-
conditioning bills in hot countries.  

The thermal efficiency of conventional electricity generating plant could be 
doubled through improved design and combined heat and power systems, which 
reuse waste heat. There is even more potential to cut emissions by burning low-
carbon fossil fuels - such as natural gas, which produces 60% as much CO2 as 
coal - or switching to renewables.  



Solar, biomass, wind, hydro and geothermal energy-generating technologies are 
already widely used. They account for 20% of world primary energy 
consumption, mainly through fuelwood and hydro -power. In the longer term, says 
the IPCC, renewables could meet a major part of the world's demand for energy. 
Biomass burning releases CO2, it points out, but does not add to the CO2 in the 
atmosphere so long as these emissions are compensated by planting 
replacement crops.  

Combining improved energy efficiency and alternative fuels could create deep 
worldwide reductions in CO2 emissions within 50-100 years, says the IPCC. 
Energy scenarios analysed by the IPCC would cut emissions by around a third 
by 2050, and by two -thirds by 2100. But, it says, "many of the technologies being 
developed would need initial support to enter the market, and to reach sufficient 
volume to lower costs to become competitive." It also warns that much greater 
efforts will be needed to ensure technology transfer, both to and from developing 
nations.  

As sources of CO2 are controlled, "sinks" for the gas must be maintained and 
improved, says the IPCC. Forests, pastures and fields are all sinks. They say 
foresters should maintain existing forest cover, slow deforestation, encourage 
natural regeneration of degraded forests, establish tree plantations and promote 
agroforestry. Despite the world's growing population, it says, improvements in 
agricultural productivity in developing countries are likely to leave increasing 
amounts of land spare for growing biomass energy.  

But the IPCC warns against "geo-engineering" solutions to warming - such as 
putting solar reflectors into space or injecting sulphate aerosols into the upper 
atmosphere to mimic volcanic eruptions. These, it says, "are generally likely to be 
ineffective, expensive or to have serious environmental and other effects."  

Some countries may find that in the first few years, investment in the more 
efficient generation and use of energy will yield quick financial returns, as well as 
reducing their national contribution to global warming. Ecological and economic 
efficiency often go together. A million dollars spent on making a steel plant or 
urban electricity scheme more efficient is likely to be a better investment than 
spending the money on a new project. In the United States they call this a "no 
regrets" approach to g lobal warming. Many economists believe that cuts up to 
20% or more can be made in CO2 emissions in developed countries, and 
perhaps more in some developing nations.  

 

Protecting the Maldives  

Although the IPCC models make it difficult to predict the actual outcome of global 
warming at a country level, the Maldives must be among one of the world's most 



vulnerable countries. This Indian Ocean archipelago of over one thousand coral 
islands stands 1.6 metres at its highest point above sea-level. The dangers of 
global warming feature in the country's 1994-96 development plan. Despite the 
immensity of the problem, the government has introduced coral mining laws to 
protect the condition of the reefs, which if healthy, can grow and act as a natural 
barrier to storms and rising sea levels. In another development, the country has 
just completed a US$30 million sea wall around the capital, Mal-. But such costly 
schemes are a drain on the resources of many developing countries. Affordable 
plans involving energy efficiency, alternative technologies such as solar and wind 
power, and tree growing schemes, all have a role in countering global warming 
but major cuts in world emissions remain paramount.  

 

Towards a stable future  

The atmosphere has a very long retention for past pollution. Much of the CO2 
release today will still be there in the 22nd century. The atmosphere can cleanse 
itself only very slowly and, meanwhile, is accumulating the gas. So stabilising 
emissions at current global levels of about 6 billion tonnes a year will not stabilise 
the concentration of CO2 in the atmosphere. Instead, it would result in a 
continued rise in CO2 concentrations for at least two centuries, until a new 
equilibrium is reached at more than twice pre -industrial levels.  

The IPCC says that the world should set a target maximum concentration of the 
gas in the atmosphere low enough to meet the Climate Change Convention's 
promise to prevent "dangerous anthropogenic influences with the climate 
system". And for the first time it estimates what changes in emissions would be 
needed to meet possible targets. All require major cuts in emissions.  

For example, to stabilise at the current level of 360 parts per million (ppm) would 
mean slashing emissions immediately by 50% to 70%. To stabilise at 450ppm 
would require eventual cuts on a similar scale, but they could be phased in over 
a few decades. To meet a target of 650ppm, which is more than twice pre-
industrial levels, would require a cut in emissions of about a third from today's 
levels.  

The IPCC says the precise target concentration is a political decision that it 
cannot make. And that is the crunch decision that signatories to the Climate 
Change Convention must now have in their sights if they are to make good on 
their promise at the 1992 Earth Summit to prevent "dangerous" changes to the 
world's climate.  
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