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percent), and accrued interest to exports (20 per-
cent). The fifteen countries are Algeria, Argentina,
Bolivia, Brazil, Bulgaria, Congo, Cote d’Ivoire, Ec-
uador, Mexico, Morocco, Nicaragua, Peru, Poland,
Syrian Arab Republic, and Venezuela.

¢ In the World Development Indicators and the
Environmental data appendix, OECD members, a
subgroup of '“High-income economies,”” com-
prises the members of the Organization for Eco-
nomic Cooperation and Development except for
Greece, Portugal, and Turkey, which are included
among the middle-income economies. In the main
text of the World Development Report, the term
"”OECD countries’’ includes all OECD members
unless otherwise stated.

Geographic regions (low-income and middle-
income economies)

¢ Sub-Saharan Africa comprises all countries
south of the Sahara except South Africa.

* East Asia and the Pacific comprises all the low-
and middle-income economies of East and South-
east Asia and the Pacific, east of and including
China and Thailand.

* South Asia comprises Bangladesh, Bhutan, In-
dia, Maldives, Myanmar, Nepal, Pakistan, and Sri
Lanka.

¢ Europe comprises the middle-income Eu-
ropean countries of Albania, Bulgaria, Czecho-
slovakia, Greece, Hungary, Poland, Portugal, Ro-
mania, Turkey, and Yugoslavia. Some analyses in
the World Development Report use the categories
"’Eastern Europe’” (the countries listed above ex-
cept for Greece, Portugal, and Turkey) or *’Eastern
Europe and former U.S5.5.R.”

* Middle East and North Africa comprises the
low- and middle-income economies of Af-
ghanistan, Algeria, Egypt, Iran, Iraq, Jordan,
Lebanon, Libya, Morocco, Oman, Saudi Arabia,
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Syrian Arab Republic, Tunisia, and Republic of
Yemen.

o Latin America and the Caribbean comprises all
American and Caribbean economies south of the
United States.

Data notes

* Billion is 1,000 million.

s Trillion is 1,000 billion.

» Tons are metric tons, equal to 1,000 kilograms,
or 2,204.6 pounds.

* Dollars are current U.S. dollars unless other-
wise specified.

* Growth rates are based on constant price data
and, unless otherwise noted, have been computed
with the use of the least-squares method. See the
technical notes to the World Development Indica-
tors for details of this method.

® The symbol | in dates, as in "’1988/89,”” means
that the period of time may be less than two years
but straddles two calendar years and refers to a
crop year, a survey year, or a fiscal year.

* The symbol .. in tables means not available.

* The symbol — in tables means not applicable.

® The number 0 or 0.0 in tables and figures
means zero or a quantity less than half the unit
shown and not known more precisely.

The cutoff date for all data in the World Devel-
opment Indicators is March 31, 1992.

Historical data in this Report may differ from
those in previous editions because of continuous
updating as better data become available, because
of a change to a new base year for constant price
data, and because of changes in country composi-
tion in income and analytical groups.

Economic and demographic terms are defined in the
technical notes to the World Development
Indicators.












mental concerns, the rapid introduction of eco-
nomic reform programs around the world, and the
trend toward democratization and participation in
the development process all point in the right di-
rection. The United Nations Conference on Envi-
ronment and Development (UNCED)—the "’Earth
Summit’”’—in June 1992 has provided an oppor-
tunity for the world’s nations to commit them-
selves to an agenda of reform. It is essential that
the energies that have been unleashed by UNCED
not be dissipated but rather be channeled toward
addressing those environmental problems that
most urgently threaten development.

Focusing on the right problems

This Report makes no attempt to be comprehen-
sive in its discussion of environmental problems.
Rather, it seeks to identify the most serious chal-
lenges and suggests strategies for addressing
them. Not every problem can be a priority for
every country. Taking the view that the highest
environmental priorities are those that directly af-
fect the welfare of large numbers of people, the

Report concludes that the current environmental
debate has paid too little attention to the problems
of sanitation and clean water, urban air pollution,
indoor air pollution, and severe land degradation.

Damage to the environment has three potential
costs to present and future human welfare. Hu-
man health may be harmed. Economic produc-
tivity may be reduced. And the pleasure or satis-
faction obtained from an unspoiled environment,
often referred to as its "“amenity’’ value, may be
lost. All are difficult to measure, but the third is
especially so. "“Amenity”’ includes values that
range from those associated with recreation to
those associated with deeply held spiritual views
about the intrinsic worth of the natural world. The
difficulty in measuring it argues for much more
public involvement in setting priorities. Table 1
outlines the potential consequences for health and
productivity of different forms of environmental
mismanagement. Since environmental problems
vary across countries and with the stage of indus-
trialization, each country needs to assess its own
priorities carefully.

Table 1 Principal health and productivity consequences of environmental mismanagement

Environmental problem Effect on health

Effect on productivity

Water pollution and
water scarcity

Air pollution

Solid and hazardous
wastes

Soil degradation

Deforestation

Loss of biodiversity

Atmospheric changes

More than 2 million deaths and billions of
ilinesses a year attributable to pollution; poor
household hygiene and added health risks
caused by water scarcity

Many acute and chronic health impacts:
excessive urban particulate matter levels are
responsible for 300,000-700,000 premature
deaths annually and for half of childhood
chronic coughing; 400 million-700 million
people, mainly women and children in poor
rural areas, affected by smoky indoor air

Diseases spread by rotting garbage and blocked
drains. Risks from hazardous wastes typically
local but often acute

Reduced nutrition for poor farmers on depleted
soils; greater susceptibility to drought

Localized flooding, leading to death and disease

Potential loss of new drugs

Possible shifts in vector-borne diseases; risks
from climatic natural disasters; diseases
attributable to ozone depletion (perhaps 300,000
additional cases of skin cancer a year
worldwide; 1.7 million cases of cataracts)

Declining fisheries; rural household time and
municipal costs of providing safe water; aquifer
depletion leading to irreversible compaction;
constraint on economic activity because of water
shortages

Restrictions on vehicle and industrial activity
during critical episodes; effect of acid rain on
forests and water bodies

Pollution of groundwater resources

Field productivity losses in range of 0.5-1.5
percent of gross national product (GNP)
common on tropical soils; offsite siltation of
reservoirs, river-transport channels, and other
hydrologic investments

Loss of sustainable logging potential and of
erosion prevention, watershed stability, and
carbon sequestration provided by forests

Reduction of ecosystem adaptability and loss of
genetic resources

Sea-rise damage to coastal investments; regional
changes in agricultural productivity; disruption
of marine food chain










Greenhouse warming

The buildup of carbon dioxide and other green-
house gases will raise average temperatures on
earth. The size of the effect remains unclear, but
the best estimate of the International Panel on Cli-
mate Change (IPCC) is that average world tem-
peratures may rise by 3° Celsius by the end of the
next century under their "‘business as usual’’ sce-
nario, with a range of uncertainty of from less than
2° Celsius to more than 5° Celsius. There is even
more uncertainty about the consequences than
about the extent of global warming. Although re-
cent research has reduced fears that icecaps might
melt or that the sea level might rise precipitously,
there are still grounds for concern. Low-lying na-
tions are at risk, and forests and ecosystems may
not adapt easily to shifts in climatic zones. The
consequences will depend both on whether poli-
cies are adopted to reduce emissions and on how
effective economies are in adapting to rising tem-
peratures. The best estimates, still extremely crude
and largely based on studies in industrial coun-
tries, are that the economic costs are likely to be
modest in comparison with the welfare gains
brought about by higher incomes. But these costs
will not be evenly distributed: climate changes will
not be uniform, countries will differ in their capac-
ity to respond to change, and the importance of
agriculture, the most climate-sensitive part of the
economy, differs among countries. Research is be-
ginning on a modest scale into the potential effects
on tropical agriculture; more needs to be done.

Development, the environment, and the long-
term prospect

The environmental problems that countries face
vary with their stage of development, the struc-
ture of their economies, and their environmental
policies. Some problems are associated with the
lack of economic development; inadequate sanita-
tion and clean water, indoor air pollution from bio-
mass burning, and many types of land degrada-
tion in developing countries have poverty as their
root cause. Here the challenge is to accelerate equi-
table income growth and promote access to the
necessary resources and technologies. But many
other problems are exacerbated by the growth of
economic activity. Industrial and energy-related
pollution (local and global), deforestation caused
by commercial logging, and overuse of water are
the result of economic expansion that fails to take
account of the value of the environment. Here the
challenge is to build the recognition of environ-

mental scarcity into decisionmaking (Box 2). With
or without development, rapid population growth
may make it more difficult to address many envi-
ronmental problems.

The importance of population and poverty programs

The world’s population is now growing by about
1.7 percent a year. Although the rate is down from
its peak of 2.1 percent in the late 1960s, absolute
growth—almost 100 million a year—has never
been higher. During the period 1990-2030 the
world’s population is likely to grow by 3.7 billion—
an increase much greater than in any previous
generation and probably much greater than in any
succeeding one. Ninety percent of this increase
will occur in developing countries. Over the next
four decades Sub-Saharan Africa’s population is
expected to rise from 500 million to 1.5 billion,
Asia’s from 3.1 billion to 5.1 billion, and Latin
America’s from 450 million to 750 million.

Rapid population growth often contributes to
environmental damage. Traditional land and re-
source management systems may be unable to
adapt fast enough to prevent overuse, and govern-
ments may be unable to keep up with the infra-
structural and human needs of a growing popula-
tion. In addition, the sheer density of population
will pose challenges for environmental manage-
ment. Today, for example, apart from small islands
and city states, only Bangladesh, the Republic of
Korea, the Netherlands, and the island of java,
Indonesia, have densities exceeding 400 per
square kilometer. By the middle of the next cen-
tury, however, one-third of the world’s population
will probably live in countries with these popula-
tion densities. Virtually all South Asia would have
such densities (Bangladesh’s would rise to 1,700
per square kilometer), as would a substantial num-
ber of African countries, the Philippines, and Viet
Nam.

Rapid population growth can exacerbate the
mutually reinforcing effects of poverty and envi-
ronmental damage. The poor are both victims and
agents of environmental damage. Because they
lack resources and technology, land-hungry
farmers resort to cultivating erosion-prone hill-
sides and moving into tropical forest areas where
crop yields on cleared fields usually drop sharply
after just a few years. Poor families often have to
meet urgent short-term needs, prompting them to
““mine’’ natural capital through, for example, ex-
cessive cutting of trees for firewood and failure to
replace soil nutrients.

Agricultural stagnation in Sub-Saharan Africa is

7









characterized by open access, meaning that there
are no incentives to use them sparingly. Policies
and institutions are therefore necessary to force
decisionmakers—corporations, farmers, house-
holds, and governments—to take account of the
social value of these resources in their actions. This
is not easy. The evidence suggests, however, that
when environmental policies are publicly sup-
ported and firmly enforced, the positive forces of
substitution, technical progress, and structural
change can be just as powerful as for marketed
inputs such as metals and minerals. This explains
why the environmental debate has rightly shifted
away from concern about physical limits to growth
toward concern about incentives for human behav-
ior and policies that can overcome market and policy
failures.

Figure 4 illustrates how rising economic activity
can cause environmental problems but can also,
with the right policies and institutions, help ad-
dress them. Three patterns emerge:

* Some problems decline as income increases.
This is because increasing income provides the re-
sources for public services such as sanitation and
rural electricity. When individuals no longer have
to worry about day-to-day survival, they can de-
vote resources to profitable investments in conser-
vation. These positive synergies between eco-
nomic growth and environmental quality must not
be underestimated.

* Some problems initially worsen but then im-
prove as incomes rise. Most forms of air and water
pollution fit into this category, as do some types of
deforestation and encroachment on natural habi-
tats. There is nothing automatic about this im-
provement; it occurs only when countries deliber-
ately introduce policies to ensure that additional
resources are devoted to dealing with environ-
mental problems.

* Some indicators of environmental stress
worsen as incomes increase. Emissions of carbon
and of nitrogen oxides and municipal wastes are
current examples. In these cases abatement is rela-
tively expensive and the costs associated with the
emissions and wastes are not yet perceived as
high—often because they are borne by someone
else. The key is, once again, policy. In most coun-
tries individuals and firms have few incentives to
cut back on wastes and emissions, and until such
incentives are put into place—through regulation,
charges, or other means—damage will continue to
increase. The experience with the turnarounds
achieved in other forms of pollution, however,
shows what may be possible once a policy commit-
ment is made.
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Figure 4 does not imply an inevitable relation-
ship between income levels and particular envi-
ronmental problems; countries can choose policies
that result in much better (or worse) environmen-
tal conditions than those in other countries at simi-
lar income levels. Nor does it imply a static pic-
ture; as a result of technological progress, some of
these curves have shifted downward over recent
decades, providing an opportunity for countries to
develop in a less damaging manner than was pos-
sible earlier.

Policies for development and the environment

Two broad sets of policies are needed to attack the
underlying causes of environmental damage. Both
are necessary. Neither will be sufficient on its own.

* Policies that seek to harness the positive links
between development and the environment by
correcting or preventing policy failures, improving
access to resources and technology, and pro-
moting equitable income growth

¢ Policies targeted at specific environmental
problems: regulations and incentives that are re-
quired to force the recognition of environmental
values in decisionmaking.

Building on the positive links

Fortunately, many policies that are good for effi-
ciency are also good for the environment. Policies
that encourage efficiency lead to less waste, less
consumption of raw materials, and more techno-
logical innovation.

World Development Report 1991 described a set of
“’market-friendly’” policies for development.
These included investing in people through educa-
tion, health, nutrition, and family planning; creat-
ing the right climate for enterprise by ensuring
competitive markets, removing market rigidities,
clarifying legal structures, and providing infra-
structure; fostering integration with the global
economy through promotion of open trade and
capital flows; and ensuring macroeconomic
stability.

All these policies can enable better environmental
management. For example, improved education is
essential for the widespread adoption of environ-
mentally sound agricultural technologies, which
are more knowledge-intensive than conventional
approaches. And freedom of international capital
flows can facilitate the transfer of new and cleaner
technologies. Two elements of this package are es-
pecially important: the removal of distortions that
encourage too much resource use, and the clari-
fication of property rights.









and the like. For these situations specific policies
are required to induce or require resource users to
take account of the spillover effects that their ac-
tions have on the rest of society.

Policies designed to change behavior are of two
broad types: those based on incentives ('‘market-
based’’ policies), which tax or charge polluters
according to the amount of damage they do, and
those based on quantitative restrictions ("'com-
mand-and-control”” policies), which provide no
such flexibility.

Market-based instruments are best in principle
and often in practice. They encourage those pollu-
ters with the lowest costs of control to take the
most remedial action, and they thus impose less of
a burden on the economy. A survey of six studies
of air pollution control in the United States found
that least-cost policies could reduce the costs of
control by 45-95 percent in comparison with the
actual policies implemented. Economic incentives
have been used for years in indirect, or blunt,
forms such as fuel and vehicle taxes (most OECD
countries), congestion charges (Singapore), and
surcharges on potentially damaging inputs such as
pesticides and plastics (Denmark and Sweden).
More specific charges, such as the newly intro-
duced carbon taxes in some European countries,
tradable permits for air pollution (in the United
States), deposit-refund schemes for bottles and
batteries (in several European countries), haz-
ardous waste charges and performance bonds,
which are under consideration in Bangkok, and
surcharges on stumpage fees to pay for replanting,
as in Indonesia, are growing in importance. Indus-
trial countries have been slow to adopt market-
based strategies, in part because environmental-
ists contended that degrading the environment
was unacceptable at any price, but more impor-
tantly because corporations feared that they would
have to adopt emissions standards and also pay
charges on the remaining emissions. Most now
agree that market-based instruments have been
underutilized. They are particularly promising for
developing countries, which cannot afford to incur
the unnecessary extra costs of less-flexible instru-
ments that have been borne by OECD countries.

Quantitative  command-and-control  instru-
ments, such as specific regulations on what abate-
ment technologies must be used in specific indus-
tries, have acquired a bad name in recent years for
their high costs and for stifling innovation. But in
some situations they may be the best instruments
available. Where there are a few large polluters, as
was the case in the industrial city of Cubatao in
Brazil, direct regulation may be the quickest and

most effective instrument. Management of land
use in frontier areas is another example of situa-
tions that may require direct controls.

The appropriate choice among instruments will
depend on circumstances. Conserving scarce ad-
ministrative capacity is an important considera-
tion. For many developing countries blunt instru-
ments that avoid the need for detailed monitoring
will be attractive. These may involve taxes or
charges on polluting inputs rather than on the pol-
lution itself. Also attractive will be policies that
provide self-enforcing incentives, such as deposit-
refund and performance-bond schemes.

Several lessons can be drawn from recent
experience:

* Standards should be realistic and enforceable.
Many developing countries have set unrealistically
tight standards—often those of OECD countries—
and have enforced them only selectively. This has
wasted resources, facilitated corruption, and un-
dermined the credibility of all environmental poli-
cies. Laws on the books and zoning charts on the
walls of government offices are often a genuine
indication of concern, but unless policies are im-
plemented, they can give a false sense that serious
problems are under control. Better to have fewer
and more realistic standards that are truly
implemented.

* Controls must be consistent with the overall policy
framework. Many well-intentioned policies have
been thwarted by other policies that pull in the
opposite direction. Both China and Poland have
had pollution taxes for years, but to no effect;
state-owned enterprises were not interested in
profitability. Land-use planning in Sub-Saharan
Africa has usually failed in the face of policies that
did not encourage intensification and off-farm em-
ployment. Brazil’s concern about overfishing off
the Bahia coast was undermined in the early 1980s
by government subsidies for new nylon nets.

» A combination of policies will often be required.
Because environmental damage is frequently
caused by different actors and for different rea-
sons, a single policy change may not be enough.
Reducing air pollution from vehicles in Mexico
City, for example, will require mandated emis-
sions and engine standards, fuel improvements,
and gasoline taxes.

Reviewing public expenditures

Public expenditures can have a remarkable effect
on the environment—for bad or for good. It is now
clear that numerous public investments—often
supported by development agencies, including
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the World Bank—have caused damage by failing to
take environmental considerations into account or
to judge the magnitude of the impacts. Indonesia’s
transmigration program, Sri Lanka’s Mahaweli
scheme, and Brazil’s Polonoreste projects are ex-
amples of large programs that caused unantici-
pated damage in earlier years. But equally impor-
tant are design issues relating to individual project
components—road alignments, the design of wa-
ter systems, and the provision of access to forests
and wetlands.

Beginning with analysis in the 1950s and 1960s
of hydroelectric projects in the United States, con-
siderable progress has been made in applying cost-
benefit techniques to environmental concerns.
Such analyses have tripled estimated returns for
some forestry projects and halved returns on some
hydroelectric and road projects, making the latter
unattractive.

Most countries and aid agencies have recently
introduced environmental assessment procedures.
These are still early days for such arrangements;
technical skills need to be developed, and lessons
are being learned about the difficulties of incor-
porating assessment results, which are often non-
quantitative, into decisionmaking. Making the
process transparent has been found to be an im-
portant way of improving its quality and impact.
Listening to local views has also proved essential;
some lessons from World Bank experience are that
information must be shared with local people early
in the life of the project and that comments from
affected communities must be incorporated into
project design.

Removing impediments to action

Even when straightforward ways of tackling envi-
ronmental problems exist, governments have of-
ten found it difficult to translate them into effective
policy. The reasons for the gap between intentions
and performance include political pressures, an
absence of data and knowledge, weak institutions,
and inadequate participation of local people in
finding solutions.

Counteracting political pressures

Stopping environmental damage often involves
taking rights away from people who may be politi-
cally powerful. Industrialists, farmers, loggers,
and fishermen fiercely defend their rights to pol-
lute or to exploit resources. Examples of the results
include modification of proposed carbon taxes in
Europe to assist energy-intensive industries, delay
in the introduction of transferable fishing rights in
Chile because of pressure from powerful fishing
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interests, and lack of progress almost everywhere
in introducing irrigation charges. Those who are
hurt when the environment is degraded, and who
stand to gain most from sound policies, are often
the poor and the weak. They may be less potent
politically than the polluters whom governments
must challenge.

A second reason for disappointing performance
has to do with the inability of governments to reg-
ulate themselves. The problem arises partly be-
cause state bodies have conflicting social and eco-
nomic objectives, which allow them to use
resources less efficiently, and partly because of the
inherent contradictions of being both gamekeeper
and poacher. In the United States, for example,
publicly owned municipal wastewater treatment
plants are the most persistent violators of effluent
discharge standards.

While private and public polluters may obstruct
policy, other influences may persuade govern-
ments to set the wrong priorities. International
pressures may favor issues of interest to donors
rather than to developing countries. And there is
always a tendency to focus on dramatic problems
rather than chronic ones; few pressure groups, for
example, lobby for improved sanitation or for re-
duced indoor air pollution. Moreover, govern-
ments may be pressed to address problems such as
air pollution that affect everybody, including the
rich, rather than problems such as fecal coliforms
in rivers from which the rich can insulate them-
selves.

Improving information

Ignorance is a serious impediment to finding solu-
tions. Governments often make decisions in the
absence of even rudimentary information. Interna-
tional initiatives are urgently needed to overcome
a grave lack of knowledge in some areas, including
soil depletion (especially in Africa), land produc-
tivity in and around tropical forests, and global
atmospheric issues. Countries can reap large re-
turns from investments in basic environmental
data on exposure to emissions and unsanitary con-
ditions, soil and water depletion, land capability,
and loss of forests and natural habitat.
Understanding the causes and effects of envi-
ronmental damage and the costs and benefits of
action is the next stage. Following a careful analy-
sis, authorities in Bangkok found that attacking
lead and particulate emissions deserved the high-
est priority. The U.5. Environmental Protection
Agency estimated that, as a measure for avoiding
deaths, placing controls on unvented indoor
heaters was 1,000 times more cost-effective than



further tightening certain hazardous wastes stan-
dards. A study in southern Poland discovered that
the benefits from reducing emissions of particu-
lates would greatly exceed costs but that this
would not be true of controls on sulfur dioxide.

Independent commissions have proved a useful
way for governments to draw on technical exper-
tise; a growing number of developing countries,
including Hungary, Nigeria, and Thailand, are
finding that ad hoc commissions can bring profes-
sional objectivity to highly charged issues. In Af-
rica, national environmental action plans, which
have already been completed for Lesotho, Mad-
agascar, and Mauritius and are under preparation
for seventeen other countries, are bringing techni-
cal experts and citizens’ groups into the process of
setting priorities and policies.

Enhancing institutional arrangements

Governments around the world are actively seek-
ing to strengthen their institutional capacity for en-
vironmental management. In addition to the clear
needs for better technical skills, adequate finance,
and a clarification of environmental regulations,
experience suggests four priorities.

* Clarify objectives and ensure accountability. The
public agencies that implement programs for the
environment—forest and land departments, irriga-
tion and water supply authorities, public works
departments, and agricultural extension services—
need to be held accountable for the environmental
impact of their activities. The same applies to do-
nors and aid agencies.

e Establish the capacity to set priorities and monitor
progress. No ideal blueprint exists for environmen-
tal institutions, but a formal high-level agency for
setting policies and ensuring implementation
across sectors has sharply improved environmen-
tal management in Brazil, China, and Nigeria.

® Ensure areawide coordination. Where intersec-
toral decisions need to be made—the management
of water within a river basin, the citywide manage-
ment of pollution and wastes, the protection of a
large populated forest area—coordination is re-
quired to ensure consistency and cost-effective-
ness. Areawide organizations responsible for im-
plementation of intersectoral plans have generally
failed. Mechanisms for coordination, however, are
essential: the recently established regional pollu-
tion units in Santiago and Mexico City are promis-
ing examples.

® Regulate at arm’s length. Implementing agen-
cies should be held accountable for the effects of
their actions and should be kept separate from reg-
ulatory and monitoring bodies.

Involving local people

Making choices between economic and social
benefits and environmental costs often requires
subjective judgments and detailed local knowl-
edge. Neither governments nor aid agencies are
equipped to make judgments about how local peo-
ple value their environment. A participatory pro-
cess is essential. Local participation also yields
high economic and environmental returns in im-
plementing programs of afforestation, soil man-
agement, park protection, water management,
and sanitation, drainage, and flood control.

Development projects that have not built on the
strengths of existing practices have often failed.
Haiti’s top-down reforestation program was un-
successful until small farmers and community
groups were allowed to choose what kinds of trees
should be planted, and where. Then, instead of
the target of 3 million trees on 6,000 family farms,
20 million trees were planted on 75,000 farms. A
large irrigation project in Bali, Indonesia, that
failed to recognize the advantages of traditional
approaches to pest management had disastrous re-
sults. A follow-up project that built on indigenous
strengths succeeded.

Involving people can be expensive and in some
instances can paralyze decisionmaking, hold pub-
lic investments hostage to unproductive NIMBY
("’not-in-my-backyard’’) activism, and reinforce
local power structures. Experience suggests that
success is greatest when tasks are devolved selec-
tively and on the basis of actual performance. In-
creasing responsibilities for local governments is
an important part of this process. Public agencies
need training in participatory approaches and a
clear indication from senior management of the
importance of participation.

Putting policies to work

How can these principles be applied in practice?
This Report organizes the discussion around four
themes: water and sanitation, emissions from en-
ergy and industry, rural environmental chal-
lenges, and environmental challenges that cross
national borders.

Water and sanitation

Investments in providing clean water and sanita-
tion have some of the highest economic, social,
and environmental returns anywhere. The 1980s
witnessed progress in coverage, but the costs of
inadequate provision remain enormous. In India
no water supply system reliably provides water
twenty-four hours a day. In rural Pakistan only 10
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percent of public handpumps were functioning
ten years after their installation. In the first ten
weeks of the recent cholera epidemic in Peru,
losses in agricultural exports and revenues from
tourism were more than three times the amount
that the country had invested in sanitation and
water supply in the 1980s. There is growing recog-
nition that current approaches will not meet the
needs of the coming years. Changes are needed in
four areas:

IMPROVING MANAGEMENT OF WATER  RE-
SOURCES. Domestic water use in developing coun-
tries will need to rise sixfold over the coming four
decades. The bulk of demand will come from ur-
ban areas, where populations will triple. This in-
crease will place severe strains on surface and
groundwater supplies and will call for much more
efficient allocation within river basins.

Irrigation accounts for more than 90 percent of
withdrawals in low-income countries and for 70
percent in middle-income countries but for only 39
percent in high-income countries. Since domestic
use almost always has a much higher private and
social value than does irrigation, it is from the lat-
ter that water will need to be redirected. Govern-
ments around the world are grappling, often un-
successfully, with the complex legal and cultural
obstacles to reallocating water. Taking rights from
rural areas may be impossible for legal or political
reasons or undesirable for equity reasons. One so-
lution is for urban areas to compensate farmers for
the loss of irrigation water. This need not be pro-
hibitively expensive; the current inefficiencies in
use of irrigation water are so great that substantial
reductions in use are often possible with only
modest reductions in agricultural output.

Urban water must also be used more efficiently.
Unaccounted-for water, much of it unused, consti-
tutes 58 percent of piped water supply in Manila
and about 40 percent in most Latin American
countries. The reclamation of wastewater is help-
ing conserve water in a growing number of cities,
including Mexico City and Singapore, and will
continue to expand.

RESPONDING TO CUSTOMER DEMANDS. The most
effective means of encouraging the efficient use of
water is to raise and enforce charges. On average,
households in developing countries pay only 35
percent of the cost of supplying water. The vast
majority of urban residents want in-house sup-
plies of water and are willing to pay the full cost.
Most countries, however, have assumed that peo-
ple cannot afford to pay the full costs, and they
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have therefore used limited public funds to pro-
vide a poor service to restricted numbers of peo-
ple. A vicious cycle of low-level and low-reliability
service and correspondingly low willingness to
pay ensues. The poor suffer the most from the
very policies that were supposed to help them.
Excluded from the formal system, they typically
pay water vendors ten times as much for a liter of
water as the full cost of the same amount of piped
water. But it is possible to break this pattern. First,
provide those willing to pay with a good commer-
cial service. Second, explore ways of bringing ser-
vices to those unable to pay (who are much less
numerous than was once thought)—by allowing
longer payoff periods for capital costs, setting care-
fully targeted “’social tariffs,”” or both. Third, offer
people with different incomes a broader menu of
options,

INCREASING  INVESTMENTS IN  SANITATION.
Aggregate investments in water and sanitation
were inadequate in the 1980s (public investment
accounted for about 0.5 percent of GDP), but in-
vestments in sanitation were especially low. Most
investments have been for sewage collection, with
almost nothing for treatment. For example, today
only 2 percent of sewage in Latin America is
treated. Evidence is accumulating in countries
such as Brazil, Burkina Faso, Ghana, and Pakistan
that willingness to pay for household sanitation at
all income levels is much higher than had been
thought and is roughly equivalent to what people
will pay for water and for electricity. This suggests
a variety of ways of financing services if facilities
can be tailored to incomes. That task may be
helped by important innovations now occurring in
sanitation.

RETHINKING INSTITUTIONAL ARRANGEMENTS. A
recent review of forty years of World Bank experi-
ence in the water and sanitation sector identified
institutional failure as the most frequent and per-
sistent cause of poor performance. The number of
employees per 1,000 water connections is two to
three in Western Europe but ten to twenty in Latin
America. Even so, in cities such as Caracas and
Mexico City 30 percent of connections are not reg-
istered. Two conditions for better performance are
essential: utilities need to be made more autono-
mous and more accountable for their performance,
and they need to be placed on a sounder financial
footing through better pricing policies. The private
sector must also play a greater role. Cote d’Ivoire
was a pioneer in privatizing water supply; the



Abidjan utility is one of the best run in Africa.
When Guinea began franchising water supply, col-
lection rates rose from 15 to 70 percent in eighteen
months. Santiago, which contracts out many com-
ponents of its water services to the private sector,
has the highest staff productivity in the sector in
Latin America. What holds for water supply is
even more relevant to the management of solid
wastes.

Privatization is not a panacea. Regulation issues
are complex, and in some countries no private
firms bid on contracts. Nonetheless, it is certain
that the trend toward privatization will accelerate
in the 1990s.

Emissions from energy and industry

The costs of pollution from industry, energy, and
transport are already high and will grow exponen-
tially if these problems are neglected. Encouraging
energy conservation is a helpful first step in tack-
ling pollution. But it cannot solve the problem
alone. The effects of rising populations and in-
comes will soon swamp any reductions in demand
per person. It is thus absolutely essential to reduce
emissions per unit of production. This requires in-
vestment in new equipment and the development
of new technologies.

REDUCING HOUSEHOLD ENERGY POLLUTION.
Household energy use creates both indoor and out-
door air pollution. Indoor pollution is very serious
in Africa and South Asia, where biomass is burned
for cooking in unventilated rooms. Outdoor pollu-
tion is a great problem where low-quality coal is
burned, as in China, India, and Eastern Europe.

Progress in dealing with indoor air pollution has
been disappointing. Higher incomes and im-
proved distribution systems for commercial fuels
and electricity will bring about a switch away from
biomass, which now accounts for 35 percent of
energy use in developing countries. In the mean-
time, improved biomass stoves, which increase ef-
ficiency and reduce emissions, can make an impor-
tant contribution and merit greater donor support.

Reduction in outdoor air pollution from house-
hold use of coal will turn (as it did in the industrial
countries in the 1950s and 1960s) on two develop-
ments: policies that favor the adoption of clean
coals (such as anthracite) and a transition to oil,
gas, electricity, and, sometimes, district heating as
household energy sources.

REDUCING POLLUTION FROM GENERATION OF ELEC-
TRIC POWER. Because electric power generation ac-
counts for 30 percent of all fossil fuel consumption

and 50 percent of all coal consumption worldwide,
the gains from reduced pollution are substantial.
Shifting to natural gas and using clean coal tech-
nologies can reduce emissions of particulates and
carbon monoxide by 99.9 percent and emissions of
sulfur dioxide and nitrogen oxides by more than 90
percent. Curbing emissions of particulates should
be the first point of attack. It is cheap—1 to 2 per-
cent of the total capital costs of electric power sup-
ply, on average—and, as noted earlier, it is impor-
tant for human health. All new power plants
should have equipment for control of particulate
matter. Most new ones do, but the equipment is
often not well maintained. The costs of reducing
sulfur dioxide and nitrogen oxides are higher (un-
less natural gas is available), at 5 to 10 percent of
capital costs. The effects on health of reducing
these emissions are usually much lower than for
particulates, and the impacts on forests, agricul-
ture, and buildings vary greatly by area. The case
for setting tough standards will depend on circum-
stances.

Box 3 shows how reducing pollution from elec-
tric power production requires both improvements
in efficiency and investment in abatement. On av-
erage, prices today cover less than half of supply
costs in developing countries, and losses in trans-
mission are often three or four times those in in-
dustrial countries. Improved management and
pricing will conserve resources and facilitate in-
vestments in abatement technologies. For exam-
ple, cutting transmission losses by only one-tenth
in Asia would reduce the need for investment in
generating capacity during the 1990s by about $8
billion—almost enough to pay for controls to re-
duce particulate emissions for every new power
plant to be built in the entire developing world
during the 1990s.

PROMOTING USE OF RENEWABLE ENERGY.
Nonfossil energy sources, especially renewable
sources, offer great promise. Solar energy may
have the best long-term prospects, especially if
strong action is needed on carbon emissions (see
below). Each year the earth receives about ten
times as much energy from the sun as is stored in
all fossil fuel and uranium reserves—the equiva-
lent of 15,000 times the world’s primary energy
demand. The unit costs of production of photo-
voltaics and solar-thermal systems have fallen 95
percent in twenty years. The market for photo-
voltaics grew tenfold in the 1980s and, although
still small, is growing at 20 percent a year. Applica-
tions include village electrification, irrigation
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pumping, and power for rural health clinics. Less
dramatic, but still important, progress has been
made in reducing the costs of and utilizing bio-
mass and wind power technologies. Continued
rapid reductions in unit costs that can make these
energy sources replicable on a very large scale will
require help from industrial countries. Currently,
only 6 percent of public research funds for energy
is allocated to renewable sources (60 percent goes
for nuclear energy and 15 percent for fossil fuels).
Priorities need to be reordered.

REDUCING POLLUTION FROM TRANSPORT. Vehicles
account for one-half of oil consumption in most
developing countries and sometimes account for
90 to 95 percent of lead and carbon monoxide
emissions. The problems are exacerbated because
vehicles are often in poor condition, vehicle use is
concentrated (in Mexico and Thailand half the fleet
operates in the capital city), and pedestrians spend
much more time in the open air than in industrial
countries. Lead is the main problem. It is being
tackled effectively and relatively cheaply in some
countries; concentrations have gone down 85 per-
cent in the United States and 50 percent in Europe
over the past two decades. Box 3 describes how
lead emissions from vehicles in developing coun-
tries could rise fivefold over the coming few de-
cades or could fall to negligible levels. Policy
choices account for the difference.

REDUCING INDUSTRIAL POLLUTION. In attacking
industrial pollution and wastes, it is necessary to
distinguish between large plants, which can be in-
dividually monitored and regulated, and the many
thousands of small plants, which cannot. The for-
mer dominate the heavy, pollution-intensive in-
dustries (chemicals, metallurgy, cement, mining,
and paper and pulp). The worst problems include
emissions of heavy metals from smelters and man-
ufacturing plants (particularly in Eastern Europe)
and toxic emissions from chemical and fertilizer
plants, especially in Latin America, Asia, and East-
ern Europe. Water pollution that takes oxygen
from rivers and kills river life is a problem
everywhere. Technologies for dealing with these
problems already exist and need not be expensive
except for the heaviest polluters. Capital spending
on controls cost 5 percent of total industrial invest-
ment in Germany, Japan, and the United States in
the 1980s.

A pragmatic approach to big polluters is re-
quired. The common practice of adopting indus-
trial country standards and then negotiating with

individual firms about their enforcement has not
worked. It has led to inequities and in some cases,
as in Chile’s copper-mining industry, is inducing
foreign-owned companies to argue for tight stan-
dards that are equitably applied. Incentive-based
instruments must be more widely used. Effluent
charges will be especially important, and some
countries, including Thailand, are considering in-
novative approaches such as the use of perfor-
mance bonds for the management of hazardous
wastes. Revenues from such charges can be used
for treatment facilities and to defray the adminis-
trative costs associated with environmental audits
and enforcement.

Controlling emissions from smaller plants is
more difficult and calls for indirect instruments.
Taxation of inputs—energy, chemicals, and tech-
nologies—can help, and deposit-refund schemes
are potentially powerful. Leather tanning and
small-scale gold mining pose particular problems
because of their toxic emissions into rivers.

Rural environmental challenges

Two important environmental and natural re-
source challenges face rural people and
policymakers:

* Preventing the resource degradation that can
result from rapidly growing demands for food,
fuel, and fiber and from poor stewardship due to
poverty, ignorance, and corruption

* Preserving valuable natural forests, wetlands,
coastal areas, and grasslands from being taken
over for relatively low-value uses that are arti-
ficially encouraged by bad policies, imperfect mar-
kets, and flawed institutions.

PROBLEMS ON AND AROUND FARMS. Ninety per-
cent of the doubling in food production over the
past quarter century came from higher yields and
only 10 percent from cultivating more land. Inten-
sification, which will account for most future in-
creases in production, will create environmental
problems. The right policies are of two types:
those that enable farmers to do what is in their
own interests, such as managing soils better, and
those that provide incentives to stop behavior
which primarily hurts others.

Protecting soils from erosion and nutrient deple-
tion—an urgent priority in many parts of the
world—falls mainly into the first category. Many
options are available, including contour-based op-
erations, intercropping, agroforestry, and changes
in fertilizer application and animal husbandry.

19



These improvements can sharply reduce erosion
and raise yields and incomes. Why, then, are they
not universally undertaken? The reasons include
lack of access to credit markets and lack of knowl-
edge of costs and benefits. Sometimes government
failures may be the cause; artificially low farmgate
prices may undermine profitability, or fertilizers
may be rationed because of subsidies or poor dis-
tribution channels. In all such cases policies for
development and policies for environmental pro-
tection are just different aspects of the same
agenda. Reforming agricultural policies can be po-
litically difficult. Strengthening local research, ex-
tension, and credit systems to enable farmers to
make appropriate investments requires a long-
term commitment and more support from donors.
There is, however, no alternative if agriculture is to
be put on a sustainable footing.

The overuse of pesticides is causing two prob-
lems: declining effectiveness through the emer-
gence of resistance, and localized health problems
caused by runoff. Governments are responding in
three ways. First, subsidies on pesticides are being
removed and taxes are being imposed. Second,
research efforts are yielding pesticides with
shorter toxic lives and plants that are less suscept-
ible to pests. Finally, integrated pest manage-
ment—a technique that uses small, carefully timed
applications—is being introduced in numerous
countries; it is financially attractive to farmers but
requires careful training and follow-up.

COMMUNAL MANAGEMENT OF RESOURCEs. Many
natural resources in the developing world are
managed communally. Often, this results in pru-
dent stewardship. But sometimes management
systems collapse as a result of population pres-
sure, technical innovation, or commercialization.
Problems include the overgrazing of pastoral
rangelands, depletion of village woodlands due to
fuelwood collection, deterioration of small-scale ir-
rigation systems, and the overfishing of lakes and
near-shore waters.

Where problems are serious, policymakers can
seek to strengthen either communal rights and
management responsibilities or those of individuals
within the group. Which is appropriate will de-
pend on societal factors and on administrative and
legal systems. Strengthening existing institutions
should be the first line of action. Experience with
pastoral associations in West Africa and elsewhere
suggests that successful groups are those charac-
terized by adequate legal protection, clear leader-
ship, and the authority to raise funds. Govern-
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ments and nongovernmental groups can help
overcome constraints in these areas. Interventions
that are too heavy-handed, however, such as the
group ranching schemes in Kenya, can erode so-
cial cohesion and make individual ownership of
property the only option. Nationalization of re-
sources is almost never a good response.

RESOURCES MANAGED BY GOVERNMENTS. In many
countries governments own most of the land and
natural resources and need to make environmen-
tally responsible decisions on allocating their use.

One demand for land comes from settlers. Much
of the 4.5 million hectares brought under cultiva-
tion each year are vulnerable lands, and new set-
tlement for agriculture accounts for 60 percent of
tropical deforestation. Too often, encroachers de-
plete resources in a manner that is neither eco-
nomically nor environmentally viable. Promoting
alternative income opportunities, through both
off-farm employment and the intensification of ag-
riculture, is the only long-run solution to these
pressures—a further argument for adopting sound
agricultural policies and human development pro-
grams. A study in Thailand found that providing
educational opportunities was the single most
powerful long-term policy for reducing
deforestation.

In an effort to promote the right kind of settle-
ment, some governments have sponsored official
settlement programs, with mixed results. A recent
World Bank review of its own experience con-
cluded that such programs, which cost an average
of $10,000 per family, were too often driven by
targets and plans, tended to select settlers on the
wrong criteria, often failed to do adequate soil and
hydrologic surveys, and employed inappropriate
mechanized land-clearing equipment. Evidence
from Colombia and Indonesia indicates that,
where property rights are clear, spontaneous set-
tlers can be better resource managers than those
who are officially sponsored, because they con-
sider costs and risks. Nonetheless, settlement
needs to be guided and serviced. Viable settlement
areas need to be identified through better surveys
than in the past, titles to land need to be provided
to those settlers who demonstrate a capacity for
sound resource management, and research and
extension on sustainable agricultural techniques is
required. Land-use zoning, which has usually
failed to achieve its objectives, must be supple-
mented by the provision of services, by titling, and
by penalties for noncompliance. Innovative ap-
proaches to integrated land management that allo-



cate land to settlers, loggers, and extractive re-
serves while ensuring the rights of indigenous
people are under way in the Amazon, West Africa,
and Malaysia.

Areas that have particularly important ecologi-
cal or habitat functions need special protection.
Traditional reliance on guards and patrols is now
being supplemented by integrated conservation
and development projects, which build on the
principle that local communities must be involved
in devising and implementing protection. Nepal
and Zimbabwe have pioneered buffer zones
around some conservation areas; these zones are
intensively managed by local people to generate
incomes and establish rules of access that limit fu-
ture encroachment.

Although logging directly accounts for only 20
percent of deforestation in developing countries,
its impact is larger; it establishes access, encourag-
ing farmers and ranchers to follow. Logging prac-
tices have been notoriously damaging in the past,
and a recent review by the International Tropical
Timber Organization found that less than 1 per-
cent of tropical forests subject to logging is sus-
tainably managed. Commercial logging must be
limited to areas in which proper management is
possible and demonstrated. Priority should be
given to the preservation of intact tropical forests
and to reforestation of degraded areas. In most
places, stumpage fees and concession rents need
to be increased to reflect the opportunity costs of
cutting down trees. Felling leases or licenses and
logging rights can be allocated by competitive bid-
ding that is open to the private sector, local com-
munities, and nongovernmental organizations
(NGOs).

International environmental challenges

Institutional mechanisms for dealing with interna-
tional resource and environmental problems,
whether regional or global, are less developed
than those available for national decisionmaking.
Nonetheless, experience is accumulating from past
negotiations, including those on the Law of the
Sea, various fishing agreements, international
river agreements, conventions on transporting
hazardous wastes, and the Montreal Protocol on
ozone depletion. Some lessons are that agree-
ments are most effective when they are based on
reciprocity and strong national interests; that in-
ternational agreements often follow catalytic uni-
lateral or regional action; that the lack of capacity
to enforce agreements has been an important con-
straint on their effectiveness; and that financial

and technical assistance may be crucial to a suc-
cessful outcome.

GREENHOUSE WARMING. Enough is known to
discern a threat of climate change from increasing
concentrations of greenhouse gases but not
enough to predict how much will occur or how
fast, the regional distribution of change, or the im-
plications for human societies. A threefold strat-
egy is suggested here.

First, measures should be taken that can be justi-
fied mainly by their benefits for efficiency and
their effects on local pollution. Removing energy
subsidies should be the starting point. Adjusting
taxes on energy is the next step. Energy taxation in
industrial countries is often skewed in favor of the
most carbon-intensive fuels—especially coal. Car-
bon taxes have been introduced in Finland, the
Netherlands, Norway, and Sweden. The nations
of the European Community (EC) are considering
a proposal for a carbon-cum-energy tax. A number
of other measures are also desirable, mainly be-
cause of their benefits in other areas. For example,
afforestation programs in watersheds and on
farms (in the form of agroforestry) often have good
returns because of their role in protecting water-
sheds and soils and, in developing countries, be-
cause they are a source of fuelwood. The fact that
they sequester carbon makes them even more at-
tractive.

Second, research is urgently needed both on the
magnitude of the problem, especially as it may af-
fect developing countries, and on potential solu-
tions. Reducing uncertainty about potential costs
and benefits is essential for designing an effective
policy response, but it will require a large effort. A
high priority should be given to research on en-
ergy conservation and renewable energy sources.

Third, pilot programs and innovative ap-
proaches to finding lasting solutions in developing
countries need to be financed by industrial coun-
tries. A coordinated international effort is desir-
able to minimize duplication of effort and ensure
that initiatives are consistent with overall develop-
ment policies. The Global Environment Facility
(GEF) has broken new ground by making finance
available for pilot projects to identify the scope for
widespread replication and cost reduction of tech-
nologies and practices that will lower net green-
house gas emissions. Its priorities include slowing
deforestation and encouraging afforestation; de-
veloping renewable sources such as biomass, solar
energy, and microhydropower; improving effi-
ciency in end uses; and reducing methane emis-
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The pace of urbanization poses huge environ-
mental challenges for the cities. That is why much
of this Report is devoted to the problems of sanita-
tion, clean water, and pollution from industry, en-
ergy, and transport. But urbanization will also af-
fect the nature of rural environmental challenges.
Successful urbanization and the associated income
growth should ease the pressures caused by en-
croachment on natural habitats—largely driven by
the need for income and employment—but will in-
crease the pressures stemming from market de-
mand for food, water, and timber. In much of Sub-
Saharan Africa, the Middle East and North Africa,
and Central America rural populations are likely to
increase by about 50 percent over the next genera-
tion, and direct pressure on natural resources, par-
ticularly by poor subsistence farmers, will
intensify.

POLICIES FOR REDUCING POPULATION GROWTH.
The declining fertility rates associated with the
base case projections should not be taken for
granted. They are rapid by historical standards
and will require solid progress on four fronts: in-
comes of poor households must rise, child mortal-
ity must decline, educational and employment op-
portunities (especially for women) must expand,
and access to family planning services must be
increased.

Investments in female education have some of
the highest returns for development and for the
environment. Evidence from a cross-section of
countries shows that where no women are en-
rolled in secondary education, the average woman
has seven children, but where 40 percent of all
women have had a secondary education, the aver-
age drops to three children, even after controlling
for factors such as income. Better-educated
mothers also raise healthier families, have fewer
and better-educated children, and are more pro-
ductive at home and at work. Investments in
schools, teachers, and materials are essential. But
so0 too are policies to encourage enrollment, such
as scholarship programs. In Bangladesh a scholar-
ship program has succeeded in almost doubling
female secondary enrollment, as well as promot-
ing higher labor force participation, later marriage,
and lower fertility rates.

Efforts to expand family planning programs
have contributed to significant progress; the rate
of contraceptive use in developing countries rose
from 40 percent in 1980 to 49 percent in 1990. But
for the base case projections to be realized, the rate
would need to increase by another 7 percentage

points by 2000 and by yet another 5 percentage
points by 2010. Unmet demand for contraceptives
is large—it ranges from about 15 percent of couples
in Brazil, Colombia, Indonesia, and Sri Lanka to
more than 35 percent in Bolivia, Ghana, Kenya,
and Togo. Meeting this demand is essential for
reaching even the base case projections and will
require that total annual expenditure on family
planning increase from about $5 billion to about $8
billion (in 1990 prices) by 2000. An additional $3
billion would be required to achieve the rapid fer-
tility decline scenario. Choices about family plan-
ning and education policies today will determine
world population levels, and the consequent pres-
sures on the environment, in the next century.

The persistence of poverty

The primary task of development is to eliminate
poverty. Substantial progress has been achieved
over the past twenty-five years. Average con-
sumption per capita in developing countries has
increased by 70 percent in real terms; average life
expectancy has risen from 51 to 63 years; and pri-
mary school enrollment rates have reached 89 per-
cent. If these gains were evenly spread, much of
the world’s poverty would be eliminated. Instead,
more than one-fifth of humanity still lives in acute
poverty.

New estimates prepared for this Report reveal a
negligible reduction in the incidence of poverty in
developing countries during the second half of the
1980s (Table 1.1). The numbers of poor have in-
creased at almost the rate of population growth
over the period—from slightly more than 1 billion
in 1985 to more than 1.1 billion by 1990.

Asia, with its rapid income growth, continues to
be the most successful at alleviating poverty.
China was an exception in the second half of the
1980s; although its incidence of poverty remains,
for its income, very low, the new estimates reflect
some adverse changes for the poorest in that coun-
try as a result of a more uneven distribution of
income. In most other East Asian countries pov-
erty continued to decline. South Asia, including
India, has maintained a steady but undramatic de-
cline in poverty. The experience in other develop-
ing regions has been markedly different from that
in Asia. All poverty measures worsened in Sub-
Saharan Africa, the Middle East and North Africa,
and Latin America and the Caribbean.

What are the prospects for poverty alleviation to
the end of this century? The estimates presented
in Table 1.1 are based on the projections of income
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Table 1.1 Poverty in the developing world, 1985-2000

Percentage of

population below the Number of poor
poverty line (millions)
Region 1985 1990 2000 1985 1990 2000
All developing countries 305 297 241 1,051 1,133 1,107
South Asia 51.8 49.0 36.9 532 562 511
East Asia 13.2 113 4.2 182 169 73
Sub-Saharan Africa 47.6 47.8 49.7 184 216 304
Middle East and North Africa 30.6 331 306 60 73 89
Eastern Europe? 7.1 71 5.8 5 5 4
Latin America and the Caribbean 224 255 249 87 108 126

Note: The poverty line used here—$370 annual income per capita in 1985 purchasing power parity dollars—is based on estimates of poverty lines
from a number of countries with low average incomes. In 1990 prices, the poverty line would be approximately $420 annual income per capita.
The estimates for 1985 have been updated from those in World Development Report 1990 to incorporate new data and to ensure comparability across

years.
a. Does not include the former U.5.5.R.
Source: Ravallion, Datt, and Chen 1992,

growth presented below (see Table 1.2) and as-
sume that the distribution of income within coun-
tries remains constant. Under these assumptions,
the number of poor in Asia would continue to de-
cline, and the adverse poverty trends in Latin
America and Eastern Europe would be reversed
with economic recovery in those regions. Sub-
Saharan Africa is the only region in which the situ-
ation is expected to deteriorate; with increases in
the proportion of the population in poverty, the
number of poor would rise by about 9 million a
year, on average. By the end of the decade about
one-half of the world’s poor will live in Asia and
one-quarter will live in Sub-Saharan Africa.

It is sobering to compare these estimates with
those in World Development Report 1990. That report
identified a path of poverty reduction that would
reduce the absolute number of poor in the world
by 300 million between 1985 and 2000. The path
was presented to illustrate what could be accom-
plished with sound policies in both developing
and industrial countries. Sadly, that target appears
no longer feasible, partly as a result of the severity
of the current recession and the disappointing
progress in the 1985-90 period. Even under fairly
hopeful assumptions about economic recovery in
the rest of the decade, the absolute number of poor
in the world at the turn of the century will proba-
bly be higher than in 1985,

POVERTY AND THE ENVIRONMENT Alleviating pov-
erty is both a moral imperative and a prerequisite
for environmental sustainability. The poor are
both victims and agents of environmental damage.
About half of the world’s poor live in rural areas
that are environmentally fragile, and they rely on
natural resources over which they have little legal
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control. Land-hungry farmers resort to cultivating
unsuitable areas—steeply sloped, erosion-prone
hillsides; semiarid land where soil degradation is
rapid; and tropical forests where crop yields on
cleared fields frequently drop sharply after just a
few years. Poor people in crowded squatter settle-
ments frequently endure inadequate access to safe
water and sanitation, as well as flooding and land-
slides, industrial accidents and emissions, and
transport-related air pollution. The poor are often
exposed to the greatest environmental health
risks, and they tend to be the most vulnerable to
those risks because of their poverty. The impact of
environmental degradation on the poor will be de-
scribed in Chapter 2.

Poor families often lack the resources to avoid
degrading their environment. The very poor,
struggling at the edge of subsistence, are preoc-
cupied with day-to-day survival. It is not that the
poor have inherently short horizons; poor com-
munities often have a strong ethic of stewardship
in managing their traditional lands. But their frag-
ile and limited resources, their often poorly de-
fined property rights, and their limited access to
credit and insurance markets prevent them from
investing as much as they should in environmen-
tal protection (Box 1.2). When they do make in-
vestments, they need quick results. Studies in In-
dia, for example, found implicit discount rates
among poor farmers of 30-40 percent, meaning
that they were willing to make an investment only
if it would treble its value in three years. Similarly,
efforts to introduce soil conservation and water-
harvesting techniques in Burkina Faso showed
that the practices most likely to be adopted were
those that could deliver an increase in yields
within two or three years. In many countries ef-






abatement will also benefit the poor by improving
their health and productivity. But it is equitable
economic growth, coupled with education and
health services, that is most urgently needed. This
will enable the poor to make environmental invest-
ments that are in their own long-term interest. It
will also be essential for accelerating the demo-
graphic transition; better-off and better-educated
couples have fewer children.

Economic growth—long-term trends and prospects

Average per capita incomes in developing coun-
tries rose 2.7 percent a year between 1950 and
1990—the highest sustained rate of increase in his-
tory. But the pace of economic growth has differed
greatly among regions. Asian countries, which ac-
count for 65 percent of the population of the devel-
oping world, grew at an average rate of 5.2 percent
a year in the 1970s and 7.3 percent in the 1980s,
while growth in the non-Asian developing coun-
tries decelerated from 5.6 percent in the 1970s to
2.8 percent in the 1980s. Asia was the only devel-
oping region to achieve sustained per capita in-
come growth during the 1980s.

RECENT ECONOMIC DEVELOPMENTS. The 1990s
started badly for developing countries. In both
1990 and 1991 per capita income in developing
countries as a whole fell, after rising every year
since 1965. The setback was caused largely by ex-
traordinary events—the war in the Middle East,
and economic contraction in Eastern Europe and
in the former U.5.5.R. Recession in several high-
income countries also contributed to the stagna-
tion of export growth in developing countries. The

projections presented in Table 1.2 assume that in-
dustrial countries will grow more slowly in the

1990s than in the 1980s. This context provides all
the more reason to accelerate policy reform in de-
veloping countries. Experience has shown that, on
average, the effect of domestic policies on long-run
growth is about twice as large as the effects attribu-
table to changes in external conditions.

With continued progress on economic reform in
developing countries, GDP growth is projected to
increase to about 5 percent a year for the decade as
a whole—significantly higher than the 3.4 percent
achieved in the 1980s. Growth in Asia is expected
to slow from the high levels of the 1980s but will
remain well above the average for developing
countries. Latin America, Eastern Europe, and the
Middle East and North Africa are all expected to
grow more rapidly during the remainder of the
1990s. Sub-Saharan Africa’s growth performance
will improve in comparison with the 1980s, but the
gains will be small.

LONGER-TERM PROSPECTS. Because many envi-
ronmental issues evolve slowly, this Report takes a
longer view than usual, giving special attention to
the next four decades. About 3.7 billion people will
be added to the world’s population during this
period—many more than in any previous genera-
tion, and probably more than in any succeeding
one. Economic projections over this length of time
are, of course, subject to great uncertainty. They
are presented in Figure 1.3 not as predictions but
as indicators of what historical experience suggests
is likely to occur.

World GDP could rise from about $20 trillion in
1990 to $69 trillion in 2030 in real terms. For the

Table 1.2 Growth of real per capita income in industrial and developing countries, 1960-2000

(average annual percentage change)

Country group 1960-70  1970-80 1980-90 1990 19912 1990-20002
High-income countries 4.1 24 2.4 2.1 0.7 21
Developing countries 3.3 3.0 1.2 -0.2 -0.2 2.9
Sub-Saharan Africa 0.6 0.9 -0.9 -2.0 -1.0 0.3
Asia and the Pacific 2.5 3.1 5.1 3.9 4.2 4.8
East Asia 3.6 4.6 6.3 4.6 5.6 5.7
South Asia 1.4 1.1 3.1 2.6 1.5 3.1
Middle East and North Africa 6.0 3.1 -2.5 -1.9 -4.6 1.6
Latin America and the Caribbean 2.5 3.1 -0.5 -2.4 0.6 2.2
Europe 4.9 4.4 1.2 -3.8 —8.6 1.9
Eastern Europe 5.2 5.4 0.9 -83 -14.2 1.6
Memorandum:
Developing countries weighted by population 3.9 3.7 2.2 1.7 2.2 3.6

Note: Totals do not include the former U.$.5.R.
a. Estimates.
Source: World Bank 1992.
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nomic activity be sustainable in the face of increas-
ing pressure on natural resources? Prospective
changes of the size described above raise funda-
mental questions about the kind of world we will
bequeath to our children and about the nature and
goals of development.

What is development?

Development is about improving the well-being of
people. Raising living standards and improving
education, health, and equality of opportunity are
all essential components of economic develop-
ment. Ensuring political and civil rights is a
broader development goal. Economic growth is an
essential means for enabling development, but in
itself it is a highly imperfect proxy for progress.

The first step in improving social choices is to
measure progress correctly. It has long been recog-
nized that measures of, for example, educational
opportunity, infant mortality, and nutritional sta-
tus are essential complements to GDP or GNP.
Some have even tried to merge these indices to
capture progress in development. The human de-
velopment index constructed by the United Na-
tions Development Programme (UNDP) is such an
effort.

The fact that environmental damage hurts peo-
ple—both today and in the future—provides addi-
tional grounds for rethinking our measurement of
progress. Indeed it raises special concerns, for un-
like education, health, nutrition, and life expec-
tancy, which tend to be improved by economic
growth, the environment is sometimes damaged
by that growth. Furthermore, the people suffering
from the damage may be different from those en-
joying the benefits of growth. They may, for exam-
ple, be today’s poor, or they may be future genera-
tions who inherit a degraded environment. For
these reasons it is essential to assess the costs to
human welfare of environmental damage—a cen-
tral theme of this Report—and to take account of
the distributional impacts of policies, particularly
for the poor.

What is sustainable?

Sustainable development is development that
lasts. A specific concern is that those who enjoy
the fruits of economic development today may be
making future generations worse off by exces-
sively degrading the earth’s resources and pollut-
ing the earth’s environment. The general principle
of sustainable development adopted by the World
Commission on Environment and Development
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(Our Common Future, 1987)—that current genera-

tions should ““meet their needs without compro-
mising the ability of future generations to meet
their own needs’’—has become widely accepted
and is strongly supported in this Report.

Turning the concept of sustainability into policy
raises fundamental questions about how to assess
the well-being of present and future generations.
What should we leave to our children and grand-
children to maximize the chances that they will be
no worse off than ourselves? The issue is the more
complicated because our children do not just in-
herit our pollution and resource depletion but also
enjoy the fruits of our labor in the form of educa-
tion, skills, and knowledge (human capital), as
well as physical capital. They may also benefit
from investments in natural resources—improve-
ment in soil fertility and reforestation, for exam-
ple. Thus, in considering what we pass on to fu-
ture generations, we must take account of the full
range of physical, human, and natural capital that
will determine their welfare and their bequests to
their successors.

Intergenerational choices of this kind are re-
flected in the discount rate used to assess invest-
ments. The discount rate is the mechanism
through which present and future costs and bene-
fits are compared. The lower the discount rate, the
more it is worth investing today to make future
gains. It is sometimes claimed that a lower dis-
count rate—even a zero discount rate—should be
used in order to give appropriate weight to the
long-term consequences of environmental change.
This argument is erroneous. Provided that the en-
vironmental effects of projects are fully taken into
account—which they often are not—it is always
best to choose the investments which generate the
highest net rate of return. Encouraging invest-
ments that yield alower net rate of return is waste-
ful; it implies a loss of welfare and of income that
might have been devoted to environmental
objectives.

Weighing costs and benefits

Addressing environmental problems requires not
that discount rates be artificially lowered but
rather that the value of the environment be fac-
tored into decisionmaking. Values that are difficult
to measure are often implicit in decisionmaking,
but the tradeoffs are not well thought through.
There is a clear need to make such costs and bene-
fits as explicit as possible so as to better inform
policymakers and citizens. This does not imply
that it is possible, or even desirable, to put mone-






larly air and water pollution and soil erosion,
brought the national product down another 7 per-
cent. These estimates are preliminary and are only
intended to illustrate a methodology. Of more
value than these aggregate numbers are sectoral
calculations. In the livestock sector, for example,
adjustments for the costs of soil erosion sharply
reduced the sector’s net value added. These calcu-
lations in themselves give no indication to policy-
makers as to whether Mexico’s use of natural capi-
tal has been in the country’s best interest, but they
can be useful in reminding policymakers of poten-
tial tradeoffs and can assist in setting sectoral
priorities.

Economic activity and the environment: key links

This Report will argue that the adverse impact of
economic growth on environmental degradation
can be greatly reduced. Poor management of natu-
ral resources is already constraining development
in some areas, and the growing scale of economic
activity will pose serious challenges for environ-
mental management. But rising incomes combined
with sound environmental policies and institu-
tions can form the basis for tackling both environ-
mental and development problems. The key to
growing sustainably is not to produce less but to
produce differently. In some situations, such as
protection of forests or control of emissions, good
environmental policies may cause short-term
growth to fall, even as welfare may rise. In other
cases—for example, improved soil conservation
practices or investments in water supply—the ef-
fect on output and incomes is likely to be positive.
In still other areas the impacts are unclear. What is
clear, however, is that failure to address environ-
mental challenges will reduce the capacity for
long-term development.

UNDERSTANDING THE PROBLEM. All economic ac-
tivity involves transforming the natural world.
Why does economic activity sometimes lead to ex-
cessive environmental degradation? One reason is
that many natural resources are shared and the
true value of many environmental goods and ser-
vices is not paid for by those who use them. Some
natural resources are shared because there is no
mechanism for enforcing property rights, as with
frontier land, and others are shared because, as
with the atmosphere, property rights are impossi-
ble to enforce. Unless an explicit agreement among
users emerges, shared resources will be degraded
over time, particularly as the scale of population
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and economic activity increases. In some cases
government policies that subsidize environmental
degradation can induce more damage than might
otherwise occur. In other cases the poor, with few
assets on which to draw, may have no choice but
to excessively degrade natural resources.

The most pressing environmental problems are
associated with resources that are regenerative but
are undervalued and are therefore in danger of
exhaustion. Air and water are renewable re-
sources, but they have a finite capacity to assimi-
late emissions and wastes. If pollution exceeds this
capacity, ecosystems can deteriorate rapidly.
When fisheries or forests are excessively depleted
to meet human needs, critical thresholds may be
passed, resulting in the loss of ecosystems and
species. Shortages of nonrenewable resources,
such as metals, minerals, and energy, the possible
exhaustion of which preoccupied early environ-
mental debate, are of less concern. The evidence
suggests that when the true value of such non-
renewable resources is reflected in the mar-
ketplace, there is no sign of excessive scarcity (Box
1.4).

Water provides an example of an undervalued
renewable resource that is showing signs of short-
age. By the end of the 1990s six East African coun-
tries and all the North African countries will have
annual renewable water supplies below the level
at which societies generally experience water
shortage. In China fifty cities face acute water
shortages as groundwater levels drop 1 to 2 meters
a year. In Mexico City groundwater is being
pumped at rates 40 percent faster than natural re-
charge. These shortages emerge when water is lost
or wasted because its true scarcity value is not rec-
ognized. In such cities as Cairo, Jakarta, Lima, Ma-
nila, and Mexico City more than half of urban wa-
ter supplies cannot be accounted for. In many
countries scarce water is used for low-value agri-
cultural crops, and farmers pay nothing for the
water they use. The misuse of water in the Aral
Sea in Central Asia is an extreme example of fail-
ure to recognize the value of a natural resource
(Box 1.5).

Assessment of whether the regenerative capac-
ity of a natural resource has been exceeded is com-
plicated by uncertainty about the effect of eco-
nomic activity on the environment. In the cases of
soil erosion, atmospheric pollution, and loss of
biodiversity, there is often substantial scientific un-
certainty about the extent of environmental degra-
dation. Controversy also surrounds the conse-
quences of degradation. What are the health


















sity of the Netherlands or the Republic of Korea
today. The next generation will also see the size of
the world economy triple. Under simple extrapola-
tion of current practices, this growth would lead to
severe environmental degradation. Yet in virtually
every economic sector, environmentally less dam-
aging practices are available and are in use in a
number of countries. For almost every challenge—
in water supply and sanitation, or energy and in-
dustrial output, or food production—there are pos-
sibilities for growing more sustainably.

The challenge for water supply and sanitation
will be to respond to the backlog of demand while
meeting the needs of growing populations. Mak-
ing clean water available to everyone in the next
generation will require that service be extended to
an additional 3.7 billion people living in urban
areas and about 1.2 billion rural inhabitants. Since
only about 1.5 billion urban residents currently
have access to clean water, the magnitude of the
task is apparent. For sanitation the problem is
even larger; the number of urban dwellers cur-
rently served is little more than 1 billion. For a
country like Nigeria, providing access to clean wa-
ter for the entire population by 2030 will imply
increasing the number of urban connections by
four times and the number of rural connections by
almost nine times. To prevent the number of peo-
ple without access to adequate sanitation from ris-
ing, the population covered will have to increase
to 6.5 times the current number. Policies to meet
these challenges are discussed in Chapter 5.

The challenge for energy and industry will be to
meet the projected growth in demand while con-
trolling pollution. Total manufacturing output in
developing countries will increase to about six
times current levels by 2030. Average emissions of
air pollutants per unit of electric power generated
would have to be reduced by 90 percent to avoid
an increase in total emissions from this activity.
Emissions from heavily polluting industries—
chemicals, metallurgy, paper, and building mate-
rials—will also require large reductions in dis-
charges of air and water pollutants and in wastes
produced if a worsening of industrial pollution is
to be prevented. In the Philippines, for example,
manufacturing output is likely to grow to nine or
ten times the current level, and demand for electric
power will rise even more rapidly. This means that
many industries will have to reduce emissions per
unit of output by between 90 and 95 percent to
avoid worsening pollution.

The technologies for achieving such reductions
in pollution from energy and industry already ex-
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ist in most instances. Many possibilities also exist
for dramatic improvements in pollution preven-
tion—switching to cleaner-burning fuels or recyc-
ling industrial wastewater, for example. Cleaner
processes often yield productivity gains and cost
reductions as well because they use materials more
frugally. The scope for pollution abatement and
prevention in industry and energy, and the poli-
cies for inducing these new technologies, are dis-
cussed in Chapter 6.

The challenge for agriculture will be to meet de-
veloping countries” expected demand for food. To-
tal world consumption of cereals will have to al-
most double by 2030. To protect fragile soils and
natural habitats, almost all of this increase will
have to be achieved by raising yields on existing
cropland rather than by extending the area under
cultivation. There is little doubt that cultivated
soils have the capacity to meet future increases in
world agricultural demand so long as they are well
managed. But intensification of production will in-
volve the application of much higher levels of fer-
tilizers and pesticides, as well as significant im-
provements in the allocation of water for
agricultural use. Doubling food production in In-
dia by 2030 can be achieved by maintaining past
rates of crop yields but will require a fourfold in-
crease in fertilizer application. By 2030 average
yields in India would have to reach the level of
those in China today.

Such gains in food production increase the risk
of soil degradation, misuse of pesticides, spillovers
from chemical applications, and excessive draw-
down of water. Techniques such as integrated pest
management, minimum tillage, agroforestry, inte-
grated crop and livestock management, and soil-
enriching crop rotations will be needed to reduce
land degradation and increase yields. This will of-
ten require better-educated farmers, and some-
times social changes as well. When governments
are committed to allocating resources to research
and extension services and to providing undis-
torted incentives, many farmers are quick to adopt
these less-damaging practices. Policies for improv-
ing the management of natural resources, espe-
cially of agricultural land, will be discussed in
Chapter 7.

Policies and institutions

Without technologies and practices that can be ap-
plied at reasonable cost, environmental improve-
ment is difficult. But without the backing of appro-
priate policies, even the most environmentally



helpful technologies and practices will not neces-
sarily be applied, unless (as is often the case in
industry) they are more productive than existing
methods. The principles of sound environmental
policy (described in Chapter 3) are well under-
stood. But they are difficult for national govern-
ments to introduce and are even more difficult to
translate into international agreements. National
governments may be reluctant to challenge those
who cause environmental damage; they are likely
to be the rich and influential, while those who
suffer most are often the poor and powerless. The
institutional obstacles to sustainable development
are discussed in Chapter 4.

If institutional obstacles to addressing national
environmental problems are large, they are even
greater for international problems such as green-
house warming and the preservation of biodiver-
sity. It may be difficult to reach agreement among
many different countries, each of which may per-
ceive its national interest differently. If countries
do not think that the benefits of agreement are
worth more to them than the costs of refusing to
cooperate, they may be willing to join only if other
countries are willing to compensate them for doing
s0. The complications of addressing global envi-
ronmental problems are analyzed in Chapter 8.

A strategy for sustaining development
The challenges facing this generation are formida-

ble. Many countries have not yet achieved accept-
able living standards for their people. Economic

growth that improves human welfare is urgently
needed. Protecting the environment will be an im-
portant part of improving the well-being of people
today, as well as the well-being of their children
and grandchildren. This Report suggests a three-
fold strategy for meeting the challenge of sustain-
able development.

* Build on the positive links. Policies for growth
promote efficient use of resources, technology
transfer, and better-working markets—all of which
can help in finding solutions to environmental
challenges. Rising incomes can pay for invest-
ments in environmental improvement. Policies
that are effective in reducing poverty will help re-
duce population growth and will provide the re-
sources and knowledge to enable the poor to take
alonger-term view.

° Break the negative links. Rising incomes and
technological advances make sustainable develop-
ment possible, but they do not guarantee it. Usu-
ally, additional incentives that capture the true
value of the environment will be required to in-
duce less-damaging behavior. Effective environ-
mental policies and institutions are essential.

¢ Clarify and manage the uncertain links. Many re-
lationships between human activity and the envi-
ronment remain poorly understood, and there will
always be surprises. The response should be in-
vestment in information and research and the
adoption of precautionary measures, such as safe
minimum standards, where uncertainties are great
and there is a potential for irreversible damage or
high costs in the long run.
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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

Regiona kilometers) meters) cubic meters cubic meters
Sub-Saharan Africa 3.8 71 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. 4.7 114 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

a. Regional groups include high-income economies. Sub-Saharan Africa includes South Africa.

Sources: World Resources Institute data; World Bank data.

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 capita—a 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
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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



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-
fects—frequent 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

Median reduction

attributable to
Millions of people improvement
Disease affected by illness (percent)
Diarrhea 9002 22
Roundworm 900 28
Guinea worm 4 76
Schistosomiasis 200 73

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 studies—those on the effect of water and
sanitation on diarrheal diseases—suggests 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

Median reduction

Type of in morbidity
improvement (percent)
Quality of water 16
Availability of water 25
Quality and availability of water 37
Disposal of excreta 22

Source: Esrey, Feachem, and Hughes 1985.
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Table 2.4 Indoor air pollution from biomass combustion in developing countries

Concentrations of
suspended particulate
matter as multiple of WHO

Location and year of study Measurement period peak guideline?
China, 1987 Cooking 1
Gambia, The, 1988 Average over full day 4-11
India, 1987-88 Cooking 16-91
Kenya

1987 Average over full day 5-8

1972 Overnight (space heating) 12-34
Nepal, 1986 Cooking 9-38
Papua New Guinea, 1975  Overnight (space heating) 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.

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
1Q 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

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-
tries—Beijing and Caracas, for example—have 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
fifth 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, Sao Paulo, and
Rio de Janeiro. Poor neighborhoods generate
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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 occupations—for example, scavengers in
dump sites in many poor cities—are 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 pol-
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 degradation—desertification, ero-
sion, and salinization or waterlogging—receive 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 deterioration—loss of plant nutrients, or-
ganic matter, and microorganisms.

The 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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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 arableland,
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 amenity—the 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
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Table 2.5 Estimated number and scarcity of species worldwide

Number of scarce
Number species as
Number of Estimated 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 322,311 480,000 67 .. .
Insects 751,000 30,000,000 3 895 <1
Other invertebrates and microorganisms 276,594 3,000,000 9 530 <1
Totale 1,392,485 33,525,435 4

a. 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.
b. Figures are taken from World Resources Institute 1989, p. 93.

c. 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; ITUCN 1990.

Table 2.6 Reduction of wildlife habitat in two regions

Original area
(thousands of Percentage Percentage
square remaining,  in protected

Type of vegetation kilometers) 1986 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 realm®
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

a. South and Southeast Asia, Taiwan (China), and southern China.
b. 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 vertebrates—prob-
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 habitats—coastal
and freshwater wetlands and coral reefs—are 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






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
certainty—within 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 oceans—effects 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 concentrations—from
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

62

equilibrium. How much more time is still un-
known but is the subject of intensive research.

o 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 diffi-
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
CFCs—a 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-



tion—about 50 percent compared with earlier
levels—was 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 cancers—which pri-
marily affect fair-skinned individuals—of 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
ayear). 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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and sardines off the coast of Costa Rica. In these
instances, environmental effects are not recog-
nized by users (and so become externalities). The
results are deforestation and overfishing,

* Individuals and societies lack information
about environmental impacts or about low-cost
ways to avoid damage—as with the link between
CFCs and ozone depletion, which is only now
fully appreciated. Private firms may not provide
better information because they find it difficult to
capture the benefits.

Policy failure

Sometimes government actions encourage ineffi-
ciencies that in turn cause environmental damage.
Examples include subsidies for agricultural and
energy inputs and for logging and cattle ranching,
nonaccountability of public sector polluters, provi-
sion of services such as electricity, water, and sani-
tation at subsidized prices, and ineffective man-
agement of publiclands and forests.

These failures of government policy may aggra-
vate the environmental damage caused by market
failures, as happened in the Brazilian Amazon.
Land clearance for ranching since 1970 in Mato
Grosso and Para has reflected a combination of
open access and tax incentives for ranching.

Contributing factors

The damage due to these primary causes is fre-
quently exacerbated by poverty and by economic
instability. Poor people may care more about ex-
tracting what they can today from environmental
resources than about conserving them for tomor-
row: the result is often the very opposite of sus-
tainability, with excessive exploitation of forests
and soils. Economic (or political) uncertainty also
encourages short-term behavior.

Environmental damage may also be worsened
by population growth and migration. The immedi-
ate causes of deforestation in the Philippine up-
lands are open access to public forests and low
concession fees. But rapid population growth has-
tens deforestation by adding to the demands for
agricultural land and for wood for fuel and build-
ing materials.

Even if environmental policies address all the
main causes of damage, some degradation will still
occur. It is too costly for societies to eliminate air
pollution completely or to preserve all forests. The
right mix of uses for the environment balances the
costs and benefits of alternative uses—including

conservation—at the margin. When this balance is
not struck, either environmental damage or con-
servation can be excessive.

Adopting good development policies

Poverty, uncertainty, and ignorance are the allies
of environmental degradation. Addressing them is
therefore the first requirement of effective environ-
mental policies. World Development Report 1991
identified four elements of a market-friendly ap-
proach to development: an improved climate for
enterprise; integration into the global economy;
investments in people; and maintenance of macro-
economic stability. These policies will also make
environmental protection easier. With prudent
macroeconomic policies that provide price stability
and external balance, market signals are communi-
cated more clearly, uncertainty is reduced, and it is
easier to attract foreign investment. The environ-
mental policies described below will then be more
effective. Expanding the access of poor people to
health and family planning will help reduce popu-
lation growth. And better-educated people can
more readily adopt environmentally sound but
complicated techniques, such as integrated pest
management.

Broadly, there are two sets of development poli-
cies that help protect the environment. One set,
illustrated by the blue area in Figure 3.1, includes
measures that require investment, such as improv-
ing the education of women and the supply of
water. But not only do these measures yield eco-
nomic dividends (represented by the blue curve in
the figure); they are even more beneficial when
environmental benefits are considered.

Other development policies that are good for the
environment—sometimes termed "“win-win’’ poli-
cies—are illustrated by the light red area in the
figure. These improve economic efficiency and re-
duce environmental damage at no net financial
cost to governments. Examples include ending
subsidies for resource use by the private and pub-
lic sectors and clarifying property rights, all dis-
cussed below. Finally, the green area in the figure
shows policies that supplement those develop-
ment policies. These additional measures, dis-
cussed in the next section, are targeted specifically
at resolving environmental problems. As the fig-
ure shows, they are justified only because their
environmental benefits outweigh their costs.

Sometimes, though, the requirements of sound
economic policy may appear to jeopardize envi-
ronmental goals. An example is liberalized policies
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environmental resources. The pattern of adoption
of thermomechanical pulping processes in the pa-
per and pulp industry illustrates this point (see
Box 6.3). That technology was developed in the
1970s and was used initially in the United States
and Western Europe in response to environmental
regulation. Thermomechanical pulping was not
only less polluting than the earlier chemical-based
technology but also cut average manufacturing
costs in half. Its initial adoption and later diffusion
have been significantly quicker in developing
countries with fewer trade restrictions. As late as
1989, not a single pulp producer in Eastern Europe
had adopted this technology.

But because greater openness also makes export
production more profitable, it can exacerbate envi-
ronmental pressures. Where there is open access,
liberalizing trade may encourage more intensive
exploitation. For instance, in Malaysia liberalizing
trade in logs and timber products would worsen
deforestation if stumpage fees are too low and con-
cession agreements too short to encourage sus-
tainable logging. Similarly, by making it more
profitable to clear land to grow cocoa in Ghana or
cotton in Nigeria, exchange rate depreciations
have intensified pressures for deforestation where
ownership of forests is not well defined. But these
examples usually argue not for trade restrictions
but rather for other measures to address the envi-
ronmental problems that may be exacerbated (see
Box 3.1). In some cases, as with hazardous wastes,
trade restrictions are appropriate because more
targeted measures are infeasible.

Elimination of subsidies for resource use

As Figure 3.2 shows, subsidies that cause environ-
mental damage by encouraging resource use are
common. Both economic and environmental bene-
fits will be achieved by removing subsidies that
encourage the use of coal, electricity, pesticides,
and irrigation water and promote expansion of
grazing and timber extraction on public lands.
These reforms will require considerable political
will because the subsidies typically benefit the po-
litically influential or are intended to serve such
goals as food self-sufficiency and rapid indus-
trialization.

Recognizing the environmental cost of such sub-
sidies will provide a powerful additional reason for
removing them. Frequently, the same goals can be
met in cheaper ways. It was estimated that in Po-
land removing energy subsidies would by itself
reduce emissions of particulates and sulfur oxides
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by more than 30 percent between 1989 and 1995. In
Indonesia pesticide subsidies were more than 80
percent of the retail price in 1985 but had been
eliminated entirely by late 1988. This step reduced
excessive pesticide use (in favor of a successful in-
tegrated pest management program) and gener-
ated budgetary savings of more than $120 million
annually. In Brazil discontinuing the fiscal and
credit incentives extended to ranching has saved
about $300 million annually while easing (al-
though not eliminating) pressures for defor-
estation.

Subsidies to public industrial firms in many
countries—through preferential access to the pub-
lic treasury, as in Eastern Europe, or through pro-
tection from domestic and foreign competition—
must be eliminated. The inefficiencies that these
subsidies encourage have worsened pollution in
countries where public ownership has been con-
centrated in capital-intensive and highly polluting
industries.

Public enterprises must be given greater auton-
omy and be exposed to competition. If managers
of public utilities are made accountable for their
performance, they are more likely to set charges at
levels that improve cost recovery and to compare
the costs and benefits of investments system-
atically. Private investment should also be encour-
aged, particularly where private benefits are
high—in irrigation and water supply, in particu-
lar—but also for collection of solid wastes and
treatment of industrial wastewater. In many Latin
American cities, including Caracas, Santiago, and
Sao Paulo, private solid waste collection services
are already successful.

Clarification and enforcement of property rights

Clarifying rights of ownership and use would im-
prove environmental outcomes, especially where
those who invest in environmental protection
would also benefit the most. In Thailand the recent
assignment of ownership titles and tenurial rights
to land in recent years has made it more profitable
for farmers to invest in soil conservation and land
improvement, thus reducing soil erosion.
Strengthening individual and communal rights
would also help in many cases where govern-
ments have responded to concerns about overuse
of natural resources by taking over responsibility
for resource management. In the 1950s Nepal insti-
tuted state ownership of forests in place of com-
munity-based arrangements that had regulated
use effectively. But as deforestation there and















the cost per premature death averted by the regu-
lations varied from about $100,000 to more than
$100 million.

Regulation and economic incentives

In choosing policies, regulators have to make three
main related decisions, as displayed in Table 3.1. Is
regulation likely to be more effective than relying
on economic incentives? Should policies address
the quantity or the price of pollution or resource
use, or should they specify technologies? And
should policies target the damaging activities di-
rectly or indirectly?

Since policies differ substantially in cost and ef-
fectiveness, and since developing countries can ill
afford to waste resources, the measures they
choose should be guided principally by the cost of
effective implementation. The cost-effective policy
mix depends, in general, on the characteristics of
the environmental problem at hand as well as the
capabilities of regulatory institutions. In most cir-
cumstances, a combination of policies—regulatory
and market-based—is most cost-effective. Box 3.4
illustrates this for the control of air pollution from
transport in Mexico City.

The behavior of polluters and resource users can
be influenced in two main ways: by stipulating
standards and regulations (command-and-control

Table 3.1 Policies for changing behavior

policies) or by pricing additional pollution or addi-
tional resource use (incentive-based or market-
based policies). Although the regulatory approach
has been dominant in most countries, interest in
incentive-based measures has revived. Notable ex-
amples of such measures include effluent charges
on water pollution in the Netherlands and Ger-
many; emissions charges on sulfur dioxide in Ja-
pan; charges on fuels, automobiles, pesticides,
and fertilizers and deposit-refund systems for bev-
erage containers and car batteries in Northern Eu-
rope; and emissions trading for air pollutants in
the United States.

WHERE REGULATION IS APPROPRIATE. Regulatory
policies, which are used extensively in both indus-
trial and developing countries, are best suited to
situations that involve a few public enterprises and
noncompetitive private firms. This is particularly
true when the technologies for controlling pollu-
tion or resource use are relatively uniform and can
easily be specified by regulators. Cubatio, Brazil,
provides a good illustration (see Box 6.4). To ad-
dress serious pollution from particulates and sul-
fur dioxide, CETESB (the state regulatory agency)
forced the larger polluters—public sector and mul-
tinational firms—to install precipitators and switch
to low-sulfur oil. The result has been a dramatic
improvement in air quality. This experience also

Variable affected
Type of policy Price Quantity Technology
Incentive
Direct Effluent charges (Netherlands, Tradable emissions permits Technology taxes based on
China) (emissions trading program, presumed emissions
Stumpage fees (Canada, United States) (water pollution control,
United States) Tradable fishing permits Germany, France)
Deposit-refund schemes (New Zealand)
(beverage containers,
northern Europe)
Indirect Fuel taxes (Sweden, Tradable input or production Subsidies for R&D and fuel
Netherlands) permits (lead trading efficiency (catalytic
Performance bonds (hazardous program, United States) converters, United States,
wastes, Thailand) Japan, Western Europe)
Regulation
Direct — Emissions standards Mandated technical standards
(United States, China) (catalytic converters,
Logging quotas and bans United States, Japan,
(Thailand) Western Europe)
Indirect — Land zoning (Rondonia, Brazil) Efficiency standards for inputs

Bans and quotas on products
and inputs (high-sulfur fuel,
Sao Paulo, Brazil)

or processes (fuel efficiency
standards, United States)

Source: Eskeland and Jimenez 1991,
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Table 3.2 Simulation studies of alternative policies for controlling air pollution

Ratio of costs of
regulatory policies to
those of least-cost policy
Pollutant Geographic area (percent) Study and year
Sulfates Los Angeles, Calif. 110 Hahn and Noll (1982)
Nitrogen dioxide Baltimore, Md. 600 Krupnick (1983)
Particulate matter Baltimore, Md. 420 McGartland (1984)
Sulfur dioxide Lower Delaware Valley, 180
Particulate matter United States 2,200 . Spofford (1984)
Hydrocarbons AllU.S. Dupont plants 420 Maloney and Yandle (1984)
Sulfur dioxide Five regions of the United States 190 Gollop and Roberts (1985)
Sulfur dioxide United Kingdom 140-250 Welsch (1988)

Source: Adapted from Tietenberg 1988,

States to trade rights to use lead is estimated to
have saved about $250 million in phasing out
leaded gasoline in the mid-1980s.

These policies also work best when users re-
spond to changes in prices in differing ways, as is
characteristic of private firms and households. The
experience with charges in controlling water pollu-
tion in the Netherlands illustrates their effective-
ness as a way of influencing private firms. Charges
were introduced in 1970 for all organic pollutants
from industrial sources and were raised about 83
percent in real terms over the following decade. As
aresult, and despite a 27 percent increase in indus-
trial output between 1970 and 1983, organic pollu-
tion fell almost 70 percent. Similarly, Malaysia
uses variable license fees to charge palm oil pro-
cessors for their emissions into streams and rivers.
These fees were effective in reducing the pro-
cessors’ discharges of biological oxygen demand
(BOD) by almost 90 percent between 1982 and
1987. The environmental fund for treating haz-
ardous wastes from private firms that is being con-
sidered in Thailand will encourage businesses to
minimize waste generation by charging firms and
providing them rebates if less waste is generated
than presumed (see Box 6.5). These advantages
extend to commercial agriculture, where charges
on pesticides and fertilizers, as in Austria and
Sweden, may help address overuse more cost-ef-
fectively than regulation of their use.

If individuals and businesses are unable to
change their behavior much—because, for exam-
ple, resource use is already tightly controlled—sav-
ings from using economic incentives will be small.
As Table 3.2 shows, in Los Angeles regulatory pol-
icies are not much more costly than the least-cost
option because most industrial polluters already
face stringent standards. By contrast, the gains
from incentive-based policies would be much
larger in most developing country cities, where, as
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in Santiago, industry is highly differentiated and
largely uncontrolled.

QUANTITY OR PRICE? Environmental degradation
can be controlled either by altering the prices of
environmental resources—using charges or taxes,
for example—or by restricting use, as with logging
permits, emissions standards, and land zoning.
Policies that specify quantities of pollution or re-
source use fix the level of environmental damage,
whereas those that alter prices fix the cost of con-
trolling environmental damage. Quantity-based
policies often take the form of regulation. But even
if the overall quantity of pollution or resource use
is fixed, the market can still be allowed to allocate
the quantity through the use of tradable permits.
Such schemes ensure that resources are used by
those who value them the most.

Quantity-based policies are also appropriate
when it is extremely important that certain thresh-
olds not be exceeded, as with emissions of radioac-
tive and toxic wastes. In these cases the costs of
greater environmental damage are rightly judged
to be of graver concern than the possibility that
pollution control might be more expensive than
expected. By contrast, the social costs of other
types of environmental damage—from, say, partic-
ulates or mineral extraction—do not rise dramati-
cally if standards are exceeded by small margins.
In these cases it is more important to avoid spend-
ing too much on controlling degradation than to
risk a bit more environmental damage.

So, quantity-based policies are most appropriate
for pollution problems that involve threshold
health impacts (for example, hazardous wastes
and heavy metals) and for natural resources such
as unique habitats. Similarly, enforceable zoning
laws may be more reliable than differential prop-
erty taxes in preserving unique habitats such as
wetlands, sensitive shorelines, and coral reefs.






sition of costs. Emissions standards provide pollu-
ters with the right to pollute up to the specified

limits; imposing charges forces them to pay for all
their emissions. Similarly, if regulations on air
emissions are replaced by tradable permit
schemes, the overall cost of controlling air pollu-
tion falls, but businesses may still have to pay the
government for the permits. That may cost busi-
nesses several times as much as meeting regula-
tory standards. Using economic incentives—which
is often more cost-effective than regulating—may
benefit society as a whole, but not individual pol-
luters. Moreover, whereas the costs imposed by
switching to economic incentives fall on relatively
few polluters—who will see clearly that they are
worse off and protest noisily—the gains are dis-
persed across large numbers of people, who may
not even realize that they are better off. Not sur-
prisingly, it is often easier politically to use
regulation.

Can cost-effective policies be modified to build -

political support for them? Yes: revenues can be
earmarked for environmental funds, or tradable
permits can be given mainly to existing users
("'grandfathering’’). Revenues from pollution
charges have been widely used to pay for cleaning
up water pollution in Western Europe. Such
schemes do not win support only because charges
impose lower economic costs than regulation; they
also win favor with those who benefit from the
way the money is spent.

Grandfathering can be effective in reducing op-
position to the introduction of cost-effective poli-
cies. It helped build support among businesses for
incentive-based policies to eliminate leaded gas-
oline and reduce sulfur dioxide in the United
States and to limit fishing catches in New Zealand.
But policies that favor existing producers, such as
subsidies from earmarked funds and grandfather-
ing, are not costless. Because the U.S. Clean Air
Act imposed more stringent standards on new pol-
lution sources (a type of grandfathering), firms
tended to postpone replacement of older, less-effi-
cient technologies.

DIRECT OR INDIRECT POLICIES. In addition to de-
ciding whether or not to use incentives, regulators
must also choose between direct policies, which
target proxies for environmental damage, such as
industrial emissions or timber extraction, and
blunter measures, which influence actions only in-
directly related to environmental damage, such as
the use of leaded gasoline or of land. Ideally, regu-
lators would attempt to change the behavior of
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resource users by means of direct policies—for in-
stance, by taxing or regulating emissions. But
these measures involve a heavy administrative
burden because they target individual polluters or
resource users. Blunt policies, such as taxes on
polluting inputs and area-based forestry charges,
are less demanding because they can be imple-
mented through the tax system. In the United
States, which primarily uses direct policies, the
share of staff resources within the Environmental
Protection Agency devoted to enforcing these
measures rose continuously through the 1980s and
by 1991 accounted for more than a quarter of the
total—even though self-monitoring by large pollu-
ters is the main tool for enforcing compliance. So,
in many cases it will be appropriate that develop-
ing countries use blunt policies, which require less
stringent monitoring.

The difficulties involved in monitoring the ac-
tions of individual users, and thus the application
of direct policies, depend on four factors. First,
and most obviously, the more numerous and dis-
persed the sources of environmental damage, as in
transport, the more costly are policies that require
continuous monitoring. Second, it is almost im-
possible to monitor the actions of users who can-
not be located, such as fuelwood gatherers in rural
Africa and small-scale gold miners in the Amazon.
Third, the ease of monitoring depends on the na-
ture of the technological solutions available. After
leaded fuel was phased out (as in the United States
and Japan) or taxed (as in Western Europe), use of
catalytic converters to control automobile emis-
sions became easier because their operation could
simply be checked during regular vehicle inspec-
tions. Last, for environmental problems that ex-
tend beyond national boundaries—such as acid
rain in Europe and Asia or biodiversity in tropical
forests that is valued in other countries—it may be
more cost-effective for countries to coordinate the
enforcement of their policy responses than to
adopt policies unilaterally.

Therefore, the conditions in which direct poli-
cies (whether or not incentive-based) are most jus-
tified are best approximated for environmental
problems that involve large, highly visible enter-
prises—notably, particulate and sulfur dioxide
emissions from electric utilities, pollution from in-
dustrial and mining operations of public enter-
prises, and timber extraction by logging com-
panies. The cleanup since 1985 in Cubatao (cited
above) was accomplished mostly by enforcing
emissions and technology standards and suc-
ceeded because the main polluters were large pub-












bilities, particularly for monitoring and enforce-
ment. Few policies have been enforced con-
sistently. For instance, despite ambitious goals and
regulations, air pollution remains a problem in
most cities in developing countries. The inability
to enforce regulations has been an important rea-
son for the ineffectiveness of the often stringent
environmental laws.

Policy reform, because of its redistributional im-
plications, will require considerable political will.
But the gains to developing countries from well-
designed policies are enormous. Reform should
proceed in four directions.

First, a sequence of policies will generally be re-
quired. The initial step is to remove policy distor-
tions that damage the environment and slow
growth. These measures must often be supple-
mented by others aimed at inducing government
agencies and the private sector to recognize envi-
ronmental impacts. Even here, a combination of
policies will usually be required because environ-
mental problems have several causes—deforesta-
tion, for example, results from the actions of gov-
ernment departments, logging companies,
farmers, and fuelwood gatherers. Not every
source of damage needs to be targeted, but a com-
bination of policies, including removal of distor-
tions, regulations (such as standards and land zon-
ing), and economic incentives, will be needed to
control even the most important sources.

Second, policies to change behavior should rely
more on economic incentives such as charges,
taxes, and deposit-refund schemes. Pricing envi-
ronmental damage would help reduce implemen-
tation costs, encourage the faster adoption of envi-
ronmentally benign technologies, and supplement
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public revenues. Such incentive-based policies will
not be applicable to all environmental problems,
particularly where only a few large firms, pro-
tected from competition or state owned, are in-
volved. But most countries, including industrial
ones, have made too little use of economic incen-
tives in addressing environmental problems.

Third, indirect policies such as charges on in-
puts and products that pollute, self-enforcing de-
posit-refund schemes, and performance bonds
should be used more frequently. Because most en-
vironmental problems in developing countries
stem from the actions of numerous and dispersed
resource users, it is costly and often prohibitive to
enforce direct regulations. Blunt policies would
simplify administration and so make enforcement
more likely. Greater use of indirect policies will
also typically mean that several must be used to-
gether. As in Mexico City (see Box 3.4), fuel taxes
alone will not encourage vehicle owners to replace
polluting engines or meet emission standards.
Taxes need to be combined with regulatory
measures.

Fourth, early action can reduce the costs of im-
plementing effective environmental policies. As
with air pollution from transport or hazardous
solid wastes from the chemicals industry, the
emergence of many environmental problems can
be foreseen. It is usually possible to take steps
such as setting up regulatory institutions, initiat-
ing charges, and encouraging adoption of cleaner
technologies that can reduce the eventual magni-
tude of the problem. Countries that delay acting
until problems become crises will eventually need
to take extreme and costly responses, such as clos-
ing industrial plants and restricting vehicle use.









such natural-resource matters as interprovincial
water allocation, the fish catch, or logging policies,
helps depoliticize decisions and creates greater re-
sponsibility for self-regulation. Privatization with
appropriate regulation can also help; in the United
Kingdom when water companies were privatized,
they came under tighter government scrutiny.

Building constituencies

If governments are to challenge established pollu-
ters or reallocate existing rights to resources, they
need to build on and promote wider support for
good environmental policies. Much evidence sug-
gests that the basis for such support already exists,
having been stimulated sometimes by particular
environmental issues, sometimes by a powerful
book (such as Rachel Carson’s Silent Spring) or an
expert report. As voters, protesters, and con-
sumers, people in many countries show a similar
interest in environmental causes.

""Green” political parties have appeared in a
number of countries, and increased activism by
nongovernmental organizations has made govern-
ments and public institutions more accountable for
their actions. Environmental causes frequently
cross established political divides. Indeed, even in
countries where conventional political participa-
tion is discouraged, the environment may be one
area in which governments are willing to allow
and respond to popular protest. It is no accident
that the move toward more democratic forms of
government has coincided with the worldwide in-
crease in popular environmental awareness.

The behavior of consumers and producers is
also changing. In many countries people are will-
ing to recycle, to think about using energy and
materials more efficiently, and to alter their con-
sumption patterns. Companies often respond by
using the environment as a selling point. "’Green
labeling,”” increased use of recyclable and biode-
gradable packaging, and more energy-efficient
technology are most common in industrial coun-
tries, but the same trends are appearing in some
developing countries. Businesses sometimes argue
that environmental measures will diminish com-
petitiveness or lead to loss of jobs, but they are
usually wrong. (As Chapter 3 noted, many envi-
ronmental measures have little effect on compet-
itiveness.) Business is increasingly realizing that it
can take actions which yield both environmental
and economic benefits. For example, Changing
Course (Schmidheiny 1992}, a report prepared by
the Business Council for Sustainable Development

in anticipation of UNCED, forcefully advances the
idea that good environmental management is also
good business.

Given the multitude of environmental problems
and political pressures, governments must con-
serve their scarce administrative capacity. To de-
velop good environmental policies, they need in-
formed analysis based on accurate information.
They also need to improve the way bureaucracies
make and enforce decisions. To implement poli-
cies, they need to build popular support and en-
courage local participation. These are the themes
of the next sections.

Improving knowledge and understanding

Ignorance is an important cause of environmental
damage and a serious impediment to finding solu-
tions. This principle holds for international nego-
tiators and poor households alike, as is illustrated
by the global damage done to the ozone layer by
CFCs and the serious implications of indoor air
pollution for family health. It is necessary, first, to
know the facts; second, to determine values and
analyze the benefits and costs of alternative mea-
sures; and, third, to ensure that information is
available to inform public and private choices.

Establishing the facts

Frequently, especially in developing countries, de-
cisions are made in the absence of environmental
information. Collecting basic data can be expen-
sive, but the rewards are usually high. Although
different countries have different needs, there are
some general guidelines. For example, the discus-
sion in Chapter 2 suggests some priorities for mon-
itoring pollution and waste problems:

¢ Quality and availability of drinking water and
sanitation facilities

* Exposure to ambient air pollutants, especially
particulate matter and lead, in urban areas

e Fecal coliform and heavy metals in rivers and
lakes

® Indoor air pollution from the burning of
biomass

® Hazardous wastes and pesticides in selected
""hot spots.”’

Essential management information on land use
and natural resources needed for improved man-
agement of these resources (see Chapter 7)
includes:

» Data on soils, from surveys and experiments
in each agricultural zone

85






for policymakers to weigh the gains from conser-
vation against the quick profits from resource deg-
radation or pollution. As described in Chapter 3,
however, more sophisticated methodologies are
now making it possible to estimate the value of
less-tangible environmental benefits.

In many cases local analysis of costs and benefits
can build on international experience. Researchers
in Bangkok, in analyzing the health impacts of pol-
lution, tested local data against what had been
learned in other countries about the links between
exposure to pollutants and health. They found
that the greatest threats to health were particulate
matter, lead, and microbiological diseases. Other
environmental problems that traditionally receive
a great deal of attention—contamination of
groundwater and surface water; air pollutants
such as sulfur dioxide, nitrogen dioxide, and
ozone; and disposal of hazardous wastes—were
much less dangerous. (In fact, the gravest threats
were at least 100 times more serious than the low-
est risks.) This information was used to develop
cost-effective pollution control policies.

Improving information and education

Environmental education based on careful analysis
can add rationality to the environmental debate.
Publication of annual reports on the environment
is increasingly common. When the public has a
well-informed grasp of environmental issues,
there is a better prospect of developing positive
rather than purely defensive policies. Without
such knowledge, people tend to focus on causes of
death (for example, technological hazards and nu-
clear accidents) that are sensational and are caused
by somebody else and to worry less about the
probability of death from causes that are less dra-
matic and often under an individual’s own con-
trol, such as cigarette smoking and wood fires. The
work of independent research institutes—such as
the Thailand Development Research Institute—can
help to modify people’s views.

Communities are increasingly bombarded with
a variety of environmental information and need
sources of information that they can trust. Inde-
pendent commissions can help to depoliticize deci-
sionmaking by analyzing thorny environmental is-
sues and producing recommendations for policy
action. Box 4.2 illustrates how some of these
bodies have contributed to the development of the
consensus required for policy decisions on such
complex topics as global warming, pollution con-
trol, and urban planning. Independent commis-

sions can also audit public agencies and so make
them more accountable.

The most important effect of improved informa-
tion and environmental education is to change be-
havior. Well-informed citizens are in a better posi-
tion to put pressure on governments and on
polluters and are more likely to accept the costs
and inconveniences of environmental policies. The
results can be dramatic. In Curitiba, Brazil, a com-
bination of an energetic mayor, a committed mu-
nicipal government, and an informed and in-
volved public have led to many environmental
innovations and an improved quality of urban life
in this city of 2 million. Public transport is used by
most of the population, green spaces have been
expanded, recycling is widely practiced, and in-
dustrial location and product mix are carefully cho-
sen to minimize pollution.

Changing institutions: making the public sector
more responsive

Given that the scarcest government resource is fre-
quently not money but administrative capacity
and that political pressures make environmental
policymaking particularly difficult, governments
must think carefully about what they do and how
they do it. The "’what’’ of environmental manage-
ment consists of setting priorities, coordinating ac-
tivities and resolving conflicts, and creating re-
sponsible regulatory and enforcement institutions.
The institutional response to these tasks—the
"how’” of the equation—includes developing leg-
islation and administrative structures, providing
needed skills, ensuring funding and donor coor-
dination, and implementing decentralization and
devolution.

Essential government functions

SETTING PRIORITIES AND FORMULATING POLICIES.
Since all countries face multiple environmental
problems, governments must set priorities on the
basis of informed analysis so that they can make
the most efficient use of scarce administrative and
financial resources. Frequently, better environmen-
tal policy is more important than more environ-
mental policy. In many developing countries top
priority must be given to environmental impacts
on health and productivity (see Chapter 2). Actual
priorities will depend on whether a country is
largely rural or urban and on the average level
(and distribution) of income. In highly urbanized
countries such as Argentina, Korea, and Poland,
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through private vehicle-inspection stations and is
considering using private laboratories to analyze
air and water samples.

Community groups can play an important role
in enforcement. In India an “"environmental au-
dit”" procedure has been developed for the 500-
megawatt Dahanu Thermal Power project, cur-
rently under construction. The authorities in
charge of pollution control plan to distribute to
local communities and NGOs summaries in non-
technical language of the results of environmental
monitoring. Community groups can then check
emissions against legal standards and seek redress
in the courts if necessary.

The success of such approaches will depend
partly on how freely information about polluting
activities is available. Sometimes simply obliging
large polluters to publish information about spe-
cific emissions will have some effect on behavior.
Legislation in the United States now requires some
20,000 plants to make public information on their
annual emissions of 320 potential carcinogens.
Public disclosure can also help focus the attention
of senior management on emissions and the op-
portunities for reducing them and can supplement
official monitoring with public and community
oversight.

The institutional response

Policymaking has frequently outpaced administra-
tive capacity to analyze and implement policies.
Laws are multiplying, and often the result is a
large number of contradictory regulations that are
beyond the capacity of governments to enforce.
This situation, in addition to doing little for the
environment, breeds skepticism about laws in
general and government commitment to the envi-
ronment in particular and may encourage corrup-
tion. It is essential to close the gap between mak-
ing and implementing policy. That means
reforming the way the machinery of government
handles environmental issues.

When the World Bank expanded its lending for
environmental purposes in the 1980s, it was clear
that the public sector was often unable to deliver
the expected results. The World Bank and member
governments therefore began drawing up compre-
hensive country environmental action plans.
These plans take into consideration both the legal
and the administrative frameworks in countries as
diverse as Brazil, Poland, and the Philippines (Box
4.4). Experience with the plans has shown that
there are five main requirements for successful
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policy implementation: a clear legislative frame-
work, an appropriate administrative structure,
technical skills, adequate money, and decentral-
ized responsibility.

ENACTING LEGISLATION. Laying the legal foun-
dations for environmental management frequently
necessitates the repeal of outdated laws and the
codification of new concepts. If the laws are to be
effective, detailed regulations, without which
most laws are only general principles, also have to
be developed. New environmental provisions
need to be integrated into existing government
procedures or into traditional local law. In Chile
one of the first steps taken by the new National
Environment Commission (CONAMA) was to re-
view existing legislation and prepare a compre-
hensive environmental law. This law and a com-
panion law implementing requirements for
environmental assessments, both now under con-
sideration, will provide a rational framework for
environmental management.

BUILDING ADMINISTRATIVE STRUCTURE. Institution
building is a long-term business. It depends on
local conditions, political factors, and the availabil-
ity of manpower and money. Frequently, it is eas-
iest to build on existing institutions. In practice,
the structure of environmental administration
matters much less than the ability to get the job
done. As outlined above, governments need the
capacity to set priorities, coordinate and resolve
conflicts, and regulate and enforce. Countries will
allocate these roles differently; for instance, coor-
dination and conflict resolution might be under-
taken by an independent executive agency, by an
interdepartmental committee, or by a small, politi-
cally and technically astute group in the office of
the president. The key is clear statutory powers
combined with the authority to resolve intra-
governmental disputes and the ability to provide
continuity when administrations change.

Institutional arrangements that have been found
to be helpful include:

¢ A formal high-level agency that can provide
advice on policy and monitor implementation. Ex-
amples are IBAMA in Brazil, the Federal Environ-
mental Protection Agency (FEPA) in Nigeria, and
the State Environmental Protection Commission in
China.

* Environmental units in the principal line min-
istries that can provide the central unit with tech-
nical expertise and monitor those environmental
policies that the ministries are responsible for im-









China, for example, the actual work of environ-
mental protection takes place mainly at lower
levels of government. The provinces are responsi-
ble for carrying out national policy set by the State
Environmental Protection Commission. All prov-
inces and municipalities and most counties now
have environmental protection bureaus (EPBs)
that answer to local environmental policy commis-
sions headed by a vice governor or vice magistrate.
China’s network of environmental protection
agencies thus consists of the central units and
about 2,400 EPBs, which together employ more
than 16,500 people.

In Nigeria, a federal state, most policy is imple-
mented at the state level. Over the years the states
have monitored their environmental problems
through their administrative systems, which in-
clude representation from local governments. Lo-
cal capacity, however, has been weak. The 1988
decree establishing Nigeria’s FEPA encourages the
establishment of local environmental protection
bodies, but most have only limited capacity to
carry out their responsibilities for environmental
management. If decentralization is to work, it
must be accompanied by a transfer of finance.
Otherwise, a policy vacuum is created: the center
sheds responsibilities, but local agencies are ill
equipped to take them up.

Some countries have made specific allocations to
local administrations for environmental invest-
ments. China and Colombia, for example, have
passed national laws that permanently assign a
percentage of the income from hydropower sales
to local governments for watershed protection, en-
vironmental education, soil protection, and envi-
ronmental training programs for municipal offi-
cials. In others emissions fees serve as local
sources of finance. The Municipal Environmental
Protection Bureau of Tianjin, China, has created
an industrial pollution control fund financed by
emissions fees mandated under national legisla-
tion. Revenues are used to finance investments in
control and treatment at individual enterprises. In-
vestments in decentralized treatment of industrial
wastewater increased the treatment rate from 35 to
46 percent between 1985 and 1990.

Involving local people

Many environmental problems cannot be solved
without the active participation of local people.
Few governments can afford the costs of enforcing
management programs that local people do not
accept. Participation can also help with afforesta-

tion, wildlife conservation, park management, im-
provements in sanitation systems and drainage,
and flood control. Local people can provide the
manpower and knowledge for dealing with the af-
termath of environmental disasters, and local
knowledge of genetic diversity has led to break-
throughs in crop production.

Participatory approaches offer three main ad-
vantages: (a) they give planners a better under-
standing of local values, knowledge, and experi-
ence; (b) they win community backing for project
objectives and community help with local imple-
mentation; and (c) they can help resolve conflicts
over resource use.

Drawing on local values, knowledge, and experience

People’s views of their environment strongly in-
fluence how they manage it. Even when attitudes
toward the natural world do not achieve the so-
phistication described in Box 4.6, few cultures
view natural resources as worth nothing more
than their cash value in the marketplace. Only if
environmental programs reflect local beliefs,
values, and ideology will the community support
them.

The belief that traditional knowledge of the en-
vironment is simple and static is changing rapidly.
More and more development projects are taking
advantage of local knowledge about how to man-
age the environment. For example, people in the
tropical rainforests of the Amazon and Southeast
Asia have accumulated a valuable understanding
of local ecosystems, and African pastoralists, such
as the Maasai and Samburu of Kenya, are able to
exploit apparently marginal savannahs (see Box
4.6). Building on these strengths requires great
care, expertise, and patience. But development
projects that do not take existing practices into ac-
count often fail.

A particularly costly instance of neglecting local
practices occurred in Bali, Indonesia. For centuries
the traditional Balinese irrigation calendar had
provided a highly efficient way of making the most
of water resources and soil fertility and of control-
ling pests. When a large internationally financed
agricultural project tried to replace traditional rice
varieties with high-input imported varieties, the
result was a sudden increase in insect pests, fol-
lowed by declining crop yields. A subsequent proj-
ect that built on the indigenous production system
has been much more successful.

Sometimes local knowledge can be applied in
other parts of the world. Vetiver grass has been
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include mechanisms for social and cultural adapta-
tion. A more detailed study of fifty-two USAID
projects similarly found a strong correlation be-
tween participation and project success, especially
when participation took place through organiza-
tions created and managed by the beneficiaries
themselves.

The contrasts between environmentally benefi-
cial projects designed on participatory principles
and those that fail to include participatory designs
can be striking. Haiti’s top-down afforestation pro-
gram, plagued by high sapling mortality rates on
forest department lots and by conflicts with vil-
lagers, consistently fell short of tree-planting tar-
gets. Starting in 1981, an alternative approach was
tried. NGOs helped to provide trees that were se-
lected by farm households. The result was dra-
matic: instead of the 3 million trees on 6,000 family
farms originally planned, 20 million seedlings
were planted on the farms of 75,000 families who
voluntarily joined the program.

Ideally, both local communities and the respon-
sible agencies gain from participation, as the expe-
rience of the National Irrigation Authority (NIA) in
the Philippines illustrates. Early involvement of
community groups in planning construction and
in finding ways to avoid the silting of channels and
drains has brought about better maintenance of
irrigation works and higher agricultural yields.
Users have also been more willing to pay for the
NIA’s services.

Growing numbers of countries are devising
partnerships with local people to provide munici-
pal environmental services. In Accra sanitation
services in low-income areas have improved
greatly since NGOs and local entrepreneurs have
been allowed to operate improved community pit
latrines. Desludging and disposal are carried out
by the city’s central waste management depart-
ment. This division of responsibility has proved
more effective than attempting to operate a com-
pletely centralized sewerage system that had fallen
into disrepair. In Jakarta neighborhoods organize
the collection of solid wastes by collecting monthly
dues that are used to buy a cart and hire a local
garbage collector. At least once a month, one vol-
unteer from each household assists in collecting
garbage and cleaning the neighborhood drainage
system. The wastes are taken to a transfer station.
There they are picked up by municipal authori-
ties—a task that is gradually being contracted out
to private companies. This combination of com-
munity collection and centralized disposal has
allowed Jakarta to achieve an 80 percent waste

collection rate—high by developing country
standards.

Resolving local conflicts

Properly planned participation eases resolution of
the conflicts inherent in environmental decision-
making. When mechanisms for resolving conflicts
exist, people may be less likely to overuse natural
resources out of fear of losing their access to them.
All too often, top-down rules that govern access to
natural resources appear arbitrary and unfair.
Many governments are changing resource alloca-
tion rules to reduce conflicts between authorities
and local communities and to set up procedures
for resolving disputes among competing claimants
to resources.

When large infrastructural investments—dams,
irrigation facilities, roads, and ports—are planned,
listening to public opinion and local NGOs at an
early stage is a good way to avoid trouble later on.
If this is not done, community opposition can
gather momentum and delay or stop the project. A
good environmental assessment should clarify po-
tential environmental and social impacts, propose
mitigative measures, and present the costs and
benefits of alternatives.

A particularly difficult challenge for conflict res-
olution is posed by projects such as dams, high-
ways, and some types of wildlife reservations that
change land use and lead to involuntary displace-
ment and resettlement. Rarely have local views
been consulted to any extent in making such in-
vestment decisions or, until recently, in planning
resettlement programs. This omission has led to
inefficiency, as well as injustice; traditional reset-
tlement has turned out to be needlessly slow and
expensive. Governments and donors now broadly
agree on several principles: (a) project designers
should explore ways of minimizing resettlement;
(b) resettlers’ living standards should be as good
as or better than before resettlement; (c) compen-
sation for lost assets should be paid at replacement
costs; and (d) communities should be encouraged
to participate in all stages of resettlement planning
and implementation. Examples from Mexico and
Thailand illustrate this new approach (Box 4.7).

The limitations and costs of participation
Public participation has its drawbacks. Extensive
participation, especially when information is inad-

equate, can delay decisionmaking. Communities
with political influence sometimes reject proposals
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How participation can be improved

How can the large benefits of participation be real-
ized while minimizing the costs? Community or-
ganizations often require strengthening through
technical assistance, management training, and
gradually increased levels of responsibility. Sev-
eral measures can enhance participation.

USE OF INDIGENOUS INSTITUTIONS. Indigenous
institutions (such as the subak, or traditional
groups of water users, in Bali) that are already in-
volved in managing natural resources can be use-
ful, particularly when decisions on land use have
to be made. Where such institutions do not exist, it
is often necessary to create them. All too often,
however, user groups have been legislated into
existence rather than built on existing social foun-
dations. User groups can be effective only when
they enjoy broadly based local support.

USE OF LOCAL VOLUNTARY ORGANIZATIONS.
Among the strengths of community groups and
NGOs are their ability to reach the rural poor in
remote areas and to promote local participation;
their effective use of low-cost technologies; and
their innovativeness. They work best when they
complement the public sector but may also have
an important ""watchdog’’ function, thereby influ-
encing public policy. The disadvantages of NGOs
include a generally weak financial base and admin-
istrative structure and limited technical capa-
bilities. Many NGOs are small and by themselves
cannot be expected to cover large populations. The
challenge is to retain the NGOs” expertise and en-
ergy while simultaneously enlarging their financial
and administrative bases.

INCREASED ACCESS TO INFORMATION. Many coun-
tries now support local involvement in environ-
mental impact assessments. But if such consulta-
tions are to be effective, the people who are

involved need to be well informed. Some ways to
achieve that are (a) to share information with local
communities at the early stage of identifying a
project, (b) to discuss local worries with the af-
fected communities, (c) to allow public comments
on background studies, (d) to encourage public
comments on the draft environmental assessment,
and (e) to include hearings and comments in the
final document. The World Bank expects its bor-
rowers to arrange public discussion of environ-
mental assessments prepared for the projects it
finances.

INSTITUTIONAL REFORMs. The attitudes of bu-
reaucracies often thwart the benefits of local par-
ticipation. Forestry departments, for example,
generally see as their mission protecting trees from
people. Wildlife conservation agencies (sometimes
justifiably) fail to distinguish local communities
from game poachers. Often, the institutional units
that have the best relations with local communities
are themselves on the margins of their own agen-
cies. Most technical agencies lack the skills to fos-
ter participation. High priority should therefore be
given to increasing the organizational weight of
units that specialize in participation, to hiring pro-
fessional staff trained in the social sciences, and to
providing institutional incentives for participation.

The following chapters describe particular areas of
environmental concern. In each area, policies are
available for mitigating the worst effects of pollu-
tion and degradation without sacrificing develop-
ment. Although such policies may appear simple
and logical, no one should underestimate the po-
litical difficulties entailed in implementing them.
As this chapter has argued, governments can re-
duce those difficulties by introducing well-de-
signed administrative structures for making and
implementing environmental policy and by care-
fully building constituencies of support.
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narily high incidence of typhoid fever in the city. A
secondary motive was to maintain access to the

markets of industrial countries for Chile’s increas-
ingly important exports of fruit and vegetables. To
ensure the sanitary quality of these exports, it was
essential to stop using raw wastewater in their
production. In the light of the current cholera epi-
demic in Latin America, this reasoning was pre-
scient. In just the first ten weeks of the cholera
epidemic in Peru, losses from reduced agricultural
exports and tourism were estimated at $1 billion—
more than three times the amount that the country
had invested in water supply and sanitation ser-
vices during the 1980s.

Improved access to water and sanitation also
yields direct economic benefits. For many rural
people, obtaining water is time-consuming and
heavy work, taking up to 15 percent of women'’s
time. Improvement projects have reduced the time
substantially. In a village on the Mueda Plateau in
Mozambique, for instance, the average time that
women spent collecting water was reduced from
120 to 25 minutes a day. Family well-being was
thus improved, as the time saved could be used to
cultivate crops, tend a home garden, trade in the
market, keep small livestock, care for children, or
even rest. Because users clearly perceive these
time savings, they are willing to pay substantial
amounts (as discussed below) for easier access.

In the absence of formal services, people have to
provide their own services, often at high cost. In
Jakarta, for instance, about 800,000 households
have installed septic tanks, each costing several
hundred dollars (not counting the cost of the
land). And in many cities and towns large num-
bers of people buy water from vendors. A review
of vending in sixteen cities shows that the unit cost
of vended water is always much higher than that
of water from a piped city supply—from 4 to 100
times higher, with a median of about 12. The situa-
tion in Lima is typical; although a poor family uses
only one-sixth as much water as a middle-class
family, its monthly water bill is three times as
large. Consequently, in the slums around many
cities water costs the poor a large part of house-
hold income—18 percent in Onitsha, Nigeria, and
20 percent in Port-au-Prince, for example.

The economic costs of compensating for unreli-
able services—by building in-house storage facili-
ties, sinking wells, or installing booster pumps
(which can draw contaminated groundwater into
the water distribution system)—are substantial. In
Tegucigalpa, for example, the sum of such invest-
ments is so large that it would be enough to double
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the number of deep wells providing water to the
city. And the costs of compensating for poor water
quality are great, too. In Bangladesh boiling drink-

ing water would take 11 percent of the income of a
family in the lowest quartile. With the outbreak of
cholera in Peru the Ministry of Health has urged
all residents to boil drinking water for ten minutes.
The cost of doing so would amount to 29 percent
of the average household income in a squatter
settlement.

What needs to be done?

Investments in sanitation and water offer high eco-
nomic, social, and environmental returns. Univer-
sal provision of these services should and could
become a reality in the coming generation. But the
next four decades will see urban populations in
developing countries rise threefold and domestic
demand for water increase fivefold. Current ap-
proaches will not meet these demands, and there
is a real possibility that the numbers unserved
could rise substantially, even while aquifers are
depleted and rivers degraded. The remainder of
this chapter discusses four key policy changes that
need to be made.

Managing water resources better

When there was little competition for water, it was
(correctly) used in large quantities for activities in
which the value of a unit of water was relatively
low. In many countries irrigated agriculture be-
came the dominant "'high-volume, low-value”
user. Today about 73 percent of all water with-
drawals (and higher proportions of consumptive
use) are for irrigation. This share is even higher in
low-income countries, as shown in Table 5.1. In
most countries this water is provided at heavily
subsidized prices, with users seldom paying more
than 10 percent of operating costs.

As demand by households, industries, and
farmers increases, governments find it hard to

Table 5.1 Sectoral water withdrawals,
by country income group

Annual
w;te}rzdcg;zicgls Withdrawals, by sector (percent)
Income group (cubic meters) Domestic Industry Agriculture
Low-income 386 4 5 91
Middle-income 453 13 18 69
High-income 1,167 14 47 39

Source: World Resources Institute 1990.



change existing arrangements. The allocation of
water in all countries is a complex issue and is
governed by legal and cultural traditions. Users
typically have well-established rights. Reallocation
is a contentious and ponderous process that gener-
ally responds to changes in demand only with
long lags. Even though agricultural use of water
has the lowest value per cubic meter, there is
strong political opposition to diverting water from
agriculture to other sectors. The result is that in
many countries, industrial and developing alike,
large volumes of water are used in irrigated agri-
culture, adding little economic value, while cities
and industries, which would gladly pay more,
cannot get enough.

This mismatch is most striking in the areas
around large cities. In the western United States,
for example, farmers in Arizona pay less than 1
cent for a cubic meter of water, while residents of
the city of Phoenix pay about 25 cents. In the in-
dustrial heartland of China around Beijing and
Tianjin 65 percent of water is used relatively ineffi-
ciently for low-value irrigation, while huge expen-
ditures are contemplated to bring water from other
river basins to the cities.

Paradoxically, there is good news in these dis-
tortions. Their very size indicates that urban short-
ages could be met with only modest reallocation.
In Arizona, for instance, the purchase of the water
rights from just one farm is sufficient to provide
water for tens of thousands of urban dwellers. Be-
cause of the low value of water in irrigated agricul-
ture, the loss of this marginal water has little over-
all effect on farm output. To help transfers, new
market-driven methods for reallocation have been
developed. When a recent drought dangerously
reduced available water, the state of California set
up a voluntary ““water bank’’ that purchased wa-
ter from farmers and sold it to urban areas. The
farmers made a profit by selling the water for more
than it was worth to them, while the cities got
water at a cost well below that of other sources of
supply.

In developing countries, too, a start is being
made in applying innovative methods for manag-
ing water resources. China’s State Science and
Technology Commission found that the economic
rate of return to a cubic meter of water used for
agriculture was less than 10 percent of the return
to municipal and industrial users. Once agri-
cultural and urban users accepted that they had to
look at water as an economic commodity with a
price, progress—including reallocation—was pos-
sible. And Jakarta has been reasonably successful

in reducing the overpumping of its aquifers by reg-
istering groundwater users (especially commercial
and industrial establishments) and by introducing
a groundwater levy.

The striking features of these "“market-based’”
reallocation methods are that they are voluntary,
they yield economic benefits for both buyers and
sellers, they reduce the environmental problems
caused by profligate use of water in irrigation, and
they lessen the need for more dams.

Without effective management of water re-
sources, the cost of supplying water to cities will
continue to rise. The most dramatic examples will
be in large and growing urban areas. In Mexico
City, where much water is used for irrigation, the
city has to contemplate pumping water over an
elevation exceeding 1,000 meters into the Valley of
Mexico; in Lima upstream pollution has increased
treatment costs by about 30 percent; in Shanghai
water intakes have already been moved upstream
more than 40 kilometers at a cost of about $300
million; and in Amman the most recent works in-
volve pumping water up 1,200 meters from a site
about 40 kilometers from the city. A recent analysis
of the costs of raw water for urban areas in World
Bank-financed projects (Figure 5.2) shows that the
unit cost of water would more than double—and in
some cases more than triple—under a new water
development project.

Industries and households also need to be given
incentives to use water efficiently. Cities, like
farmers, have tended to take demand as given and
to see as their task increasing supplies to meet it.
As was the case with energy twenty years ago,
little attention is paid to conservation and demand
management in the water sector. This is both eco-
nomically and environmentally unsound. Con-
sider the case of Washington, D.C. In the 1960s the
U.S. government concluded that sixteen dams and
more than $400 million were required to meet the
water needs of the metropolitan area. Because of
resistance from environmentalists to the construc-
tion of the dams, the plan had to be reconsidered.
Eventually the number of dams was reduced to
one and the total cost of the scheme to $30 million.
The key changes were a revised plan for managing
demand during droughts and more efficient oper-
ating rules. This illustrates once again that better
economics and a better environment are
compatible.

Experience in industrial and developing coun-
tries alike shows the potential for using water
more cost-effectively in industry. In the United
States withdrawals of fresh water by manufactur-
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alternatives. Most of this work has concerned the
onsite disposal of excreta. Pour-flush latrines and

ventilated improved pit (VIP) latrines are often the
technologies of choice—they provide good service
(privacy and few odors) at reasonable cost (typ-
ically about $100 to $200 per unit), and their instal-
lation and functioning does not depend on the
municipality or other organization. At even lower
cost, there are yet simpler improvements, such as
the latrine slab program that proved successful in
Mozambique.

For a variety of reasons—high housing densities,
impermeable soils, and the need to dispose of con-
siderable quantities of domestic wastewater—on-
site solutions do not function well in many urban
areas. Sewage and wastewater collect in the streets
and in low-lying areas, creating serious aesthetic
and health problems. And in many settings people
aspire to "‘the real thing’’—waterborne sewerage.

Current sanitation choices include a Rolls-Royce
(conventional sewerage), a motorcycle (an im-
proved latrine), and a bicycle (an unimproved la-
trine). What is missing is the Volkswagen—some-
thing that provides much the same service as the
Rolls Royce but that many more people can afford.
Several such technologies are being developed:

¢ Effluent sewerage is a hybrid between a septic
tank and a conventional sewerage system. Its dis-
tinctive feature is a tank, located between the
house sewer and the street sewer, that retains the
solids, thereby allowing smaller sewers to be laid
at flatter gradients and with fewer manholes. Such
systems have been widely used in small towns in
the United States and Australia and in Argentina,
Brazil, Colombia, India, Mozambique, and Zam-
bia. The (limited) cost data suggest that solids-free
sewerage costs about 20 percent less than conven-
tional sewerage.

¢ Simplified sewerage, developed in Sao Paulo,
allows smaller, shallower, flatter sewers with
fewer manholes. This simplified design works as
well as conventional sewerage but costs about 30
percent less. It is now routinely used in Brazil.

¢ The condominial system described in Box 5.5
has been developed and applied in northeast Bra-
zil. It comprises shallow, small-diameter backyard
sewers laid at flat gradients and costs about 70
percent less than a conventional system.

¢ The Orangi Pilot Project in Karachi (described
in Box 5.6) adapted the principles of effluent sew-
erage and simplified sewerage to the realities of a
hilly squatter settlement in Karachi. The result—
not just the result of clever engineering—was a
drastic reduction in the cost of sewers, from the
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$1,000 per household that was standard in Karachi
to less than $50 per household (excluding the cost

of the trunk sewers). The achievement is extraordi-
nary—about 600,000 people in Orangi are now
served with self-financed sewers.

Investing in waste disposal

There is an important difference between “"private
goods’’ (including water supply and even waste-
water and solid waste collection), in which the pri-
mary benefits accrue to individual households,
and waste treatment and disposal, in which the
benefits accrue to the community at large. In the
first case willingness to pay is an appropriate
guide to the level of service to be provided, and
the main source of finance should be direct
charges to the users. In the case of waste disposal,
however, public financing is essential. Govern-
ments that subsidize "private’”” water supply and
wastewater collection services are left with less
money to finance treatment and disposal services.

No developing country, however, will have the
luxury of collecting and treating wastewater from
all households. Because the costs of meeting such
goals are extremely high, even in industrial coun-
tries the full population is not served by wastewa-
ter treatment facilities; coverage is only 66 percent
in Canada and 52 percent in France. In making the
inevitable choices, the best ratio of benefits to costs
will usually be achieved by concentrating most
public funds on waste treatment in large cities,
especially those that lie upstream from large
populations.

In recent decades some important advances
have been made in innovative sewage treatment
processes. At the lower end of the spectrum is the
stabilization pond, a technology that has proved
robust, easy to operate, and (where land is not
costly) relatively inexpensive. A promising inter-
mediate (in both cost and operational complexity)
is the upflow anaerobic sludge blanket, which has
performed well in Brazil and Colombia. The point
is the importance of developing technical solutions
that are adapted to the climatic, economic, and
managerial realities of developing countries.

Rethinking institutional arrangements

A recent comprehensive review of forty years of
World Bank experience in water and sanitation
pinpoints ““institutional failure’’ as the most fre-
quent and persistent cause of poor performance by
public utilities. This section deals with the key
areas for institutional reform.






Public utilities play a dominant role in the provi-
sion of water and sanitation services throughout

the world. There are many examples of such util-
ities working effectively in industrial countries
and, as described above, a few cases in developing
countries. An essential requirement for effective
performance is that both the utility and the regula-
tory body (essential for such natural monopolies)
be free from undue political interference. In the
case of the utility the vital issue is managerial au-
tonomy, particularly as regards personnel policies;
in the case of the regulatory body, it is the setting
of reasonable tariffs. Although this recipe is simple
and has been well tested in many industrial coun-
tries, it has been extraordinarily difficult to imple-
ment in developing countries other than those
with high levels of governance. Sometimes util-
ities and regulators are nominally autonomous,
but usually key policies (on investments, person-
nel policies, and tariffs, for instance) are effectively
made by government and heavily influenced by
short-term political considerations.

Many projects financed by external agencies
have addressed the problems of public water util-
ities through sizable action plans, technical assis-
tance components, and conditionality. Some of
these efforts, such as that undertaken recently by
Sri Lanka’s National Water Supply and Drainage
Board, have led to significant improvements in
performance. As with public enterprises in other
sectors, however, most of these efforts failed be-
cause—in the words of a recent Bank review—
“public enterprises . . . are key elements of pa-
tronage systems, . . . overstaffing is often rife, and
appointments to senior management positions are
frequently made on the basis of political connec-
tions rather than merit.”” And things have been
getting worse rather than better. Achievement of
institutional objectives in World Bank-financed
water and sanitation projects fell from about two
in three projects in the late 1970s to less than one
in two projects ten years later.

Improving the performance of public utilities
nevertheless remains an important goal, for two
reasons. First, in the medium term public utilities
will continue to provide services to many. Second,
improvement in the performance of public utilities
is often a precondition if private operators are to be
induced to participate.

Separating provision and regulation

Experience in industrial countries shows that a
central problem in improving environmental qual-
ity is that the public sector acts both as supplier of
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water and wastewater services and as environ-
mental regulator—it is both gamekeeper and

poacher. The results of this conflict of interest are
similar throughout the world. In England and
Wales prosecutions of those responsible for sew-
age treatment were rare when the river basin au-
thorities were responsible for water resource man-
agement, environmental protection, and services.
In 1989 private companies were given responsibil-
ity for the delivery of water and sewerage services
(with public agencies retaining regulatory author-
ity). Since then, fines have been increased sub-
stantially and violators have been prosecuted. The
other side of the separation of powers is that ser-
vice delivery agencies are, in the process, liberated
from serving multiple tasks and can pursue well-
defined and specific objectives.

Expanding the role of the private sector

Increased private sector involvement is warranted
in two areas. One is in services to public utilities.
In industrial countries the engineering of public
works is dominated by private firms, which de-
pend for their survival on their reputation for per-
formance and which assume legal liability for the
consequences of any professional negligence.
These factors provide powerful incentives for sup-
plying cost-effective, high-quality services and
concurrently furnish a stringent environment for
the supervised apprenticeship training that is a re-
quired part of professional certification in these
countries. By contrast, in many developing coun-
tries (particularly in Asia and Africa) the engineer-
ing of public works is dominated by large public
sector bureaucracies. Employment security is total,
promotion is by seniority alone, good work goes
unrecognized, poor work is not subject to sanc-
tions, and an atmosphere of lethargy prevails. The
direct consequence is the construction of high-
cost, low-quality facilities; the indirect effects in-
clude a weak professional labor force. The obvious
answers are, first, to decrease the direct involve-
ment of the government in public works and, sec-
ond, to nurture a competitive engineering consul-
tancy sector.

More private involvement in the operation of
water, sewerage, and solid waste companies is
also warranted. Many industrial countries have
found it difficult to reform public enterprises, ex-
cept as part of a move to privatize them. Indeed,
privatization is increasingly seen as a way not only
to effect performance improvements but also to
lock in the gains.

In developing countries there has been some ex-



perience with private sector operation of water
and sanitation utilities. Cote d’Ivoire has been a
pioneer—SODECI, in Abidjan, is considered one
of the best-run utilities in Africa. After Macao’s
water utility was privatized in 1985, performance
improved dramatically; the percentage of unac-
counted-for water fell by 50 percent over six years.
Guinea, which recently let a lease contract for sup-
plying water to its principal cities, experienced
dramatic improvements in the financial condition
of the utility in just the first eighteen months as a
result of raising the efficiency of bill collection from
15 to 70 percent.

Other countries have taken more incremental
approaches. EMOS, the utility serving Santiago,
has used private contracts for functions such as
meter reading, pipe maintenance, billing, and ve-
hicle leasing. As a result, it has a high staff produc-
tivity rate—three to six times higher than that for
other companies in the region. Many other coun-
tries, faced with persistently poor performance by
their public utilities, are seriously considering
greater private sector involvement, following, in
general, variations of the French model. For exam-
ple, in Latin America, concession contracts are cur-
rently being let for the supply of water and sew-
erage services in Buenos Aires and Caracas.

Private involvement in the sector is not a pan-
acea and is never simple. In the United Kingdom
water privatization is generally considered the
most complex of all privatizations undertaken. In
developing countries there are formidable prob-
lems. For the private operator the risk involved is
typically high. In addition to the obvious political
and macroeconomic risks, knowledge about the
condition of the assets is usually only rudimen-
tary, and there is uncertainty about the govern-
ment’s compliance with the terms of the contract.
Groups such as existing agencies and labor unions
that stand to lose from greater private sector in-
volvement often strongly oppose privatization.

For the government, too, there are problems.
Because of economies of scale, it is virtually impos-
sible to have direct competition among suppliers
in a specific area. Countries have tried a variety of
solutions: in France, there is periodic competition
for markets, and in England and Wales, economic
regulators reward efficiency by comparing the rel-
ative performance of different companies (a prac-
tice that is unlikely to be applicable elsewhere). In
addition, in many developing countries it is often
difficult to attract private sector interest. Only a
handful of firms compete internationally for such
contracts.

The case for private sector involvement is stron-
ger still in the solid waste collection business.
Whereas foreign control of water supply is often
perceived to involve losing sovereignty over a stra-
tegic sector, no one cares if foreigners pick up the
garbage. In addition, for populations of more than
about 50,000 there are no economies of scale and
thus no natural monopoly. Experience in many
countries—including Argentina, Brazil, Canada,
Chile, Colombia, Japan, Switzerland, and the
United States—has shown that the private sector
almost invariably collects solid wastes more effi-
ciently than municipalities. Unit costs for public
systems are 50 to 200 percent higher, with the pri-
vate sector efficiency gains apparently greatest in
the developing countries listed.

Increasing community involvement

Community groups and other NGOs also have an
important role to play in the supply of water and
sanitation services and the collection of wastes. As
the condominial (Box 5.5) and Orangi (Box 5.6)
examples show, in the urban fringe the most pro-
ductive relationship between community groups
and the formal sector is that of partnership, with
the formal sector responsible for the "“external’’ or
“trunk’’ infrastructure and the community paying
for, providing, and managing the “internal’’ or
“"feeder’’ infrastructure.

Because many water and sanitation services are
monopolies, consumers cannot force suppliers to
be accountable by giving their business to a com-
petitor. To give consumers a voice in the political
process, consumers’ associations and ratepayers’
boards are vital. Paradoxically, because there is
such an obvious need for oversight of the activities
of a private operator of a natural monopoly,
greater private sector involvement stimulates
greater consumer involvement. In the United
Kingdom, for example, water users have had a
much greater say in running the industry since
privatization.

In recent years external agencies and govern-
ments alike have become aware that in rural areas
involvement of the users is essential if water sup-
plies are to be sustained. Generally it has been as-
sumed that support to rural communities—in the
form of information, motivation, and technical as-
sistance—will come from the government. The diffi-
culty is that governments, especially in rural areas,
are often weak, and their officials rarely have an
incentive to provide support. Here the private sec-
tor (including NGOs) may be able to help.
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women engineers and pump mechanics perform
alongside, and as effectively as, their male coun-
terparts. In Sri Lanka women's cooperatives have
been set up to assemble and maintain a locally
manufactured handpump. Women'’s cooperatives
manage communal standpipes and collect money
to pay for metered supplies in Honduras, Kenya,
and the Philippines. Women who are trained to
manage and maintain community water systems
often perform better than men because they are
less likely to migrate, more accustomed to volun-
tary work, and better trusted to administer funds
honestly.

Creating an enabling environment

This chapter has argued that massive improve-
ments can be made in health, economic efficiency,
and equity through better provision of sanitation
and water. The key is firmly in the hands of gov-
ernments, for the single most important factor
needed is political will. Where there are long-es-
tablished and deeply entrenched traditions of
sound governance (as in Botswana, Korea, and
Singapore), it is evident that autonomous, ac-
countable public sector agencies can provide effi-
cient and equitable service. For many countries,
however, such levels of governance are not attain-
able in the short run, so that greater involvement
of the private sector and NGOs will be crucial to
the provision of accountable and efficient services.

To allow helpful change to occur, the govern-
ment must concentrate on the things that it, and
only it, can do. Its job is to define and enforce an
appropriate legal, regulatory, and administrative
framework. This includes tasks as fundamental
and diverse as rewriting legislation so that water

markets can come into existence, rewriting con-
tract laws so that the private sector can participate
with confidence, building a capacity for environ-
mental and, where appropriate, economic regula-
tion, developing financial mandates for utilities
that encourage conservation, and setting and en-
forcing quality standards for equipment. The gov-
ernment must also create conditions under which
others—the private sector, NGOs, communities,
and consumers—can play their parts.

What might be accomplished

More than 1 billion people are still without access
to safe water and 1.7 billion people are without
access to adequate sanitation facilities. Elementary
calculations show that an "“unchanged practices”
or ""business-as-usual’’ scenario would lead to a
rise in the number of people without service in the
coming decades (the top curves in Figure 5.6). This
is a result of rising unit costs, as well as unprece-
dented increases in population. If the shares of
total investment allocated to sanitation (currently
0.6 percent of gross investment) and to water sup-
ply (currently 1.7 percent) were raised by, say, 50
and 30 percent, respectively, the numbers un-
served might still rise, although not as much (the
middle curves in the figure). Far more important
(as shown by the bottom curves) is the combina-
tion of policy reforms and accelerated investment.
By attracting financial, managerial, and skilled la-
bor into the sector and by freeing enterprises to
invest more and improve maintenance, this new
approach, which is already being adopted in some
countries, could bring about dramatic increases in
access to sanitation and clean water within the
next generation.
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taxes) on fossil fuels would favor renewables and
encourage private research and development
(R&D). Second, industrial countries, in particular,
could allocate a greater share of their national en-
ergy R&D portfolios to renewables. Up to now,
R&D has been heavily skewed in favor of nuclear
power. The member countries of the International
Energy Agency (IEA) allocate 60 percent of their
R&D budgets (which totaled $7.3 billion in 1989) to
nuclear power, 15 percent to coal, oil, and gas, and
19 percent to electric power transmission and
other areas but only 6 percent to renewables. Inter-
national collaboration on research in renewable
energy also merits support. Several developing
countries—including Brazil, China, India, and
Thailand—already have the nucleus of good re-
search programs. Third, applications in develop-
ing countries could be encouraged by expanding
the Global Environment Facility and concessional
finance (see Chapter 9).

Vehicle fuels

Pollution caused by fuels used in transport is ris-
ing rapidly in developing countries as passenger
and freight traffic increases. Transport fuels ac-
count for more than 55 percent of developing
countries’ total oil consumption, which has grown
by 50 percent since 1980, as against 10 percent in
the OECD economies.

In the cities of developing countries vehicles are
a significant source of airborne toxic pollutants,
accounting for up to 95 percent of lead. Three fac-
tors make pollution from vehicles more serious
than in industrial countries. First, many vehicles
are in poor condition, and lower-quality fuels are
used. Second, motor vehicles are concentrated in a
few large cities. In Mexico and Thailand about half
the vehicle fleet operates in the capital city, and in
Brazil a quarter of the fleet operates in Sao Paulo.
Third, a far larger percentage of the population
moves and lives in the open air and is thus more
exposed to automotive pollutants. The poor are
usually the most affected. They and their children
are more likely to walk than to ride, and they are
thus exposed to noxious fumes and to lead, which
is known to affect mental development and the
neurological system. Lead and other pollutants
also contaminate food in open-air restaurants,
which are frequented by the poor.

The OECD countries have had some success in
controlling the main pollutants from motor vehi-
cles. Increasingly stringent regulations have led to
changes in the design of engines, in emissions
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control devices, and in the types of fuel used.
Many of these developments have not yet been

fully incorporated into the vehicle fleets, but the
upshot has been a significant decrease in lead
emissions and containment of other pollutants.
Urban lead concentrations have decreased in
North America, on average, by 85 percent and in
large European cities by about 50 percent. Emis-
sions of volatile organic compounds (VOCs) and
nitrogen oxides, however, have generally in-
creased, compared with the early 1970s, because
motor vehicle fleets and kilometers traveled have
increased much faster than the implementation of
emissions controls. In developing countries leaded
fuels are still widely used, and emissions stan-
dards are either nonexistent or are much slacker
than in the OECD countries, as can be seen for the
cases of Brazil and Mexico (Table 6.1).

Table 6.1 Emissions standards
for new gasoline-powered motor vehicles in
Brazil, Mexico, and the United States

(grams per kilometer)

Volatile
Carbon organic Nitrogen

Country and year monoxide compounds oxides
Brazil, 1989 24 2.1 2.0
Mexico, 1990 24 2.9 3.2
United States

Before controls 54 54 2.5

1968 32 3.7 3.1

1983 2.1 0.3 0.6

Source: Faiz and others 1990.

Three mutually reinforcing policies might be
used to try to reduce vehicular pollution: improve
the efficiency of fuel pricing, reduce urban conges-
tion, and promote clean fuel and engine technolo-
gies. This section applies the three scenarios to
policy options for transport (Figure 6.9). In the
“unchanged practices’’ scenario the possibilities
for improving efficiency and abating pollution are
ignored, and all forms of pollution rise exponen-
tially (as they would be bound to do) with the
growth of fuel consumption. The second scenario
illustrates the effect on emissions of two much-
discussed possibilities for improving economic ef-
ficiency while reducing pollution: (a) lessening
price inefficiencies by eliminating subsidies and in-
creasing taxes on vehicle fuels and (b) reducing
urban congestion. In the third scenario (these are
the biggest effects) the additional effects of gradu-
ally introducing cleaner fuel and improved engine
technologies are considered.






fuel price surcharges based on the sulfur content
of diesel fuel, and lower taxes on “’clean’ fuels
such as compressed natural gas. Some empirical
evidence from the United States and the recent
experience of the United Kingdom with tax ex-
emptions on unleaded fuels shows that the choice
of fuel is highly sensitive to price. The same would
probably be true of tax incentives for the adoption
of emissions control devices—for example, cataly-
tic converters on gasoline engines and the particu-
late “traps’’ being developed for diesels. Experi-
ence suggests, however, that for a policy to be
effective, any tax incentives would need to be com-
plemented by regulations regarding standards and
emissions testing (see Box 3.4).

Household energy

About half of the world’s people cook all or some
of their meals with biomass fuels. Until the twen-
tieth century such fuels—mainly firewood—pro-
vided most of the world’s energy. Today biomass
in all its forms (wood, agricultural and forestry
residues, and dung) meets about 14 percent of the
world’s energy demands. More than 80 percent is
consumed in developing countries (see Figure
6.2), where it still accounts for 35 percent of energy
supplies—more than is met by coal, oil, gas, or
hydropower. Biomass is used not only for cooking
but also in small-scale service industries, agri-
cultural processing, and the manufacture of bricks,
tiles, cement, and fertilizers. Such uses can be sub-
stantial, especially in and around towns and cities.

The use of biomass fuels for cooking gives rise to
high levels of indoor air pollution (Chapter 2). It is
also a source of ecological damage: the use of dung
and crop residues depletes soil productivity, and
deforestation often causes soil erosion. Finally, the
poor thermal efficiency of biomass helps to explain
the relatively high energy intensities of many low-
income developing countries and their high car-
bon dioxide and particulate emissions in relation
to energy use.

Making the transition from reliance on biomass
to commercial fuels will be slow and difficult, and
there is no obvious way of hastening the process.
Some countries subsidize kerosene; this leads to
some extra substitution, but people also buy ex-
cess amounts and retail it as a (very polluting) sub-
stitute for diesel fuels. Haiti, in contrast, taxes ker-
osene, which has discouraged its use. Substitution
is further handicapped by poor infrastructure, dis-
persed populations, and poor delivery services in
many regions, notably in Africa.
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One promising strategy is to devise less-pollut-
ing ways of burning biomass. Several countries
have developed and disseminated improved bio-
mass stoves over the past two decades, although
with mixed success. Much has been learned, how-
ever, and continued support for these efforts will
be important (Box 6.2). The installation of chim-
neys has increased the popularity of the stoves—
for example, in China, where 100 million im-
proved stoves have been introduced.

When the transition is from biomass to coal or
lignite, as in China and Turkey, it introduces out-
door pollution on a scale just as serious as that
encountered, for example, by Sheffield, Pitts-
burgh, the Ruhr, and many other industrial areas
fifty years ago. The histories of these places show
that the reduction of outdoor pollution from
household fuels depends on two developments.
The first is a shift toward oil, gas, electricity, and
district heating; for many cities this will take sev-
eral decades. The second is the use of cleaner
coals, such as anthracite, for which particulate
emissions are roughly one-twentieth those of raw
bituminous coal. China, where residential and
commercial consumption of coal totals more than
200 million tons a year and nearly doubled in the
1980s, is weighing this option. Cleaner coal-burn-
ing technologies in district heating plants and
small-scale commercial enterprises will also be re-
quired and may help to reduce costs by improving
efficiency.

Reducing indoor and outdoor pollution from
household use of biomass fuels and coal in devel-
oping countries presents one of the more difficult
problems of development and will take two or
three decades to address—possibly longer. As with
pollution from other forms of energy use, it cannot
be solved by efficiency alone, important though
this will be. It will depend above all on the growth
of per capita incomes and on the successful devel-
opment of commercial energy.

Industry

Three factors intensify the environmental prob-
lems associated with rapid industrial develop-
ment. First, as emissions from existing activities
increase, they pass the point at which they can be
readily assimilated by the environment. Second,
as industrial towns expand, more people are ex-
posed to pollution. Third, within industry the
structure shifts away from activities that are mod-
erately polluting, such as textiles, wood products,
and food processing, and toward others with






Table 6.2 Costs of pollution abatement, United States, 1989

Total investment in new plant and equipment

Annual cost of pollution abatement

Share for Type of As share of Type of
pollution abatement tofal value abatement
Millions abatement __(percent) Millions of output __(percent)

Sector of dollars (percent) Air Water of dollars (percent) Air Water
Food and beverages 8,330 3 20 70 1,056 0.3 13 63
Textiles 2,280 1 33 56 136 0.3 14 59
Paper 10,070 8 49 32 1,449 1.1 27 47
Chemicals 13,480 9 32 50 3,509 1.3 23 46
Petroleum 3,330 13 35 55 2,170 1.5 58 27
Rubber 4,570 2 64 20 403 0.4 21 25
Stone, clay, and glass 2,870 3 75 18 592 0.9 56 14
Primary metals 5,660 7 53 34 1,931 1.3 46 27
Fabricated metals 4,610 3 33 47 896 0.6 14 43
Machinery 8,050 2 59 32 572 0.2 14 30
Electrical equipment 8,660 2 35 50 729 0.4 14 42
Transport equipment 9,970 3 54 29 1,000 0.3 21 32
All manufacturing 97,190 4 42 42 15,626 0.5 30 37

Source: U.S.Bureau of the Census 1990 and 1991.

most are not even recorded in establishment
surveys.

Costs and the scope for cost reductions

The technologies thus often exist, but the costs are
sometimes still high, especially for small com-
panies. For industry as a whole, capital invest-
ment in pollution abatement accounted for about 5
percent of total industrial investment in Germany,
Japan, and the United States in the late 1970s and
early 1980s (although it had risen to 17 percent in
Japan in the early 1970s). Table 6.2 shows that in
absolute terms the heaviest cost burden in the
United States fell on the chemicals, petroleum, pri-
mary metals, and paper industries. (Note that ex-
penditures are quite small in relation to the total
value of output—in the range of 0.3-1.5 percent.)

These figures overstate the likely burden of
abatement expenditures on industries in develop-
ing countries, at least for large plants. The earliest
steps in pollution control tend to be the least ex-
pensive. Up to 60-80 percent of pollution can be
eliminated with only small increases in costs.
Thereafter, the additional (""marginal’’) cost rises
sharply as the degree of abatement is increased; in
contrast, the benefits of each new step in abate-
ment are large at first and then taper off. Emis-
sions standards in some industrial countries have
reached the point at which the costs of additional
abatement rise sharply while the benefits increase
only slowly. Developing countries are at an earlier
stage.

Emissions often can be sharply reduced at no
extra cost by installing technologies already in
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common use in industrial countries. There, emis-
sions from large industrial plants fell even before
the main surge of investment in pollution controls
that followed the passage of key legislation in the
late 1960s and early 1970s—a good example of in-
novations leading, rather than following, laws and
regulations.

Industries in developing countries have the ad-
vantage of making new investments rather than
replacing old equipment. In industrial countries
basic changes in production processes often can-
not easily be accommodated in existing plant. As a
result, industrial countries have tended to control
emissions mainly by adding on technologies. Less
than a quarter of capital expenditures on pollution
control for German manufacturing firms during
1975-84 was devoted to changes in production
processes as distinct from the installation of end-
of-pipe controls. When a new plant is being built,
however, it is usually more cost-effective to adopt
production processes that recycle residuals or gen-
erate less waste—the so-called ""low-waste’” pro-
cesses. These, combined with improved operating
procedures that reduce leaks and spills, can
achieve substantial reductions in industrial emis-
sions. Table 6.3, based on a study of German in-
dustry, illustrates the potential for reducing haz-
ardous wastes by means of such changes. Box 6.3
gives an example of how technological changes
have brought about greater efficiency and lower
emissions in the pulp and paper industry. Recent
surveys by the United Nations Industrial Develop-
ment Organization (UNIDO 1991) and others have
shown that possibilities for reducing both wastes
and costs simultaneously are widespread.






This places enormous stresses on the honesty of
officials. Enterprises will be uncertain about the
environmental standards that they are expected to
meet and unhappy about perceived differences in
treatment between themselves and their competi-
tors. Indeed, uneven enforcement may turn for-
eign investors into supporters of tough and effec-
tive environmental standards. For example, fear of
public censure has made foreign investors in
Chile’s copper mining industry more willing than
local enterprises to invest in sophisticated environ-
mental controls.

Whatever instruments are chosen, they must be
compatible with the administrative capacities of
the regulatory agencies. Unenforced standards or
uncollected fines are worse than useless: they un-
dermine confidence in environmental controls and
encourage enterprises to look for ways of avoiding
penalties rather than reducing pollution. Experi-
ence shows that five conditions (all institutionally
demanding) are essential if policies are to have the
intended effect: a local framework for negotiation
between polluting and polluted parties; a clear
and publicly available statement of the standards
set and agreements reached; a means of monitor-
ing and spot-checking pollution; a means of pe-
nalizing defaulters; and fair and equal application
of the laws and regulations to all parties.

Scarce administrative resources should be di-
rected first to the control of emissions from large
industrial plants and mines—the most concen-
trated sources of pollution. Policies will be effec-
tive only with the (perhaps reluctant) cooperation
of the enterprises responsible for these plants.
Even the U.S. Environmental Protection Agency,
which oversees the most sophisticated environ-
mental monitoring system in the world, is forced
to rely on self-reported data on emissions for the
vast majority of sources and pollutants. Develop-
ing countries might thus benefit by concentrating
their monitoring resources on spot checks to vali-
date such self-reported data and on a baseline sys-
tem designed to collect data in the most heavily
polluted areas. Enforcement actions must be seen
as one element in a dialogue between regulators
and enterprises, the objective of which is to im-
prove the environmental performance of the
plants under scrutiny.

Such a dialogue is particularly difficult when
both parties are government agencies. Public en-
terprises account for a substantial part of produc-
tion in the most-polluting industries. They account
for all Tanzania’s fertilizer, cement, and iron and
steel production and for almost 83 percent of its
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pulp and paper output. In India, Mexico, and Ven-
ezuela all oil refining and distribution and a large
share of basic metals production are in state
hands; about 94 percent of mining production in
India is in the public sector. In Turkey 95 percent of
mining output, about 60 percent of chemicals pro-
duction, and 70 percent of basic metals production
come from public enterprises. State-owned firms
make up an important part of the mining, petro-
leum, basic metals, and chemicals sectors in Ar-
gentina and Brazil. These firms, like private sector
monopolies, are often also sheltered from import
competition and consequently do not face the
same pressures to minimize costs as do competi-
tive private firms. Incentive-based pollution con-
trol policies are less likely than mandated controls
to be effective in inducing these firms to reduce
emissions. The ineffectiveness of economic incen-
tives in inducing public enterprises with soft bud-
get constraints to reduce emissions is well illus-
trated by the case of Poland, and the effectiveness
of controls by the case of Cubatao in Brazil (Box
6.4).

Community participation can help augment offi-
cial enforcement. A recent survey of enterprises in
Bangladesh, for example, found that riverside vil-
lages have proved surprisingly willing and able to
negotiate agreements with upstream polluters on
monetary compensation and first-stage effluent
treatment. With better information and legal sup-
port, such local arrangements could provide cost-
effective means of both supporting central regula-
tors and holding them to account.

MARKET-BASED INCENTIVES. As environmental
policies evolve, there is a good case for making
more use of market-based incentives, as discussed
in Chapter 3. These policies reduce the costs of
compliance, are often administratively simpler
than regulatory policies, and provide a financial
incentive for innovation in developing pollution
controls and low-waste technologies and practices.
They can also be refined (without great cost) in
practical and important ways. For example, under
a system of nonlinear fees and fines recently intro-
duced in Eastern Europe, the charge is increased—
in Poland by ten times—if discharges exceed some
specified level.

Experience in industrial countries shows that
discharges of industrial wastewater into public
sewers are quite sensitive to charges for the vol-
ume of emissions and effluent concentration. In
the Netherlands, for example, water pollution
charges succeeded in reducing emissions once the









lates, lead, and industrial effluents and wastes,
investment costs are low. Indeed, pollution abate-
ment has often been accompanied by reductions in
costs. Pollution control costs can be further re-
duced by setting standards appropriately and by
choosing the instruments of policy wisely. Offset-
ting these costs are the many benefits of pollution
abatement, including a healthier population and a
better quality of life in cities, which will help to
improve economic prospects.

* Response times can be long, however, even
when policies are agreed on and implemented.
The rapid rate of investment may, paradoxically,
reduce response times (and costs) in developing
countries, since less-polluting practices can more
readily be incorporated into new investment.

¢ Greater efficiency, whether in the production
and use of energy or in the production and use of
manufactured goods, can make significant contri-
butions to pollution abatement.
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tive spraying of pesticides, backed up by the en-
couragement of natural predators and more use of
resistant varieties and crop rotation. Chemical
pesticides are still used, but less often and in
smaller amounts. To work, the technique requires
onsite research and testing, adaptation to particu-
lar pests, and sensitivity to socioeconomic condi-
tions. Farmers need to be well trained and to re-
ceive plenty of expert support.

One form of integrated pest management, clas-
sical biological control, uses natural predators to
manage damage. The development costs can be
substantial, but the results can be dramatic, as Af-
rica’s cassava mealybug program illustrates. The
mealybug, inadvertently introduced from South
America in the early 1970s, had cut cassava yields
by two-thirds by 1983. Biologists eventually found
natural enemies that would control the spread of
the pest. With the help of mass-rearing and distri-
bution techniques developed at the International
Institute of Tropical Agriculture in Nigeria and the
International Center for Tropical Agriculture, the
natural predators are now at large in 90 percent of
the cassava-growing region of Africa, bringing
losses under control. This effort, which involved
no chemicals and few risks to the environment,
saved a crop that provides a quarter of the food
energy consumed in Sub-Saharan Africa, at an es-
timated benefit-cost ratio of nearly 150 to 1.

Pest-resistant varieties developed through con-
ventional plant breeding have already substan-
tially reduced crop losses in developing countries.
One of the most dramatic examples has been the
genetic resistance of improved rice varieties to the
brown planthopper. Although insects can over-
come inbred resistance, the continuous develop-
ment of new varieties, together with other tech-
niques such as staggered planting of crop varieties
with different resistance characteristics, can pro-
vide more lasting protection than chemical
pesticides alone.

Governments have to enforce regulations that
ban or limit the use of pesticides which pose large
risks to human health and the environment. Al-
most all countries have the rudiments of such a
regulatory system, but coverage is often incom-
plete and enforcement lax. The manufacture and
import of pesticides is easily monitored and is thus
well suited to a command-and-control approach.
That approach is particularly appropriate where
low levels of literacy and scientific understanding
on the part of pesticide users and nonstandard
repackaging by retailers create dangers of unsafe
use.

Intensifying the use of private forests

Shortages of wood for domestic uses—firewood
and building poles—continue to be a serious prob-
lem in many developing countries. The rural poor
are particularly affected, and especially women,
who have to spend time gathering and fetching
heavy bundles of wood. The record of tree-plant-
ing efforts led by governments has been mixed.
Successful cases indicate an important lesson:
trees can be a highly profitable commercial crop—
but farmers must be given the right to own, cut,
and sell them, at fair market prices.

When prices and costs reflect shortages of wood
and the services that trees supply, farmers plant
trees. In Nepal air photographs taken in 1964 and
ground surveys done in 1988 revealed that the
density of tree cover on rainfed agricultural land in
two remote rural districts had increased from 65 to
298 trees a hectare—not by chance but because
farmers had responded to incentives by planting
trees. The population in the two districts had dou-
bled during the preceding thirty years, communal
and government forests had become less access-
ible, and the costs of obtaining wood and forest
fodder had risen.

Smallholder tree farming in Kenya shows the
same responsiveness to emerging markets for
wood and forest products. The afforestation ef-
forts of the government, aid agencies, and local
NGOs often assumed that farmers would be reluc-
tant to plant trees on their land. But in the densely
populated Muranga District, where wood was be-
coming scarce, farmers independently maintained
nearly 14 percent of the area under indigenous tree
cover and planted or cultivated trees on another 9
percent of the land.

High-yielding industrial plantations—mainly
private but sometimes maintained with technical
assistance or subsidies from the government—take
pressure off natural forests and provide produc-
tive ways of using land. More than thirty years
ago, Kenya, Tanzania, and Zambia began to de-
velop plantation forestry as an alternative to ex-
ploitation of the natural forest. In Kenya in the
1950s about 90 percent of the country’s industrial
wood requirements were met by selectively log-
ging natural forest areas. By the early 1970s fast-
growing pine and cypress plantations made it pos-
sible to meet 80 percent of industrial requirements
through sustained yields from plantations occupy-
ing 180,000 hectares—less than 10 percent of the
natural forest area. This strategy slowed encroach-
ment on the natural forest from traditional logging
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and allowed large parts of the natural forest to be
gazetted as national parks and catchment areas.

More recent problems with reforestation, recovery
of costs, and control of damage caused by cypress
aphids in monocultural plantations confront the
Forest Department in its efforts to sustain these
gains,

In Chile the government has encouraged private
investment in plantation forestry through direct
subsidies, increased security of tenure on forested
land, and a stable macroeconomic and regulatory
climate. Industrial roundwood production from
plantations doubled between 1960 and 1977 and
again between 1977 and 1984, making Chile one of
the most successful developing countries in the
international forest products market.

Resource management by communities

Many natural resources—village commons, pas-
tures, water resources, and near-shore fisheries—
are managed communally. This has often resulted
in sound stewardship over many centuries. But
when communal management has broken down,
these areas have suffered some of the worst over-
exploitation. Often the forces leading to the col-
lapse of common-property management are insur-
mountable, and then either private or state
ownership and control are the only answers.

A compelling reason for supporting community
resource management is its importance for the
poor. In many parts of the world, rights to com-
mon-property resources are all that separates the
landless and land-poor from destitution. In India,
for instance, research by the International Crops
Research Institute for the Semi-Arid Tropics
showed that common-property resources ac-
counted for between 14 and 23 percent of the in-
come of poor households in seven states and that
grazing on communally owned lands accounted
for as much as 84 percent of poor people’s live-
stock fodder. In contrast, wealthy households de-
rived no more than 3 percent of their income and
less than 38 percent of their animal grazing from
common-property lands.

Pressures on community management

Population growth, technological change, diffi-
culties in raising capital, and government inter-
ference can all make community resource manage-
ment harder to sustain. The solution in these
situations may lie in developing and rehabilitating
collective management and decisionmaking. That
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will not be easy. To work, common-property man-
agement requires local responsibility, effective
ways of resolving disputes, and national political
support. A key to success appears to be "“political
entrepreneurship.”” The political entrepreneur
motivates others, engenders trust, and demon-
strates the tangible benefits of collective action.
This essential ingredient is also probably the
scarcest, the hardest to define, and the least substi-
tutable in rural development. Even when it is
available, deciding on whether more or less gov-
ernment involvement and action is appropriate re-
mains a difficult choice. Fragile community man-
agement of land, fisheries, or woodlots can
sometimes be rescued by stopping detrimental in-
trusions and providing supporting services.

OVERGRAZING. Millions of people in Africa and
Asia raise animals on pastures and rangelands that
have low carrying capacity because of poor quality
or unreliable rainfall. Pastoralists and their range-
lands are threatened by overgrazing, by land ap-
propriations by governments and farmers, and by
the development of water sources for competing
uses.

Pastoral associations in West Africa have
sought, with mixed success, to improve the pro-
ductivity of commonly held livestock pastures and
water sources. In addition to managing water and
grazing, they procure inputs and services and sell
products. Successful associations have clear lead-
ership, adequate legal protection, and mecha-
nisms for raising capital. Legislation has been nec-
essary to confirm the status of the associations, the
legal allocation of grazing and water points, and
the enforcement duties of local authorities. Pas-
toral associations that have gained legal status still
often have poor access to formal credit, even for
short-term working capital. In Mauritania funds
are currently raised by annual contributions from
members; in Mali well construction is financed
with payments collected from members when they
water their livestock.

Government agencies and NGOs can also pro-
vide political entrepreneurship. The Aga Khan
Rural Support Program in Pakistan has been suc-
cessful in improving management of common
grazing lands. The program has used credit and
technical assistance to build village infrastructure.

OvERrrIsHING. Common-property regimes rely
on continuing self-imposed restraints enforced by
group members, which can easily be eroded. Suc-
cessful self-management of a fishing village in Sri



Lanka was finally unable to cope with population
growth and higher prices, and long-standing co-
operative agreements among fishermen in south-
ern Bahia, Brazil, were undermined when nylon
nets were introduced under a government pro-
gram (see Box 3.2).

Elsewhere, common-property management has
proved more durable. In the inshore fishery at Al-
anya, Turkey, local fishermen came together in the
1970s to overcome problems caused by increased
fishing. They developed a rotational system of
spacing and assigning choice fishing spots, with
mechanisms for monitoring and enforcement. The
system controlled overfishing and reduced costly
conflicts.

New technologies and political entrepreneur-
ship on the part of development agencies have
sometimes brought coastal communities together
to improve resource management. To counter dy-
namite fishing, which has depleted fish stocks and
destroyed coral reefs in the Philippines, the Cen-
tral Visayas Regional Project established fish sanc-
tuaries by building artificial reefs from local mate-
rials and also provided alternative employment
opportunities, road construction, and village wa-
ter supplies.

DEPLETING VILLAGE WOODLANDS. Rural commu-
nities in many countries have lost their traditional
management responsibilities over village wood-
lands, and the result has often been neglect and
overexploitation. Nationalization of forest re-
sources is frequently at fault. In the 1950s Nepal
nationalized forests to *’protect, manage, and con-
serve the forest for the benefit of the entire coun-
try.”” Analysts have documented the disruption—
if not destruction—of the previous system of com-
munal management. Because the government
lacked the resources to regulate use, common
property was turned, in reality, into open-access
land in the name of conservation through state
control. In the late 1970s Nepal reversed its policy
and began to return woodlands and degraded for-
ests to communities and villages. At first forests
were formally turned over to panchayats—large ad-
ministrative units with little previous involvement
in forestry. These bodies gave the villages the most
degraded lands, which required high investments
for restoration and offered only delayed benefits.
The World Bank is now supporting efforts to en-
courage management by smaller groups more
closely associated with particular forest tracts and
to give them responsibility for forests in good con-
dition, as well as for degraded land.

In Niger, under the French colonial regime, for-
ests were taken over by the state because they
were being eroded by the demand for firewood.
Wood harvesting was prohibited except for con-
trolled exploitation under cutting licenses, and vi-
olators were fined. The outcome was the elimina-
tion of private and community incentives for
management and replanting. Forest guards and
police found that they could extract bribes from
harvesters in lieu of official fines.

Prospects for community management

Many development agencies and researchers place
great hope in common-property systems as a way
of managing natural resources. Although, as the
examples given here show, success is possible,
failure and collapse into open access are more
common. It is too early to say whether the benefits
of common-property management outweigh the
costs of rehabilitating failed community manage-
ment or instituting it in new areas.

Governments need to recognize that smaller or-
ganizational units, such as villages or pastoral as-
sociations, are better equipped to manage their
own resources than are large authorities and may
be a more effective basis for rural development
and rational resource management than institu-
tions imposed from outside. Group action is
deeply rooted in many societies—for managing
land, for cooperative marketing and input supply,
for running community savings and loan arrange-
ments, and for pooling labor for urgent tasks. To
succeed, cooperatives have to be voluntary and
managed by group members. They can be based
on customary social structures. Governments can
give advice on accounting, legal rights, and tech-
nology and provide a legal framework for the cre-
ation, recognition, and dissolution of coopera-
tives. What is most needed is popular
participation at the village level, which may
usefully be fostered by NGOs and grass-roots or-
ganizations (see Chapter 4).

It is important that governments guarantee se-
curity of land tenure. Farmers with a clear title to
land are more likely to have access to formal credit
and to invest more in their land. Security is not
synonymous with individual possession of a for-
mal title. In Sub-Saharan Africa, in particular,
greater security could be achieved by strengthen-
ing indigenous and customary land rights. The
benefits extend well beyond soil conservation by
individual farmers. Legal definition and enforce-
ment of group rights have proved important for

143



improving the management of such common
property as grazing land.

Land tenure in much of Sub-Saharan Africa is
evolving and is often a cross between private own-
ership and common access. Because of the com-
plexity, apparent efficiency, and continuing evolu-
tion of indigenous land tenure systems,
policymakers should be cautious about interven-
ing. Unless indigenous tenure systems are weak-
ened (by, for example, civil war or resettlement),
formal land titling is unlikely to improve resource
management and may lead to unnecessary land-
lessness. Policies for strengthening indigenous
tenure systems by, for example, giving legal status
to group ownership and voluntarily recording con-
tractual arrangements related to land can be bene-
ficial. But care must be taken to avoid introducing
barriers that limit the evolution of land rights and
markets.

Landownership in Sub-Saharan Africa tradi-
tionally resides with the community, but farmers
are assigned rights to use specific parcels. These
rights give sufficient security for growing crops
and, where they can be bequeathed to children,
foster a long-term interest in land management.
Farmers may have limited rights to transfer land
they use to others without permission from family
or village elders, and other people may have sup-
plementary use rights over the same land—to
graze the land during the dry season or to collect
wood or fruit. Such restrictions, however, do not
appear as yet to have had significant effects on
investments in land improvements or on land pro-
ductivity. Moreover, as population growth and
commercialization make land scarce and increas-
ingly valuable, land is increasingly privatized. The
indigenous systems of communal tenure appear
flexible enough to evolve with the increasing scar-
city of land and the commensurate need for
greater security of land rights. At the same time,
the retention of some community control over
landownership helps to prevent the emergence of
landlessness.

Resource management by governments

Governments play two main roles in the manage-
ment of natural resources. They often own them,
and they influence their allocation by setting the
legal framework and through policies that affect
incentives to which other resource users respond.
In many countries, particularly developing
countries, economically and environmentally sig-
nificant natural resources are in the hands of the
government. Tropical moist forests are almost in-
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variably publicly owned, and the infrastructure of
water resources is often developed and owned by

the public sector. The rationale for public manage-
ment of resources is that the government is best
placed to pursue multiple objectives—economic
growth, regional development, environmental
protection, and support of indigenous people and
the cultural heritage. But government ownership
and management in the pursuit of such public ob-
jectives need to be effective if they replace incen-
tives for private gain. In practice, government
stewardship of resources has shown a mixed rec-
ord of successes and failures.

Part of the reason lies with the bureaucracies
that manage public resources. Often, they are inef-
ficient and overstaffed. Lack of rewards, job inse-
curity, and staff turnover may blunt the incentive
to adopt new management techniques. Under-
priced natural resources put additional pressure
on resource management agencies in both indus-
trial and developing countries. By creating enor-
mous opportunities for corruption and gain, un-
derpricing makes the agencies vulnerable to
influence from the politically powerful. Forestry
agencies come under pressure to provide low-cost
materials to industry, and water authorities to
build irrigation infrastructure that will serve politi-
cally important areas. Meanwhile, essential tasks
with little political appeal, such as maintenance
and regeneration, are overlooked.

In many cases reform will require devolving re-
sponsibility for investment and implementation
from central authorities to individuals, commu-
nities, and fiscally autonomous agencies. Govern-
ments need to concentrate on generating new
knowledge through research, protecting property
rights, and resolving contflicts fairly.

Legal frameworks and economic incentives have
often proliferated but remain confused and coun-
terproductive. Laws and regulations need to be
reviewed to ensure consistency, avoid deterring
responsible private investment, and preserve the
rights of local people and forest dwellers. Eco-
nomic incentives that foster environmentally de-
structive practices need to be removed. Stable poli-
cies are essential because uncertainties encourage
exploitation to obtain short-term benefits.

Deciding allocations

In theory, price is the ideal mechanism for allocat-
ing resources. In practice, it is never easy to design
appropriate pricing mechanisms for natural re-
sources, each of which presents different diffi-
culties. But although price is not a panacea for



problems of resource allocation, it is underused by
many countries. The consequences, as learned
from the Aral Sea, can be ecological and economic
disaster (see Box 1.5). A number of developing
countries are devising and using market-based
mechanisms to allocate resources, with good re-
sults. When pricing is not relied on, there must be
some other mechanism for bringing scarcity to
bear on decisionmaking. Zoning is one such
mechanism.

WATER ALLOCATION AND UsE. Competition be-
tween farmers and cities for water supplies is al-
ready constraining many countries’ development
strategies. The problem will grow as populations
increase and economies expand. The large fixed
costs associated with water distribution, uncer-
tainties about the physical availability of water
from year to year, and widely held cultural and
religious proscriptions against treating water as a
commodity are likely to compel governments to
continue to allocate water administratively.

The largest single demand for water comes from
irrigation. Inefficient use of irrigation water puts
pressure on other users and imposes environmen-
tal costs. Eighty-five percent of irrigated land relies
on traditional surface systems based on canals and
gravity flow. Their design is often too inflexible to
provide water with the timeliness and predict-
ability that farmers desire as they adopt improved
crop varieties and turn to intensified and diver-
sified cropping systems. Instead, water is deliv-
ered on arbitrary schedules and for limited periods
of time, with incentives for use further distorted
by subsidized prices. Farmers respond by taking
as much water as possible while they can. The
results are often wasted water, waterlogging,
leaching of soil nutrients, and excessive runoff of
agricultural chemicals with drainage water.

It is often better to improve existing systems
than to build new ones. Lining canals reduces wa-
ter losses, and installing drainage helps combat
salinization and waterlogging. But modernizing
installed designs is generally more expensive than
achieving comparable gains through improved
management.

Better pricing of water (and of electricity used to
pump groundwater) to reflect its scarcity and the
environmental costs of overuse is fundamental to
better management. Governments often worry
that reducing subsidies will hurt poor farmers and
will be unacceptable if water delivery is unpredict-
able. Implementing improved pricing is difficult.
Water flows are hard to measure in the open canal

systems that characterize most irrigation systems.
Closed-pipe conveyance systems are best for
charging by water volume, but unless there is
good communication between farmers and the de-
livery agency, they are vulnerable to tampering
and damage to volumetric gauges.

A number of countries are finding that progress
is possible. In China financially semiautonomous
water supply agencies sell water wholesale to wa-
ter users who are grouped by village or township,
partly on the basis of volume. These user groups
in turn collect fees from their members, typically
on the basis of the area irrigated or, less frequently,
the volume of water used. Although the charges
are generally set well below real costs, the link to
quantities used encourages savings. Moreover, the
system reinforces financial responsibility at each
level because the fees collected remain in the irri-
gation budgets. Tighter overall budgets in other
countries have prompted increases in water fees
from the subsidized rates.

Additional public investment in surface irriga-
tion must take account of increasing infrastructural
costs, low commodity prices, and environmental
costs. Some developments will be ruled out by the
environmental consequences of reservoir inunda-
tion, water diversion, increased water pollution
from nonpoint agricultural sources, and alteration
of hydrologic systems.

New techniques such as drip and sprinkler sys-
tems can use water more efficiently and deliver
water when farmers need it. Although they are
unlikely to supplant the large surface irrigation
systems for grain crops, these techniques will be-
come more important for future expansion of irri-
gation, partly because they can be employed with
high-value crops grown on unleveled land and
permeable soils where traditional surface irrigation
is impossible. They are already spreading in devel-
oping countries, especially in North Africa and the
Middle East, China, and Brazil.

The spreading of these irrigation techniques will
require a change in the traditional role of govern-
ments in irrigation. The new techniques work on a
far smaller scale than traditional surface irrigation,
and the source of water is usually a privately
owned tubewell rather than a publicly managed
dam. Manufacturers can be relied on to promote
the systems because more marketable equipment
is involved than in surface canal systems. Any
price distortions that affect investment decisions
by farmers must be corrected, since the farmers,
rather than direct public investment, will be the
main agents of expansion. Governments must also

145









describes the experience in Ronddnia, Brazil.)
Zoning must be complemented by measures to
strengthen enforcement, such as training staff and
paying them properly, investing in equipment,
and reinforcing the capacity of government to pur-
sue legal action against illegal loggers and en-
croachers. Training for prosecutors, auditors, and
judges in the handling of forestry and land use
cases could be an important measure in many
countries.

The settlement of new lands, which are often
publicly owned, has been an important and in-
creasingly controversial dimension of develop-
ment. Settlement takes place because individuals
want better lives and governments want to ease
population pressures, raise agricultural output,
generate employment, reinforce political control,
and relocate people displaced by natural disasters
and development projects. The 4.5 million hect-
ares brought under cultivation each year is small in
relation to the nearly 1.3 billion hectares of poten-
tial cropland in developing countries. But land set-
tlement can transform the countries where it oc-
curs. Land settlement projects have sometimes
been promoted in areas that better preparation
would have revealed to be unsuitable. Settlement
projects are expensive—$10,000 per family in a
sample of World Bank-supported projects—which
has made for costly mistakes when the projects
were poorly sited.

Several countries have promoted settlement by
instituting fiscal incentives for investment in unde-
veloped areas. These incentives have encouraged
uneconomic and environmentally destructive
practices, such as livestock ranching in the Bra-
zilian Amazon. From 1966 until recently, the Bra-
zilian tax system allowed investors in approved
agricultural projects in the Amazon to claim tax
credits of up to 50 percent of their federal income
tax liability. Investors responded enthusiastically
and by the late 1980s had established cattle
ranches on more than 8.4 million hectares. Subsi-
dized agricultural credit, which was even more
widely available than the tax credits, reinforced
the incentive for deforestation. The elimination of
such measures—in part because of environmental
concerns but more for fiscal reasons—illustrates
that reforms of environmental and economic poli-
cies can be complementary.

In many countries, including Colombia, Indo-
nesia, and Senegal, willing settlers, migrating at
their own initiative and expense, already play a
significant role in land settlement. Their assump-
tion of costs and risk—one test of the likely eco-
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nomic viability of settlement—reduces the costs to
government and the hazards of plans and targets.
Spontaneous settlement can be guided by policies
that provide infrastructure and social services, ex-
tension programs on viable agricultural strategies,
and legal status for land occupation. In addition to
creating such magnets to steer settlers toward ac-
ceptable areas, governments will still need to re-
strict settlement in areas where the environmental
impact would be unacceptable.

Managing natural resources: industrial forestry

Many of the natural resources on which develop-
ing countries rely are and will remain public. Gov-
ernments should attempt to manage resources un-
der public ownership in ways that maximize their
value to society. Such policies will yield two bene-
fits: the resources will contribute to development,
and consumers will have incentives to economize
on their use, develop substitutes, and invest in
sustained-yield management of privately owned
resources.

Ownership of forests often remains in public
hands in an attempt to ensure that multiple objec-
tives can be achieved. In addition to wood produc-
tion, these objectives include soil conservation,
flood control, and protection of biodiversity. Log-
ging often dominates because it generates money,
and until recently relatively little attention was
given to managing the nonwood services of for-
ests. But that situation is changing as developing
countries realize that past forest management has
rarely achieved sustainability in timber harvests,
let alone maintained other forest services.

In determining the future of forests, logging pol-
icy is particularly important. Although logging ac-
counts for only about one-fifth of total deforesta-
tion in developing countries, managing it properly
can help control the agriculture and ranching that
often follow. And commercial logging may be the
forestry subsector most amenable to policy reform.

Government efforts to rationalize industrial for-
estry in many countries are another instance of the
advisability of using market-based approaches and
the difficulties of doing so in practice. The rates
(stumpage fees) charged loggers for standing tim-
ber seldom come close to the costs of replacing the
volume removed with wood grown in plantations
(Figure 7.4).

SUSTAINABLE MANAGEMENT TECHNIQUES. A recent
review of tropical forest management by the Inter-
national Tropical Timber Organization found that






ber rotation, by contrast, exceeds seventy years.
Concessionaires may harvest gradually over the
twenty-one-year period of the contract, but they
will have little reason to undertake reforestation.
Longer-term contracts or contracts with provisions
for performance-based extensions, as in Canada,
can force concessionaires to bear the costs that
their initial harvests impose on future resource re-
turns. They also permit concessionaires to reap the
future rewards that are the necessary incentives
for good harvest and regeneration practices.
Another way to reduce the difficulty of enforce-
ment is to mobilize local communities to report
illegal activities. In Indonesia private national and
international firms are being recruited to monitor
compliance with logging concessions. If the mon-
itoring and enforcement capability of developing
countries can be improved, efforts to redesign in-
centives to loggers can begin to be effective.

Managing natural resources: habitats

The most precious natural habitats are likely to be
best served by remaining under some form of pub-
lic ownership. But that does not necessarily mean
that they should also be managed by the central
government. Some successful schemes for protect-
ing sensitive ecosystems rely on a marriage of pub-
lic ownership with communal management.

Some fragile and particularly vulnerable ecosys-
tems will always need to be protected against en-
croachment and degradation. The coverage of
protected areas should be consistent with conser-
vation goals. Sri Lanka is one of the few countries
to devote more than 10 percent of its land area to
wildlife protection, yet about 90 percent of this
protected land is outside the wet zone, the coun-
try’s most biologically diverse habitat, and many
of the protected areas are probably too small for
effective preservation. The costs of conservation
programs, both financial and economic, can esca-
late if protected areas are not selected with care.
Park consolidation and identification of under-
protected habitats are thus important first steps in
reorienting conservation programs.

Although 5 percent of the world’s natural habi-
tats is formally protected from development, much
of this area is threatened with encroachment by
farming, logging, and other activities. Not only
does the level of protection in officially protected
areas need to be strengthened; natural values need
to be, and can be, protected in areas outside parks
and reserves. Several techniques are being tested
in developing countries. It is clear that involve-
ment of and benefits to local people are the key to
the viability of any scheme.
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Integrated conservation and development proj-
ects build on the principle that local communties

must be involved in devising ways to protect
parks. When an existing park’s neighbors are de-
riving economic benefits from encroaching on it,
better alternatives must be made available; pro-
tecting parks from the local population, in addition
to being ethically unjustifiable, can be prohib-
itively expensive. Several new schemes establish a
core conservation area surrounded by multiuse
buffer zones that are managed intensively by local
communities to provide income and products.
Agreed-on rules of access form the basis for limit-
ing future encroachment.

One country that is reorienting its conservation
strategy from the traditional pattern to this newer
approach is Nepal. The Royal Chitwan Park in the
fertile Terai plains is an important tourist destina-
tion, but it was generating few benefits for local
communities. With control of malaria and rapid
population growth on the plains, the park came
under strong pressure from encroachment that
was only partly kept under control by the army, at
the cost of generating hostility. In contrast, in
Nepal’s Annapurna Conservation Area, estab-
lished in 1986 as a multiple-use area rather than a
national park, government collaboration with local
community groups brought about the establish-
ment and enforcement of a land-use system that
increased the local benefits from tourism and pro-
vided local people with training in conservation
and forest management. The project has suc-
cessfully induced a skeptical local population to
participate in management of the area, and the
conflicts that beset Chitwan have been avoided.

Only a few developing countries have managed
to establish priorities, reformulate policies, and
operate protected areas effectively. Even those that
have succeeded in strengthening their conserva-
tion institutions have found it hard to coordinate
policy, fix the division of labor between local and
central authorities, collaborate with NGOs, and
devise incentives for efficient management (Box
7.7).

In Africa expanding settlements in marginal
areas are reducing agricultural productivity and
displacing wildlife. Conservationists and develop-
ment planners are exploring ways to use wildlife
resources to generate food and income. This possi-
bility has been most seriously explored in the
semiarid rangelands and particularly in southern
Africa, where commercial use of wildlife is replac-
ing livestock husbandry in many places. Zim-
babwe’s experience is that wildlife has significant
advantages in this ecosystem: it yields greater


















lem in Europe. Arranging for such transfers will
not be simple. The many potential parties to an
agreement may not share a common view of the
urgency of the problem or of the possible solu-
tions. It is extremely difficult to ensure that coun-
tries are paid for neither more nor less than the
extra costs of meeting their international obli-
gations. Every country has incentives to distort the
costs or benefits of taking action.

Although intergovernmental transfers can be an
efficilent way to make international agreements
work, this does not imply that individual polluters
in recipient countries should be subsidized. At the
national level there are more efficient ways to dis-
courage pollution (see Chapter 3). Individual
countries should be allowed to choose the policies
that best fit their circumstances. Agreements
should set national targets, not national policies
for meeting them. To avoid biasing national policy
decisions, any transfers should take the form of
lump-sum payments rather than finance for spe-
cific investments.

An example of a regional problem: international river
basins

For centuries countries have disagreed and negoti-
ated over the management of international rivers.
More than 200 treaties have been signed between
countries on water issues, but mostly by European
and North American countries; many rivers that
pass through developing countries are still not
covered. Over time, the need for international co-
ordination has grown. An expanding population
and rising living standards have increased de-
mand for water; technological ability to exploit wa-
ter resources has advanced; the number of nation
states has grown; and people have become more
concerned about the environment. A good deal is
at stake. More than 200 river basins, which ac-
count for over half of the world’s land area, are
shared by more than one country. More than 40
percent of the world’s population lives in river ba-
sins that straddle national frontiers.

The optimal solution for managing an interna-
tional river is most likely to be found when all the
countries that share the river basin cooperate. That
rarely happens. First, river basin management has
a distributional dimension—it involves the sharing
of a scarce productive resource—which can make
negotiations contentious or preclude them alto-
gether. The countries upstream may see little gain
in increasing the flow to those downstream. Fre-
quently, countries need a strong incentive, such as
the threat of armed conflict or the likelihood of
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permanent losses for all, before they will compro-
mise. A second obstacle is the lack of clear interna-
tional law on the subject. No global convention
sets out agreed law on international water-
courses—indeed, there is not even a generally ac-
cepted definition of an international watercourse.
But work by various international bodies and ju-
rists has established two generally recognized ba-
sic principles: each state has a duty not to cause
appreciable harm to others that share the same
watercourse; and water rights should be appor-
tioned equitably among the parties involved.

One of the most successful agreements on an
international watercourse concerns the sharing of
the Indus basin between India and Pakistan. After
partition in 1947, Pakistan was dependent on India
for much of its irrigation water. After thirteen
years of disagreement had brought them to the
brink of war, both countries agreed in 1960 to a
division of the rivers of the Indus system. Several
factors—some of them difficult to replicate—fa-
vored success. First, India and Pakistan had strong
incentives to compromise: both needed adequate
water for irrigation, the technical information was
readily available, and neither wanted an armed
conflict. Second, the agreement was reached with
the help of a third party, the World Bank. Third,
external donors and the World Bank provided a
total of about $720 million, in addition to India’s
contribution of $174 million, to assist Pakistan in
undertaking works to replace the flows from the
river waters allocated to India. Finally, because the
agreement involved allocating to each country the
flows of separate rivers in the basin, the need for
coordination was minimized.

There are other examples of cooperation: with
the Zambezi, for instance, an agreement has been
reached covering not only water flows but also
other environmental aspects of river management.
Another innovative case is the Lesotho Highlands
Water Project, where payments between countries
facilitated cooperation. Lesotho has undertaken to
construct large works on the Senqu River to sup-
ply South Africa with water. In return, South Af-
rica is underwriting and servicing the debt in-
curred for the project. Lesotho benefits from the
water royalties that South Africa pays, while
South Africa reduced the costs of ensuring its wa-
ter flow because Lesotho was a better place to put
the dam.

In many other cases it has been difficult to reach
practicable solutions. One example is the Nile. The
river flows for more than 6,800 kilometers through
three climate zones and nine nations. Although
coordinated management of water storage, irriga-



tion systems, and soil erosion control for the
whole river basin has the potential to benefit all
countries involved, no single agreement covers the
entire Nile basin. Inability to negotiate a compro-
mise has hindered the realization of the benefits of
cooperation, although the recent establishment of
a coordination group of riparian countries is a
promising development.

To encourage cooperation, the World Bank has
drawn up guidelines to be used in projects it fi-
nances on international rivers. These require that
other countries along the river be notified. The aim
is to ensure that the project does not appreciably
harm the interests of the other countries and is not
likely to be harmed by plans they may have.

An example of a global problem: the ozone layer and the
Montreal Protocol

The Montreal Protocol on Substances That Deplete
the Ozone Layer, signed in 1987, is a pathbreaking
international agreement dealing with an environ-
mental 'global bad.”” The protocol aims to control
consumption, and hence emissions, of CFCs and
related substances that deplete ozone (see Chapter
2). By the mid-1980s world consumption of CFCs
was about 1 million tons a year, 80 percent of it in
industrial countries.

How AGREEMENT wAs REACHED. The first evi-
dence that CFCs might not be benign emerged in
the early 1970s. In 1977 the U.S. Congress banned
CFCs in aerosols. The ban stimulated develop-
ment of alternative technologies at lower costs
than predicted, allaying fears that a phaseout of
CFCs would be impossible or prohibitively costly.
Evidence of ozone depletion continued to accumu-
late, and, although uncertainties remained, during
the late 1980s progressively more ambitious agree-
ments were reached, culminating in 1990 with a
binding agreement to phase out consumption of
CFCs and related chemicals in industrial countries
by 2000.

Under the Montreal Protocol and subsequent re-
visions, developing country consumption of CFCs
may rise to specified ceilings and will be frozen in
1996, after which it must be phased out by 2010. A
ban was agreed on trade between parties and non-
parties to the protocol in the substances controlled
by the protocol, products made with them, and
products containing them. Even so, chlorine con-
centrations in the atmosphere are unlikely to re-
turn to their pre-CFC level until the end of the next
century. The agreement also includes two impor-
tant new provisions: an Interim Multilateral Fund

to help developing countries adopt replacements
for CFCs if they cost more than what is being re-
placed, and clauses on technological transfer that
urge the parties to ensure the transfer of the best
technology ""under fair and most favorable condi-
tions.”” The fund was established on a pilot basis
for three years. During that time the extra burden
of phasing out CFC use for all countries expected
to qualify for assistance was estimated at $240
million.

IssuEs FOR THE FUTURE. The Montreal Protocol,
together with the funding and technical assistance
arrangements, is a pilot program. When the pro-
gram comes up for review, some of the key issues
will be the following:

¢ Ensuring that the program is not biased against
efficient policies to phase out the use of controlled sub-
stances. Countries have a number of policy op-
tions. One is for the government to try to identify
and invest in alternative technologies. This ap-
proach involves governments in a task to which
they are generally ill suited: picking good invest-
ments. But financing specific investments has the
advantage of making the use of funds more trans-
parent to donors and local industries. An alterna-
tive is the use of market-oriented mechanisms—for
example, the allocation of some import quotas by
tender in Singapore. Such policies provide incen-
tives to the private sector to adopt least-cost
methods of substitution while encouraging con-
sumers to switch to less CFC-intensive products,
but it may be harder to calculate the additional
costs entailed.

* Total costs. The Interim Fund provides funding
only for the first three years of the program. The
ultimate costs may be much larger, and an expan-
sion of the fund may be necessary.

® The grace period. Developing countries have
been given longer than industrial countries to
phase out CFCs. If this grace period were only
used to delay action, however, it would not
achieve its purpose, which is to minimize the bur-
den on developing countries. Current arrange-
ments offer no incentives for a more rapid
phaseout than that prescribed under the agree-
ment, although the benefits of greater speed are
now commonly agreed to exceed the costs. In spite
of this, some developing countries are planning to
phase out CFC use more rapidly than required,
and private industry in many countries is pressing
forward in the search for substitutes.

The Montreal Protocol is often viewed as an ex-
ample of what can be achieved through interna-
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tional cooperation. Actually, the Montreal Protocol
may prove more a special case than a model for
action on more complex and costly global issues,
such as greenhouse warming and biological diver-
sity. A number of factors made it easier. For
example:

® Action was easier once ozone depletion was
observed rather than merely postulated by
scientists.

* A small group of products was involved, for
which substitutes appear to be technically possi-
ble, although more expensive.

® The fact that there are only a few producers
worldwide and that the main CFC manufacturers
also make the main substitutes makes effective im-
plementation more likely.

Most of the parties to the Montreal Protocol
therefore perceived that the gains from cooperat-
ing would exceed the costs of not doing so. The
negotiations carry a number of other important
lessons:

* Even for a problem that is relatively inexpen-
sive to address, negotiations can be quite
involved.

® Incorporating payments to defray the costs of
phasing out CFCs explicitly in the formal agree-
ment helped to bring on board some of the key
parties.

* Making payments to countries eligible for as-
sistance has proved cumbersome. As of late 1991
payments into the fund were behind schedule
(less than half of what was due had been paid),
and there was not yet a smoothly functioning
mechanism for disbursing the funds.

Responding to the threat of greenhouse warming

The greenhouse effect is a global issue because all
emissions of greenhouse gases, regardless of their
origin, affect climate. However, the costs and
benefits of measures to mitigate the greenhouse
effect may be spread very unevenly across coun-
tries. As a result, the negotiations leading up to
any international agreement on greenhouse warm-
ing will be difficult and lengthy.

Among the factors that must be taken into ac-
count are the following:

¢ Climate change will differ across countries.
Regional climate predictions are highly uncertain.
The evidence suggests that climate changes will be
smaller but more rapid in equatorial areas than in
the temperate zones.

* The damage will differ across countries. Some
countries may find their climate improving and
may gain, while others may find that such effects
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as modest declines in rainfall cause substantial
losses. Even when the pattern of climate change is
similar, it may affect countries differently because
of differences in ecology, economic activity, or the
values placed on natural habitats and other envi-
ronmental resources.

® Countries are responsible for different
amounts of greenhouse gas emissions. The richer
countries have been emitting large amounts for
many years and have thus contributed a dispro-
portionate share of accumulated gases in the atmo-
sphere (about 60 percent of carbon dioxide from
fossil fuels). On the other hand, emissions from
low-income countries, starting from a lower base,
are growing more rapidly and will become more
important in the future.

* Measures to reduce emissions are one re-
sponse to the threat of climate change—they seek
to prevent the problem. Another response is to
seek to adapt, by investing in assets that will miti-
gate the impact of any climate change on economic
and social activities. The relative costs and benefits
of these two approaches will differ across
countries.

* Some countries are heavily dependent on ex-
ports of fossil fuels and are likely to suffer from
policies that would reduce world demand. They
might respond by reducing prices to stimulate
demand.

Despite these difficulties, there are various mea-
sures that can be adopted at a national or an inter-
national level to reduce current emissions of
greenhouse gases and to leave the world better
placed to address the problem. In important re-
spects, such measures overlap with policies to pro-
mote the efficient production and use of energy
and the development of clean energy technologies
that have been identified in Chapter 6.

Uncertainty and the range of policy alternatives

Setting aside the problems of reaching agreement
on a global strategy, there are two fundamental
reasons why it is extraordinarily difficult to formu-
late an appropriate response to greenhouse
warming.

First, the lags between action and effect will in-
evitably be long. Even adopting stringent mea-
sures to reduce output of long-lived greenhouse
gases immediately will not stop their atmospheric
concentration from rising until late into the next
century. This means that some climate change will
certainly occur and will probably require invest-
ments to mitigate its impact, whatever policies are
followed.






may be severe in some regions, especially those
that are marginal today. The evidence is not com-

plete enough to suggest a systematic pattern of
gains or losses for developing countries.

¢ Forests and other natural ecosystems could be
threatened. Some species or ecosystems may be
lost as a result; others may flourish as areas hospi-
table to them increase.

* Human settlements, especially in areas that
are already vulnerable to flooding, droughts, land-
slides, and severe windstorms, could be severely
affected. A rise in the sea level could flood agri-
cultural land in heavily populated coastal low-
lands. Vector-borne and viral diseases could shift
to higher latitudes, putting new populations at
risk. However, climatic conditions for human set-
tlements could also improve in some areas.

Any complex and poorly understood system can
spring surprises. This applies to the climate and its
impact on human societies and natural ecosys-
tems. A rise in global temperatures might cause
some radical changes, although their magnitude
and their probability cannot yet be analyzed. It is
not yet possible to rule them in—or out—and it is
impossible to estimate the associated damage
without a clearer idea of how such changes might
arise and what they would imply.

Detailed estimates of the damage that climate
change may cause have so far been attempted only
for the industrial countries, mainly the United
States. The very partial evidence so far available
suggests that the damage is likely to be relatively
modest. One study (IPCC 1990) estimates the costs
of protection against inundation from a rise of 1
meter in the sea level at 0.04 percent of world GDP.
For some countries, however, such as the small
island states, the costs would be much larger.
Studies for the United States have estimated the
total costs of adapting to climate change induced
by the equivalent of doubling carbon dioxide con-
centrations at about 1 percent of GDP (Cline 1991;
Nordhaus 1990, 1991, 1992; and National Acad-
emy of Sciences forthcoming). For longer-term
warming over the next 250 years, the costs might
amount to 6 percent of GDP in the United States
(Cline 1991). As emphasized above, there is a high
degree of uncertainty associated with these esti-
mates. Some costs may not be quantifiable and are
not included in the analyses, particularly damage
to natural ecosystems, including species loss.
Also, some of the gains from climate change in
certain areas may have been missed. Changes in
the structure of the world economy over the next
century will also affect these cost estimates
considerably.
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THE COSTS OF PREVENTING CLIMATE CHANGE. The
costs of preventing climate change rise with the
extent and the speed of the reduction in the output
of greenhouse gases. For carbon dioxide, modest
reductions could be achieved at zero or minimal
cost by eliminating subsidies for energy use and
deforestation and by disseminating information
about efficient energy-saving technologies. A sec-
ond set of measures would involve low costs be-
cause they draw on the synergy between reducing
greenhouse gas emissions and achieving other lo-
cal objectives, environmental and economic. For
example, policies to reduce the use of coal might
be justified partly because they reduce local air
pollution from particulates. Thereafter, the margi-
nal cost of reducing emissions rises rapidly as
higher taxes or other controls affect the efficiency
of resource allocation, output, and future growth.
These costs may be lowered by phasing in emis-
sions reductions and encouraging the develop-
ment of alternative technologies. The costs of re-
ducing methane emissions have received less
attention. The largest sources of methane associ-
ated with human activity are agriculture and ani-
mal husbandry. On current knowledge, it would
be necessary to reduce output of some agricultural
products to reduce methane emissions substan-
tially. This would imply extra costs for producing
alternative foodstuffs.

Numerous studies have estimated the costs of
reducing the output of greenhouse gases. The
range is wide, reflecting different assumptions
about growth, capital mobility, the costs of substi-
tute technologies, and the underlying rate of de-
cline in energy per unit of output. Several studies
suggest that stabilizing emissions of greenhouse
gases at present levels appears to mean a reduc-
tion of global GDP of between 3 and 7 percent by
the end of the next century (Hoeller, Dean, and
Nicolaisen 1990). For developing countries the
costs may well be higher. Two global studies which
include one or more developing countries suggest
that they may face costs in relation to GDP which
are almost twice as high as the world average
(Manne and Richels forthcoming; Whalley and
Wigle 1991). The high costs for these countries re-
flect a number of factors that make adjustment
more difficult—limited ability to use less energy in
industry, low capital mobility, shortage of funds
for investment, and heavy reliance on low-cost but
high-carbon energy supplies.

Choosing among the policy options

Bringing together the various estimates of eco-
nomic costs and benefits leads to a simple conclu-



sion: the balance of the evidence does not support
a case for doing nothing, but neither does it sup-
port stringent measures to reduce emissions
now—the costs are too high in relation to the pro-
spective benefits. This conclusion applies particu-
larly to the developing countries, which face high
costs of reducing greenhouse gas output. Indeed,
the evidence implies that investments with real
rates of return as low as 5 percent could do more
for future generations than investments in large
reductions of greenhouse gas emissions. The ef-
fects of climate change, however, could fall heavily
on the poor and on particularly vulnerable coun-
tries. In that event, these countries should receive
financial assistance to cover their losses. The in-
come growth made possible by the additional gen-
eral investment would be more than sufficient to
cover such help.

The wisest course is to make modest immediate
reductions in emissions of greenhouse gases and
investments designed to lower the cost of achiev-
ing larger reductions should this become neces-
sary in the future. Such an insurance policy, which
would go further than economic efficiency alone
would dictate, is justified by uncertainty about the
physical and economic effects of climate change
and by the lags between action and response.

A precautionary policy

INFORMATION AND RESEARCH. The case for
choosing the insurance option is based on current
knowledge of greenhouse warming combined
with estimates of the costs and benefits of reduc-
ing emissions. As noted above, the returns to re-
ducing the substantial uncertainty about the eco-
nomic, social, and environmental effects of climate
change will be high. So a crucial part of any insur-
ance strategy will be to collect additional informa-
tion and fund scientific research. Financing will be
needed for work related to the developing coun-
tries (see Chapter 9). Governments should also
prepare to act if evidence emerges that (a) more
stringent reductions in greenhouse emissions will
be required or (b) their citizens and economies
need protection from the effects of climate change.

ENERGY sUBSIDIES AND TAXES. As Chapter 6
noted, many developing countries subsidize con-
sumption of commercial energy. Eliminating such
subsidies would reduce carbon dioxide emissions
while yielding substantial economic gains. Table
8.1 provides rough estimates of the effect that re-
ducing subsidies would have on carbon dioxide
emissions (conventionally expressed as tons of car-
bon). These estimates represent an upper bound

in that world energy prices are assumed to remain
constant; the projected reductions in demand
could lead to lower world prices, which would
tend to increase energy consumption above the
predicted levels.

Energy taxes can play an important role in a
precautionary strategy. In many European coun-
tries, coal, the fuel with the highest carbon con-
tent, is the least taxed. Simply on the grounds of
raising tax revenue in the least distortionary man-
ner and improving local air quality, this bias in
favor of coal should be removed. Well-designed
carbon taxes would give market signals for effi-
cient energy use and provide incentives for devel-
oping new technologies (Box 8.4). The EC is con-
sidering a carbon tax, but it may allow exemptions
for heavy industry, which would blunt the incen-
tive for reducing carbon dioxide emissions and
make energy taxation more rather than less
distortionary.

DEVELOPING RENEWABLE ENERGY. Any long-term
strategy to stabilize atmospheric concentrations of
greenhouse gases must uncouple economic
growth from growth in carbon dioxide emissions.
Reducing the amount of energy used per unit of
GDP will be one element in such a strategy, but a
shift away from fossil fuels will also be essential.

Table 8.1 Effects of eliminating subsidies
on commercial energy in Eastern Europe
and the former U.S.S.R. and in developing
countries

Eastern
Europe
and former Developing
Effect U.5.5.R. countries
Reduction in emissions, 1995
Amount (millions of tons of
carbon) 446 234
As share of projected regional
emissions (percent) 29 11
As share of projected global
emissions (percent) 7 4
Cumulative reduction, 1991-2000
Amount (millions of tons of
carbon) 3,796 2,318
As share of projected cumulative
regional emissions (percent) 24 11
As share of projected cumulative
global emissions (percent) 6 4

Note: The base case is derived from World Bank projections of
energy demand. In this scenario, worldwide carbon dioxide
emissions increase by about 20 percent between 1990 and 2000.
Sources: World Bank staff estimates using Bates and Moore,
background paper; Imran and Barnes 1990; Marland and others
1989; Hughes 1991.
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tunities, policies for direct protection are likely to
fail.

The more developing countries can profit from
the true value of their resources, the smaller will
be the divergence between national and interna-
tional concerns. Beyond that, if the international
community wants to ensure a higher level of pro-
tection than would be chosen by nations acting on
their own, policymakers in the world’s richer
countries must translate the concerns of their citi-
zens into financial flows to developing countries.
They must be prepared to pay the full costs of the
additional conservation. That implies a transfer of
additional resources, not merely a restructuring of
existing aid.

Many developing countries are uncomfortable
about accepting funding to manage their resources
because of the implied loss of autonomy. Contrib-
uting countries may also worry that they are pay-
ing for programs that recipient countries should
undertake anyway. To address these problems,
developing countries should make sure that their
resource use is consistent with their own develop-
ment objectives when accepting international sup-
port. Even so, the problem of moral hazard will be
hard to avoid altogether.

The full economic costs of preserving biological
diversity will typically be much larger than the di-
rect expenditures on protection. If certain uses of
natural habitats are prohibited or reduced, the for-
gone revenue is part of the cost and should be
covered by the assistance provided to encourage
preservation. These opportunity costs will change
over time, since they are closely linked to the value
of land in alternative uses. Thus, increasing pres-
sure on land resources will raise the opportunity
costs of keeping out of production segments of
natural habitat suitable for agricultural use. Finan-
cial arrangements to support countries that protect
species and habitats will break down if they fail to
take account of such changes.

Some domestic policies, in addition to being
economically inefficient, may encourage the de-
struction of natural habitats and species. In such
cases, the international community may reasona-
bly choose not to support conservation programs,
on the grounds that effectiveness would be under-
mined by the overall policy framework.

In the longer term there needs to be some agree-
ment on priorities so as to ensure the best use of
limited funds. Work is under way to analyze this
question more systematically; it will be important
for the future. In the meantime, scientists have
attempted to establish criteria to guide action now.

A number of options are under consideration;
there is no consensus on which is best. All agree
that developing countries should have a high pri-
ority, largely because tropical ecosystems are so
rich but also because industrial countries now re-
tain so little of their own habitats in pristine state.
The geographic distribution of various priority
areas is shown in Figure 8.3.

These priority areas rarely lie in the countries
that can afford to spend the most on conservation.
Satisfactory figures are difficult to obtain, since
spending on conservation appears under a wide
range of categories. Many countries raise some
revenues from their national parks, so net outlays
may be less. One can, however, estimate a rough
order of magnitude of spending on biological di-
versity using information on budgetary allocations
for national parks management. Table 8.2 shows

Table 8.2 Conservation spending in
selected countries

As share of Total
government  As share of spending
spending GDP (millions of

Country and year (percent) (percent) dollars)
Botswana, 1984 0.32 0.11 1.3
Denmark, 1989 0.11 0.04 45.0
Indonesia, 1988 0.04 0.01 6.0
Malaysia, 1988 0.05 0.01 5.0
SriLanka, 1988 0.03 0.01 0.6
Tanzania, 1983 0.17 0.05 29
United States, 1988 0.15 0.04 1,702.3

Sources: For conservation spending in Botswana and Tanzania,
national data; for Denmark and Finland, UNEP 1990; for the United
States, U.S. Department of the Interior 1991; for Indonesia,
Malaysia, and Sri Lanka, World Bank data. For GDFP, World Bank
data; for exchange rates and government expenditures, IMF data.

these estimates for a few countries. The figures
suggest that spending on conservation-related ac-
tivities may amount to between 0.01 and 0.05 per-
cent of GDP in developing countries and about
0.04 percent in industrial countries, implying a to-
tal of about $6 billion-$8 billion a year. Estimates of
international transfers for conservation activities,
equally hard to come by, are roughly $200 million a
year, or about 3 percent of world spending on con-
servation activities (excluding lending from multi-
lateral development banks, which is growing rap-
idly). Most of the spending is in the richer
countries. Modest increases in the amount of
funds transferred by the international community
could allow a significant increase in spending on
conservation in developing countries. Chapter 9
discusses further the costs and financing of a pro-
gram to protect biological diversity.
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cent, or by 0.04 percent of GDP. In regions where
acid deposition is serious enough for controls on
sulfur dioxide and nitrogen oxides to be justified, a
further 5-15 percent of capital costs (amounting to
about 0.5 percent of the regions’ GDPs) would be
incurred if low-sulfur coals or natural gas were not
available. For this investment, developing coun-
tries would be able in 2030 to produce ten times as
much electric power as they do today, with lower
emissions of particulates and of pollutants that
cause acid rain.

Roap TRANSPORT. The ““unchanged practices’
scenario described in Chapter 6 envisages that the
demand for vehicle fuels in developing countries
will grow from 425 million tons of oil equivalent a
year today to 2.3 billion tons by 2030. Phasing in
fuel taxes at levels found in Western Europe today
and introducing congestion management schemes
would reduce this consumption to 1.5 billion tons.
Investments in cleaner and more-efficient fuels
and engine technologies would bring the main
emissions from urban vehicle traffic to much lower
levels than today.

Such investments would be tiny in comparison
with other costs of motoring. The extra costs of
introducing unleaded gasoline range from 2 cents
to 10 cents a gallon in OECD countries and average
about 4 cents a gallon. They would add approxi-
mately $2 billion a year to developing country ex-
penditures on gasoline; this is equivalent to 0.06
percent of today’s GDP and less than 1 percent of
expenditures on vehicles and fuels. Reducing ni-
trogen oxides, unburned hydrocarbons, and car-
bon monoxide by using catalytic converters may
raise costs by an additional 15 cents a gallon. (This
estimate corresponds broadly to the annualized
capital costs of the controls divided by average fuel
consumption.) For diesel vehicles, recently devel-
oped devices for removing particulates (the largest
pollutant), nitrogen oxides, and sulfur have simi-
lar costs. Much can also be accomplished (and at
low cost) by improving the quality of diesel fuels
and, especially, vehicle maintenance. Assuming
that the cleaner fuels and emissions control prac-
tices are phased in over twenty years, the costs of
moving toward the low-polluting scenario dis-
cussed in Chapter 6 would rise to $10 billion a
year, or 0.2 percent of GDP, by 2000 and to $35
billion a year, or 0.5 percent of GDP, by 2010.

INDUSTRIAL EMISSIONS AND WASTES. In this area
the two elements in costs are explicit investments
in end-of-pipe controls and incremental expendi-
tures on ’’cleanliness-in-the-process’’ or in-plant
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measures. The latter often cannot be estimated, as
they are embodied in the overall plant design or

process and cannot easily be distinguished from
expenditures on general investment. Some low-
waste, in-plant measures now being adopted actu-
ally reduce costs and improve profits.

The cost of end-of-pipe and in-plant controls to
reduce industrial emissions and effluents varies
among sectors and with the standards set. In the
1970s identifiable expenditures on reducing pollu-
tion in industrial countries typically amounted to
2.0-2.5 percent of investment costs. As standards
have been tightened, these expenditures have
risen to 5 percent in Germany and Japan and 4
percent in the United States. Better policies would
enable developing countries to spend a smaller
amount than this. If spending on pollution control
by manufacturers were to approach 2-3 percent of
investment, developing countries could apprecia-
bly reduce industrial pollution and avoid the costs
of cleanup later. The extra costs would amount to
about $10 billion-$15 billion a year by the end of
the decade, or 0.2-0.3 percent of GDP.

AGRICULTURE. It is not possible to estimate the
costs of making agriculture sustainable. Even the
land area under stress is not reliably known. But
the costs of preventing soil erosion and degrada-
tion are comparatively small, while the costs of
rehabilitating degraded areas can be large. The
capital costs of prevention vary with the farming
system, the methods used, and topography: ex-
penditures of $50-$150 per hectare (sometimes
less) for such measures as farm forestry and con-
touring with vetiver grass or other vegetative bar-
riers are typical; $200-$500 may be required per
hectare for “’structural’’ measures (terracing, land
leveling, earth banks, and the like) on undegraded
lands. Rehabilitation, in contrast, may cost from
$500 to several thousand dollars per hectare, de-
pending on the severity of the problem. The main
priority must therefore be prevention. Thanks to
the favorable effects of these practices on farm out-
put, payback periods can be short (five to ten years
or less), provided—and this is an important quali-
fication—that the programs achieve high levels of
participation. Public expenditure will be needed
for research, extension, training, education (in-
cluding the costs of encouraging community par-
ticipation in the programs), and support for infra-
structure and afforestation. By far the greatest
commitment of time and resources, however, will
have to come from the farmers themselves.

Not all agricultural lands will need additional
investment in preventive measures. But enough is



known about the situation in many regions, and
about measures for preventing soil erosion and
degradation, for a significant program to be
mounted immediately. For example, investments
of $10 billion-$15 billion a year (0.2-0.3 percent of
GDP) in the 1990s, including the costs borne by
the farmers themselves, would probably be suffi-
cient to extend the coverage of improved soil man-
agement practices by up to 100 million hectares
each year. (Currently, 1.1 billion hectares are un-
der crops in developing countries, and 2.5 billion
hectares are under permanent pasture.) Allowing
for the need to complement agricultural programs
with reforestation projects in some watersheds
may raise investment costs by a further $2 billion-
$3 billion a year (unit costs vary between $500 and
$1,500 a hectare). The main limits would be the
capacity of the institutions to implement the pro-
grams and the circumstances—such as tenurial ar-
rangements, crop prices, and education—that af-
fect farmers’ responses.

There is an urgent need to improve knowledge
of the links between agriculture and environmen-
tal damage and to survey environmental condi-
tions in rural areas. Given the increasing complex-
ity of rural environmental problems and the need
to raise agricultural yields, more money is needed
for agricultural research, particularly on the effects
of crop practices on soil loss and fertility (see Boxes
7.2 and 7.3). Current national R&D expenditures
by developing countries are approaching $5 billion
a year, and international expenditures are about
$350 million. For the reasons discussed in Chapter
7, both need to be expanded by 30-50 percent in
relation to projected levels. In addition, a com-
mensurate increase in finance is required for train-
ing and for disseminating the findings of R&D.
Expenditures on extension are presently about
$4.5 billion a year in developing countries, or $1.5
for every hectare under crops and permanent pas-
ture. To help put agricultural practices on a sus-
tainable footing, the extension message will need
to be broadened from the present emphasis on
production technologies to include soil conserva-
tion, integrated pest management, the manage-
ment of pastures, and, more generally, issues of
resource custody.

PoruLaTION. Total spending on family planning
in developing countries amounts to $4.7 billion a
year, of which 80 percent is borne by developing
countries and 20 percent comes from external as-
sistance. Family planning programs have never re-
ceived more than 2 percent of official development
assistance. To achieve the base case projections of

stabilization at 12.5 billion population discussed in
Chapter 1 would mean increasing spending to $8
billion by 2000. To arrive at the lower-fertility pro-
jections, an extra $3 billion a year would be re-
quired, giving a total of $11 billion a year by 2000,
or 0.2 percent of developing country GDP. (It will,
of course, also require better progress on reducing
poverty and increasing access to education.)

FEMALE EDUCATION. Improving education for
girls may be the most important long-term envi-
ronmental policy in the developing world. Edu-
cated women have smaller families, and their chil-
dren tend to be healthier and better educated.
Furthermore, women are often the principal man-
agers of natural resources; they gather wood and
water and undertake much agricultural labor. Bet-
ter education will help them to use natural re-
sources more productively and to depend less on
natural resources for income. Educated women
will have more opportunities for productive off-
farm employment—a vital source of income as the
average sizes of farms shrink. Raising the primary
school enrollment rate for girls to equal that for
boys in low-income countries would mean educat-
ing an additional 25 million girls each year, at a
total annual cost of approximately $950 million.
Raising the secondary school enrollment of girls to
equal the rate for boys would mean educating an
additional 21 million girls at a total cost of $1.4
billion a year. Eliminating educational discrimina-
tion in low-income countries would thus cost a
total of $2.4 billion a year, or about 0.25 percent of
these countries’ GDP.

Putting costs in perspective: the case for reform

The additional costs of the investments listed
above would add $75 billion a year by the end of
the decade, or about 1.4 percent of the combined
GDPs of developing countries (Table 9.1). Costs
will be higher if an allowance is made for items not
costed above, such as forest protection, the reha-
bilitation of environmentally degraded areas, and
cleanup. And costs may rise over time, even as a
share of GDP as standards are tightened. Overall
incremental costs in the range of 2-3 percent of
GDP by 2000 would appear appropriate and suffi-
cient. The estimates are, of course, approximate
and are not all-embracing; even less are they a
financial plan, since such plans can only be devel-
oped through careful assessments of each coun-
try’s priorities and circumstances. They are indica-
tive and are intended solely to place costs in
context.
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Table 9.1 Estimated costs and long-term benefits of selected environmental programs

in developing countries

Additional investment in 2000

As a percentage

Billions of As a percentage of GDP growth,
Program dollars a year of GDP in 20002 1990-20002 Long-term benefits
Increased investment in water 10.0 0.2 0.5 Over 2 billion more people provided
and sanitation with service. Major labor savings
and health and productivity
benefits. Child mortality reduced by
more than 3 million a year.
Con ro]]mg p?rtlculate matter 20 0.04 0.1 PM emissions virtually eliminated.
(PM) emissions from coal-fired : ; ;
tati Large reductions in respiratory
power stations illnesses and acid deposition, and
Reducing acid deposition from 5.0 0.1 0.25 improvements in amenity.
new coal-fired stations®
Changing to unleaded fuels; 10.0 0.2 0.5 Elimination of pollution from lead;
controls on the main more than 90 percent reductions in
pollutants from vehiclesP other pollutants, with
improvements in health and
amenity.
Reducing emissions, effluents, 10.0-15.0 0.2-0.3 0.5-0.7 Appreciable reductions in levels of
and wastes from industry ambient pollution, and
improvements in health and
amenity, despite rapid industrial
growth. Low-waste processes often
a source of cost savings for industry.
Soil conservation and 15.0-20.0 0.3-0.4 0.7-1.0 A
.. . Improvements in yields and
afforestation, including - .
. L productivity of agriculture and
extension and training i .
forests, which increase the economic
Additional resources for agri- 5.0 0.1 0.2 returns to investment. Lower
pressures on natural forests. All
cultural and forestry research,
. . . areas eventually brought under
in relation to projected levels, . e
sustainable forms of cultivation and
and for resource surveys
pasture.
Family planning (incremental 7.0 0.1 0.3 Long-term world population
costs of an expanded stabilizes at 10 billion instead of 12.5
program)e billion.
Increasing primary and 2.5 0.05 0.1 Primary education for girls extended

secondary education for girlse

to 25 million more girls, and second-
ary education to 21 million more.
Discrimination in education sub-
stantially reduced.

a. The GDP of developing countries in 1990 was $3.4 trillion, and it is projected to rise to $5.4 trillion by 2000 (in 1990 prices). The projected GDP

growth rate is 4.7 percent a year.

b. Costs may eventually be lowered by the use of new combustion technologies and other measures discussed in Chapter 6.
c. Recurrent expenditures on these items are counted as investments in human resources.

These costs, although high in absolute terms,
are small in relation to the additional incomes gen-
erated by good economic management. For exam-
ple, World Development Report 1991 found that
countries with good economic policies had average
growth rates fully 2.5 percentage points higher
than those with middling and poor policies and
nearly 1 percentage point higher than the average
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projected growth rate for the 1990s. Over a fifteen-
year period, the total real income of countries with
good policies should rise by 125 percent—more
than twice the amount in other countries—and by
twenty to twenty-five times the costs of a full-
blown environmental program. Because their in-
comes will be higher, these countries will also be
able to afford more environmental protection.


















ronment Programme, and the World Bank and from
the scientific literature. Joseph Leitmann provided in-
put on urban pollution, Carl Bartone on solid wastes,
the World Bank’s Energy Strategy/Management As-
sessment Program (ESMAP) on indoor air pollution,
and David Wheeler on hazardous wastes. The sec-
tions on air and water pollution rely on the back-
ground paper by Beckerman. Material on soils draws
on the background paper by Crosson and Anderson
and on Nelson 1990. The forestry discussion is based
on World Bank 1991d. Box 2.3 is based on personal
discussion with Peter Ashton and on Lewin 1987. The
section on greenhouse warming, including Box 2.4,
owes much to Houghton, Jenkins, and Ephraums
1990. The ozone depletion discussion is drawn from
UNEP 1991 and World Meteorological Organization
and others forthcoming. The chapter also benefited
from constructive comments from David Grey, Agnes
Kiss, Gerald D. Mahlman, and Norman Myers. Ad-
vice on environmental indicators and data quality
came from Allen Hammond, Eric Rodenberg, and
Dan Tunstall of the World Resources Institute.

Chapter 3

The section on trade policy and the environment (in-
cluding Box 3.1) is based on material from the back-
ground papers by Dean and by Lucas, Wheeler, and
Hettige and from Wheeler and Martin forthcoming,
Grossman and Krueger 1991, and Low and Safadi
forthcoming. Evidence on the impact of removing
subsidies is from the background paper by Hughes
and from World Bank reports. The discussion of com-
mon-property rights is based on the background pa-
per by Kanbur, as is Box 3.2. The material on valua-
tion of environmental benefits (including Box 3.3) is
based on the background paper by Pearce. Box 3.4 is
based on Eskeland 1992. The section on regulation
and economic incentives draws on Bernstein 1991,
Eskeland and Jimenez 1991, Wheeler 1992, and the
background paper by Levinson and Shetty. The sec-
tion on improving public investment is based on the
background paper by Ascher and on material from
Anderson 1987. The examples in Box 3.5 are from
Dixon and others 1988 and Mu, Whittington, and
Briscoe 1991. Box 3.6 draws on Fargeix 1992. Exten-
sive comments were provided by William Ascher,
Gunnar Eskeland, Antonio Estache, Emmanuel Jim-
enez, Ravi Kanbur, Alan Krupnick, Arik Levinson,
Patrick Low, Ashoka Mody, Vinod Thomas, Tom Tie-
tenberg, David Wheeler, and Min Zhu.

Chapter 4

This chapter draws on academic and NGO sources.
Individual staff members in the World Bank’s Envi-
ronment Department made significant contributions.
Of particular note is the paper *'Participation for Sus-
tainable Development’’ by Guggenheim and Koch-
Weser, which formed the basis for the section on par-
ticipation. Barbara Lausche provided material on in-
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stitutional issues. Josef Leitmann contributed to the
section on decentralization and coordination for im-
proved urban management, and Glenn Morgan pro-
vided materials on remote sensing and geographic
information systems. Box 4.1 is based on press re-
ports and Chilean publications. Box 4.5 draws on ma-
terial provided by Kazuhiko Takemoto and Japan En-
vironment Agency 1988. Box 4.6 was adapted by
Shelton Davis from his background paper. Box 4.7
was written by Scott Guggenheim. Among those
who provided helpful comments were Carl Bartone,
Jeremy Berkoff, Alice Hill, David O’Connor, William
Partridge, and Michael Stevens.

Chapter 5

This chapter draws heavily on the cumulative experi-
ence of World Bank water sector staff. In particular,
published and unpublished Bank studies by Joszef
Buky, Michael Garn, Dale Whittington and
Guillermo Yepes were extensively used. The section
on environmental priorities draws from Bhatia and
Falkenmark 1992. The section on health relies on the
work of Briscoe 1985 and 1987, Esrey and others 1991,
Feachem and others 1983, VanDerslice and Briscoe
forthcoming, WHO 1984b, and Moe and others 1991.
The discussion on productivity impacts draws on
Bhatia and Falkenmark 1992, Briscoe and de Ferranti
1988, Cairncross and Cliff 1986, Gilman and
Skillicorn 1985, Whittington and others 1991, Whit-
tington and others 1988, and the background paper
by Webb. The section on managing water resources
relies on Bhatia and Falkenmark 1992, Falkenmark,
Garn, and Cestti 1990, Hufschmidt and others 1987,
IFC forthcoming, Kennedy 1990, McGarry 1990, Mi-
glino 1984, Ramnarong 1991, Repetto 1986, Rogers
1984 and 1986, Smith and Vaughan 1989, and World
Resources Institute 1990. The section on financing
and willingness to pay draws on Altaf, Haroon, and
Whittington 1992, Briscoe and others 1990, Christmas
and de Rooy 1991, Churchill 1987, OECD 1987b,
Singh and others forthcoming, Whittington and
others 1992, World Bank 1990b and 1991a, and World
Bank Water Demand Research Team forthcoming.
The section on sanitation relies on Altaf and Hughes
1991, Wright and Bakalian 1990, Bartone, Bernstein,
and Wright 1990, de Melo 1985, Hasan 1986 and 1990,
and Okun 1988. The discussion of institutional re-
forms relies on Bartone and others 1991, Borcherd-
ing, Pommerrehne, and Schneider 1982, Kinnersley
1991, Lovei and Whittington 1991, Paul 1991, Triche
1990, U.S. Environmental Protection Agency 1989,
World Bank 1991e, and Yepes 1990 and 1991. Box 5.1
relies on Moe and others 1991, Feachem and others
1983, VanDerslice and Briscoe forthcoming, and
WHO 1984b. Box 5.2 is taken from International Fi-
nance Corporation forthcoming, Box 5.3 from World
Bank Water Demand Research Team forthcoming,
and Box 5.4 from Dworkin and Pillsbury 1980. Box 5.5
is drawn from de Melo 1985, and Box 5.6 from Hasan



1986 and 1990. The chapter also benefited from de-
tailed and constructive comments from Bank staff
members Janis Bernstein, Ramesh Bhatia, John Blax-
all, Pauline Boerma, Arthur Bruestle, Joszef Buky,
Sergio Contreras, Christopher Couzens, Antonio Es-
tache, David Grey, Ian Johnson, Peter Koenig, Ayse
Kudat, Andrew Macoun, Geoffrey Matthews, Mohan
Munasinghe, Letitia Oliveira, Walter Stottman, Alain
Thys, Anthony van Vugt, and Albert Wright and
from external commentators, including Anjum Altaf,
Charles Griffin, Stein Hansen, Arif Hasan, Richard
Helmer, Daniel Okun, Peter Rogers, Sheila Webb,
Dale Whittington, and James Winpenny.

Chapter 6

The chapter draws on background papers by Bates
and Moore, Anderson and Cavendish, Hall, Homer,
and Panayotou and on Anderson 1991a. The section
on energy relies on Asian Development Bank 1991,
Balzheiser and Yeager 1987, Davis 1990, Faiz and Car-
bajo 1991, Gamba, Caplin, and Mulckhuyse 1986,
Harrison 1988, Imran and Barnes 1990, Johansson,
Bodlund, and Williams 1989, OECD 1986-91, Shell
Briefing Service 1991, U.S. Department of Energy
1990, Wirtschafter and Shih 1990, and World Bank
1991c and forthcoming. Box 6.1 is taken from Asian
Development Bank 1991, OECD 1989, and Bates and
Moore background paper. Box 6.2 is based on World
Bank 1991c, which includes research by Douglas
Barnes, who also provided much valuable material on
woodfuels. Eric Larsen, Joan Ogden, Robert
Socolow, and Robert Williams of Princeton Univer-
sity’s Center for Energy Studies provided valuable
guidance on renewable energy technologies; Jo-
hansson and others forthcoming provided a technical
review. The section on industry draws on Bartone,
Bernstein, and Wright 1990, Bernstein 1991 and forth-
coming, Eckenfelder 1989, GATT 1971, Hirschhorn
and Oldenburg 1991, Kneese and Bower 1968, Krup-
nick 1983, OECD 1991, Tedder and Pohland 1990,
UNIDO 1991, and Wheeler and Martin forthcoming.
Bernard Baratz and Kathleen Stephenson supplied
extensive comments and material on industrial pollu-
tion, as did Roger Heath, John Homer, Afsaneh
Mashayekhi, and Robert Saunders on energy and in-
dustry. Box 6.3 is taken from Wheeler and Martin
forthcoming. The discussion on Cubatao in Box 6.4 is
based on Findley 1988. Box 6.5 is drawn from the
Panayotou background paper. The discussion on
transport relies on Faiz and Carbajo 1991, Hau 1990,
Heggie 1991, Jones 1989, and OECD 1986 and 1988.
Michael Walsh provided helpful comments.

Chapter 7

The chapter benefited from background papers by
Barbier and Burgess, Crosson and Anderson, and
Manwan and from Murray and Hoppin forthcoming,.
Sanchez, Palm, and Smyth 1990 is the main source
for Box 7.1. Box 7.2 is based on the background paper

by Crosson and Anderson. Box 7.3 was prepared by
Donald Plucknett and Kerri Wright Platais. The sec-
tion on private management draws on Carter and
Gilmour 1989, Dewees 1989, Doolette and Magrath
1990, Georghiou 1986, Kiss and Meerman 1991, Nor-
gaard 1988, Pimental 1991, and Wright and
Bonkoungou 1986. Box 7.4 was written by Montague
Yudelman and is based on Murray and Hoppin forth-
coming and on Hoppin 1991. The discussion of com-
munity management relies on Cernea 1991, Jodha
1991, Migot-Adholla and others 1991, and National
Academy of Sciences 1986. The example of Burkina
Faso in Box 7.5 was provided by World Bank and
others 1990. The section on public management is
based on Hyde, Newman, and Sedjo 1991, Kiss 1990,
Repetto and Gillis 1988, Spears forthcoming, Wells,
Brandon, and Hannah 1992, and World Bank 1991e
and 1992b. Material for Box 7.7 was prepared by Ka-
trina Brandon. Box 7.8 is drawn from the background
paper by Pearce. Valuable comments were received
from Jock Anderson, Pierre Crosson, John Dixon,
John Doolette, John English, Richard Grimshaw, Pe-
ter Hazell, Heinz Jansen, Norman Myers, John
O’Connor, David Pimentel, Donald Plucknett, James
Smyle, John Spears, Laura Tuck, and Montague
Yudelman.

Chapter 8

The section on international law draws from back-
ground papers by Mensah, Ricker, and Tschofen with
guidance from Paatii Ofosu-Amaah. Ralph Oster-
woldt and Franziska Tschofen contributed Box 8.1.
Box 8.2 draws on Maler 1989 and 1990 and Newbery
1990. Michael Prest contributed material on interna-
tional rivers, drawing on Kolars and Mitchell 1991,
Rogers 1991, Smith and Al-Rawahy 1990, Vlachos
1990, and information from Raj Krishna. Michael
Prest also provided material on the ozone layer and
on the Montreal Protocol, drawing on Benedick 1991,
Munasinghe and King 1991, and Rowland 1990 and
1991. Andrew Solow of the Woods Hole Ocean-
ographic Institution supplied scientific advice for the
section on greenhouse warming. Gerald Mahlman of
the U.S. National Oceanic and Atmospheric Admin-
istration and Robert Watson of the U.S. National
Aeronautics and Space Administration reviewed the
greenhouse warming section. The discussion of sci-
entific issues and the effects of climate change draws
especially on Arrhenius and Waltz 1990, Ausubel
1983, Houghton, Jenkins, and Ephraums 1990, IPCC
1990, National Academy of Sciences 1991 and forth-
coming, Parry 1990, Rosenberg and others 1989, and
Tegart, Sheldon, and Griffiths 1990. For Figure 8.3 a
carbon cycle model (Harvey and Schneider 1985) was
applied to data on carbon emissions from Marland
and others 1989. Radiative forcing as a function of
atmospheric concentration is from Houghton,
Jenkins, and Ephraums 1990. Only carbon dioxide
emissions from 1950 onward are included in alloca-

181



tions, but the effects of earlier emissions are taken
into account in aggregate. The share of other green-

house gases in the total warming effect is held con-
stant at its current level in the 2 X CO, scenario. The
section on biological diversity draws on Barbier and
others 1990, Dixon and Sherman 1990, McNeeley and
others 1990, Pearce 1991, Reid and Miller 1989, So-
low, Polasky, and Broadus forthcoming, Swanson
1991, and Weitzman 1992a and b. Box 8.8 was pre-
pared by Jeffrey Katz. The estimate of international
transfers for conservation draws on Abramovitz 1989
and UNEP 1990. Robert J. Anderson, Nancy Birdsall,
Charles Blitzer, Jessica Einhorn, Agnes Kiss, Barbara
Lausche, Paatii Ofosu-Amaah, Ralph Osterwoldt,
Susan Shen, and Ibrahim Shihata commented in de-
tail. Richard S. Eckaus provided ideas and advice on
many parts of the chapter. Claudia Alderman, Erik
Arrhenius, Charles Feinstein, Mudassar Imran,
Robert Kaplan, Kenneth King, John Lethbridge, Edu-
ardo Loayza, Patrick Low, Carl Gustaf Lundin, Do-
nald Plucknett, Michael Wells, and Anders Zeijlon
provided information on specific topics. Bita Hadj-
imichael provided research assistance.

Chapter 9

The cost estimates for electricity, transport, and water
and sanitation are from the background paper by An-
derson and Cavendish; for soil conservation and af-
forestation from Doolette and Magrath 1990; and for
agricultural research and extension from Zijp 1992
and Evenson 1991. Those for family planning were
based on Bulatao 1992 and on discussions with the
World Bank’s Population and Human Resources De-
partment. Costs of achieving equal education for girls
are reported in Summers 1991. Unit costs of conser-
vation in protected areas are from McNeeley and
others 1990. Figures in this Report benefited from
discussions with Jan Post and Mario Ramos. All esti-
mates benefited from detailed reviews by the World
Bank’s operational and research staff, and helpful
discussions were held with UNCED.
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reproduction, values must exceed 5.5 milligrams
per liter for warm-water habitats and 6.5 milli-
grams per liter for cold-water habitats. Lower
values of dissolved oxygen endanger stocks of fish
and other oxygen-dependent organisms.

Fecal coliforms are most commonly associated
with animal and human feces. This measure is
used as a sentinel indicator for the presence or
potential presence of many other pathogenic or-
ganisms that are more difficult to observe and
measure. Water for human consumption should
usually contain zero fecal coliforms per 100-millili-
ter sample, and bathing water and water used for
irrigation should contain less than 1,000 per 100-
milliliter sample.

Table A.5 Selected ambient air quality indicators
for various cities

Since 1974 standardized data on concentrations of
sulfur dioxide and suspended particulate matter
(SPM) from selected cities worldwide have been
submitted to the World Health Organization
(WHO) as part of the WHO/UNEP-GEMS Urban
Air Quality Monitoring Project (GEMS/Air). The
project currently extends to nearly eighty cities in
more than fifty countries. Most cities report data
from three sites, which are classified as city center
or suburban and as commercial, industrial, or resi-
dential. Data are maintained at the GEMS/Air data
center at the United States Environmental Protec-
tion Agency’s Atmospheric Research Exposure
Assessment Laboratory in North Carolina and are
made available through the Monitoring and As-
sessment Research Centre, London.

WHO has separate guidelines for peak (daily av-
erage) and average (annual mean) exposure of
populations to air pollutants. For sulfur dioxide
the daily average guideline of 100-150 micrograms
per cubic meter should not be exceeded for more
than seven days in one year; the annual mean
guideline is 40-60 micrograms per cubic meter. For
gravimetrically determined SPM the respective
guidelines are 150-230 micrograms per cubic meter
and 60-90 micrograms per cubic meter. It should
be noted that these guidelines are generally con-
sidered to be targets; for each country the costs
and benefits of achieving the targets have to be
carefully assessed.

Table A.6 Changes in land use

Data on land area and use are provided to the
Food and Agriculture Organization of the United

Nations (FAO) by national governments in re-
sponse to annual questionnaires. The FAO also
compiles data from national agricultural censuses.
When official information is lacking, the FAO pre-
pares its own estimates or relies on unofficial data.
Several countries use definitions of total area and
land use that differ from those used in this table.
(See the current edition of the FAO Production Year-
book for details.) The FAO often adjusts its defini-
tions of land use categories and sometimes sub-
stantially revises earlier data. Because these
changes reflect data-reporting procedures as well
as actual changes in land use, apparent trends
should be interpreted with caution.

Land area refers to total area, excluding the area
under inland water bodies (mainly, rivers and
lakes). Agricultural land includes both arable and
permanent crop land. Arable land refers to land
under temporary crops (double-cropped areas are
counted only once), temporary meadows for
mowing or pasture, market and kitchen gardens
(including cultivation under glass), and land tem-
porarily fallow or lying idle. Permanent crop land
is occupied by crops such as cocoa, coffee, and
rubber that are in place for long periods and that
need not be replanted after each harvest; the cate-
gory includes land under shrubs, fruit trees, nut
trees, and vines but excludes land under trees
grown for wood or timber. Permanent pasture refers
to land used permanently (five years or more) for
herbaceous forage crops, either cultivated or grow-
ing wild. Forest and woodland refers to land under
natural or planted stands of trees, whether subject
to harvesting or not, and includes land from which
forests have been cleared but that will be re-
forested in the foreseeable future. Other land in-
cludes unused but potentially productive land,
built-on areas, wasteland, parks, ornamental gar-
dens, roads, lanes, barren land, and any other
land not specifically listed in the foregoing
categories.

Table A.7 Agriculture: production and yields
of selected crops, fertilizer consumption, and
irrigation

Most of the data in this table are supplied by na-
tional agriculture ministries in response to annual
FAO questionnaires or are derived from agri-
cultural censuses. The FAO compiles data from
more than 200 country reports and from many
other sources. Gaps in the data are filled by the
FAO on the basis of its own estimates. As better
information becomes available, the FAO corrects

193



its estimates and recalculates the entire time-series
when necessary.

Cereal crops include wheat, rice paddy, barley,
maize, rye, oats, millet, and sorghum. Area and
production data relate to crops harvested for dry
grain only. Cereal crops harvested for hay, har-
vested green for food, feed, or silage, or used for
grazing are excluded. Area data relate to harvested
area. Roots and tubers include potatoes, sweet po-
tatoes, cassava, yams, and taro. Yields are calcu-
lated by dividing total production by the area
harvested.

Fertilizer consumption is calculated by dividing
the total consumption of nitrogenous, phosphatic
and potash fertilizers by the area of agricultural
land given in table A.6.

Data on irrigation refer to areas purposely pro-
vided with water (including land flooded by river
water) for crop production or pasture improve-
ment, whether these areas are irrigated several
times or only once during the year stated. For
some African countries data on irrigation have
been revised recently on the basis of new studies.

Table A.8 Nationally protected areas

Data for this table have been provided by the
World Conservation Monitoring Centre in the
United Kingdom, which maintains data on na-
tional parks and protected areas.

Information on protected areas combines five of
the management categories originally developed
by the International Union for the Conservation of
Nature and Natural Resources (IUCN) in 1972. To-
tally protected areas (IUCN categories I-1II) include:

¢ Scientific reserves and strict nature reserves
that possess outstanding, representative ecosys-
tems. Public access is prohibited or severely re-
stricted. The reserve should be large enough to
ensure the integrity of the area, meet the scientific
management objectives, and provide for the pro-
tection of the reserve. In many reserves natural
perturbations (for example, insect infestations and
forest fires) are allowed to run their course without
any direct human interference.

* National parks and provincial parks that con-
stitute relatively large areas of national or interna-
tional significance not materially altered by human
beings. Visitors may use them for recreation and
study.

¢ Natural monuments and natural landmarks
that contain unique geologic formations, special
animals or plants, or unusual habitats.
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Partially protected areas (IUCN categories IV-V)
include:

* Managed natural reserves and wildlife sanctu-
aries that are protected for specific purposes, such
as the conservation of a significant plant or animal
species. Some areas require management.

® Protected landscapes and seascapes, which
may be entirely natural or may include cultural
landscapes (for example, scenically attractive agri-
cultural areas). Examples would include coast-
lines, lakeshores, and hilly or mountainous terrain
along scenic highways.

The figures presented do not include locally or
provincially protected sites, privately owned
areas, or areas managed primarily for extraction of
natural resources.

Table A.9 Global carbon dioxide emissions
from fossil fuels and cement manufacture

The Carbon Dioxide Information Analysis Center
(CDIAC) in the United States calculates world
emissions from data on the net apparent consump-
tion of fossil fuels and on world cement manufac-
ture. Emissions are calculated from global average
fuel chemistry and use.

Estimates of world emissions are probably
within 10 percent of actual emissions. Individual
country estimates may depart more widely from
reality. The CDIAC points out that the time trends
from a consistent and uniform time-series "’should
be more accurate than the individual values.”’

Total emissions consist of the sum of the carbon
in carbon dioxide released in the consumption of
solid, liquid, and gas fuels (primarily but not ex-
clusively coals, petroleum products, and natural
gas), in gas flaring (the burning off of gas released
in the process of petroleum extraction—a practice
that is declining), and in the production of cement
(in which calcium carbonate is calcined to produce
calcium oxide, with 0.136 metric tons of carbon
released as carbon dioxide for each ton of cement
produced).

Combustion of different fossil fuels releases car-
bon dioxide at different rates for the same energy
production. Oil releases about 1.5 times the
amount of carbon dioxide released from natural
gas; coal releases about twice the carbon dioxide of
natural gas.

It is assumed that approximately 1 percent of the
coal used by industry and power plants is not
burned and that an additional few percent are con-
verted to nonoxidizing uses. Other oxidative reac-



tions of coal are assumed to be of negligible impor-
tance in carbon budget modeling. Carbon
emissions from gas flaring and cement production
are also included. These two sources account for
about 3 percent of the carbon emitted by fossil fuel
combustion. Fossil fuel emissions include those re-
leased from bunker fuels in international transport
and are not ascribed to particular countries.

Table A.10 Energy: consumption, production,
and resources

Energy data are compiled by the United Nations
Statistical Office (UNSO) and are published in the
United Nations Energy Statistics Yearbook. The World
Bank makes some modifications to these data, as
explained below.

Since the difference between world consump-
tion and production for liquid and solid fuels and
for gas is small, data are only presented on the
changing pattern of consumption. However, since
consumption data on electricity are less reliable,
production data are presented.

Under world consumption, liguid fuels comprise
petroleum products, including feedstocks, natural
gasoline, condensate, refinery gas, and the input
of crude petroleum to thermal power plants; solid
fuels include primary forms of solid fuels, net im-
ports, and changes in stocks of secondary fuels;
and gas includes the consumption of natural gas,
net imports, and changes in gas stocks of coke-
ovens and gasworks.

World production of primary electricity comprises
electricity generated by hydroelectric, nuclear, and
geothermal sources. The role of electricity is se-
verely underestimated when a kilowatt-hour is
counted at its thermal end-use equivalent of 860
kilocalories, as is often the case with UN energy
data. Primary electricity substitutes for at least
2,500 kilocalories of other fuels, and the World
Bank has revised UN estimates to account for this.

Fuelwood is defined as wood in the rough (from
trunks and branches of trees) that is used as fuel
for purposes such as cooking, heating, and power

production. Wood for charcoal, *"put kilns,”” and
portable ovens is included, using a conversion fac-
tor (6 tons of charcoal = 1 cubic meter of fuelwood)
to convert from weight to solid volume units. A
further conversion factor (1 cubic meter of fuel-
wood = 0.222 tons of oil equivalent) has been used
to obtain a rough estimate of the energy equivalent
of fuelwood to show the importance of this form of
energy, especially in developing countries. Data
come from the FAO Forest Products Yearbook.

World reserves are generally taken to be those
quantities that geologic and engineering informa-
tion indicate with reasonable certainty can be re-
covered from known reservoirs under existing eco-
nomic and operating conditions. Caution should
be exercised when using reserve data, since esti-
mates can vary widely from source to source. In
considering reserve data, it should be borne in
mind that revisions of estimates account for the
greater part of the reported additions to reserves
and that past increases or decreases in reserves do
not necessarily mean that the volumes or eco-
nomic values of reserves will continue to increase
or decrease over time. Reserve data for liguid fuels
(crude oil only) and gas have been compiled from
the Oil and Gas Journal, and data for solid fuels (an-
thracite, bituminous, subbituminous, and lignite)
from various editions of the World Energy Confer-
ence publication Survey of Energy Resources.

The reserves/production ratio is calculated by di-
viding the reserves remaining at the end of any
year by the production in that year. The resuit is
the number of years that those reserves would last
if production were to continue at the same level.

The world price for liquid fuels is the average Or-
ganization of Petroleum Exporting Countries
(OPEC) petroleum price, which is calculated by
weighting OPEC government sales by OPEC ex-
ports. The price of solid fuels is for thermal coal of
12,000 British thermal units per pound, less than 1
percent sulfur, 12 percent ash, f.o.b. piers, Hamp-
ton Roads, United States. No world prices are
given for gas, electricity, or fuelwood because they
are not widely traded on the international market.
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Country

ranking Population Life Infant Total

Economy in tables census expectancy mortality fertility
Congo 56 1984 1974 1969-74 1969-74
Costa Rica 69 1988 1990 1990 1990
Cote d’lvoire 48 1975 1988 1978-79 1983-88
Czechoslovakia 92 1980 1989 1990 1989
Denmark 118 1981 1989 1989 1990
Dominican Rep. 49 1990 1986 1986 1986
Ecuador 54 1982 1987 1987 1987
Egypt, Arab Rep. 37 1986 1975-77 1988 1988
El Salvador 57 1971 1988 1988 1988
Ethiopia 3 1984 1988
Finland 123 1985 1990 1990 1990
France 114 1990 1989 1989 1989
Gabon 93 1981 1960-61 1960-61 1960-61
Germany 119 1987 1990 1989 1990
Ghana 27 1984 1988 1983-87 1983-87
Greece 97 1991 1985 1990 1990
Guatemala 51 1981 1987 1987 1987
Guinea 31 1983 1955 1954-55 1954-55
Haiti 24 1982 1970-71 1987 1987
Honduras 36 1988 1982 1982 1982

tHong Kong 106 1986 1985-86 1990 1990
Hungary 90 1980 1990 1990 1990
India 21 1991 1981-83 1986 1985
Indonesia 35 1990 1971-80 1986 1988-91
Iran, Islamic Rep. 77 1986 1986 1986 1971-75
Iraq 9 1987 1974-75 1974-75 1974-75
Ireland 102 1986 1990 1989 1990

tlsrael 103 1983 1990 1990 1990
ltaly 110 1981 1990 1990 1990
Jamaica 64 1982 1969-71 1989 1990
Japan 122 1985 1989 1989 1989
Jordan 60 1979 1983 1983 1983
Kenya 25 1979 1977-78 1973-78 1984-89
Korea, Rep. 96 1985 1978-79 1985

+Kuwait 125 1985 1987 1987 1987
Lao PDR 8 1985 1988 1988
Lebanon 80 1970 1971 1971 1971
Lesotho 34 1986 1977 1972-77 1972-77
Liberia 40 1984 1975 1981-86 1981-86
Libya 100 1984 1969 1971-75
Madagascar 14 1974-75 1984 1979-84 1975-80
Malawi 9 1987 1966-77 1977-82 1972-77
Malaysia 75 1980 1988 1988 1984
Mali 16 1987 1976 1982-86 1982-86
Mauritania 33 1988 1975 1987-88
Mauritius 74 1983 1989 1984-86 1985
Mexico 85 1990 1987 1987 1987
Mongolia 81 1989 1989 1985
Morocco 52 1982 1987 1987 1987
Mozambique 1 1980 1985 1975 1976-80
Myanmar 41 1983 1983 1983
Namibia 82 1970
Nepal 5 1991 1974-76 1986 1986
Netherlands 112 1971 1990 1990 1990
New Zealand 107 1986 1988 1989 1989
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Country

ranking Population Life Infant Total

Economy in tables census expectancy mortality fertility
Nicaragua 83 1971 1978 1978 1978
Niger 18 1988 1978 1977-78 1959-63
Nigeria 17 1991 1985-90 1985-90
Norway 120 1980 1989 1989 1989
Oman 101 1986 1986 1986
Pakistan 26 1981 1972-81 1972-81 1985
Panama 68 1980 1970-80 1985-87 1986
Papua New Guinea 50 1990 1980 1980
Paraguay 58 1982 1982 1990 1990
Peru 59 1981 1981 1986 1986
Philippines 47 1990 1979-81 1986 1988
Poland 67 1988 1990 1990 1990
Portugal 95 1981 1988 1989 1988
Romania 66 1977 1990 1990 1990
Rwanda 19 1978 1978 1978-83 1978-83
Saudi Arabia 98 1974 1974 1974 1974
Senegal 46 1988 1978 1981-85 1981-86
Sierra Leone 15 1985 1971 1971-75
tSingapore 105 1990 1989 1989 1989
Somalia 4 1987 1976-80 1976-80 1976-80
South Africa 86 1985 1970 1980 1976-81
Spain 104 1981 1989 1989 1989
Sri Lanka 32 1981 1980-81 1988 1982-86
Sudan 42 1983 1983 1978-83 1976-80
Sweden 121 1985 1990 1990 1990
Switzerland 124 1980 1990 1990 1990
Syrian Arab Rep. 55 1981 1976-78 1976-78 1976-80
Tanzania 2 1988 1977-78 1977-80 1977-78
Thailand 62 1990 1978 1989 1987
Togo 29 1981 1988 1983-88 1983-88
Trinidad and Tobago 94 1990 1987 1987 1987
Tunisia 63 1984 1988 1988 1988
Turkey 65 1990 1988 1988 1988
Uganda 13 1991 1991 1983-88 1983-89
1United Arab Emirates 115 1985 1980 1980 1980
United Kingdom 109 1981 1990 1990 1990
United States 117 1990 1990 1990 1990
Uruguay 88 1985 1985 1985 1985
Venezuela 87 1990 1981 1981 1986
Viet Nam 43 1989 1989 1985-89
Yemen, Rep. 84 1986-88 1979 1979 1981
Yugoslavia 91 1981 1990 1990 1990
Zaire 12 1984 1955-57 1979-84 1979-84
Zambia 30 1990 1980 1979-80 1976-80
Zimbabwe 45 1982 1988 1983-88 1983-88

Note: Economies with populations of less than 1 million are included only as part of the country groups in the main tables, but are
shown in greater detail in Box A.1. Other economies not listed in the main tables nor in Box A.1, but also included in the aggregates,
are shown in greater detail in Box A.2. For data comparability and coverage throughout the tables, see the technical notes.
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The data on area are from the Food and Agriculture
Organization. Area is the total surface area, mea-
sured in square kilometers, comprising land area and
inland waters.

GNP per capita figures in U.S. dollars are calculated
according to the World Bank Atlas method, which is
described below.

GNP per capita does not, by itself, constitute or
measure welfare or success in development. It does
not distinguish between the aims and ultimate uses
of a given product, nor does it say whether it merely
offsets some natural or other obstacle, or harms or
contributes to welfare. For example, GNP is higher in
colder countries, where people spend money on
heating and warm clothes, than in balmy climates,
where people are comfortable wearing light clothes in
the open air.

More generally, GNP does not deal adequately
with environmental issues, particularly natural re-
source use. The Bank has joined with others to see
how national accounts might provide insights into
these issues. The possibility of developing "'satellite”’
accounts is being considered; such accounts could
delve into practical and conceptual difficulties, such
as assigning a meaningful economic value to re-
sources that markets do not yet perceive as ’scarce’’
and allocating costs that are essentially global within
a framework that is inherently national.

GNP measures the total domestic and foreign value
added claimed by residents. It comprises GDP (de-
fined in the note for Table 2) plus net factor income
from abroad, which is the income residents receive
from abroad for factor services (labor and capital) less
similar payments made to nonresidents who contrib-
uted to the domestic economy.

In estimating GNP per capita, the Bank recognizes
that perfect cross-country comparability of GNP per
capita estimates cannot be achieved. Beyond the clas-
sic, strictly intractable index number problem, two
obstacles stand in the way of adequate comparability.
One concerns the GNP and population estimates
themselves. There are differences in national ac-
counting and demographic reporting systems and in
the coverage and reliability of underlying statistical
information among various countries. The other ob-
stacle relates to the use of official exchange rates for
converting GNP data, expressed in different national
currencies, to a common denomination—conven-
tionally the U.S. dollar—to compare them across
countries.

Recognizing that these shortcomings affect the
comparability of the GNP per capita estimates, the
World Bank has introduced several improvements in
the estimation procedures. Through its regular re-
view of member countries’ national accounts, the
Bank systematically evaluates the GNP estimates, fo-

cusing on the coverage and concepts employed and,
where appropriate, making adjustments to improve
comparability. As part of the review, Bank staff esti-
mates of GNP (and sometimes of population) may be
developed for the most recent period.

The World Bank also systematically assesses the
appropriateness of official exchange rates as conver-
sion factors. An alternative conversion factor is used
(and reported in the World Tables) when the official
exchange rate is judged to diverge by an excep-
tionally large margin from the rate effectively applied
to foreign transactions. This applies to only a small
number of countries. For all other countries the Bank
calculates GNP per capita using the Atlas method.

The Atlas conversion factor for any year is the aver-
age of a country’s exchange rate for that year and its
exchange rates for the two preceding years, after
adjusting them for differences in relative inflation be-
tween the country and the United States. This three-
year average smooths fluctuations in prices and ex-
change rates for each country. The resulting GNP in
U.S. dollars is divided by the midyear population for
the latest of the three years to derive GNP per capita.

Some sixty low- and middle-income economies
have suffered declining real GNP per capita in con-
stant prices during the 1980s. In addition, significant
currency and terms of trade fluctuations have af-
fected relative income levels. For this reason the
levels and ranking of GNP per capita estimates, cal-
culated by the Atlas method, have sometimes
changed in ways not necessarily related to the rela-
tive domestic growth performance of the economies.

The following formulas describe the procedures for
computing the conversion factor for year ¢

B 1 p, P.;s P, P;s
(€20 = 3 le—2 \5— ps_, te, 5|5 + e]

P._,
and for calculating per capita GNP in U.S. dollars for
year f:

(Y?) = (Ytht - e;kfz,t)
where

Y, = current GNP (local currency) for year ¢
P, = GNP deflator for year ¢
e, = average annual exchange rate (local currency to the
U.S. dollar) for year ¢
N, = midyear population for year t
P% = U.S. GNP deflator for year t.

Because of problems associated with the availabil-
ity of comparable data and the determination of con-
version factors, information on GNP per capita is not
shown for some economies.

The use of official exchange rates to convert na-
tional currency figures to U.S. dollars does not reflect
the relative domestic purchasing powers of curren-
cies. The United Nations International Comparison
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Program (ICP) has developed measures of real GDP
on an internationally comparable scale, using pur-
chasing power parities (PPPs) instead of exchange
rates as conversion factors. Table 30 shows the most
recent ICP estimates. Information on the ICP has
been published in four studies corresponding to the
first four phases; and in separate reports for Phase V,
published by the Economic Commission for Europe
(ECE), the Economic and Social Commission for Asia
and the Pacific (ESCAP), the European Communities
(EC), and the Organization for Economic Coopera-
tion and Development (OECD).

The ICP figures reported in Table 30 are prelimi-
nary and may be revised. The United Nations and its
regional economic commissions, as well as other in-
ternational agencies, such as the EC, the OECD, and
the World Bank, are working to improve the meth-
odology and to extend annual purchasing power
comparisons to all countries. However, exchange
rates remain the only generally available means of
converting GNP from national currencies to U.S.
dollars.

The average annual rate of inflation is measured by
the growth rate of the GDP implicit deflator for each
of the periods shown. The GDP deflator is first calcu-
lated by dividing, for each year of the period, the
value of GDP at current values by the value of GDP at
constant values, both in national currency. The least-
squares method is then used to calculate the growth
rate of the GDP deflator for the period. This measure
of inflation, like any other, has limitations. For some
purposes, however, it is used as an indicator of infla-
tion because it is the most broadly based measure,
showing annual price movements for all goods and
services produced in an economy.

Life expectancy at birth indicates the number of years
a newborn infant would live if prevailing patterns of
mortality at the time of its birth were to stay the same
throughout its life. Data are World Bank estimates
based on data from the U.N. Population Division, the
U.N. Statistical Office, and national statistical offices.

Adult illiteracy is defined here as the proportion of
the population over the age of fifteen who cannot,
with understanding, read and write a short, simple
statement on their everyday life. This is only one of
three widely accepted definitions, and its application
is subject to qualifiers in a number of countries. The
data are from the illiteracy estimates and projections
prepared in 1989 by Unesco. More recent information
and a modified model have been used, therefore the
data for 1990 are not strictly consistent with those
published in last year’s indicators.

The summary measures for GNP per capita, life
expectancy, and adult illiteracy in this table are
weighted by population. Those for average annual
rates of inflation are weighted by the 1987 share of
country GDP valued in current U.S. dollars.
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Tables 2 and 3. Growth and structure of production

Most of the definitions used are those of the U.N.
System of National Accounts (SNA), Series F, No. 2,
Revision 3. Estimates are obtained from national
sources, sometimes reaching the World Bank through
other international agencies but more often collected
during World Bank staff missions.

World Bank staff review the quality of national ac-
counts data and in some instances, through mission
work or technical assistance, help adjust national se-
ries. Because of the sometimes limited capabilities of
statistical offices and basic data problems, strict inter-
national comparability cannot be achieved, especially
In economic activities that are difficult to measure,
such as parallel market transactions, the informal sec-
tor, or subsistence agriculture.

GDP measures the total output of goods and ser-
vices for final use produced by residents and nonresi-
dents, regardless of the allocation to domestic and
foreign claims. It is calculated without making deduc-
tions for depreciation of "’'manmade’” assets or deple-
tion and degradation of natural resources. Although
SNA envisages estimates of GDP by industrial origin
to be at producer prices, many countries still report
such details at factor cost. International comparability
of the estimates is affected by differing country prac-
tices in valuation systems for reporting value added
by production sectors. As a partial solution, GDP es-
timates are shown at purchaser values if the compo-
nents are on this basis, and such instances are foot-
noted. However, for a few countries in Tables 2 and 3,
GDP at purchaser values has been replaced by GDP
at factor cost.

The figures for GDP are dollar values converted
from domestic currencies using single-year official ex-
change rates. For a few countries where the official
exchange rate does not reflect the rate effectively ap-
plied to actual foreign exchange transactions, an al-
ternative conversion factor is used (and reported in
the World Tables). Note that Table 3 does not use the
three-year averaging technique applied to GNP per
capita in Table 1.

Agriculture covers forestry, hunting, and fishing as
well as agriculture. In developing countries with high
levels of subsistence farming, much agricultural pro-
duction is either not exchanged or not exchanged for
money. This increases the difficulty of measuring the
contribution of agriculture to GDP and reduces the
reliability and comparability of such numbers.

Industry comprises value added in mining; manu-
facturing (also reported as a separate subgroup); con-
struction; and electricity, water, and gas. Value added
in all other branches of economic activity, including
imputed bank service charges, import duties, and
any statistical discrepancies noted by national com-
pilers, are categorized as services, efc.



Partially rebased, chain-linked 1987 series in do-
mestic currencies, as explained at the beginning of
the technical notes, are used to compute the growth
rates in Table 2. The sectoral shares of GDP in Table 3
are based on current price series.

In calculating the summary measures for each indi-
cator in Table 2, partially rebased constant 1987 U.S.
dollar values for each economy are calculated for each
year of the periods covered; the values are aggre-
gated across countries for each year; and the least-
squares procedure is used to compute the growth
rates. The average sectoral percentage shares in Table
3 are computed from group aggregates of sectoral
GDP in current U.S. dollars.

Table 4. Agriculture and food

The basic data for value added in agriculture are from
the World Bank’s national accounts series at current
prices in national currencies. Value added in current
prices in national currencies is converted to U.S. dol-
lars by applying the single-year conversion pro-
cedure, as described in the technical note for Tables 2
and 3.

The figures for the remainder of this table are from
the Food and Agriculture Organization (FAO). Cereal
imports are measured in grain equivalents and de-
fined as comprising all cereals in the Standard Interna-
tional Trade Classification (SITC), Revision 2, Groups
041-046. Food aid in cereals covers wheat and flour,
bulgur, rice, coarse grains, and the cereal component
of blended foods. The figures are not directly compa-
rable because of reporting and timing differences. Ce-
real imports are based on calendar-year data reported
by recipient countries, and food aid in cereals is based
on data for crop years reported by donors and inter-
national organizations, including the International
Wheat Council and the World Food Programme. Fur-
thermore, food aid information from donors may not
correspond to actual receipts by beneficiaries during a
given period because of delays in transportation and
recording, or because aid is sometimes not reported
to the FAO or other relevant international organiza-
tions. Food aid imports may also not show up in
customs records. The earliest available food aid data
are for 1974. The time reference for food aid is the
crop year, July to June.

Fertilizer consumption measures the plant nutrients
used in relation to arable land. Fertilizer products
cover nitrogenous, potash, and phosphate fertilizers
(which include ground rock phosphate). Arable land
is defined as land under temporary crops (double-
cropped areas are counted once), temporary
meadows for mowing or pastures, land under market
or kitchen gardens, and land temporarily fallow or
lying idle, as well as land under permanent crops.
The time reference for fertilizer consumption is the
crop year, July to June.

The average index of food production per capita shows
the average annual quantity of food produced per
capita in 1988-90 in relation to the average produced
annually in 1979-81. The estimates are derived by
dividing the quantity of food production by the total
population. For this index food is defined as compris-
ing nuts, pulses, fruits, cereals, vegetables, sugar
cane, sugar beet, starchy roots, edible oils, livestock,
and livestock products. Quantities of food production
are measured net of animal feed, seeds for use in
agriculture, and food lost in processing and
distribution.

The summary measures for fertilizer consumption
are weighted by total arable land area; the summary
measures for food production are weighted by
population.

Table 5. Commercial energy

The data on energy are primarily from U.N. sources.
They refer to commercial forms of primary energy—
petroleum and natural gas liquids, natural gas, solid
fuels (coal, lignite, and so on), and primary electricity
(nuclear, geothermal, and hydroelectric power)—all
converted into oil equivalents. Figures on liquid fuel
consumption include petroleum derivatives that have
been consumed in nonenergy uses. For converting
primary electricity into oil equivalents, a notional
thermal efficiency of 34 percent has been assumed.
The use of firewood, dried animal excrement, and
other traditional fuels, although substantial in some
developing countries, is not taken into account be-
cause reliable and comprehensive data are not
available.

Energy imports refer to the dollar value of energy
imports—Section 3 in the Standard International Trade
Classification, Revision 1—and are expressed as a per-
centage of earnings from merchandise exports. Be-
cause data on energy imports do not permit a distinc-
tion between petroleum imports for fuel and those
for use in the petrochemicals industry, these percent-
ages may overestimate the dependence on imported
energy.

The summary measures of energy production and
consumption are computed by aggregating the re-
spective volumes for each of the years covered by the
periods and then applying the least-squares growth
rate procedure. For energy consumption per capita,
population weights are used to compute summary
measures for the specified years.

The summary measures of energy imports as a per-
centage of merchandise exports are computed from
group aggregates for energy imports and merchan-
dise exports in current dollars.

Table 6. Structure of manufacturing

The basic data for value added in manufacturing are
from the World Bank’s national accounts series at cur-
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rent prices in national currencies. Value added in cur-
rent prices in national currencies is converted to U.S.
dollars by applying the single-year conversion pro-
cedure, as described in the technical note for Tables 2
and 3.

The data for distribution of manufacturing value added
among industries are provided by the United Nations
Industrial Development Organization (UNIDO), and
distribution calculations are from national currencies
in current prices.

The classification of manufacturing industries is in
accordance with the U.N.’s International Standard In-
dustrial Classification of All Economic Activities (ISIC),
Revision 2. Food, beverages, and tobacco comprise ISIC
Division 31; textiles and clothing, Division 32; machin-
ery and transport equipment, Major Groups 382-84; and
chemicals, Major Groups 351 and 352. Other comprises
wood and related products (Division 33), paper and
related products (Division 34), petroleum and related
products (Major Groups 353-56), basic metals and
mineral products (Divisions 36 and 37), fabricated
metal products and professional goods (Major
Groups 381 and 385), and other industries (Major
Group 390). When data for textiles, machinery, or
chemicals are shown as not available, they are also
included in other.

Summary measures for value added in manufac-
turing are totals calculated by the aggregation
method noted at the beginning of the technical notes.

Table 7. Manufacturing earnings and output

Four indicators are shown—two relate to real earn-
ings per employee, one to labor’s share in total value
added generated, and one to labor productivity in the
manufacturing sector. The indicators are based on
data from the United Nations Industrial Develop-
ment Organization (UNIDO), although the deflators
are from other sources, as explained below.

Earnings per employee are in constant prices and are
derived by deflating nominal earnings per employee
by the country’s consumer price index (CPI). The CPI
is from the International Monetary Fund’s Interna-
tional Financial Statistics. Total earnings as a percentage of
value added are derived by dividing total earnings of
employees by value added in current prices to show
labor’s share in income generated in the manufactur-
ing sector. Gross output per employee is in constant
prices and is presented as an index of overall labor
productivity in manufacturing with 1980 as the base
year. To derive this indicator, UNIDO data on gross
output per employee in current prices are adjusted
using the implicit deflators for value added in manu-
facturing or in industry, taken from the World Bank'’s
national accounts data files.

To improve cross-country comparability, UNIDO
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has, where possible, standardized the coverage of es-
tablishments to those with five or more employees.

The concepts and definitions are in accordance
with the International Recommendations for Industrial
Statistics, published by the United Nations. Earnings
(wages and salaries) cover all remuneration to em-
ployees paid by the employer during the year. The
payments include (a) all regular and overtime cash
payments and bonuses and cost of living allowances;
(b) wages and salaries paid during vacation and sick
leave; (c) taxes and social insurance contributions and
the like, payable by the employees and deducted by
the employer; and (d) payments in kind.

The term ““employees’” in this table combines two
categories defined by the U.N., regular employees
and persons engaged. Together these groups com-
prise regular employees, working proprietors, active
business partners, and unpaid family workers; they
exclude homeworkers. The data refer to the average
number of employees working during the year.

"Value added”” is defined as the current value of
gross output less the current cost of (a) materials,
fuels, and other supplies consumed, (b) contract and
commission work done by others, (c) repair and
maintenance work done by others, and (d) goods
shipped in the same condition as received.

The value of gross output is estimated on the basis
of either production or shipments. On the production
basis it consists of (a) the value of all products of the
establishment, (b) the value of industrial services ren-
dered to others, (c) the value of goods shipped in the
same condition as received, (d) the value of electricity
sold, and (e) the net change in the value of work-in-
progress between the beginning and the end of the
reference period. In the case of estimates compiled on
a shipment basis, the net change between the begin-
ning and the end of the reference period in the value
of stocks of finished goods is also included.

Tables 8 and 9. Growth of consumption
and investment; structure of demand

GDP is defined in the note for Tables 2 and 3, but for
these two tables it is in purchaser values.

General government consumption includes all current
expenditure for purchases of goods and services by
all levels of government. Capital expenditure on na-
tional defense and security is regarded as consump-
tion expenditure.

Private consumption, etc., is the market value of all
goods and services, including durable products (such
as cars, washing machines, and home computers)
purchased or received as income in kind by house-
holds and nonprofit institutions. It excludes pur-
chases of dwellings but includes imputed rent for
owner-occupied dwellings (see the note for Table 10



for details). In practice, it includes any statistical dis-
crepancy in the use of resources. At constant prices, it
also includes the rescaling deviation from partial re-
basing, which is explained at the beginning of the
technical notes.

Gross domestic investment consists of outlays on ad-
ditions to the fixed assets of the economy plus net
changes in the level of inventories.

Gross domestic savings are calculated by deducting
total consumption from GDP.

Exports of goods and nonfactor services represent the
value of all goods and nonfactor services provided to
the rest of the world; they include merchandise,
freight, insurance, travel, and other nonfactor ser-
vices. The value of factor services, such as investment
income, interest, and labor income, is excluded. Cur-
rent transfers are also excluded.

The resource balance is the difference between ex-
ports of goods and nonfactor services and imports of
goods and nonfactor services.

Partially rebased 1987 series in constant domestic
currency units are used to compute the indicators in
Table 8. Distribution of GDP in Table 9 is calculated
from national accounts series in current domestic cur-
rency units.

The summary measures are calculated by the
method explained in the note for Tables 2 and 3.

Table 10. Structure of consumption

Percentage shares of selected items in total household
consumption expenditure are computed from details
of GDP (expenditure at national market prices) de-
fined in the U.N.’s System of National Accounts (SNA),
mostly as collected from the International Compari-
son Program (ICP) Phases IV (1980) and V (1985). For
countries not covered by the ICP, less detailed na-
tional accounts estimates are included, where avail-
able, in order to present a general idea of the broad
structure of consumption. The data cover eighty-four
countries (including Bank staff estimates for China)
and refer to the most recent estimates, generally for
1980 and 1985. Where they refer to other years, the
figures are shown in italics. Consumption here refers
to private (nongovernment) consumption as defined
in the SNA and in the notes for Tables 2 and 3, 4, and
9, except that education and medical care comprise
government as well as private outlays. This ICP con-
cept of "“enhanced consumption’’ reflects who uses
rather than who pays for consumption goods, and it
improves international comparability because it is
less sensitive to differing national practices regarding
the financing of health and education services.

Cereals and tubers, a major subitem of food, comprise
the main staple products: rice, flour, bread, all other
cereals and cereal preparations, potatoes, yams, and

other tubers. For high-income OECD members, how-
ever, this subitem does not include tubers. Gross
rents, fuel and power consist of actual and imputed
rents and repair and maintenance charges, as well as
the subitem fuel and power (for heating, lighting, cook-
ing, air conditioning, and so forth). Note that this
item excludes energy used for transport (rarely re-
ported to be more than 1 percent of total consump-
tion in low- and middle-income economies). As men-
tioned, medical care and education include government
as well as private consumption expenditure. Transport
and communication also includes the purchase of auto-
mobiles, which are reported as a subitem. Other con-
sumption, the residual group, includes beverages and
tobacco, nondurable household goods and house-
hold services, recreational services, and services (in-
cluding meals) supplied by hotels and restaurants;
carry-out food is recorded here. It also includes the
separately reported subitem other consumer durables,
comprising household appliances, furniture, floor
coverings, recreational equipment, and watches and
jewelry.

Estimating the structure of consumption is one of
the weakest aspects of national accounting in low-
and middle-income economies. The structure is esti-
mated through household expenditure surveys and
similar survey techniques. It therefore shares any bias
inherent in the sample frame. Since, conceptually,
expenditure is not identical to consumption, other
apparent discrepancies occur, and data for some
countries should be treated with caution. For exam-
ple, some countries limit surveys to urban areas or,
even more narrowly, to capital cities. This tends to
produce lower than average shares for food and high
shares for transport and communication, gross rents,
fuel and power, and other consumption. Controlled
food prices and incomplete national accounting for
subsistence activities also contribute to low food
shares.

Table 11. Central government expenditure

The data on central government finance in Tables 11
and 12 are from the IMF Government Finance Statistics
Yearbook (1990) and IMF data files. The accounts of
each country are reported using the system of com-
mon definitions and classifications found in the IMF
Manual on Government Finance Statistics (1986).

For complete and authoritative explanations of con-
cepts, definitions, and data sources, see these IMF
sources. The commentary that follows is intended
mainly to place these data in the context of the broad
range of indicators reported in this edition.

The shares of total expenditure and current revenue by
category are calculated from series in national curren-
cies. Because of differences in coverage of available
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data, the individual components of central govern-
ment expenditure and current revenue shown in

these tables may not be strictly comparable across all
economies.

Moreover, inadequate statistical coverage of state,
provincial, and local governments dictates the use of
central government data; this may seriously under-
state or distort the statistical portrayal of the alloca-
tion of resources for various purposes, especially in
countries where lower levels of government have
considerable autonomy and are responsible for many
economic and social services. In addition, '‘central
government’’ can mean either of two accounting con-
cepts: consolidated or budgetary. For most countries,
central government finance data have been consoli-
dated into one overall account, but for others only the
budgetary central government accounts are available.
Since all central government units are not always in-
cluded in the budgetary accounts, the overall picture
of central government activities is usually incom-
plete. Countries reporting budgetary data are
footnoted.

Consequently, the data presented, especially those
for education and health, are not comparable across
countries. In many economies, private health and ed-
ucation services are substantial; in others, public ser-
vices represent the major component of total expen-
diture but may be financed by lower levels of
government. Caution should therefore be exercised
in using the data for cross-country comparisons. Cen-
tral government expenditure comprises the expendi-
ture by all government offices, departments, estab-
lishments, and other bodies that are agencies or
instruments of the central authority of a country. It
includes both current and capital (development)
expenditure.

Defense comprises all expenditure, whether by de-
fense or other departments, on the maintenance of
military forces, including the purchase of military
supplies and equipment, construction, recruiting,
and training. Also in this category are closely related
items such as military aid programs. Defense does
not include expenditure on public order and safety,
which are classified separately.

Education comprises expenditure on the provision,
management, inspection, and support of preprimary,
primary, and secondary schools; of universities and
colleges; and of vocational, technical, and other train-
ing institutions. Also included is expenditure on the
general administration and regulation of the educa-
tion system; on research into its objectives, organiza-
tion, administration, and methods; and on such sub-
sidiary services as transport, school meals, and
school medical and dental services. Note that Table 10
provides an alternative measure of expenditure on
education, private as well as public, relative to house-
hold consumption.
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Health covers public expenditure on hospitals, ma-
ternity and dental centers, and clinics with a major
medical component; on national health and medical
insurance schemes; and on family planning and pre-
ventive care. Note that Table 10 also provides a mea-
sure of expenditure on medical care, private as well
as public, relative to household consumption.

Housing, amenities; social security and welfare cover
expenditure on housing (excluding interest subsidies,
which are usually classified with "“other’’) such as
income-related schemes; on provision and support of
housing and slum-clearance activities; on community
development; and on sanitation services. These cate-
gories also cover compensation for loss of income to
the sick and temporarily disabled; payments to the
elderly, the permanently disabled, and the unem-
ployed; family, maternity, and child allowances; and
the cost of welfare services, such as care of the aged,
the disabled, and children. Many expenditures rele-
vant to environmental defense, such as pollution
abatement, water supply, sanitary affairs, and refuse
collection, are included indistinguishably in this
category.

Economic services comprise expenditure associated
with the regulation, support, and more efficient oper-
ation of business; economic development; redress of
regional imbalances; and creation of employment op-
portunities. Research, trade promotion, geological
surveys, and inspection and regulation of particular
industry groups are among the activities included.

Other covers interest payments and items not in-
cluded elsewhere; for a few economies it also in-
cludes amounts that could not be allocated to other
components (or adjustments from accrual to cash
accounts).

Total expenditure is more narrowly defined than the
measure of general government consumption given
in Table 9 because it excludes consumption expendi-
ture by state and local governments. At the same
time, central government expenditure is more
broadly defined because it includes government’s
gross domestic investment and transfer payments.

Owerall surplus/deficit is defined as current and capi-
tal revenue and official grants received, less total ex-
penditure and lending minus repayments.

Table 12. Central government current revenue

Information on data sources and comparability is
given in the note for Table 11. Current revenue by
source is expressed as a percentage of fofal current
revenue, which is the sum of tax revenue and nontax
revenue and is calculated from national currencies.
Tax revenue comprises compulsory, unrequited,
nonrepayable receipts for public purposes. It includes
interest collected on tax arrears and penalties col-
lected on nonpayment or late payment of taxes and is



shown net of refunds and other corrective transac-
tions. Taxes on income, profit, and capital gains are taxes
levied on the actual or presumptive net income of
individuals, on the profits of enterprises, and on capi-
tal gains, whether realized on land sales, securities,
or other assets. Intragovernmental payments are
eliminated in consolidation. Social security contribu-
tions include employers’ and employees’ social secu-
rity contributions as well as those of self-employed
and unemployed persons. Domestic taxes on goods and
services include general sales and turnover or value
added taxes, selective excises on goods, selective
taxes on services, taxes on the use of goods or prop-
erty, and profits of fiscal monopolies. Taxes on interna-
tional trade and transactions include import duties, ex-
port duties, profits of export or import monopolies,
exchange profits, and exchange taxes. Other taxes in-
clude employers’ payroll or labor taxes, taxes on
property, and taxes not allocable to other categories.
They may include negative values that are adjust-
ments, for instance, for taxes collected on behalf of
state and local governments and not allocable to indi-
vidual tax categories.

Nontax revenue comprises receipts that are not a
compulsory nonrepayable payment for public pur-
poses, such as fines, administrative fees, or entrepre-
neurial income from government ownership of prop-
erty. Proceeds of grants and borrowing, funds arising
from the repayment of previous lending by govern-
ments, incurrence of liabilities, and proceeds from
the sale of capital assets are not included.

Table 13. Money and interest rates

The data on monetary holdings are based on the
IMF’s International Financial Statistics (IFS). Monetary
holdings, broadly defined, comprise the monetary and
quasi-monetary liabilities of a country’s financial in-
stitutions to residents but not to the central govern-
ment. For most countries, monetary holdings are the
sum of money (IFS line 34) and quasi-money (IFS line
35). Money comprises the economy’s means of pay-
ment: currency outside banks and demand deposits.
Quasi-money comprises time and savings deposits
and similar bank accounts that the issuer will readily
exchange for money. Where nonmonetary financial
institutions are important issuers of quasi-monetary
liabilities, these are also included in the measure of
monetary holdings.

The growth rates for monetary holdings are calcu-
lated from year-end figures, while the average of the
year-end figures for the specified year and the pre-
vious year is used for the ratio of monetary holdings
to GDP.

The nominal interest rates of banks, also from IFS,
represent the rates paid by commercial or similar
banks to holders of their quasi-monetary liabilities

(deposit rate) and charged by the banks on loans to
prime customers (lending rate). The data are, how-
ever, of limited international comparability, partly be-
cause coverage and definitions vary and partly be-
cause countries differ in the scope available to banks
for adjusting interest rates to reflect market
conditions.

Because interest rates (and growth rates for mone-
tary holdings) are expressed in nominal terms, much
of the variation among countries stems from differ-
ences in inflation. For easy reference, the Table 1 indi-
cator of recent inflation is repeated in this table.

Table 14. Growth of merchandise trade

The main data source for current trade values is the
U.N. Commodity Trade (Comtrade) data file supple-
mented by World Bank estimates. The statistics on
merchandise trade are based on countries’ customs
returns.

Merchandise exports and imports, with some excep-
tions, cover international movements of goods across
customs borders; trade in services is not included.
Exports are valued f.0.b. (free on board) and imports
c.if. (cost, insurance, and freight) unless otherwise
specified in the foregoing sources. These values are in
current dollars.

The growth rates of merchandise exports and im-
ports are based on constant price data, which are
obtained from export or import value data as deflated
by the corresponding price index. The World Bank
uses its own price indexes, which are based on inter-
national prices for primary commodities and unit
value indexes for manufactures. These price indexes
are country-specific and disaggregated by broad com-
modity groups. This ensures consistency between
data for a group of countries and those for individual
countries. Such consistency will increase as the
World Bank continues to improve its trade price in-
dexes for an increasing number of countries. These
growth rates can differ from those derived from na-
tional practices because national price indexes may
use different base years and weighting procedures
from those used by the World Bank.

The terms of trade, or the net barter terms of trade,
measure the relative movement of export prices
against that of import prices. Calculated as the ratio
of a country’s index of average export prices to its
average import price index, this indicator shows
changes over a base year in the level of export prices
as a percentage of import prices. The terms of trade
index numbers are shown for 1985 and 1990, where
1987 = 100. The price indexes are from the source
cited above for the growth rates of exports and
imports.

The summary measures for the growth rates are
calculated by aggregating the 1987 constant U.S. dol-
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lar price series for each year and then applying the
least-squares growth rate procedure for the periods
shown.

Tables 15 and 16. Structure of merchandise imports
and exports

The shares in these tables are derived from trade
values in current dollars reported in the U.N. trade
data system and the U.N.’s Yearbook of International
Trade Statistics, supplemented by World Bank esti-
mates, as explained in the technical note for Table 14.

Merchandise exports and imports are also defined in
that note.

The categorization of exports and imports follows
the Standard International Trade Classification (SITC),
Series M, No. 34, Revision 1. For some countries,
data for certain commodity categories are unavailable
and the full breakdown cannot be shown.

In Table 15, food commodities are those in SITC
Sections 0, 1, and 4 and Division 22 (food and live
animals, beverages, oils and fats, and oilseeds and
nuts) excluding Division 12, tobacco, which is in-
cluded in other primary commodities; thus the data are
not strictly comparable with those published last
year, particulartly if tobacco is a major import item.
Fuels are the commodities in SITC Section 3 (mineral
fuels, and lubricants and related materials). Other pri-
mary commodities comprise SITC Section 2 (crude ma-
terials, excluding fuels), less Division 22 (oilseeds and
nuts), plus Division 12 (tobacco) and Division 68
(nonferrous metals). Machinery and transport equip-
ment are the commodities in SITC Section 7. Other
manufactures, calculated residually from the total
value of manufactured imports, represent SITC Sec-
tions 5 through 9, less Section 7 and Division 68.

In Table 16, fuels, minerals, and metals are the com-
modities in SITC Section 3 (mineral fuels, and lubri-
cants and related materials), Divisions 27 and 28
(minerals and crude fertilizers, and metalliferous
ores), and Division 68 (nonferrous metals). Other pri-
mary commodities comprise SITC Sections 0, 1, 2, and
4 (food and live animals, beverages and tobacco, in-
edible crude materials, oils, fats, and waxes), less Di-
visions 27 and 28. Machinery and transport equipment
are the commodities in SITC Section 7. Other manufac-
tures represent SITC Sections 5 through 9, less Sec-
tion 7 and Division 68. Textiles and clothing, represent-
ing SITC Divisions 65 and 84 (textiles, yarns, fabrics,
and clothing), are a subgroup of other manufactures.

The summary measures in Table 15 are weighted
by total merchandise imports of individual countries
in current dollars; those in Table 16 by total merchan-
dise exports of individual countries in current dollars.
(See the technical note for Table 14.)
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Table 17. OECD imports of manufactured goods:
origin and composition

The data are from the United Nations, reported by
high-income OECD economies, which are the OECD
members excluding Greece, Portugal, and Turkey.

The table reports the value of imports of manufac-
tures of high-income OECD countries by the economy
of origin, and the composition of such imports by
major manufactured product groups.

The table replaces one in past editions on the origin
and destination of manufactured exports, which was
based on exports reported by individual economies.
Since there was a lag of several years in reporting by
many developing economies, estimates based on var-
ious sources were used to fill the gaps. Until these
estimates can be improved, the current table, based
on up-to-date and consistent but less comprehensive
data, is included instead. Manufactured imports of
the predominant markets from individual economies
are the best available proxy of the magnitude and
composition of the manufactured exports of these
economies to all destinations taken together.

Manufactured goods are the commodities in the Stan-
dard International Trade Classification (SITC), Revision
1, Sections 5 through 9 (chemical and related prod-
ucts, basic manufactures, manufactured articles, ma-
chinery and transport equipment, and other manu-
factured articles and goods not elsewhere classified),
excluding Division 68 (nonferrous metals). This defi-
nition is somewhat broader than the one used to de-
fine exporters of manufactures.

The major manufactured product groups reported
are defined as follows: textiles and clothing (SITC Sec-
tions 65 and 84), chemicals (SITC Section 5), electrical
machinery and electronics (SITC Section 72), transport
equipment (SITC Section 73), and others, defined as the
residual. SITC Revision 1 data are used for the year
1970, whereas the equivalent data in Revision 2 are
used for the year 1990.

Table 18. Balance of payments and reserves

The statistics for this table are mostly as reported by
the IMF but do include recent estimates by World
Bank staff and, in rare instances, the Bank’s own cov-
erage or classification adjustments to enhance inter-
national comparability. Values in this table are in U.S.
dollars converted at current exchange rates.

The current account balance after official transfers is the
difference between (a) exports of goods and services
(factor and nonfactor) as well as inflows of unre-
quited transfers (private and official) and (b) imports
of goods and services as well as all unrequited trans-
fers to the rest of the world.



The current account balance before official transfers is
the current account balance that treats net official un-
requited transfers as akin to official capital move-
ments. The difference between the two balance of
payments measures is essentially foreign aid in the
form of grants, technical assistance, and food aid,
which, for most developing countries, tends to make
current account deficits smaller than the financing
requirement.

Net workers’ remittances cover payments and re-
ceipts of income by migrants who are employed or
expect to be employed for more than a year in their
new economy, where they are considered residents.
These remittances are classified as private unrequited
transfers and are included in the balance of payments
current account balance, whereas those derived from
shorter-term stays are included in services as labor
income. The distinction accords with internationally
agreed guidelines, but many developing countries
classify workers’ remittances as a factor income re-
ceipt (hence, a component of GNP). The World Bank
adheres to international guidelines in defining GNP
and, therefore, may differ from national practices.

Gross international reserves comprise holdings of
monetary gold, special drawing rights (SDRs), the
reserve position of members in the IMF, and holdings
of foreign exchange under the control of monetary
authorities. The data on holdings of international re-
serves are from IMF data files. The gold component
of these reserves is valued throughout at year-end
(December 31) London prices: that is, $37.37 an
ounce in 1970 and $385.00 an ounce in 1990. The re-
serve levels for 1970 and 1990 refer to the end of the
year indicated and are in current dollars at prevailing
exchange rates. Because of differences in the defini-
tion of international reserves, in the valuation of
gold, and in reserve management practices, the levels
of reserve holdings published in national sources do
not have strictly comparable significance. Reserve
holdings at the end of 1990 are also expressed in
terms of the number of months of imports of goods
and services they could pay for.

The summary measures are computed from group
aggregates for gross international reserves and total
imports of goods and services in current dollars.

Table 19. Official development assistance
from OECD and OPEC members

Official development assistance (ODA) consists of net
disbursements of loans and grants made on conces-
sional financial terms by official agencies of the mem-
bers of the Development Assistance Committee
(DAC) of the Organization for Economic Cooperation
and Development (OECD) and members of the Or-

ganization of Petroleum Exporting Countries (OPEC)
to promote economic development and welfare. Al-
though this definition is meant to exclude purely mili-
tary assistance, the borderline is sometimes blurred;
the definition used by the country of origin usually
prevails. ODA also includes the value of technical
cooperation and assistance. All data shown are sup-
plied by the OECD, and all U.S. dollar values are
converted at official exchange rates.

Total net flows are net disbursements to developing
countries and multilateral institutions. The disburse-
ments to multilateral institutions are now reported
for all DAC members on the basis of the date of issue
of notes; some DAC members previously reported on
the basis of the date of encashment. Total net bilateral
flows to low-income economies exclude unallocated bilat-
eral flows and all disbursements to multilateral
institutions.

The nominal values shown in the summary for
ODA from high-income OECD countries are con-
verted at 1987 prices using the dollar GDP deflator.
This deflator is based on price increases in OECD
countries (excluding Greece, Portugal, and Turkey)
measured in dollars. It takes into account the parity
changes between the dollar and national currencies.
For example, when the dollar depreciates, price
changes measured in national currencies have to be
adjusted upward by the amount of the depreciation
to obtain price changes in dollars.

The table, in addition to showing totals for OPEC,
shows totals for the Organization of Arab Petroleum
Exporting Countries (OAPEC). The donor members
of OAPEC are Algeria, Iraq, Kuwait, Libya, Qatar,
Saudi Arabia, and United Arab Emirates. ODA data
for OPEC and OAPEC are also obtained from the
OECD.

Table 20. Official development assistance: receipts

Net disbursements of ODA from all sources consist of
loans and grants made on concessional financial
terms by all bilateral official agencies and multilateral
sources to promote economic development and wel-
fare. They include the value of technical cooperation
and assistance. The disbursements shown in this ta-
ble are not strictly comparable with those shown in
Table 19 since the receipts are from all sources; dis-
bursements in Table 19 refer only to those made by
high-income members of the OECD and members of
OPEC. Net disbursements equal gross disbursements
less payments to the originators of aid for amortiza-
tion of past aid receipts. Net disbursements of ODA
are shown per capita and as a percentage of GNP.
The summary measures of per capita ODA are
computed from group aggregates for population and
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for ODA. Summary measures for ODA as a percent-
age of GNP are computed from group totals for ODA
and for GNP in current U.S. dollars.

Table 21. Total external debt

The data on debt in this and successive tables are
from the World Bank Debtor Reporting System, sup-
plemented by World Bank estimates. That system is
concerned solely with developing economies and
does not collect data on external debt for other groups
of borrowers or from economies that are not members
of the World Bank. The dollar figures on debt shown
in Tables 21 through 25 are in U.S. dollars converted
at official exchange rates.

The data on debt include private nonguaranteed
debt reported by twenty-six developing countries
and complete or partial estimates for an additional
twenty-one others that do not report but for which
this type of debt is known to be significant.

Public loans are the external obligations of public
debtors, including the national government, its agen-
cies, and autonomous public bodies. Publicly guaran-
teed loans are the external obligations of private
debtors that are guaranteed for repayment by a public
entity. These two categories are aggregated in the ta-
bles. Private nonguaranteed loans are the external oblig-
ations of private debtors that are not guaranteed for
repayment by a public entity.

Use of IMF credit denotes repurchase obligations to
the IMF for all uses of IMF resources, excluding those
resulting from drawings in the reserve tranche. It is
shown for the end of the year specified. It comprises
purchases outstanding under the credit tranches, in-
cluding enlarged access resources, and all special fa-
cilities (the buffer stock, compensatory financing, ex-
tended fund, and oil facilities), Trust Fund loans, and
operations under the enhanced structural adjustment
facilities. Use of IMF credit outstanding at year-end (a
stock) is converted to U.S. dollars at the dollar-SDR
exchange rate in effect at year-end.

Short-term debt is debt with an original maturity of
one year or less. Available data permit no distinctions
between public and private nonguaranteed short-
term debt.

Total external debt is defined for the purpose of this
Report as the sum of public, publicly guaranteed, and
private nonguaranteed long-term debt, use of IMF
credit, and short-term debt.

Table 22. Flow of public and private external capital
Data on disbursements, repayment of principal (am-
ortization), and payment of interest are for public,

publicly guaranteed, and private nonguaranteed
long-term loans.

296

Disbursements are drawings on long-term loan com-
mitments during the year specified.

Repayment of principal is the actual amount of princi-
pal (amortization) paid in foreign currency, goods, or
services in the year specified.

Interest payments are actual amounts of interest paid
in foreign currency, goods, or services in the year
specified.

Table 23. Aggregate net resource flows
and net transfers

Net flows on long-term debt are disbursements less the
repayment of principal on public, publicly guaran-
teed, and private nonguaranteed long-term debt. Of-
ficial grants are transfers made by an official agency in
cash or in kind in respect of which no legal debt is
incurred by the recipient. Data on official grants ex-
clude grants for technical assistance.

Net foreign direct investment is defined as investment
that is made to acquire a lasting interest (usually 10
percent of the voting stock) in an enterprise operating
in a country other than that of the investor (defined
according to residency), the investor’s purpose being
an effective voice in the management of the enter-
prise. Aggregate net resource flows are the sum of net
flows on long-term debt (excluding IMF) plus official
grants (excluding technical assistance) and net for-
eign direct investment. Aggregate net transfers are
equal to aggregate net resource flows minus interest
payments on long-term loans and remittance of all
profits.

Table 24. Total external debt ratios

Total external debt as a percentage of exports of goods and
services represents public, publicly guaranteed, pri-
vate nonguaranteed long-term debt, use of IMF
credit, and short-term debt drawn at year-end, net of
repayments of principal and write-offs. Throughout
this table, goods and services include workers’ remit-
tances. For estimating tofal external debt as a percentage
of GNP, the debt figures are converted into U.S. dol-
lars from currencies of repayment at year-end official
exchange rates. GNP is converted from national cur-
rencies to U.S. dollars by applying the conversion
procedure described in the technical note for Tables 2
and 3.

Total debt service as a percentage of goods and services is
the sum of principal repayments and interest pay-
ments on total external debt (as defined in the note
for Table 21). It is one of several conventional mea-
sures used to assess a country’s ability to service
debt.

Interest payments as a percentage of exports of goods and
services are actual payments made on total external
debt.



The summary measures are weighted by exports of
goods and services in current dollars and by GNP in
current dollars, respectively.

Table 25. Terms of external public borrowing

Commitments refer to the public and publicly guaran-
teed loans for which contracts were signed in the year
specified. They are reported in currencies of repay-
ment and converted into U.S. dollars at average an-
nual official exchange rates.

Figures for interest rates, maturities, and grace periods
are averages weighted by the amounts of the loans.
Interest is the major charge levied on a loan and is
usually computed on the amount of principal drawn
and outstanding. The maturity of a loan is the inter-
val between the agreement date, when a loan agree-
ment is signed or bonds are issued, and the date of
final repayment of principal. The grace period is the
interval between the agreement date and the date of
the first repayment of principal.

Public loans with variable interest rates, as a percentage
of public debt, refer to interest rates that float with
movements in a key market rate; for example, the
London interbank offered rate (LIBOR) or the U.S.
prime rate. This column shows the borrower’s expo-
sure to changes in international interest rates.

The summary measures in this table are weighted
by the amounts of the loans.

Table 26. Population growth and projections

Population growth rates are period averages calcu-
lated from midyear populations.

Population estimates for mid-1990 and estimates of
fertility and mortality are made by the World Bank
from data provided by the U.N. Population Division,
the U.N. Statistical Office, and country statistical of-
fices. Estimates take into account the results of the
latest population censuses, which in some cases are
neither recent nor accurate. Note that refugees not
permanently settled in the country of asylum are gen-
erally considered to be part of the population of their
country of origin.

The projections of population for 2000, 2025, and
the year in which the population will eventually be-
come stationary (see definition below) are made for
each economy separately. Information on total popu-
lation by age and sex, fertility, mortality, and interna-
tional migration is projected on the basis of gener-
alized assumptions until the population becomes
stationary.

A stationary population is one in which age- and
sex-specific mortality rates have not changed over a
long period, and during which fertility rates have re-
mained at replacement level; that is, when the net

reproduction rate (defined in the note for Table 27)
equals 1. In such a population, the birth rate is con-
stant and equal to the death rate, the age structure is
constant, and the growth rate is zero.

Population projections are made age cohort by age
cohort. Mortality, fertility, and migration are pro-
jected separately, and the results are applied iter-
atively to the 1985 base-year age structure. For the
projection period 1985 to 2005, the changes in mortal-
ity are country specific: increments in life expectancy
and decrements in infant mortality are based on pre-
vious trends for each country. When female second-
ary school enrollment is high, mortality is assumed to
decline more quickly. Infant mortality is projected
separately from adult mortality. Note that the data
reflect the potentially significant impact of the human
immunodeficiency virus (HIV) epidemic.

Projected fertility rates are also based on previous
trends. For countries in which fertility has started to
decline (termed ’’fertility transition’’), this trend is
assumed to continue. It has been observed that no
country where the population has a life expectancy of
less than 50 years has experienced a fertility decline;
for these countries fertility transition is delayed, and
then the average decline of the group of countries in
fertility transition is applied. Countries with below-
replacement fertility are assumed to have constant
total fertility rates until 1995-2000 and then to regain
replacement level by 2030.

International migration rates are based on past and
present trends in migration flows and migration pol-
icy. Among the sources consulted are estimates and
projections made by national statistical offices, inter-
national agencies, and research institutions. Because
of the uncertainty of future migration trends, it is
assumed in the projections that net migration rates
will reach zero by 2025.

The estimates of the size of the stationary popula-
tion are very long-term projections. They are in-
cluded only to show the implications of recent fertil-
ity and mortality trends on the basis of generalized
assumptions. A fuller description of the methods and
assumptions used to calculate the estimates is con-
tained in the forthcoming, 1992-93 edition of World
Population Projections.

Table 27. Demography and fertility

The crude birth rate and crude death rate indicate re-
spectively the number of live births and deaths occur-
ring per thousand population in a year. They come
from the sources mentioned in the note to Table 26.

Women of childbearing age are those from age 15 to
49.

The total fertility rate represents the number of chil-
dren that would be born to a woman if she were to
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live to the end of her childbearing years and bear
children at each age in accordance with prevailing

age-specific fertility rates. The rates given are from
the sources mentioned in the note for Table 26.

The net reproduction rate (NRR), which measures the
number of daughters a newborn girl will bear during
her lifetime, assuming fixed age-specific fertility and
mortality rates, reflects the extent to which a cohort
of newborn girls will reproduce themselves. An NRR
of 1 indicates that fertility is at replacement level: at
this rate women will bear, on average, only enough
daughters to replace themselves in the population.
As with the size of the stationary population, the
assumed year of reaching replacement-level fertility
is speculative and should not be regarded as a
prediction.

Married women of childbearing age using contraception
are women who are practicing, or whose husbands
are practicing, any form of contraception. Contracep-
tive usage is generally measured for women age 15 to
49. A few countries use measures relating to other
age groups, especially 15 to 44.

Data are mainly derived from demographic and
health surveys, contraceptive prevalence surveys,
World Bank country data, and Mauldin and Segal’s
article “"Prevalence of Contraceptive Use: Trends and
Issues’” in volume 19 of Studies in Family Planning
(1988). For a few countries for which no survey data
are available, and for several African countries, pro-
gram statistics are used. Program statistics may un-
derstate contraceptive prevalence because they do
not measure use of methods such as rhythm, with-
drawal, or abstinence, nor use of contraceptives not
obtained through the official family planning pro-
gram. The data refer to rates prevailing in a variety of
years, generally not more than two years before the
year specified in the table.

All summary measures are country data weighted
by each country’s share in the aggregate population.

Table 28. Health and nutrition

The estimates of population per physician and per nurs-
ing person are derived from World Health Organiza-
tion (WHO) data and are supplemented by data ob-
tained directly by the World Bank from national
sources. The data refer to a variety of years, generally
no more than two years before the year specified. The
figure for physicians, in addition to the total number
of registered practitioners in the country, includes
medical assistants whose medical training is less than
that of qualified physicians but who nevertheless dis-
pense similar medical services, including simple op-
erations. Nursing persons include graduate, practi-
cal, assistant, and auxiliary nurses, as well as
paraprofessional personnel such as health workers,

298

first aid workers, traditional birth attendants, and so
on. The inclusion of auxiliary and paraprofessional
personnel provides more realistic estimates of avail-
able nursing care. Because definitions of doctors and
nursing personnel vary—and because the data shown
are for a variety of years—the data for these two indi-
cators are not strictly comparable across countries.

Data on births attended by health staff show the per-
centage of births recorded where a recognized health
service worker was in attendance. The data are from
WHO, supplemented by UNICEF data. They are
based on national sources, derived mostly from offi-
cial community reports and hospital records; some
reflect only births in hospitals and other medical in-
stitutions. Sometimes smaller private and rural hos-
pitals are excluded, and sometimes even relatively
primitive local facilities are included. The coverage is
therefore not always comprehensive, and the figures
should be treated with extreme caution.

Babies with low birth weight are children born weigh-
ing less than 2,500 grams. Low birth weight is fre-
quently associated with maternal malnutrition and
tends to raise the risk of infant mortality and lead to
poor growth in infancy and childhood, thus increas-
ing the incidence of other forms of retarded develop-
ment. The figures are derived from both WHO and
UNICEF sources and are based on national data. The
data are not strictly comparable across countries since
they are compiled from a combination of surveys and
administrative records that may not have representa-
tive national coverage.

The infant mortality rate is the number of infants
who die before reaching one year of age, per thou-
sand live births in a given year. The data are from the
U.N. publication Mortality of Children under Age 5:
Projections, 1950-2025 as well as from the World
Bank.

The daily calorie supply (per capita) is calculated by
dividing the calorie equivalent of the food supplies in
an economy by the population. Food supplies com-
prise domestic production, imports less exports, and
changes in stocks; they exclude animal feed, seeds for
use in agriculture, and food lost in processing and
distribution. These estimates are from the Food and
Agriculture Organization.

The summary measures in this table are country
figures weighted by each country’s share in the ag-
gregate population.

Table 29. Education

The data in this table refer to a variety of years, gener-
ally not more than two years distant from those spe-
cified; however, figures for females sometimes refer
to a year earlier than that for overall totals. The data
are mostly from Unesco.



Primary school enrollment data are estimates of
children of all ages enrolled in primary school. Fig-
ures are expressed as the ratio of pupils to the popu-
lation of school-age children. Although many coun-
tries consider primary school age to be 6 to 11 years,
others do not. For some countries with universal pri-
mary education, the gross enrollment ratios may ex-
ceed 100 percent because some pupils are younger or
older than the country’s standard primary school
age.

The data on secondary school enroliment are calcu-
lated in the same manner, but again the definition of
secondary school age differs among countries. It is
most commonly considered to be 12 to 17 years. Late
entry of more mature students as well as repetition
and the phenomenon of "’bunching’’ in final grades
can influence these ratios.

The tertiary enrollment ratio is calculated by divid-
ing the number of pupils enrolled in all post-second-
ary schools and universities by the population in the
20-24 age group. Pupils attending vocational schools,
adult education programs, two-year community col-
leges, and distance education centers (primarily cor-
respondence courses) are included. The distribution
of pupils across these different types of institutions
varies among countries. The youth population—that
is, 20 to 24 years—has been adopted by Unesco as the
denominator since it represents an average tertiary
level cohort even though people above and below
this age group may be registered in tertiary
institutions.

Primary net enrollment is the percentage of school-
age children who are enrolled in school. Unlike gross
enrollment, the net ratios correspond to the country’s
primary-school age group. This indicator gives a
much clearer idea of how many children in the age
group are actually enrolled in school, without the
number being inflated by over- (or under-) age
children.

The primary pupil-teacher ratio is the number of pu-
pils enrolled in school in a country, divided by the
number of teachers in the education system.

The summary measures in this table are country
enrollment rates weighted by each country’s share in
the aggregate population.

Table 30. Income distribution and ICP estimates
of GDP

The first three columns of this table contain the re-
sults of the U.N. International Comparisons Program
(ICP), this year combined with World Bank staff esti-
mates for countries not covered in the most recent
ICP study, Phase V for 1985. The rest of the table
reports distribution of income or expenditure accru-
ing to percentile groups of households ranked by to-

tal household income, per capita income, or
expenditure.

The 1985 indexed figures on GDP per capita
(US=100) are presented in the first column. They in-
clude: (i) preliminary results of ICP Phase V for 1985;
(ii) the latest available results from either ICP Phase
III for 1975 or Phase IV for 1980 extrapolated to 1985
for countries that participated in only the earlier
phases; and (iii) estimates obtained by regression for
countries that did not participate in any of the
phases. Economies whose 1985 figures are extrapo-
lated from earlier work or imputed by regression are
footnoted accordingly.

The blend of actual, extrapolated and regression-
based 1985 figures underlying the first column is ex-
trapolated to 1990 using World Bank estimates of real
per capita GDP growth and expressed as an index
(US=100) in the second column. These are converted
to 1990 "'international dollars’” in the third column by
scaling all results up by the U.S. inflation rate be-
tween 1985 and 1990. The adjustment does not take
account of changes in the terms of trade.

ICP recasts traditional national accounts through
special price collections and disaggregation of GDP
by expenditure components. ICP details are prepared
by national statistical offices, and the results are coor-
dinated by the U.N. Statistical Office (UNSO) with
support from other international agencies, particu-
larly the Statistical Office of the European Commu-
nities (Eurostat) and the Organization for Economic
Cooperation and Development (OECD). The World
Bank, the Economic Commission for Europe (ECE),
and the Economic and Social Commission for Asia
and the Pacific (ESCAP) also contribute to this exer-
cise. A total of sixty-four countries participated in ICP
Phase V, and preliminary results are now available for
fifty-seven. For one country (Nepal), total GDP data
were not available, and comparisons were made for
consumption only. Luxembourg and Swaziland, two
economies with populations under | million (for
which Table 1 indicators are reported, in Box A.l),
have participated in ICP; their 1985 results, as a per-
centage of the U.S. results, are 81.3 and 13.6, respec-
tively. More comprehensive ICP results for 1985 (in-
cluding several Caribbean countries) are expected to
be available in 1992. The figures given here are sub-
ject to change and should be regarded as indicative
only.

The “’international dollar’’ (I$) has the same pur-
chasing power over total GDP as the U.S. dollar in a
given year, but purchasing power over subaggregates
is determined by average international prices at that
level rather than by U.S. relative prices. These dollar
values, which are different from the dollar values of
GNP or GDP shown in Tables 1 and 3 (see the techni-
cal notes for these tables), are obtained by special
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conversion factors designed to equalize the purchas-
ing powers of currencies in the respective countries.
This conversion factor, commonly known as the Pur-
chasing Power Parity (PPP), is defined as the number
of units of a country’s currency required to buy the
same amounts of goods and services in the domestic
market as one dollar would buy in the United States.
The computation involves deriving implicit quantities
from national accounts expenditure data and spe-
cially collected price data, and then revaluing the im-
plicit quantities in each country at a single set of aver-
age prices. The average price index thus equalizes
dollar prices in every country so that cross-country
comparisons of GDP based on them reflect differ-
ences in quantities of goods and services free of price-
level differentials. This procedure is designed to
bring cross-country comparisons in line with cross-
time real value comparisons that are based on con-
stant price series.

The ICP Phase V figures presented here are the
results of a two-step exercise. Countries within a re-
gion or group such as the OECD are first compared
using their own group average prices. Next, since
group average prices may differ from each other,
making the countries belonging to different groups
not comparable, the group prices are adjusted to
make them comparable at the world level. The adjust-
ments, done by UNSQO, are based on price differen-
tials observed in a network of "’link’’ countries repre-
senting each group. However, the linking is done in a
manner that retains in the world comparison the rela-
tive levels of GDP observed in the group compari-
sons, called "'fixity.”

The two-step process was adopted because the rel-
ative GDP levels and rankings of two countries may
change when more countries are brought into the
comparison. It was felt that this should not be al-
lowed to happen within geographic regions; that is,
that the relationship of, say, Ghana and Senegal
should not be affected by the prices prevailing in the
United States. Thus overall GDP per capita levels are
calculated at "‘regional’’ prices and then linked to-
gether. The linking is done by revaluing GDPs of all
the countries at average ""world’’ prices and reallocat-
ing the new regional totals on the basis of each coun-
try’s share in the original comparison.

Such a method does not permit the comparison of
more detailed quantities (such as food consumption).
Hence these subaggregates and more detailed expen-
diture categories are calculated using world prices.
These quantities are indeed comparable interna-
tionally, but they do not add up to the indicated
GDPs because they are calculated at a different set of
prices.

Some countries belong to several regional groups.
A few of the groups have priority; others are equal.
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Thus fixity is always maintained between members of
the European Communities, even within the OECD
and world comparison. For Austria and Finland,
however, the bilateral relationship that prevails
within the OECD comparison is also the one used
within the global comparison. But a significantly dif-
ferent relationship (based on Central European
prices) prevails in the comparison within that group,
and this is the relationship presented in the separate
publication of the European comparison.

To derive ICP-based 1985 figures for countries that
are yet to participate in any ICP survey, an estimating
equation is first obtained by fitting the following re-
gression to 1985 data:

In (r) = .5726 In (ATLAS) + .3466 In (ENROL) + .3865;
(.0319) (.0540) (.1579)

RMSE = .2240; Adj.R-Sq = .9523; N=76

where all variables and estimated values are ex-

pressed as US=100;

r = ICP estimates of per capita GDP converted to
U.S. dollars by PPP, the array of r consisting of all
1985 actual ICP values and extrapolations of the latest
available ICP numbers for countries that participated
in the 1980 or 1975 exercise but not in 1985;

ATLAS = per capita GNP estimated by the Atlas
method;

ENROL = secondary school enrollment; and

RMSE = root mean squared error.

ATLAS and ENROL are used as rough proxies of
inter-country wage differentials for unskilled and
skilled human capital, respectively. Following Isen-
man (see Paul Isenman, "Inter-Country Compari-
sons of 'Real’ (PPP) Incomes: Revised Estimates and
Unresolved Questions,”” in World Development, 1980,
vol. 8, pp. 61-72), the rationale adopted here is that
ICP and conventional estimates of GDP differ mainly
because wage differences persist among nations due
to constraints on the international mobility of labor. A
technical paper providing fuller explanation is avail-
able on request. For further details on ICP pro-
cedures, readers may consult the ICP Phase IV re-
port, World Comparisons of Purchasing Power and Real
Product for 1980 (New York: United Nations, 1986).

The income distribution data cover rural and urban
areas for all countries. The data refer to different
years between 1979 and 1989 and are drawn from a
variety of sources. These include the Economic Com-
mission for Latin America and the Caribbean, the
Luxembourg Income Study, the OECD, the U.N.’s
National Accounts Statistics: Compendium of Income Dis-
tribution Statistics, 1985, the World Bank, and national
sources. Data for many countries have been updated,
and some of the income distribution data previously
published have been deleted because they refer to
years long past.



In many countries the collection of income distribu-
tion data is not systematically organized or integrated
with the official statistical system. The data are de-
rived from surveys designed for other purposes,
most often consumer expenditure surveys, that also
collect information on income. These surveys use a
variety of income concepts and sample designs, and
in many cases their geographic coverage is too limited
to provide reliable nationwide estimates of income
distribution. Although the data presented here repre-
sent the best available estimates, they do not avoid all
these problems and should be interpreted with
caution.

Similarly, the scope of the indicator is limited for
certain countries, and data for other countries are not
fully comparable. Because households vary in size, a
distribution in which households are ranked accord-
ing to per capita household income, rather than
according to total household income, is superior for
many purposes. The distinction is important because
households with low per capita incomes frequently
are large households, whose total income may be
high, whereas many households with low household
incomes may be small households with high per cap-
ita income. Information on the distribution of per
capita household income exists for only a few coun-
tries and is infrequently updated. Where possible,
distributions are ranked according to per capita in-
come; more often they are ranked by household in-
come, with others ranked by per capita expenditure
or household expenditure. Since the size of house-
hold is likely to be small for low-income households
(for instance, single-person households and couples
without children), the distribution of household in-
come may overstate the income inequality. Also,
since household savings tend to increase faster as
income levels increase, the distribution of expendi-
ture is inclined to understate the income inequality.
The World Bank’s Living Standards Measurement
Study and the Social Dimensions of Adjustment proj-
ect (the latter covering Sub-Saharan African coun-
tries) are assisting a few countries in improving their
collection and analysis of data on income
distribution.

Table 31. Urbanization

Data on urban population and agglomeration in large
cities are from the U.N.’s World Urbanization Prospects,
supplemented by data from the World Bank. The
growth rates of urban population are calculated from
the World Bank’s population estimates; the estimates
of urban population shares are calculated from both
sources just cited.

Because the estimates in this table are based on
different national definitions of what is urban, cross-
country comparisons should be made with caution.

The summary measures for urban population as a
percentage of total population are calculated from
country percentages weighted by each country’s
share in the aggregate population; the other sum-
mary measures in this table are weighted in the same
fashion, using urban population.

Table 32. Women in development

This table provides some basic indicators disaggre-
gated to show differences between the sexes that il-
lustrate the condition of women in society. The mea-
sures reflect the demographic status of women and
their access to health and education services. Statisti-
cal anomalies become even more apparent when so-
cial indicators are analyzed by gender, because re-
porting systems are often weak in areas related
specifically to women. Indicators drawn from cen-
suses and surveys, such as those on population, tend
to be about as reliable for women as for men; but
indicators based largely on administrative records,
such as maternal and infant mortality, are less reli-
able. More resources are now being devoted to devel-
oping better information on these topics, but the re-
liability of data, even in the series shown, still varies
significantly.

The under-5 mortality rate shows the probability of a
newborn baby dying before reaching age 5. The rates
are derived from life tables based on estimated cur-
rent life expectancy at birth and on infant mortality
rates. In general, throughout the world more males
are born than females. Under good nutritional and
health conditions and in times of peace, male chil-
dren under 5 have a higher death rate than females.
These columns show that female-male differences in
the risk of dying by age 5 vary substantially. In indus-
trial market economies, female babies have a 23 per-
cent lower risk of dying by age 5 than male babies;
the risk of dying by age 5 is actually higher for fe-
males than for males in some lower-income econ-
omies. This suggests differential treatment of males
and females with respect to food and medical care.

Such discrimination particularly affects very young
girls, who may get a smaller share of scarce food or
receive less prompt costly medical attention. This pat-
tern of discrimination is not uniformly associated
with development. There are low- and middle-in-
come countries {(and regions within countries) where
the risk of dying by age 5 for females relative to males
approximates the pattern found in industrial coun-
tries. In many other countries, however, the numbers
starkly demonstrate the need to associate women
more closely with development. The health and wel-
fare indicators in both Table 28 and in this table’s
maternal mortality column draw attention, in particu-
lar, to the conditions associated with childbearing.
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This activity still carries the highest risk of death for
women of reproductive age in developing countries.
The indicators reflect, but do not measure, both the
availability of health services for women and the gen-
eral welfare and nutritional status of mothers.

Life expectancy at birth is defined in the note to
Table 1.

Maternal mortality refers to the number of female
deaths that occur during childbirth per 100,000 live
births. Because deaths during childbirth are defined
more widely in some countries to include complica-
tions of pregnancy or the period after childbirth, or of
abortion, and because many pregnant women die
from lack of suitable health care, maternal mortality is
difficult to measure consistently and reliably across
countries. The data in these two series are drawn
from diverse national sources and collected by the
World Health Organization (WHQO), although many
national administrative systems are weak and do not
record vital events in a systematic way. The data are
derived mostly from official community reports and
hospital records, and some reflect only deaths in hos-
pitals and other medical institutions. Sometimes
smaller private and rural hospitals are excluded, and
sometimes even relatively primitive local facilities are
included. The coverage is therefore not always com-
prehensive, and the figures should be treated with
extreme caution.

Clearly, many maternal deaths go unrecorded, par-
ticularly in countries with remote rural populations;
this accounts for some of the very low numbers
shown in the table, especially for several African
countries. Moreover, it is not clear whether an in-
crease in the number of mothers in hospital reflects
more extensive medical care for women or more com-
plications in pregnancy and childbirth because of
poor nutrition, for instance. (Table 28 shows data on
low birth weight.)

These time series attempt to bring together readily
available information not always presented in inter-
national publications. WHO warns that there are in-
evitably gaps in the series, and it has invited coun-
tries to provide more comprehensive figures. They
are reproduced here, from the 1986 WHO publication
Maternal Mortality Rates, supplemented by the UNI-
CEF publication The State of the World’s Children 1989,
as part of the international effort to highlight data in
this field. The data refer to any year from 1977 to
1984.

The education indicators, based on Unesco sources,
show the extent to which females have equal access
to schooling.

Percentage of cohort persisting to grade 4 is the per-
centage of children starting primary school in 1970
and 1985, respectively, who continued to the fourth
grade by 1973 and 1988. Figures in italics represent
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earlier or later cohorts. The data are based on enroll-
ment records. The slightly higher persistence ratios
for females in some African countries may indicate
male participation in activities such as animal
herding.

All things being equal, and opportunities being the
same, the ratios for females per 100 males should be
close to 100. However, inequalities may cause the ra-
tios to move in different directions. For example, the
number of females per 100 males will rise at second-
ary school level if male attendance declines more rap-

idly in the final grades because of males’ greater job
opportunities, conscription into the army, or migra-
tion in search of work. In addition, since the numbers
in these columns refer mainly to general secondary
education, they do not capture those (mostly males)
enrolled in technical and vocational schools or in full-
time apprenticeships, as in Eastern Europe.

All summary measures are country data weighted
by each country’s share in the aggregate population.

Table 33. Forests, protected areas, and water
resources

This table on natural resources represents a step to-
ward including environmental data in the assessment
of development and the planning of economic strate-
gies. It provides a partial picture of the status of for-
ests, the extent of areas protected for conservation or
other environmentally related purposes, and the
availability and use of fresh water. The data reported
here are drawn from the most authoritative sources
available. Perhaps even more than other data in this
Report, however, these data should be used with cau-
tion. Although they accurately characterize major dif-
ferences in resources and uses among countries, true
comparability is limited because of variation in data
collection, statistical methods, definitions, and gov-
ernment resources.

No conceptual framework has yet been agreed
upon that integrates natural resource and traditional
economic data. Nor are the measures shown in this
table intended to be final indicators of natural re-
source wealth, environmental health, or resource de-
pletion. They have been chosen because they are
available for most countries, are testable, and reflect
some general conditions of the environment.

The total area of forest refers to the total natural
stands of woody vegetation in which trees predomi-
nate. These estimates are derived from country statis-
tics assembled by the Food and Agriculture Organiza-
tion (FAO) in 1980. Some of them are based on more
recent inventories or satellite-based assessments per-
formed during the 1980s. In 1992 the FAO will com-
plete and publish an assessment of world forest ex-
tent and health that should modify some of these



estimates substantially. The total area of closed forest
refers to those forest areas where trees cover a high
proportion of the ground and there is no continuous
ground cover. Closed forest, for members of the Eco-
nomic Commission for Europe (ECE), however, is de-
fined as those forest areas where tree crowns cover
more than 20 percent of the area. These natural
stands do not include tree plantations. More recent
estimates of total forest cover are available for some
countries. Total forest area in the Philippines was es-
timated to be between 68,000 and 71,000 square kilo-
meters in 1987. The most recent estimate for Malaysia
is 185,000 square kilometers.

Total annual deforestation refers to both closed and
open forest. Open forest is defined as at least a 10
percent tree cover with a continuous ground cover. In
the ECE countries, open forest has 5-20 percent
crown cover or a mixture of bush and stunted trees.
Deforestation is defined as the permanent conversion
of forest land to other uses, including pasture, shift-
ing cultivation, mechanized agriculture, or infrastruc-
ture development. Deforested areas do not include
areas logged but intended for regeneration, nor areas
degraded by fuelwood gathering, acid precipitation,
or forest fires. In temperate industrialized countries
the permanent conversion of remaining forest to
other uses is relatively rare. Assessments of annual
deforestation, both in open and closed forest, are dif-
ficult to make and are usually undertaken as special
studies. The estimates shown here for 1981-85 were
calculated in 1980, projecting the rate of deforestation
during the first five years of the decade. Figures in
italics are estimates from other periods and are based
on more recent or better assessments than those used
in the 1980 projections.

Special note should be taken of Brazil—the country
with the world's largest tropical closed forest—which
now undertakes annual deforestation assessments.
The estimate of deforestation in Brazil is the most
recent. Brazil is unique in having several assessments
of forest extent and deforestation that use a common
methodology based on images from Landsat satel-
lites. Closed forest deforestation in the Legal Amazon
of Brazil during 1990 is estimated at 13,800 square
kilometers, down from the 17,900 square kilometers
estimated in 1989. Between 1978 and 1988, deforesta-
tion in this region averaged about 21,000 square kilo-
meters, having peaked in 1987 and declined greatly
thereafter. By 1990, cumulative deforestation (both
recent and historical) within the Legal Amazon to-
taled 415,000 square kilometers. Deforestation out-
side the Legal Amazon also occurs, but there is much
less information on its extent. A 1980 estimate, that
open forest deforestation in Brazil totaled about
10,500 square kilometers, is the most recent available.

Nationally protected areas are areas of at least 1,000

hectares that fall into one of five management catego-
ries: scientific reserves and strict nature reserves; na-
tional parks of national or international significance
(not materially affected by human activity); natural
monuments and natural landscapes with some
unique aspects; managed nature reserves and wild-
life sanctuaries; and protected landscapes and sea-
scapes (which may include cultural landscapes). This
table does not include sites protected only under local
or provincial law or areas where consumptive uses of
wildlife are allowed. These data are subject to varia-
tions in definition and in reporting to the organiza-
tions, such as the World Conservation Monitoring
Centre, that compile and disseminate these data.

Internal renewable water withdrawal data are subject
to variation in collection and estimation methods but
accurately show the magnitude of water use in both
total and per capita terms. These data, however, also
hide what can be significant variation in total renew-
able water resources from one year to another. They
also fail to distinguish the variation in water availabil-
ity within a country both seasonally and geographi-
cally. Because freshwater resources are based on
long-term averages, their estimation explicitly ex-
cludes decade-long cycles of wet and dry. These data
are compiled from national, international, and pro-
fessional publications from a variety of years. In the
absence of other measures, estimates of sectoral with-
drawals are modeled when necessary (based on in-
formation on industry, irrigation practices, livestock
populations, crop mix, and precipitation). Data from
small countries and arid regions are thought less reli-
able than those from large countries and more humid
zones. These data do not include fresh water created
by desalination plants.

Annual withdrawal refers to the average annual
flows of rivers and underground waters that are de-
rived from precipitation falling within the country.
The total withdrawn and the percentage withdrawn of
the total renewable resource are both reported in this
table. The total water withdrawn for use can exceed
the total renewable resource of a country for two rea-
sons. Water might be withdrawn from a lake or river
shared with another country, or it might be with-
drawn from an aquifer that is not part of the renew-
able cycle. Domestic use includes drinking water, mu-
nicipal use or supply, and uses for public services,
commercial establishments, and homes. Direct with-
drawals for industrial use, including withdrawals for
cooling thermoelectric plants, are combined in the
final column of this table with withdrawals for agricul-
ture (irrigation and livestock production). Per capita
water withdrawal is calculated by dividing a coun-
try’s total withdrawal by its population in the year
that withdrawal estimates are available.
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Classification of economies

Part 1 Classification of economies by income and region

Sub-Saharan Africa Asia Europe and Central Asia Middle East and North Africa
Eastand Eastern Europe
Income Southern East Asia and and Central Rest of Middle North .
group Subgroup Africa West Africa Pacific South Asia Asia Europe East Africa Americas
Large China India
Burundi Benin Cambodia Bangladesh Afghanistan |Egypt, Arab |Guyana
Comoros Burkina Faso | Indonesia Bhutan Rep. Haiti
Ethiopia Central Afri- |Lao PDR Maldives Honduras
Kenya can Rep. Solomon Myanmar
Lesotho Chad Islands Nepal
Madagascar |Equatorial Viet Nam Pakistan
Malawi Guinea Sri Lanka
Mozambique | Gambia, The
Rwanda Ghana
Low- Somalia Guinea
income Sudan Guinea-Bis
Small Tanzania sau
Uganda Liberia
Zaire Mali
Zambia Mauritania
Niger
Nigeria
Sao Tomé
and
Principe
Sierra Leone
Togo
Angola Cameroon Fiji Albania® Turkey Iran, Islamic | Algeria Argentina
Botswana Cape Verde | Kiribati Bulgaria Rep. Morocco Belize
Djibouti Congo, Rep. | Korea, Poland Jordan Tunisia Bolivia
Mauritius Coted’lvoire | Dem. Rep. Romania Lebanon Chile
Namibia Senegal Malaysia Syrian Arab Colombia
Swaziland Mongolia Rep. Costa Rica
Zimbabwe Papua New Yemen, Rep. Cuba®
Guinea Dominica
Philippines Dominican
Thailand Rep.
Lower Tonga Ecuador
Vanuatu El Salvador
Western Grenada
Samoa Guatemala
Jamaica
Nicaragua
Panama
Paraguay
Peru
. St. Lucia
Middle- St. Vincent
income
Reunion Gabon American Czecho- Gibraltar Bahrain Libya Antigua and
Seychelles Samoa slovakia Greece Iraq Barbuda
South Africa Guam Hungary Isle of Man | Oman Barbados
Korea, Rep. Former Malta Saudi Arabia Brazil
Macao USSR* Portugal French
New Cale- Yugoslavia Guiana
donia Guadeloupe
Pacificls., Martinique
Trust Terr. Mexico
Upper Netherlands
Antilles
Puerto Rico
St. Kitts and
Nevis
Suriname
Trinidad and
Tobago
Uruguay
Venezuela
No. of low- & middle-
incor);e economies 145 2 23 23 8 8 6 10 5 37
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(continued)

Sub-Saharan Africa Asia

Europe and Central Asia Middle East and North Africa

East and
Income Southern East Asia and
group Subgroup Africa West Africa Pacific

South Asin

Eastern Europe
and Central Rest of Middle North

Asia Europe East Africa Americas

Australia
Japan
New
Zealand

OFCD
countries

High-
income

Austria Canada
Belgium United
Denmark States
Finland
France
Germany
Jeeland
ITreland
Italy
Luxembourg
Netherlands
Norway
Spain
Sweden
Switzerland
United
Kingdom

Mayotte Brunei
French
Polynesia
Hong Kong
Singapore
OAE®

Non-OECD
countries

Andorra Israel Aruba
Channel Kuwait Bahamas
Islands Qatar Bermuda
Cyprus United Arab Virgin
Faeroe Emirates Islands (US)
Islands
Greenland

Note: Economies with populations of less than 30,000 are not included.
a. Not included in regional measures because of data limitations.
b. Other Asian economies—Taiwan, China.

Definitions of groups

Part 1

Income group: The economies are divided according to 1990
GNP per capita, calculated using the World Bank Atlas
method. The groups are: low-income, $610 or less;
lower-middle-income, $611-2,465; upper-middle-income,
$2,466-$7,619; and high-income, $7,620 or more.

Subgroup: Low-income economies are further divided by
size, and high-income by membership of OECD.

Region: Economies are divided into five major regions and
eight additional subregions.

Part2

Major export category: Major exports are those that account
for 50 percent or more of total exports from one category, in
the period 1987-89. The categories are: nonfuel primary
(SITC 0, 1, 2, and 4, plus 68), fuels (SITC 3), manufactures

(SITC 5 to 9, minus 68) and services (factor and nonfactor
service receipts plus workers’ remittances). If no single
category accounts for 50 percent or more of total exports, that
economy is classified as diversified.

Indebtedness: Standard World Bank definitions of severe and
moderate indebtedness, averaged over three years (1988-90)
are used to classify economies in this table. Severely-indebted
means three of four key ratios are above critical levels: debt
to GNP (50 percent), debt to exports of goods and services
(275 percent), accrued debt service to exports (30 percent),
and accrued interest to exports (20 percent). Moderately
indebted means three of the four key ratios exceed 60 percent
of, but do not reach, the critical levels. Less indebted economies
and those not covered in the World Bank Debtor Reporting
System are also listed.
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Part 2 Classification of economies by major export category and indebtedness

Low- and middle-income

More indebted economies

Low-income Middle-income o o
Severely Moderately Severely Moderately Less indebted ~ Debtor Reporting Ijllg:_ Z)n ggg nggEl ggme
Group indebted indebted indebted indebted economies System
Bulgaria Hungary China Korea, Dem. French Canada
Poland Czechoslovakia | Rep.” Polynesia Finland
Korea, Rep. Macao Hong Kong Germany
Exporters of Lebanon New Caledonia |Israel freland
manufactures Romania Singapore Italy
OAF® Japan
Sweden
Switzerland
Burundi Rwanda Argentina Chile Bhutan Afghanistan Faeroe Iceland
Equatorial Togo Coted’Ivoire | Costa Rica Botswana Albania” Islands New Zealand
Guinea Nicaragua Guatemala Chad American Greenland
Ethiopia Papua New Samoa
Ghana Guinea Cuba®
Guinea Paraguay French Guiana
Guinea-Bissau Solomon Guadeloupe
Guyana Islands Guam
Honduras St. Vincent Mongolia
Liberia Swaziland Namibia
Exporters Madagascar Zimbabwe Reunion
of nonfuel Malawi Suriname
primary products | Mauritania Viet Nam
Myanmar
Niger
Sao Tomé
and Principe
Somalia
Sudan
Tanzania
Uganda
Zaire
Zambia
Nigeria Algeria Angola Iran, Islamic Gibraltar Brunei
Exporters Congo, Rep. Gabon Rep. Iraq Qatar
of fuels Venezuela Oman Libya United Arab
(mainly oil) Trinidad and Saudi Arabia Emirates
Tobago Former USSR?
Egypt, Arab Benin Dominican Burkina Faso Antigua and Bahamas United
Rep. Republic Cape Verde Barbuda Bermuda Kingdom
Jamaica Djibouti Barbados Cyprus
Jordan Fiji Cambodia Aruba
Yemen, Rep. Grenada Greece
Haiti Kiribati
Lesotho Martinique
Maldives Netherlands
Exporters Malta Antilles
of services Nepal
Panama
Seychelles
St. Kitts and
Nevis
St. Lucia
Tonga
Vanuatu
Western Samoa
Kenya Bangladesh Bolivia Cameroon Belize Bahrain Kuwait Australia
Mozambique | Central African | Brazil Colombia Dominica South Africa Austria
Sierra Leone Rep. Ecuador ElSalvador Gambia, The Belgium
Comoros Mexico Philippines Lao PDR Denmark
s ifi India Morocco Senegal Malaysia France
g;’;:f;{ Z;éd Indonesia Peru Turkgy Maur}i,tius Luxembourg
Mali Syrian Arab Uruguay Portugal Netherlands
Pakistan Rep. Thailand Norway
Sri Lanka Tunisia Spain
Yugoslavia United
States
No. of economies
178 26 11 15 17 44 29 15 21

Note: Economies with populations of less than 30,000 are not included.

a. Not included in regional measures because of data limitations. b. Other Asian economies—Taiwan, China.
c. Economies in which no single export category accounts for more than 50 percent of total exports.
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Between 1990 and 2030 the world’s population will grow by 3.7 billion, demand for food
will almost double, and industrial output and energy use will probably triple world-
wide and increase sixfold in developing countries. Under current practices, the result
could be appalling environmental conditions in cities and countryside alike.

This fifteenth annual World Development Report presents that outcome-as a
clear possibility, but it also presents an alternative path—one that, if taken, would allow
the coming generation to witness improved environmental conditions accompanied by
rapid economic development and the virtual eradication of widespread poverty. This is
the more difficult path. Choosing it will require that both industrial and developing
countries seize the current moment of opportunity to reform policies, institutions, and
aid programs. A twofold strategy is required.

¢ First, take advantage of the positive links between economic efficiency, in-
come growth, and protection of the environment. This calls for accelerating programs for
reducing poverty, removing distortions that encourage the wasteful use of energy and
natural resources, clarifying property rights to encourage people and communities to
manage resources better, and expanding programs for education (especially for girls),
family planning services, sanitation and clean water, and agricultural extension, credit,
and research.

¢ Second, break the negative links between economic activity and the environ-
ment. The Report describes targeted measures that can bring dramatic improvements in.
environmental quality at modest cost in investment and economic efficiency. To imple-
ment them will require overcoming the power of vested interests, building strong insti-
tutions, improving knowledge, encouraging more participatory decisionmaking, and
building a partnership of effort between industrial and developing countries.

As in previous editions, this Report includes the World Development Indica-
tors, which give comprehensive, current data on social and economic development in
more than 180 countries and territories. These data will also be available on diskette for-
use with personal computers.
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