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Environmental priorities
for development

I

* Setting environmental priorities inevitably involves choices. Developing countries should give priority to
addressing the risks to health and economic productivity associated with dirty water, inadequate sanitation, air
pollution, and land degradation, which cause illness and death on an enormous scale.

In poor countries:
Diarrheal diseases that result from contaminated water kill about 2 million children and cause about 900

million episodes of illness each year.
Indoor air pollution from burning wood, charcoal, and dung endangers the health of 400 million to 700

million people.
Dust and soot in city air cause between 300,000 and 700,000 premature deaths a year.
Soil erosion can cause annual economic losses ranging from 0.5 to 1.5 percent of GNP.
A quarter of all irrigated land suffers from salinization.
Tropical foreststhe primary source of livelihood for about 140 million peopleare being lost at a rate of 0.9

percent annually.
Concern over ozone depletion continues to grow. The consequences of loss of biodiversity and of greenhouse

warming are less certain but are likely to extend far into the future and to be effectively irreversible.

Environmental degradation has three damaging
effects. It harms human health, reduces economic
productivity, and leads to the loss of "amenities,"
a term that describes the many other ways in
which people benefit from the existence of an un-
spoiled environment. Amenities are harder to
measure than costs to health and productivity but
may be valued just as highly (see Box 2.1). The
subject of this chapter is priorities for environmen-
tal policy: in which cases are the benefits for devel-
oping countries most likely to exceed the costs of
action? Chapter 3 goes on to discuss ways to con-
tain the costs of action by making sure that envi-
ronmental policies are as cost-effective as possible,
and later chapters look at such policies in greater
detail.

The health of hundreds of millions of people is
threatened by contaminated drinking water, par-
ticulates in city air, and smoky indoor air caused
by use of such cooking fuels as dung and wood.
Productivity of natural resources is being lost in
many parts of the world because of the overuse
and pollution of renewable resourcessoils, wa-
ter, forests, and the like. Amenities provided by
the natural world, such as the enjoyment of an

unpolluted vista or satisfaction that a species is
being protected from extinction, are being lost as
habitats are degraded or converted to other uses.
Because the interaction of various pollutants with
other human and natural factors may be hard to
predict, some environmental problems may entail
losses in all three areas: health, productivity, and
amenity.

Policymakers need to set priorities for environ-
mental policies. In both developing and industrial
countries governments rightly give greatest ur-
gency to environmental damage that harms hu-
man health or productive potential. The priorities
that developing countries set for their own envi-
ronments will not necessarily be those that people
in richer countries might want them to adopt.
Thus, although some cultures in poor countries
may value their natural heritage strongly, most de-
veloping country governments are likely to give
lower priority to amenity damage as long as basic
human needs remain unmet.

National priorities will vary. In Sub-Saharan Af-
rica, for example, contaminated drinking water
and poor sanitation contribute to infectious and
parasitic diseases that account for more than 62



percent of all deathstwice the level found in
Latin America and twelve times the level in indus-
trial countries. Higher-income countries have vir-
tually eliminated these waterborne health risks,
but they face other health threats because of emis-
sions from transport and industry. The importance
that societies give to different environmental prob-
lems evolves, often rapidly, in response to gains in
standards of living and to other social changes. For
instance, as populations age in Latin America, the
share in total mortality of adult chronic and degen-
erative diseases will more than double and the
share of infectious childhood diseases will dimin-
ish. Some of the increase in adult mortality will be
a delayed response to exposure to pollution today,
and in many cases preventive action now will be
cheaper than remedial measures in the future.

Water

Access to safe water remains an urgent human
need in many countries. Part of the problem is
contamination; tremendous human suffering is
caused by diseases that are largely conquered
when adequate water supply and sewerage sys-

tems are installed. The problem is compounded in
some places by growing water scarcity, which
makes it difficult to meet increasing demand ex-
cept at escalating cost.

The most widespread contamination of water is
from disease-bearing human wastes, usually de-
tected by measuring fecal coliform levels. Human
wastes pose great health risks for the many people
who are compelled to drink and wash in untreated
water from rivers and ponds. Data from UNEP's
Global Environment Monitoring System (GEMS)
demonstrate the enormous problem of such con-
tamination, with poor and deteriorating surface
water quality in many countries. Water pollution
from human wastes matters less in countries that
can afford to treat all water supplies, and it can in
principle be reversed with adequate investment in
treatment systems. But water quality has contin-
ued to deteriorate even in some high-income
countries.

The capacity of rivers to support aquatic life is
decreased when the decomposition of pollutants
lowers the amount of oxygen dissolved in the wa-
ter. Unlike fecal contamination, oxygen loss does
not threaten health directly, but its effects on fish-

Box 2.1 Environmental damagewhy does it matter?

Values to people

The costs of environmental damage to humanswhich
may be borne immediately or at some point in the fu-
tureare principally losses in health, productivity, and
amenity. There are practical methods for evaluating
such costs, but not for evaluating the fundamentally
ethical issue of costs of human activity to other species.

Health. Human welfare is reduced by ill health and
premature mortality caused by degradation of air and
water quality and by other environmental risks. Pollu-
tants can cause health problems through direct expo-
sure or indirectly through changes in the physical envi-
ronmentthe effects of which range from increased
solar radiation to lower nutrition. The links between
pollutants and health have begun to be identified
through epidemiological studies undertaken primarily
in high-income countries; the effects are expected to be
more pronounced in lower-income countries where
people are less healthy and less well nourished.

Productivity. Impaired health may lower human pro-
ductivity, and environmental degradation reduces the
productivity of many resources used directly by peo-
ple. Water pollution damages fisheries, and waterlog-

ging and salinization of the soil lowers crop yields.
Some productivity declines result from damage to en-
vironmental assets that people use indirectly: if for-
ested watersheds are heavily logged, economic losses
from increased downstream flooding may ensue.

Amenity. A clear vista or a clean and quiet neighbor-
hood adds to the quality of life. Environmental assets
are often valued even by people who never enjoy them
directly but who cherish the thought that they exist
and the prospect that future generations will enjoy
them too. Such values may increase when environ-
mental resources are unique or endangered.

Intrinsic value

Many people believe that other living things in the nat-
ural world have "intrinsic" value separate from their
value to human beings. This belief is certainly not con-
fined to the rich; many indigenous groups strongly
hold such views. No measurement of intrinsic value is
possible; the best that can be done is to measure peo-
ple's opinions regarding such values. Thus, intrinsic
values can be captured only imperfectly and partially
under the notion of amenity values.
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No improvement for aquatic life in dirtiest rivers in low- and middle-income countries

Figure 2.1 Dissolved oxygen in rivers: levels and trends across country income groups
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Note: Data are for twenty sites in low-income countries, thirty-one sites in middle-income countries, and seventeen sites in
high-income countries. Cleanest rivers and dirtiest rivers are the first and last quartiles of sites when ranked by water quality.
Periods of time series differ somewhat by site. U.S. Environmental Protection Agency water standards for supporting
aquatic life are used as the criteria for acceptability.
Source: Environmental data appendix table A.4.

eries may be economically important. Human
sewage and agroindustrial effluent are the main
causes of this problem; nutrient runoff in agri-
cultural areas with intensive fertilizer use is an-
other contributor. Although inadequate levels of
dissolved oxygen tend to affect shorter lengths
of rivers than does fecal contamination, a sample
of GEMS monitoring sites in the mid-1980s found
that 12 percent had dissolved oxygen levels low
enough to endanger fish populations. The prob-
lem was worst where rivers passed through larger
cities or industrial centers. In China, only five of
fifteen river stretches sampled near large cities
were capable of supporting fish. High-income
countries have seen some improvement over the
past decade. Middle-income countries have, on
average, shown no change, and low-income ones
show continued deterioration (see Figure 2.1).

Where industry, mining, and the use of agri-
cultural chemicals are expanding, rivers become
46

contaminated with toxic chemicals and with heavy
metals such as lead and mercury. These pollutants
are hard to remove from drinking water with stan-
dard purification facilities. They may accumulate
in shellfish and fish, which may be eaten by peo-
ple who do not realize that the food is contami-
nated. In a sample of fish and shellfish caught in
Jakarta Bay, Indonesia, 44 percent exceeded WHO
guidelines for lead, 38 percent those for mercury,
and 76 percent those for cadmium. After Malaysia
found that lead levels in twelve rivers frequently
exceeded the national standard for safe drinking
water, the country began monitoring rivers for
heavy metals. During the 1980s lead also wors-
ened or became a problem for the first time in
some rivers in Brazil (Paralba and Guandu), Korea
(Han), and Turkey (Sakarya).

As surface water near towns and cities becomes
increasingly polluted and costly to purify, public
water utilities and other urban water users have
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turned to groundwater as a potential source of a
cheaper and safer supply. Monitoring of ground-
water for contamination has lagged behind mon-
itoring of surface water, but that is beginning to
change as in many places groundwater, too, is be-
coining polluted. It is often more important to pre-
vent contamination of groundwater than of sur-
face water. Aquifers do not have the self-cleansing
capacity of rivers and, once polluted, are difficult
and costly to clean.

One of the principal origins of groundwater pol-
lution is seepage from the improper use and dis-
posal of heavy metals, synthetic chemicals, and
other hazardous wastes. In Latin America, for in-
stance, the quantity of such compounds reaching
groundwater from waste dumps appears to be
doubling every fifteen years. Sometimes industrial
effluents are discharged directly into groundwater.
In coastal areas overpumping causes salt water to
infiltrate freshwater aquifers. In some towns con-
tamination occurs because of lack of sewerage sys-
tems or poor maintenance of septic tanks. Where
intensive agriculture relies on chemical inputs
combined with irrigation, the chemicals often
leach into groundwater.

Water quality has continued to deteriorate de-
spite substantial progress in bringing sanitation
services to the world's population. Little has been
done to extend the treatment of human sewage.
The replacement of septic tank systems with piped
sewerage systems greatly reduces the risks of
groundwater pollution but leads to increased poi-
lution of surface water unless the sewage is
treated. Yet in Latin America as little as 2 percent
of sewage receives any treatment. Moreover, de-
spite the expansion of sanitation services, the ab-
solute number of people in urban areas without
access to these services is thought to have grown
by more than 70 million in the 1980s, and more
than 1.7 billion people worldwide are without ac-
cess (Figure 2.2).

Access to uncontaminated water has barely kept
pace with population growth. Official WHO fig-
ures suggest that between 1980 and 1990 more
than 1.6 billion additional people were provided
with access to water of reasonable quality. In fact,
however, many of those who officially have access
still drink polluted water. At least 170 million peo-
ple in urban areas still lack a source of potable
water near their homes, and in rural areas, al-
though access has increased rapidly in the past
decade, more than 855 million are still without safe
water (see Figure 2.2).

It is the poorthe woman in Niamey drawing
water from an open sewage channel or the Ban-

More people have safe water, but urban sanitary
conditions worsen

Figure 2.2 Access to safe water and adequate
sanitation in developing countries,
1980 and 1990
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gladeshi child washing household utensils in a
pool also used as a latrinewho bear the brunt of
risks from contaminated water. The differences in
access to safe water by income exist both within
and across countries. The gap in access between
lower- and higher-income countries has narrowed
only slightly, and within countries inequities con-
tinue to be striking. For example, a family in the
top fifth income group in Peru, the Dominican Re-
public, or Ghana is, respectively, three, six, and
twelve times more likely to have a house connec-
tion than a family in the bottom fifth income group
in those countries. The rural poor are more likely
to rely directly on rivers, lakes, and unprotected
shallow wells for their water needs and are least
able to bear the cost of simple preventive measures
such as boiling water to make it safe for drinking.
In many cities in developing countries poor house-
holds in neighborhoods unserved by the munici-
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pal water system buy water from private vendors,
typically at prices several times greater than the
charges for households with municipal hookups.

Water scarcity

Globally, fresh water is abundant. Each year an
average of more than 7,000 cubic meters per capita
enters rivers and aquifers. It does not always ar-
rive where and when it is needed. Twenty-two
countries already have renewable water resources
of less than 1,000 cubic meters per capitaa level
commonly taken to indicate that water scarcity is a
severe constraint. An additional eighteen coun-
tries have less than 2,000 cubic meters per capita
on average, dangerously little in years of short
rainfall. Most of the countries with limited renew-
able water resources are in the Middle East, North
Africa, and Sub-Saharan Africa, the regions where
populations are growing fastest (Table 2.1). Else-
where, water scarcity is less of a problem at the
national level, but it is nevertheless severe in cer-
tain watersheds of northern China, west and
south India, and Mexico.

Water scarcity is often a regional problem. More
than 200 river systems, draining over half of the
planet's land area, are shared by two or more
countries. Overpumping of groundwater aquifers
that stretch under political borders also injects in-
ternational politics into the management of water
scarcity.

When water is scarce, countries may sometimes
have to make awkward choices between quantity
and quality. As river flows decline, effluents are
less diluted. In countries with inadequate effluent
treatment, water quality can often be improved
only if supplies from dams are used to maintain

a. Regional groups include high-income economies. Sub-Saharan Africa includes South Africa.
Sources: World Resources Institute data; World Bank data.

flows for dilution rather than for other economic
uses. Often, the disparate agencies involved in
water management cannot agree on tradeoffs be-
tween quantity and quality.

In many countries water scarcity is becoming an
increasing constraint not just on household provi-
sion but on economic activity in general. Down-
stream cities can become so short of water as it is
drawn off upstream that their industries are sea-
sonally forced to curtail operations. That, indeed,
has become routine during dry months in the In-
donesian regional capital of Surabaya. As indus-
try, irrigation, and population expand, so do the
economic and environmental costs of investing in
additional water supply. There is growing aware-
ness of the need to integrate the management of
water demand from the different sectors of the
economy.

Health effects

The use of polluted waters for drinking and
bathing is one of the principal pathways for infec-
tion by diseases that kill millions and sicken more
than a billion people each year. Diseases such as
typhoid and cholera are carried in infected drink-
ing water; others are spread when people wash
themselves in contaminated water. Because of
their effect on human welfare and economic
growth, deficient water supplies and sanitation
pose the most serious environmental problems
that face developing countries today. Consider
first the consequences for health.

The direct impact of waterborne diseases is
huge, especially for children and the poor (who
are most at risk). Unsafe water is implicated in
many cases of diarrheal diseases, which, as a

Table 2.1 Availability of water by region

Annual internal renewable
water resources Percentage of population

Total Per capita living in countries with scarce

(thousands (thousands annual per capita resources

of cubic of cubic Less than 1,000 1,000-2,000
Regions kilometers) meters) cubic meters cubic meters

Sub-Saharan Africa 3.8 7.1 8 16

East Asia and the Pacific 9.3 5.3 <1 6

South Asia 4.9 4.2 0 0
Eastern Europe and former U.S.S.R. 4.7 11.4 3 19

Other Europe 2.0 4.6 6 15

Middle East and North Africa 0.3 1.0 53 18
Latin America and the Caribbean 10.6 23.9 <1 4

Canada and United States 5.4 19.4 0 0

World 40.9 7.7 4 8



group, kill more than 3 million people, mostly chil-
dren, and cause about 900 million episodes of ill-
ness each year. At any one time more than 900
million people are afflicted with roundworm infec-
tion and 200 million with schistosomiasis. Many of
these conditions have large indirect health ef-
fectsfrequent diarrhea, for instance, can leave a
child vulnerable to illness and death from other
causes.

A key question is what the reduction in this bur-
den of disease and death would be if water and
sanitation were improved. This is not a simple
question to answer, or one on which all epidemi-
ologists agree. Too little is known about how risks
and diseases are distributed and interact with each
other, and uncertainty remains over the extent to
which modest changes in infrastructure account
for long-run health improvements. But some im-
pression can be gained from a recent comprehen-
sive review by the U.S. Agency for International
Development (USAID), which summarized the
findings from about 100 studies of the health im-
pact of improvements in water supplies and sani-
tation (Table 2.2). Most of the interventions stud-
ied were improvements in the quality or availabil-
ity of water or in the disposal of excreta. The re-
view showed that the effects of these improve-
ments are large, with median reductions ranging

Table 2.2 Effects of improved water
and sanitation on sickness

a. Refers to number of cases per year.
Source: Esrey and others 1990.

from 22 percent for diarrhea to 76 percent for
guinea worm. It also showed that environmental
improvements have a greater impact on mortality
than on illness, with median reductions of 60 per-
cent in deaths from diarrheal diseases. A compan-
ion WHO analysis of the largest group of health
impact studiesthose on the effect of water and
sanitation on diarrheal diseasessuggests that the
effects of making several kinds of improvements at
the same time (say, in the quality and availability
of water) are roughly additive (Table 2.3). Project
experience shows that the gains are reinforced by
educating mothers and improving hygiene.

Taking these studies as a guideline, it is possible
to make a rough estimate of the effects of provid-
ing access to safe water and adequate sanitation to
all who currently lack it. If the health risks of these
people were reduced by the levels shown in Table
2.2, then there would be:

2 million fewer deaths from diarrhea each
year among children under five years of age (as an
indication of magnitudes, about 10 million infants
die each year in developing countries from all
causes)

200 million fewer episodes of diarrheal illness
annually

300 million fewer people with roundworm
infection

150 million fewer people with schistosomiasis
2 million fewer people infected with guinea

worm.

Other effects

The costs of water pollution include the damage it
does to fisheries, which provide the main source of
protein in many countries, and to the livelihoods
of many rural people. For instance, pollution of
coastal waters in northern China is implicated,
along with overfishing, in a sharp drop in prawn
and shellfish harvests. Heavy silt loads aggravated
by land development and logging are reducing
coastal coral and the fish populations that feed and
breed in it, as in Bacuit Bay in Palawan, the Philip-
pines. Fish are often contaminated by sewage and
toxic substances that make them unfit for human
consumption. Sewage contamination of seafood is
thought responsible for a serious outbreak of hep-
atitis A in Shanghai and for the recent spread of
cholera in Peru.

Excessive water withdrawal contributes to other
environmental problems. In addition to displacing
people and flooding farmland, damming rivers for
reservoirs alters the mix of fresh and salt water in

Table 2.3 Effects of water supply
and sanitation improvements on morbidity
from diarrhea

Type of
improvement

Source: Esrey, Feachem, and Hughes 1985.

Median reduction
in morbidity

(percent)
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Quality of water 16

Availability of water 25

Quality and availability of water 37
Disposal of excreta 22

Median reduction
attributable to

Millions of people improvement
Disease affected by illness (percent)

Diarrhea 900a 22

Roundworm 900 28

Guinea worm 4 76

Schistosomiasis 200 73



estuaries, influences coastal stability by affecting
sedimentation, and transforms fisheries by chang-
ing spawning grounds and river hydrology. When
groundwater is drawn off at a rate faster than the
rate of natural recharge, the water table falls. In
China's northern provinces, where ten large cities
rely on groundwater for their basic water supply,
water tables have been droppingby as much as a
meter a year in wells serving Beijing, Xian, and
Tianjin. In the southern Indian state of Tamil Nadu
a decade of heavy pumping has brought about a
drop of more than 25 meters in the water table.
The costs are often substantial and go beyond the
additional costs of pumping from greater depths
and replacing shallow wells with deep tubewells.
Coastal aquifers can become saline, and land sub-
sidence can compact underground aquifers and
permanently reduce their capacity to recharge
themselves. Sewers and roads may also be
harmed, as has happened in Mexico City and
Bangkok.

Air pollution

Although consistent monitoring of ambient air
pollution in the world's cities has been going on
for only slightly more than a decade, it has already
shown that several pollutants frequently exceed
the levels considered safe for health. The most se-
rious health risks arise from exposure to sus-
pended particulate matter (SPM), indoor air pollu-
tion, and lead. Large numbers of people are also

exposed to the somewhat less health-threatening
effects of sulfur dioxide.

Air pollution has three principal man-made
sourcesenergy use, vehicular emissions, and in-
dustrial productionall of which tend to expand
with economic growth unless adequate pollution
abatement measures are put in place. The rates of
urbanization and of energy consumption per cap-
ita are rising rapidly in developing regions. With-
out aggressive abatement policies, air pollution
will intensify in the coming years. If the projected
growth in demand for vehicular transport and
electricity were to be met with the technologies
currently in use, emissions of the main pollutants
deriving from these sources would increase five-
fold and elevenfold, respectively, by about 2030.
As discussed in Chapter 6, most of this potential
increase could be eliminated through improve-
ments in efficiency and investment in abatement
technologies.

In those developing countries now in the throes
of industrialization, city air pollution is far worse
than in today's industrial countries. In the early
1980s cities such as Bangkok, Beijing, Calcutta,
New Delhi, and Tehran exceeded on more than
200 days a year the SPM concentrations that WHO
guidelines indicate should not be exceeded more
than seven days a year (Box 2.2). Where adequate
data exist, it appears that cities in low-income
countries have SPM levels much higher than those
in more developed countries. Indeed, pollution
levels for even the worst quartile of high-income

Box 2.2 Setting pollution guidelines

Ideally, environmental guidelines should be based on a
comparison of the costs and the benefits of mitigating
damage from pollution. Guidelines for air quality
should ensure that the benefits of reducing exposure to
air pollution at least equal the costs of pollution con-
trol. But with few exceptions (for example, U.S. regula-
tions on lead in gasoline) countries have rarely based
their standards on such explicit analyses, usually be-
cause of the difficulties of estimating benefits accu-
rately. Instead, many developing countries have estab-
lished national standards by adapting OECD or WHO
guidelines.

The WHO exposure guidelines used in this Report
are determined by the pollution levels at which the
probability of adverse effects (for example, health risks)
starts to increase from low levels. This is a stricter ap-

proach than establishing guidelines according to the
level at which the health benefits gained from reducing
environmental health risks exceed the costs. The WHO
guidelines are unlikely to be met in the near future for
many countries unless stringent restrictions are placed
on emissions, and some countries have left the guide-
lines as long-range objectives while defining intermedi-
ate targets.

Pollution guidelines, particularly for air pollution, of-
ten recognize the differing impacts of high but short-
duration pollution (peak guidelines) and persistent
lower levels (annual guidelines). The former type of
pollution particularly affects people whose health is al-
ready delicate, including asthmatics, the elderly, and
children. The latter leads to degeneration of health for
the broader population.
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In poor countries even the best city air is bad, but the problem abates as income grows

Figure 2.3 Urban air pollution levels and trends: concentrations of suspended particulate matter
across country income groups
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Note: Data are for twenty urban sites in low-income countries, fifteen urban sites in middle-income countries, and thirty urban sites
in high-income countries. Cleanest cities" and "dirtiest cities" are the first and last quartiles of sites when ranked by air quality.
Periods of time series differ somewhat by site. World Health Organization guidelines for air quality are used as the criteria
for acceptability.
Source: Environmental data appendix table A.5.

cities are better than for the best quartile of low-
income cities. The gap widened marginally over
the past decade; high-income countries took mea-
sures to manage emissions, while pollution levels
deteriorated in low-income countries (Figure 2.3).

Combining indicators of ambient air pollution
with the numbers of people exposed to such levels
shows the severity of unhealthy urban air. An ex-
trapolation from GEMS data on airborne particu-
lates for a sample of about fifty cities indicates that
in the mid-1980s about 1.3 billion peoplemostly
in developing countrieslived in towns or cities
(of more than 250,000 population) which did not
meet WHO standards for SPM (see Figure 2.4).

What are the health consequences for the one-
filth of humanity exposed to unsafe levels of urban
air pollution? The evidence increasingly indicates

that the sickness and death linked to SPM are the
most important health consequences of city air
pollution. Estimates of environmental health risks
in developing countries still rely on cautious ex-
trapolation from dose-response evidence in indus-
trial countries. Poor health and nutrition in devel-
oping countries are likely to make their
populations more susceptible to the effects of pol-
lution. Even the lower levels of SPM typically ex-
perienced in richer countries cause respiratory
problems. Studies also show a pattern of increased
mortality at higher particulate concentrations, par-
ticularly among old people with chronic obstruc-
tive pulmonary diseases, pneumonia, and heart
diseases, because such pollution is particularly
stressful for individuals whose health is already
poor.
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More than a billion urban dwellers breathe
unhealthy air

Figure 2.4 Exposure of urban populations
to air pollutants, 1980s
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Source: Environmental data appendix table A.5.

Rough estimates indicate that if unhealthy levels
of SPM were brought down to the annual average
level that WHO considers safe, between 300,000
and 700,000 premature deaths a year could be
averted in developing countries. This is equivalent
to 2-5 percent of all the deaths in urban areas that
have excessive levels of particulates. Many of
these averted deaths would be in China and India.
In addition to reduced mortality, chronic coughing
in urban children under the age of fourteen could
be reduced by half (or about 50 million cases annu-
ally), reducing the chance that these children will
face permanent respiratory damage. Excessive
particulate pollution also results in lost produc-
tivity: in urban areas with average SPM levels
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above the WHO guideline at least 0.6 and perhaps
2.1 working days a year are lost to respiratory ill-
ness for every adult in the labor force.

In many developing countries indoor air pollu-
tion ranks not far behind poor urban air quality as
a cause of respiratory ill health. Somewhat fewer
people, mostly women and children, are exposed
to indoor than to outdoor air risks-400 million to
700 million people according to rough estimates by
WHObut exposure levels are often many times
higher. In high-income countries the main indoor
air risks are emissions from synthetic materials
and resins and from radon gas. In developing
countries the problem arises when households
cook with or heat their homes with biomass
(wood, straw, or dung). For poor households,
mostly in rural areas, these are often the only fuels
available or affordable.

Studies that have measured biomass smoke in
household kitchens in poor rural areas have found
SPM levels that routinely exceed by several orders
of magnitude the safe levels of WHO guidelines
(Table 2.4). Meal preparation can expose those do-
ing the cooking to such levels for several hours a
day. Some other components of kitchen smoke to
which women and children are exposed are
broadly the same as for outdoor air pollution. Ex-
posure to indoor pollution is thus important to
take into account in determining overall health
risks from air pollutants. Biomass burning is also
often linked to deforestation, which is a separate
source of environmental damage.

The health impact of exposure to indoor air pol-
lution from biomass burning began to receive
some attention only in the past decade, but scat-
tered studies indicate its gravity. The smoke con-
tributes to acute respiratory infections that cause
an estimated 4 million deaths annually among in-
fants and children. Recurrent episodes of such in-
fections lead to permanent lung damage that
shows up in adults as chronic bronchitis and em-
physema, eventually contributing to heart failure.
Studies in Nepal and India of nonsmoking women
who are exposed to biomass smoke have found
abnormally high levels of chronic respiratory dis-
ease, with mortality from this condition occurring
at far earlier ages than in other populations and at
rates comparable to those of male heavy smokers.
Emissions of carbon monoxide can cause ambient
levels that interfere with normal respiratory ab-
sorption of oxygen.

Lead stands out among heavy metals that pose
localized health risks because of its prevalence at
harmful levels. Unlike some other pollutants, lead

44 percent
(1,047 million)

25 percent
(595 million)



Table 2.4 Indoor air pollution from biomass combustion in developing countries

China, 1987
Gambia, The, 1988
India, 1987-88
Kenya

1987
1972

Nepal, 1986
Papua New Guinea, 1975

can affect health through several pathways, in-
cluding ingestion and inhalation. One of the most
important sources is vehicular emissions in coun-
tries where lead is still used as a fuel additive. The
problem is particularly acute in towns and cities
where the number of motor vehicles is growing
rapidly. Most OECD countries are successfully ad-
dressing this problem by setting increasingly strict
standards that limit lead in gas (an approach re-
cently copied in Malaysia, Mexico, and Thailand),
but many developing countries have yet to come
to grips with this issue.

Blood lead levels have fallen dramatically in
countries that have reduced the lead content of
fuels. In the United States and Japan average
blood lead concentrations are now only a third of
the levels of the mid-1970s. In developing coun-
tries, as direct monitoring of blood lead becomes
more common, evidence from scattered samples
clearly reveals levels that are likely to jeopardize
health. High levels in children are linked with hin-
dered neurological development, including lower
IQ and agility. Rough estimates for Bangkok sug-
gest that children lose an average of four or more
IQ points by the age of seven because of elevated
exposure to lead, with enduring implications for
their productivity as adults. In the Mexico City
Metropolitan Area, where 95 percent of automo-
tive gasoline is still leaded, 29 percent of all chil-
dren have unhealthy blood lead levels. In adults
the consequences include risks of higher blood
pressure, particularly in men, and higher risks
of heart attacks, strokes, and death. In Mexico
City exposure to lead may contribute to as much
as 20 percent of the incidence of hypertension,
while in Bangkok excessive exposure causes
200,000-500,000 cases of hypertension, resulting
in up to 400 deaths a year. Elevated blood lead

Cooking
Average over full day
Cooking

Average over full day
Overnight (space heating)
Cooking
Overnight (space heating)

11

4-11
16-91

5-8
12-34
9-38
1-39

Note: The studies are not completely comparable because of different measurement methods.
a. The WHO peak (98th percentile) guideline recommends that a concentration of 230 micrograms per cubic meter not be surpassed more than 2
percent (seven days) of a year.
Source: Smith 1988.

levels have also been recorded in the neighbor-
hoods of antiquated smelters in several Eastern
European countries.

Sulfur dioxide concentrations are also serious in
countries that rely on high-sulfur fuels. In the late
1970s concentrations in lower-income countries
were, on average, below those in richer countries.
Over the past decade concentrations have risen in
poor countries but have declined in many middle-
and high-income countries (Figure 2.5). As a re-
sult, sulfur dioxide pollution is now worst in low-
and middle-income countries, with more than 1
billion people exposed to unhealthy levels (see Fig-
ure 2.4). Nonetheless, there are encouraging ex-
ceptions, suggesting that a country's income level
need not be a constraint in tackling air pollution. A
number of cities in low- and middle-income coun-
triesBeijing and Caracas, for examplehave re-
versed worsening trends in sulfur dioxide concen-
trations within the past decade, at much earlier
stages of economic development than cities in de-
veloped countries managed to do.

Solid and hazardous wastes

Many cities generate more solid wastes than they
can collect or dispose of. The volume increases
with income. In low- and middle-income countries
municipal waste services often swallow between a
filth and a half of city budgets, yet much solid
waste is not removed. About 30 percent of solid
wastes generated in Jakarta, four-fifths of refuse in
Dar es Salaam, and more than two-thirds of solid
wastes in Karachi go uncollected. Much better ser-
vice is achieved in various cities in South America;
collection averages between 91 and 99 percent in
Caracas, Santiago, Buenos Aires, São Paulo, and
Rio de Janeiro. Poor neighborhoods generate
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Sulfur dioxide pollution is increasing in poor countries, falling in higher-income countries

Figure 2.5 Urban air pollution levels and trends: concentrations of sulfur dioxide
across country income groups

Micrograms per cubic meter of air

0

Cities in
low-income countries

Cities in
middle-income countries

Ii

Cities in
high-income countries
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All cities, average Dirtiest cities, average

1970s- Mid-to
early 1980s late 1980s

Cleanest cities, average
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Marginal
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Note: Data are for seventeen urban sites in low-income countries, nineteen urban sites in middle-income countries, and forty-two
urban sites in high-income countries. 'Cleanest cities" and "dirtiest cities" are the first and last quartiles of sites when ranked by air
quality. Periods of time series differ somewhat by site. World Health Organization guidelines for air quality are used as the criteria
for acceptability.
Source: Environmental data appendix table A.5.

lower amounts of solid wastes per capita but typ-
ically receive the least service, often because roads
are so congested that conventional collection
methods are nearly impossible.

Even when municipal budgets are adequate for
collection, safe disposal of collected wastes often
remains a problem. Open dumping and uncon-
trolled landfilling remain the main disposal
methods in many developing countries; sanitary
landfills are becoming the norm in only a handful
of cities.

Inadequate collection and unmanaged disposal
present a number of problems for human health
and productivity. Uncollected refuse dumped in
public areas or into waterways contributes to the
spread of disease. In low-income neighborhoods
that lack sanitation facilities, trash heaps become
mixed with human excreta. Municipal solid waste
sites often receive industrial and hazardous
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wastes, which may then seep into water supplies.
More localized problemsair pollution from burn-
ing, gaseous emissions, and even explosions
occur around improperly managed disposal sites.

Generation of hazardous materials and wastes is
increasing, but the amounts vary enormously
among countries. Industrial economies typically
produce about 5,000 tons for every billion dollars
of GDP, while for many developing countries the
total amount may be only a few hundred tons.
Singapore and Hong Kong combined generate
more toxic heavy metals as a by-product of indus-
try than all of Sub-Saharan Africa (excluding
South Africa). Although toxic wastes are not yet a
widespread problem, industrial growth can in-
crease the volume produced. Thailand, for exam-
ple, had only about 500 factories in 1969, and
roughly half of them produced hazardous wastes.
Now more than 26,000 factories produce haz-
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ardous wastes, and their number could almost tri-
ple in a decade. On present trends, the volume of
toxic heavy metals generated in countries as di-
verse as China, India, Korea, and Turkey will
reach levels comparable with those of present-day
France and the United Kingdom within fifteen
years.

But the risks of exposure to hazardous materials
cannot easily be extrapolated from the quantities
produced. Their potential for causing harm differs
tremendously across countries and depends
mainly on how they are handled. Although man-
agement of hazardous wastes is improving in
some countries, in many others wastes are
dumped into water or on land sites with minimal
safeguards. Severe exposure to hazardous mate-
rials can be caused by industrial accidents and by
surreptitious trade in and dumping of wastes,
sometimes across national boundaries. People in
some occupationsfor example, scavengers in
dump sites in many poor citiesare particularly
vulnerable.

Although exposure to pollution from toxic
wastes may be serious locally, it is rarely as wide-
spread as exposure to the other water and air p01-
lutants discussed above, except where contamina-
tion of surface water or groundwater is involved.
Nevertheless, it is usually cheaper to minimize the
generation of hazardous wastes and restrict dan-
gerous dumping practices than it is to clean up
dumps.

The health effects of contamination of the air,
water, and soil with hazardous wastes are in some
instances known to be serious, and new com-
pounds, perhaps with untested potential effects
on environmental health, are constantly being de-
veloped. Sometimes it is difficult to distinguish the
carcinogenic consequences of hazardous wastes,
at the low doses that are most common, from
those of naturally occurring carcinogens, particu-
larly when the consequences are likely to become
evident only after many years. Indeed, other
threats to health may be more important. In the
United States epidemiological evidence on the 2-3
percent of all cancers associated with environmen-
tal pollution suggests that exposure to hazardous
wastes is a less important risk than exposure to
indoor radon and to pesticide residues on
foodstuffs.

Land and habitat

Soils

Estimates of land damaged or lost for agricultural
use through soil degradation range from moderate
to apocalyptic. The types of degradation are as di-

verse as the land pressures in rural areas. The ex-
panding populations of poor, land-hungry farmers
eking out a bare living on the highland slopes of
Ecuador, Nepal, and Indonesia are hard pressed to
keep their crops from washing away with the hill-
sides. In the Sahel expansion of cropping, with
ever-shorter fallow periods, into areas with margi-
nal rainfall exposes the soil to wind erosion. Three
aspects of soil degradationdesertification, ero-
sion, and salinization or waterloggingreceive the
most attention, although desertification does not
have as large and pervasive an effect on produc-
tivity as do the others. Ways of reducing these
problems are addressed in Chapter 7.

Desertification in the form of advancing fron-
tiers of sand that engulf pastures and agricultural
land, as often shown in the media, is not the most
serious problem in dryland areas, although it oc-
curs locally. Definitions of desertification, how-
ever, are usually broader and include losses of veg-
etative cover and plant diversity that are
attributable in some part to human activity, as well
as the element of irreversibility. Desertification in
this sense is difficult to measure. It is clearly affect-
ing some dryland regions, but truly irreversible
damage is probably less widespread than is com-
monly believed. Satellite imagery of the Sahel re-
gion of Sub-Saharan Africa shows that vegetation
advanced and retreated by up to 200 kilometers
between wet and dry years during the 1980s but
does not show any underlying trend.

More widespread than desertification, if less
dramatic, is the gradual deterioration of agri-
cultural soils, particularly in dryland areas. Results
of a global assessment of soil degradation spon-
sord by UNEP (see Oldeman, Hakkeling, and
Sombroek 1990) show that 1.2 billion hectares
almost 11 percent of the earth's vegetated sur-
face--have undergone moderate or worse soil deg-
radation over the past forty-five years because of
human activity. Responding to the productivity
consequences of this degradation is difficult for
most farmers and herders. As a result of this dete-
rioration, yields and total harvests of important
food crops are declining in a number of countries,
particularly in Sub-Saharan Africa, counter to the
global trend of increasing yields (Figure 2.6). Ero-
sion is one of the key components of soil degrada-
tion. Its irreversibility and its potential offsite ef-
fects distinguish it from the other critical elements
of soil deteriorationloss of plant nutrients, or-
ganic matter, and microorganisms.

Th.e few comprehensive analyses of soil erosion
that have been done in temperate areas indicate
that the consequences are not large for aggregate
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Yields are deteriorating along with soils in some countries but not worldwide

Figure 2.6 Change in crop yields in selected countries, 1970-90

Average annual growth (percent)

14

A +
$

V

12

6

()

-6

Note: Arrows show change between 1970-80 and 1980-90.
a. Millet is not a significant crop in Bolivia or Colombia.
Source: World Bank data.

agricultural productivity, although they are a con-
cern locally for susceptible soils. Several studies
have concluded that erosion in the United States
may cause cereal yields to be 3-10 percent less at
the end of the next century than what would
otherwise be achieved. The problem is substan-
tially greater in tropical developing countries,
where soils, rainfall, and agricultural practices are
more conducive to erosion and where many re-
ports have found rates of soil loss well above the
natural rate of soil formation. Several country
studies that extrapolate from test-plot measure-
ments of gross soil loss to effects on agricultural
productivity indicate substantial national eco-

nomic losses. These are estimated at about 0.5-1.5
percent of GDP annually for countries such as
Costa Rica, Malawi, Mali, and Mexico, and they
offset a significant part of economic growth as con-
ventionally measured.

A full account of erosion costs, unlike these esti-
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mates, would capture the offsite effects of erosion.
Although such an accounting is seldom available,
the existing partial estimates may be a broadly ac-
curate reflection of the full economic costs, since
some of the spillover effects offset each other.
First, soil erosion may harm productivity by de-
positing silt in dams, irrigation systems, and river
transport channels and by damaging fisheries.
Partial costings done for Java and Costa Rica show
these offsite impacts to be significant but consid-
erably less important economically than the on-
farm productivity losses. Second, standard mea-
surements of gross soil erosion from test plots
typically overestimate the consequences for pro-
ductivity, since the eroded soil can remain for de-
cades elsewhere in the farming landscape before it
is delivered to the oceans. Thus, a portion of on-
site erosion represents a transfer of assets rather
than a complete loss from the standpoint of agri-
cultural productivity. But geographic shifts in pro-

World Developing Angola Bolivia Colombia Côte d'Ivoire Rwanda Tanzania Uganda
countries

Maize Cassava 0 Millet a



ductivity do have potentially important distribu-
tional consequences; it is no solace to Nepal that
Bangladesh gains agricultural land and soil fertility
from deposition of Himalayan sediment in its river
deltas.

Agronomic research and project experience are
revealing that erosion is best prevented through
balanced management of soil moisture, nutrients,
and organic matter. Low-cost techniques for soil
conservation, designed to improve soil moisture
levels, can increase yields sufficiently within the
first several years to make the interventions prof-
itable in their own right, regardless of the long-run
benefits from soil conservation. Compared with
traditional cropping methods, practices such as
mulching, manuring, low tillage, contour cultiva-
tion, and agroforestry can frequently reduce sur-
face runoff of water, sediment loss, and erosion by
50 percent and more. These techniques are not yet
widely used. They will contribute to the control of
soil degradation only if practical constraints such
as shortages of cash and labor and the use of dung
and mulching materials as household fuel are first
alleviated.

Hard on the heels of rapid expansion of irriga-
tion over the past forty years have come growing
problems with salinization and waterlogging that
are eating away at the productivity of irrigation
investments. Irrigated land is deteriorating in
parts of many countries, including China, Egypt,
India, Mexico, Pakistan, the Central Asian repub-
lics, and the western United States.

Salinization of irrigated land is part of a much
larger problem of managing the productivity of
soils affected by salts. Globally, perhaps about 950
million hectares, or nearly one-third of arable land,
are affected by elevated salt concentrations. Most
of this salinization occurs naturally. But about 60
million hectares, or some 24 percent of all irrigated
land, suffer from salinization caused by bad irriga-
tion practices. Severe declines in productivity af-
fect, according to some estimates, about 24 million
hectares, or about one-tenth of irrigated land. De-
spite awareness of the problems, and despite sev-
eral decades of reclamation efforts, new areas are
being degraded faster than other soils are being
rehabilitated. Prevention and reclamation may
continue to be hampered by the cost and mana-
gerial complexity involved.

Forests

Pollution and soil degradation harm mainly those
who live in the regions where they arise. Other
kinds of environmental damage touch people in

many other countries, sometimes by directly af-
fecting health or economic productivity, but often
through loss of amenitythe value that many peo-
ple derive from knowing that a particular environ-
mental resource exists. Deforestation straddles
both categories. It causes productivity loss (often
grossly underestimated) in individual countries,
and it leads to loss of biodiversity and ecosystems
that local people and foreigners may value in their
own right.

The forests that occupy more than a quarter of
the world's land area are of three broad types
tropical moist and dry forests, temperate forests,
and degraded forest land. The main concern is
with tropical moist forests, which are disappearing
at a rate that threatens the economic and ecological
functions they provide. These forests, which still
cover more than 1.5 billion hectares, are the richest
ecosystems, in biomass and biodiversity, on land.
About two-thirds are located in Latin America, pri-
marily in the Amazon basin, with the remainder
split between Africa and Asia. Tropical dry forests
also total some 1.5 billion hectares, with three-
quarters located in Africa. These forests consist
mainly of open woodlands and the secondary
growth that grows up following shifting cultiva-
tion. Temperate forests total about 1.6 billion hec-
tares, with about three-fourths found in industrial
countries.

Forests are not just a source of timber; they per-
form a wide range of social and ecological func-
tions. They provide a livelihood and cultural integ-
rity for forest dwellers and a habitat for a wealth of
plants and animals. They protect and enrich soils,
provide natural regulation of the hydrologic cycle,
affect local and regional climate through evapora-
tion, influence watershed flows of surface and
groundwater, and help to stabilize the global cli-
mate by sequestering carbon as they grow. Many
forests have a deeper spiritual importance, for
those who live in them and for those who may
never visit them but still cherish the thought of
their existence. When trees are indiscriminately
cut, most or all of these services are lost. In tempe-
rate forests strict management practices that in-
clude highly selective cutting or replanting make it
possible to pursue commercial logging without
sacrificing all these forest services. But in tropical
moist forests comparable techniques are rarely
practiced, and sustainable timber production, let
alone maintenance of ecological services, is not be-
ing achieved. Even when reforestation or selective
logging is attempted in tropical moist forests,
many services provided by forests are still at risk.

All types of forest serve to varying degrees as
57



carbon sinks and play a role in local hydrology, but
they differ in their contribution to other services.
Tropical moist forests are particularly rich in spe-
cies. Although they cover only 7 percent of the
earth's land mass, they provide habitat for about
half of all known species. They are also the pri-
mary source of livelihood for about 140 million
people who live within them or on their margins,
and they supply about 15 percent of the world's
commercial timber. But the land underneath them
often cannot support alternative land uses. Tropi-
cal dry forests are not as species-rich as tropical
moist forests, but they provide important protec-
tion against soil erosion. Their main economic uses
are for livestock grazing and fuelwood collection
by rural people. Temperate forests are the least
biodiverse of the three, although they shelter
many unique species. They are the main source of
industrial wood, and they are also used exten-
sively for recreation.

The rapid deforestation currently occurring in
developing countries recalls an earlier epoch in in-
dustrial countries, when one-third of the world's
temperate forests were cleared for agriculture,
construction materials, and fuelwood. Net de-
forestation has stabilized in most industrial coun-
tries, and for temperate areas as a whole, forest
area is increasing. Deforestation in developing
countries is more recent, with tropical forests de-
clining by nearly one-fifth so far in this century.
The first authoritative estimate of global losses of
tropical forests to conversion, extrapolated from
partial data, concluded that 11.4 million hectares
were disappearing each year in the early 1980s.
Subsequent country studies and the increasing
use of satellite imagery backed by site checks have
pushed up estimates for the late 1980s to 17 mil-
lion-20 million hectares a year. The latest statistics
on deforestation suggest that for tropical forests
the overall rate in the 1980s was 0.9 percent a year.
This is also the rate in Latin America, with Asia's
rate somewhat higher (1.2) and Africa's lower
(0.8).

Deforestation is caused by farmers, ranchers,
logging and mining companies, and fuelwood col-
lectors, each pursuing private interests that are fre-
quently distorted by perverse government poli-
cies. Rarely is only one source of disturbance
responsible. Indeed, the first intruders may do
relatively little damage, but they make it easier for
others to follow. Tree felling for firewood accounts
for the largest share of wood use in developing
countries, but it is concentrated in tropical dry for-
ests and nonforest wooded areas around dense
human settlements in Africa and South Asia.
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Extinctions are occurring much faster than the
natural rate and are increasing

Figure 2.7 Recorded extinctions of mammals
and birds, 1700-1987
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Note: Extinctions were counted at the level of species only.
Extinct subspecies were grouped and counted as one
species extinction at the latest date recorded.
a. The natural rate is an estimate of the rate of extinction that
would occur in the absence of human influence.
Sources: Nilsson 1990; Reid and Miller 1989; World
Conservation Monitoring Centre data; Ziswiler 1967.

Tropical moist forests are mostly being lost to agri-
cultural settlement (roughly 60 percent of an-
nual clearing), with the remainder divided about
equally among logging and other uses. Small-scale
farmers in land-scarce countries of Central Amer-
ica, Central and East Africa, and South Asia are
often involved in such conversion. But in much of
the Amazon region most forest destruction can be
traced to livestock ranchers, who typically burn
the tree cover. In East Asia tropical moist forest has
mainly been exploited for its timber by logging
companies.

Incentives to cut trees will remain strong.
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Growth of population and income leads to a rising
demand for fuelwood. Falling demand for labor in
settled agricultural areaswhether the result of
mechanization, consolidation of landownership,
or economic stagnationhas in some countries re-
leased a flood of migrants who seek new liveli-
hoods on forest frontiers. These frontiers have be-
come increasingly attractive and accessible in
countries such as Brazil, Ecuador, and Indonesia,
thanks to mining, oil exploration, the building of
roads and railways, and control of diseases. Often,
such settlement has been actively encouraged by
governments (with backing from the World Bank
and other donors) through cheap credit, land and
resettlement grants, provision of infrastructure,
and low stumpage fees. Some governments are
starting to reverse such policies.

Biodiversity

Biological diversitya composite of genetic infor-
mation, species, and ecosystemsprovides mate-
rial wealth in the form of food, fiber, medicine,
and inputs into industrial processes. It supplies
the raw material that may assist human commu-
nities to adapt to future and unforeseen environ-
mental stresses. Furthermore, many people value
sharing the earth with numerous other forms of
life and want to bequeath this heritage to future
generations. These aesthetic rewards are already
threatened by the loss of biological diversity. By
comparison, demonstration of immediate risks of
harm to health or productivity is difficult and is

constrained by the current paucity of knowledge.
These risks, however, could increase and become
more evident. Although we live in perhaps the
richest geologic era in terms of biological diversity,
this wealth risks being squandered through irre-
versible losses of species and destruction of eco-
systems, with consequences that are among the
least predictable of environmental changes.

When species become extinct, an irreversible
loss occurs. Extinction is an importantalbeit im-
perfectmeasure of the severe and growing pres-
sure on the survival of wildlife in its natural habi-
tat. Recorded extinctions continue to increase
steadily (Figure 2.7). But decreases in populations
and local disappearances are also important. At-
tempts to project extinction of both known and
estimated species on the basis of habitat loss indi-
cate that if recent rates of habitat conversion were
to continue through the next century, extinction
levels comparable in magnitude to earlier episodes
of mass extinction would occur. Such projections
remain an inexact science, and the uncertainties
are great. In any event, avoidance of mass extinc-
tion is not the only concern. The complex web of
interactions that maintains the vitality of ecosys-
tems can unravel even if only a small number of
key species disappear. It is increasingly under-
stood that the elimination of single species of
carnivores, pollinating birds and insects, large
herbivores, and important food plants can funda-
mentally and unpredictably alter the balance of
particular ecosystems (Box 2.3).

Box 2.3 Key species: big and small

"Key" species have a more profound impact on their
ecosystems than other species. They are organisms
that, in many interconnected ways, are essential for the
existence of other species. If they disappear, the depen-
dent species may also vanish. Often, the importance of
key species is not appreciated or understood until an-
other part of the ecological system breaks down.

Key species can be as small as a bat or as big as an
elephant. In Malaysia in the 1970s supplies of a popular
fruit, the durian, mysteriously began to decline, threat-
ening a $100 million a year fruit industry. The durian
trees were intact and apparently healthy, but they were
bearing less fruit. The mystery was solved when it was
discovered by chance that the flower of the durian tree
was pollinated by a single species of bat whose popula-
tion was in severe decline. Although the bats polli-
nated the duriari trees, their primary source of food
was flowering trees in mangrove swamps, and devel-
opment of shrimp farming was converting the

swamps. In addition, the limestone caves in which the
bats roosted were being blasted by a local cement fac-
tory. Conservation efforts to protect the limestone hills
and the caves led to the closing of the cement factory.
The bats and the durian industry then recovered.

In the Hluhluwe Game Reserve in South Africa,
since the removal of the elephant population a century
ago, three species of antelope have become locally ex-
tinct, and the numbers of open-country grazers such as
wildebeest and waterbuck have declined. Large brows-
ing and grazing mammals such as elephants have a
considerable effect on the vegetative landscape of their
habitat. By trampling and browsing saplings, they pre-
vent open forest glades from forming canopies, shrub-
land from becoming forested, and grassland mosaics
from becoming tall grassland. This maintains habitats
in which smaller herbivores can thrive. The removal of
large herbivores can cause vegetation cover to close up,
thus restricting or eliminating the habitat of smaller
herbivores.
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Scarce species are those classified by the IUCN as endangered, vulnerable, or rare, or as indeterminate among these categories. In some taxa
few species have been evaluated.

Figures are taken from World Resources Institute 1989, p. 93.
Because these figures are sensitive to the estimated number of insect species, about which there is much debate and uncertainty, they should

be considered only rough estimates.
Sources; Wilson and Peter 1988; Wolf 1987; IUCN 1990.

South and Southeast Asia, Taiwan (China), and southern China.
Sub-Saharan Africa.

Source: World Resources Institute 1990.

Monitoring of identified species illuminates but
a part of the threat to biodiversity, since in many
ecosystems only some species have been cata-
loged. It is difficult to be precise about species loss
because for some categories of organisms there is
only a vague notion of the total in existence. Cata-
loging is the most complete for vertebratesprob-
ably about 90-98 percent of mammals, reptiles,
fishes, birds, and amphibians are known, and of
these about 4 percent are scarce (see Table 2.5).
About ten times more plants than vertebrates have
been identified, but the known species may still
represent only two-thirds of all plant species in
existence. Least is known about insects, of which
perhaps only 3 percent have been identified. Most
of the unrecorded species are in tropical moist
forests.

Unlike any previous species extinction, the
present bout is caused principally by human activ-
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ity. Loss and fragmentation of habitat because of
human use is the main threat, although the link is
not simple, and overexploitation, species introduc-
tion, and pollution play important secondary
roles. The greatest attention has been paid to the
loss of tropical forests, since they have the most
intense concentrations of species and have shrunk
at unprecedented rates. But other habitatscoastal
and freshwater wetlands and coral reefsare also
suffering serious degradation and loss. The work
of establishing the basis for global estimates of eco-
system loss has begun only recently, using vegeta-
tion mapping, land-use data, and newer tools of
satellite imagery. Studies conducted in the
mid-1980s by the International Union for the Con-
servation of Nature and Natural Resources (IUCN)
and UNEP indicated that 65 percent of original
wildlife habitat in tropical Africa and 68 percent in
tropical South and East Asian countries have been

Table 2.6 Reduction of wildlife habitat in two regions

Type of vegetation

Original area
(thousands of

square
kilometers)

Percentage
remaining,

1986

Percentage
in protected

areas

Indomalayan realm'
Dry forests 3,414 28 11

Moist forests 3,362 37 8
Savannah/grassland 46 36 21

Scrub/desert 816 15 21

Wetland/marsh 414 39 10

Mangroves 95 42 8

Afrotropical realm5
Dry forests 8,217 42 15

Moist forests 4,700 40 7
Savannah/grassland 6,955 41 11

Wetland/marsh 177 98 10

Mangroves 88 45 3

Table 2.5 Estimated number and scarcity of species worldwide

Number
Number of scarce

species as
Number of Lstimated identified as Number of percentage of

species total percentage of scarce species
Group identified species estimated total species' identified"

Mammals, reptiles, and amphibians 14,484 15,210 95 728 5

Birds 9,040 9,225 98 683 8

Fish 19,056 21,000 90 472 3

Plants 322,311 480,000b 67
Insects 751,000 30,000,000 3 895 <1
Other invertebrates and microorganisms 276,594 3,000,000b 9 530 <1

Total 1,392,485 33,525,435 4



converted to other uses (see Table 2.6). The lack of
comparable estimates for other regions leaves a
large gap in our knowledge, since habitat conver-
sion is known to be important in these areas as
well.

Species extinction is occurring even though in-
creasingly large habitat areas are nominally pro-
tected. Worldwide, the area under national protec-
tion systems tripled between 1972 and 1990, from
1.6 to 4.8 percent of total land area. But because
funds for management are inadequate, incentives
for encroachment are strong, and preservation
laws are ineffectively enforced, these areas have
rarely been adequately protected. Chapter 7 dis-
cusses the prospects for improving the manage-
ment of natural habitat.

Atmospheric changes

Whereas many of the consequences of pollution
and loss of biodiversity are evident today, some
environmental threats will have their main effects
in the future. That creates special problems for p01-
icymakers with limited resources who must decide

how much to devote to addressing known threats
to present populations and how much to uncertain
and irreversible hazards to future generations.
Two examples are greenhouse warming and ozone
depletion.

Greenhouse warming

The atmospheric concentrations of the gases that
cause greenhouse warmingthe greenhouse
gases (GHG5)are rising. Carbon dioxide, the
principal GHG, has increased by more than 12
percent in the past thirty years. The change in
GHG concentrations is mainly the result of human
activities. Emissions of carbon dioxide from these
activities have more than doubled over the period
(Box 2.4).

Future trends in GHG concentrations depend
on a number of factorseconomic growth, the en-
ergy intensity of production, and the chemistry of
the atmosphere, biosphere, and oceannot all of
which are fully understood. Nonetheless, as the
recent scientific assessment by the Intergovern-
mental Panel on Climate Change (IPCC) empha-

Box 2.4 What is the greenhouse effect?

The earth's climate is driven by solar radiation. In the
long term the energy absorbed from the sun must be
balanced by outgoing radiation from the earth and the
atmosphere. Part of this outgoing energy is absorbed
and re-emitted by radiative atmospheric gases ("green-
house gases"), thereby reducing net emission of en-
ergy to space. To maintain the global energy balances,
both the atmosphere and the surface will warm until
the outgoing energy equals the incoming energy. This
is the greenhouse effect.

The main natural greenhouse gases are water vapor

Box table 2.4 Key greenhouse gases affected
by human activity
(percent)

Carbon Cit lorofluoro- Nitrous
Effect dioxide Methane carbons" oxides

Increase in atmospheric concentrations

* No preindustrial presence in the atmosphere.
Note: Ozone is not included because precise data are lacking.

Includes hydrochiorofluorocarbons.
Projections are based on IPCC "business as usual"

assumptions.
The 1990-2025 increase is 73 percent for CFC-11 and 86 percent

for CFC-12; the total is not available.
Source: Houghton and others 1990.

(the largest contributor to the greenhouse effect), car-
bon dioxide, methane, nitrous oxide, and ozone. There
are also purely man-made greenhouse gases, including
many ozone-depleting substances such as CFCs, which
are controlled under the Montreal Protocol. The main
greenhouse gases shown in Box table 2.4 differ in the
intensity of their heat trapping (or "radiative forcing")
and atmospheric lifetimes and thus in their ability to
affect the radiative balance of the earth. CFCs and ni-
trous oxide are many times more potent than the same
quantity of carbon dioxide or methane.

The additional carbon dioxide that human activities
put into the atmosphere between 1980 and 1989 came
principally from fossil fuels. Additions from changes in
land use, such as deforestation, are estimated to have
been one-fifth to one-half as large. All these net addi-
tions from human activity are dwarfed by the natural
exchanges of carbon between the earth and the
atmosphere.

The largest sources of methane in the atmosphere
are natural wetlands, rice paddies, and livestock. Natu-
ral gas production (drilling, venting, and transmis-
sion), biomass burning, termites, landfills, and coal
mining also release methane. Nitrous oxide is released
by the oceans and soil, but human activities such as
biomass burning and the use of fertilizers play a role
that is not yet fully understood or quantified. Much
uncertainty surrounds the total size of the sources of
both methane and nitrous oxide.
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Preindustrial to 1990 26 115 8

1990 to 2025k 23 51 10

Contribution to the change in heat trapping
Preindustrial to 1990 61 23 12 4

1990 to 2025 68 17 10 5



sized, the direction is clear. Sometime in the next
century, heat trapping (or "radiative forcing")
from increases in greenhouse gases is likely to
reach a level equivalent to a doubling of carbon
dioxide concentrations over their preindustrial
level. Chapter 8 discusses possible responses to
the threats of greenhouse warming.

The direct effects on heat trapping of the ex-
pected increases in the atmospheric concentrations
of greenhouse gases are known with reasonable
certaintywithin a range of about 20 percent. The
direct temperature effects of doubling atmospheric
carbon dioxide are estimated to be an increase of
about 1.2° Celsius. But the ultimate effects on
warming of changes in GHG concentrations de-
pend on the secondary effects of those changes on
the earth and oceanseffects that feed back in
ways that will reinforce or counteract temperature
change. Relatively little is known about these feed-
backs, but the best understood is that of water
vapor, which probably adds another 0.7° Celsius
to the direct warming effect. Other important
feedbacks, some of which would moderate warm-
ing, include the effects of clouds, ice, and snow. In
addition, the ocean plays a large role in determin-
ing the timing and geographic location of warm-
ing. Climate models that attempt to capture these
feedbacks vary considerably in their predictions of
equilibrium temperature change following a dou-
bling of carbon dioxide concentrationsfrom
about 1.5° to 4.5° Celsius. Over the past century
average global temperatures have increased be-
tween 0.3° and 0.6° Celsius, which is consistent
with a wide range of long-term temperature re-
sponses to increased GHG concentrations.

The complex dynamic models being developed
to examine those direct and indirect interactions
stretch the capacity of even the most sophisticated
computers to their limits. As stylized representa-
tions of global climate, they involve simplifica-
tions, reflecting both the gaps in our understand-
ing of important physical processes affecting
climate and the need to keep the calculations man-
ageable. All models indicate that GHG accumula-
tions will have large implications for climate; im-
portant questions remain about the magnitude,
patterns, and timing of change, as well as its ulti-
mate effects.

How fast? Most climate models examine only
the equilibrium response to a one-time change in
GHG concentrations. Increasing attention is now
being given the pace at which climate would move
toward equilibrium as GHG concentrations rise.
Lags in adjustment mean that climate change
could take decades, possibly centuries, to reach
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equilibrium. How much more time is still un-
known but is the subject of intensive research.

Where? Climate changes will vary across the
globe. For individual countries and regions, this
geographic distribution is of more interest than
mean global temperature. These predictions
stretch modeling capacity even more than does
modeling global temperature change. Both the di-
rections and the magnitudes of predicted climate
changes for regions vary considerably across
models, and the models have great difficulty in
replicating the historical paths of regional climate.

How much will it matter? There is considerable
certainty that warming will occur, even if it is diff i-
cult to predict its speed and extent. It is much
harder to know the extent and rate of warming
that would cause serious effects for human soci-
eties. Potentially significant effects are more likely
to result from related changes in soil moisture,
storms, and sea level than from temperature as
such, and these changes are more difficult to pre-
dict. There is some agreement that climate change
induced by greenhouse warming may cause drier
soils in midcontinental areas and lead to a substan-
tial rise in sea levels. The plausible argument that
tropical storms will become more frequent and in-
tense remains to be convincingly demonstrated. It
is still not possible either to rule out costly climatic
effects of greenhouse gas accumulations or to
demonstrate compellingly that they are likely to
occur. Indeed, because it is so hard to narrow the
range of possible answers to these questions, very
different policy inferences can be drawn from the
evidence.

Ozone depletion

In 1985 the appearance of a dramatic spring ozone
reduction over Antarctica was confirmed. Ozone
depletion is mainly the result of increasing atmo-
spheric concentrations of chlorine originating from
CFCs. In the Montreal Protocol (see Chapter 8)
countries agreed to phase out production of
CFCsa decision supported by subsequent rapid
improvements in scientific understanding. The de-
crease in the protective ozone layer has occurred
more quickly than anticipated and will continue
for at least a decade before it can be reversed. The
long-term consequences will be harmful for health
and for the productivity of marine and terrestrial
systems.

Atmospheric levels of CFCs are expected to peak
around 2000. In the meantime the rate, geographic
scale, and seasonal peaks of the ozone layer's ero-
sion continue to expand. The largest ozone impact
is over Antarctica, where the maximum deple-



tionabout 50 percent compared with earlier
levelswas as deep and as extensive in area in
1991 as at any time since measurement began. The
most recent evidence compiled by the UNEP Sci-
entific Assessment Panel also confirms smaller
ozone decreases of 5-10 percent during the past
decade in the upper atmosphere over much of the
middle and high latitudes in both hemispheres; so
far there is no evidence that tropical latitudes are
affected. Losses over the next decade may be of
the same magnitude, although the possible im-
pacts of clouds, chemical particles, and ground-
level pollutants remain poorly understood. Recov-
ery of the protective ozone layer is expected to
occur slowly after 2000, with atmospheric chlorine
concentrations projected to return to the levels of
the late 1970s about midcentury.

An important consequence of ozone depletion is
an increase in solar ultraviolet (UV) radiation re-
ceived at the earth's surface. Biologically damag-
ing UV has more than doubled during episodes of
ozone depletion in Antarctica. The threat from
penetration of UV radiation to ground level is cer-
tain to worsen, although various factors, including
increased ozone pollution of the lower atmo-
sphere, have made it difficult to detect longer-term
changes associated with ozone depletion in the
upper atmosphere. The effects of increases in UV
are likely to appear first in the Southern
Hemisphere.

In the absence of changes in human behavior to
protect against exposure to the sun's rays, a sus-
tained ozone decrease of 10 percent, as is now an-
ticipated for the middle latitudes, would mean an
increase in nonmelanoma skin cancerswhich pri-
marily affect fair-skinned individualsof about 25
percent (300,000 additional cases a year) within
several decades and an increase in eye damage
from cataracts of about 7 percent (1.7 million cases
a year). The health risks could be reduced if people
would avoid unnecessary exposure by making
small changes in their behavior. In countries with
good health care, the severity of health conse-
quences from these diseases has declined steadily
with dramatic improvements in treatment. A
greater worry is raised by preliminary evidence
that exposure to increased levels of UV radiation
can suppress the immune system in people of all
skin colors; that would have much wider detri-
mental health effects.

Concern about the impact of increased UV radia-
tion on plant productivity has spurred research,
but the results are not yet sufficient to predict the
consequences for agriculture, forestry, and natural
ecosystems. Fluctuations over long periods of time

in atmospheric ozone and in UV radiation of the
earth's surface have occurred before, and many
organisms have evolved protective coping mecha-
nisms. Studies of agricultural crops have demon-
strated some inhibition of growth and photo-
synthesis when plants are exposed to increased
UV radiation. But some plants, including cultivars
of rice, show considerable capacity for adaption
and repair. What is of concern is whether the pace
of recent and expected change is so rapid and large
as to overwhelm natural defenses. There will be
some scope for dealing with increased UV radia-
tion through plant breeding. Damage to marine
systems caused by reduced productivity of vegeta-
tive plankton is a more immediate concern, par-
ticularly because of the important place of these
organisms in aquatic food chains that begin in the
highly productive waters of Antarctica. Recent
studies show that increased UV radiation in Ant-
arctica during the peak of the ozone hole is suffi-
cient to cause some seasonal decline (6-12 percent)
in the production of vegetative plankton. The
larger impact on marine productivity and ecosys-
tems is not yet understood.

Conclusion

This chapter has tried to demonstrate why devel-
oping countries, just as much as industrial coun-
tries, should care about environmental degrada-
tion. Indeed, the imperative is even greater in poor
countries. Filthy air and polluted water now harm
or kill far more people in developing countries
than were affected when today's industrial coun-
tries passed through their own period of Victorian
grime. Moreover, some types of environmental
damage are growing worse and will continue, un-
der present policies, to worsen as populations ex-
pand and economies become more industrialized.
Because natural systems work in complicated and
interrelated ways that are still poorly understood,
some of the effects of today's environmental ne-
glect may turn out to have more serious conse-
quences for health, productivity, and the quality of
life than is yet apparent.

But environmental degradation can be checked.
There are policies that will allow developing coun-
tries to improve the efficiency with which their
economies work while at the same time addressing
many of the types of environmental damage de-
scribed in this chapter. Developing countries need
to give priority to the kinds of damage that most
immediately threaten the quality of their citizens'
lives. The following chapters describe which poli-
cies are likely to be most effective.
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