
7 Rural environmental policy

As the world's population grows by two-thirds over the next forty years, demands for food, fuel, and fiber will

rise enormously. Meeting these demands will require more intensive and extensive exploitation of many natural

resources, especially agricultural land, forests, water, and fisheries. The more that yields can be increased by

careful and sustainable management of those resources that are already in use, the easier it will be to resist 11

pressure to draw down new resourcesto drain wetlands, clear forests, and encroach on natural habitats.

Three obstacles stand in the way of sensible resource management: failure to recognize scarcity in the natural

world, failure to ensure that the institutions managing natural resources are accountable, and failure to mobilize

knowledge for managing environmental problems.
To overcome these obstacles, individuals must have access to knowledge and resources, (so that they can make

the right investments) and incentives, (to ensure that their activities do not impose costs on others).

Comm unally managed resources require a clear legal framework and supporting services. Governments must
devolve the responsibility for managing some resources to individuals, communities, and fiscally accountable

utilities. They need to make more use of pricing to allocate resources, to protect property rights, and to support

research and the dissemination of knowledge of sound environmental practices.

As the world's population expands to 9 billion
over the next forty years, consumption of food will
nearly double worldwide and will more than
double in developing countries. To match this in-
crease, world grain output will have to grow by
about 1.6 percent a yeara difficult target, but less
than the 2.0 percent a year increase achieved over
the past three decades. This demand for grain
(which accounts for more than four-fifths of food
crops consumed in developing countries) and the
demand for other foods, fuel, and fiber will add
enormously to pressure on natural resourcesnot
only on agricultural land but also on stocks of wa-
ter, fish, and timber.

Natural resources will have to be managed with
great care. They will need protection from the in-
adequate stewardship that is a consequence of
poverty, population pressure, ignorance, and cor-
ruption. Natural forests, wetlands, coastal areas,
and grasslandsall of high ecological valuewill
have to be protected from overuse and
degradation.

Farmers and other managers of rural resources
have two options: to intensify production on area
already in use or to expand into new areas. To
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some extent, these are tradeoffs. If more food can
be grown on the same land, that will ease the pres-
sure to cultivate new land and will permit the pres-
ervation of intact natural areas (Box 7.1). Indeed,
over the past quarter century increases in yields
have accounted for 92 percent of additional food
production, and area expansion for only 8 percent
(Table 7.1). But intensification can also produce
problems. Raising yields by increasing the use of
chemicals, diverting more water for irrigation, and
changing land use can create problems elsewhere.
Runoff of fertilizer and animal wastes can cause
algal blooms and the eutrophication of lakes,
coastal estuaries, and enclosed seas. Although
these externalities are more common in Western
Europe and North America, pollution from agri-
cultural sources is becoming significant in Eastern
Europe and other parts of the developing world;
in the Punjab in India and Pakistan and in Java,
Indonesia, the use of chemical inputs is almost as
great as in industrial countries.

The alternative to intensification, however, is
equally problematic. Already an estimated 60 per-
cent of the deforestation in developing countries is
the result of agricultural expansion, with the great-



Box 7.1 How agricultural intensification can lessen pressure on forests

The expansion of agriculture is one of the main reasons
for deforestation in the humid tropics. Researchers in
Brazil, Indonesia, and Peru are exploring possibilities
for maintaining productivity on deforested land and so
reducing pressures for additional forest conversion.
Some promising results are emerging. Farm trials con-
ducted in Yurimaguas, Peru, show that for every addi-
tional hectare with sustainable and high productivity,
an estimated 5 hectares to 10 hectares a year of tropical
rainforests could be saved from the ax of the shifting
cultivator.

The transition from shifting to continuous cultivation
in these trials begins by taking secondary forest fallows
left by slash-and-burn agriculture and applying low-
input methodsacid-tolerant crops, capture of nutri-
ents in the ash, maximum nutrient recycling, no tillage
(only a planting stick is used), and managed fallow to
control weeds. The profit from this initial phase aver-
ages $1,100 per hectare a year, or a 120 percent return
over total costs (largely labor) for small farmers. op-
tions for subsequent phases include intensive Contin-
uous cropping, legume-based pasture, or agroforestry.

Continuous crop rotation

Following several years of the low-input system, a
transition can sometimes be made to intensive, fertil-
izer-based, continuous Cropping. Where slopes are

suitable, fields can be tilled mechanically once most of
the felled vegetation has decomposed. Forty crops
grown continuously over seventeen years at
Yurimaguas demonstrate that productivity can be
maintained. But the system will be economically attrac-
tive only if roads, credit, and market infrastructure are
sufficiently developed.

Legume-based pastures

The low-input system can be the first step toward es-
tablishing improved acid-tolerant pastures for produc-
tion of beef and milk. The transition from income-gen-
erating food crops to pasture is achieved by planting
pasture species under a rice canopy and applying fertil-
izers annually or every two years. Several combina-
tions and rotations of selected grasses and legumes
have sustained high weight gains in cattle over eight
years of trials. Degraded pastures have been regener-
ated with the use of similar techniques.

Agroforestry

Low-input cropping is a good way of providing cash
income and ground cover during the establishment
phase of acid-tolerant tree crops, whether the trees are
grown for industrial purposes (rubber, oil palm, and
guarana), food production (peach palm), or alley
cropping.

Table 7.1 Contribution of increases in areas and in yields to growth of cereals production in
developing regions and in high-income countries, 1961-90

Note: South Africa is included in figures for developing countries as a group but not in regional figures.
Source: FAO data.

est intrusions in Latin America and Africa. This
expansion may be led by poor subsistence farmers
seeking a livelihood or be driven by growing mar-
ket demand. While it may meet immediate needs
for food and income, it is not a long-term solution

if lands are fragile. The great challenge for the fu-
ture is to balance intensive and extensive growth
of agriculture so as to avoid the environmental
damage and constraints on productivity that each
can cause (Figure 7.1).
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Country group tons) Total increased area average yields hectare)

Developing countries 1,315 118 8 92 2.3
Sub-Saharan Africa 57 73 47 52 1.0
East Asia 499 189 6 94 3.7
South Asia 261 114 14 86 1.9
Latin America 105 111 30 71 2.1
Middle East and North Africa 41 68 23 77 1.4
Europe and former U.S.S.R. 336 76 13 113 2.2

High-income countries 543 67 2 98 4.0

World 1,858 100 8 92 2.6



Future combinations of cereal yield and area growth
to feed increasing populations are uncertain

Figure 7.1 World production of cereals to
feed a growing population: recent
performance and the future challenge

Average yield (tons per hectare)

Policies for resource management will have to
include three essential components:

A recognition of the true value of natural re-
sources. Failure to accept that natural resources
are ultimately in finite supply, and divergences in
the private and social costs of resource exploita-
tion, are root causes of many environmental prob-
lems: erosion of deforested hill slopes, releases of
carbon dioxide by land-clearing fires, and losses of
biological diversity as a result of poorly controlled
logging.

Institutions that match responsibility for
resource management with accountability for re-
sults. The public sector will inevitably retain
responsibility for allocating some of the most sen-
sitive natural resources; it will often own them and
will sometimes manage them. Governments need
to make sure that those who use natural resources
bear the full costs of doing so. But when public
institutions are themselves directly involved in
production, that rarely happens.
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Better knowledge of the extent, quality, and
potential of the resource base. At present, emerg-
ing constraints that confront resource manage-
ment are often poorly understood; research is
hampered by inadequate funding. In addition to
developing new knowledge and techniques, there
is a need to accelerate the diffusion of existing
technology that can expand output in environ-
mentally sound ways (Box 7.2).

This chapter examines ways of improving the
management of natural resources. Some natural
resources, as Chapter 3 noted, have no clear
owner, and it is these open-access resources that
are most vulnerable to overexploitation. Other re-
sources are managed in three main ways: as pri-
vate property, in common, or by the state (Figure
7.2). The pattern varies from one country (and cul-
ture) to another and is rarely clear-cut, even within
a single country. For example, in most countries
public authorities control surface water until it is
delivered to individual farms or to canals managed
by local communities. Policies for improving the
management of a resource depend to a large extent
on the category into which it falls.

Property arrangements for natural resources differ
tremendously in rural areas

Figure 7.2 Typical property-rights
arrangements for rural resources in
developing countries
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Note: World population was 3.3 billion in 1965 and 5.3 billion
in 1990; it is projected to be 9.0 billion in 2030 ( see "base
case" assumptions in Figure 1.1).
Source: World Bank data.



Box 7.2 Increasing the knowledge base to meet growing demand for food

Meeting the doubled food demand that is anticipated
by 2030 will be feasible but will require substantial pro-
ductivity gains, according to a study prepared for this
Report. Fundamental to meeting the challenge of in-
creasing productivity will be better application of exist-
ing (but underused) knowledge about resource man-
agement and development of new agricultural
technologies.

Among the incentives that would encourage farmers
to adopt existing improved technologies and methods,
none is more important than the allocation and protec-
tion of property rights. In addition, as technologies be-
come more sophisticated, farmer education and
strengthening of extension systems are essential. The
spread of practices such as conservation tillage and inte-
grated pest management demonstrates that environ-
mentally friendly and economically attractive technolo-
gies offer practical alternatives to regulation and
subsidies in controlling the environmental costs of agri-
culture. But even if existing knowledge is fully exploited,
the availability and quality of land and irrigation water
will be insufficient to meet demand. (Plant genetic re-
sources and climate change are less immediate con-
straints on increasing global output.) Further expansion
of cropland by perhaps 25 percent and of irrigated land
by 50 percent may be possible but will have environmen-
tal costs. New knowledge will be necessary.

Experience over the past decades has demonstrated
that the generation of new knowledge is the most po-
tent and least costly avenue to improving productivity.
The expansion of knowledge through research and de-
velopment will need to encompass human capital, in-
stitutional innovation, and new technology. New and
higher-yielding cultivars of plants will be needed,
along with farming systems research that focuses on
integrating livestock and crop activities and on modify-
ing the physical environment in which plants grow
through, for example, measures that conserve soil
moisture and that permit continuous cultivation on the
infertile, acidic soils common in many tropical areas.

Deliberate investment in agricultural research and
development has never been more important. Yet ex-
penditures for agricultural research are stagnating. Re-
search must address the increasing constraints posed
by the environmental consequences of agricultural de-
velopment. The Consultative Group on International
Agricultural Research (CGIAR) is placing more em-
phasis on agricultural resource systems and on rela-
tively neglected areas such as forestry, pest manage-
ment, soil conservation, and irrigation, to complement
the more traditional focus on commodity programs.
These changes need to be reinforced and matched by
commitments to strengthen national research systems
in these directions.

Resource management by individuals
and enterprises

Privately managed farms and woodlands produce
most of the food, fiber, and fuel that people use. It
is on these lands that the central issue of natural
resource management will be decided: can output
be increased to match demand without unaccept-
able environmental damage?

When land is privately owned and managed,
some environmental problems are less severe.
Land is less likely to be overused if its owners have
a clear legal title. People who have secure rights to
the land they cultivate are more likely to take the
long view in managing the soil. One of the few
detailed studies of the connection between greater
security and improved land management, con-
ducted in Thailand, shows a clear positive link be-
tween more secure tenure, access to formal credit,
and investment in the land.

But technologies such as integrated pest man-
agement that are better for the environment are
often information-intensive and require training
for the farmers if they are to be effective. They may

also be too expensive for farmers, and access to
credit is often inadequate. Poverty makes farmers
understandably averse to new and unfamiliar
risks.

Even if these constraints are overcome, private
ownership may not deliver ideal results from soci-
ety's point of view. As some of the instances in
this section make clear, private owners do not nec-
essarily know whether the side effects of their ac-
tivities impose costs on others. Even if they do,
individual farmers may not cooperate to find solu-
tions unless the result is increased profits on their
own fields. It is on privately managed farms and
woodlands and the areas around them that recog-
nition of scarcity and side effectsthe first require-
ment of good resource managementis most im-
portant. And it is on these lands that sound
agricultural policy is, most clearly, sound environ-
mental policy.

Protecting soil fertility

Farmers are usually aware of the consequences of
soil degradation and erosion for their crop yields
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Box 7.3 Long-term agricultural trials

Appallingly little information exists about the long-
term productivity of agriculture in developing coun-
tries. Only a handful of studies have systematically
monitored the effect of agricultural practices on soil
fertility, crop production, soil loss, and hydrologic pro-
cesses. Only studies that extend over decades and even
centuries can reveal small but critical changes in the
dynamics of agricultural systems.

The few agricultural experiments that have been
maintained for more than 100 years are all in temperate
developed countries. These studiesincluding trials at
the Rothamstead Experiment Station in the United
Kingdom (initiated in 1843) and the Morrow Plots
(1876), the Sanborn Field (1888), and the Magruder
Plots (1892) in the United Statesprovided answers
regarding, for example, the effects of manuring and
crop rotation on sustainable yields. They confirmed
that agricultural performance can be sustained on the
prairie soils of the American Midwest, laid the founda-
tions for the modern science of plant nutrition, and

trained generations of agricultural scientists. Although
many of the results of trials in temperate areas are
transferable, the different soils, cropping practices, and
pest and disease problems in most developing coun-
tries limit the usefulness of the conclusions. Studies
initiated during the colonial period in many African
and Asian countries have been stopped, and data from
them go unanalyzed.

Relatively recent work of shorter duration is begin-
ning to hint at the potential value of long-term trials in
tropical agriculture. The International Rice Research In-
stitute in the Philippines began in 1964 to monitor
trends on continuously cultivated paddy fields. These
studies have started to reveal slow yield declines,
caused by increased pest pressure, depletion of soil
micronutrients, and buildup of harmful chemicals from
low-quality irrigation water. Only long-term observa-
tion will make possible understanding and manage-
ment of these problems.

and wish to prevent the damage. But many proj-
ects to help them have failed because they pro-
moted only a single method of soil conservation.
The greatest success is realized when farmers can
select from a menu of techniques adapted to local
circumstances; the profitability of a method for
farmers can vary significantly, depending on the
characteristics of the land, the crop mix, and the
availability of labor. Experience shows that even
where erosion imposes costs on otherssedimen-
tation and siltation of dams, for exampleit is im-
portant to try first to persuade farmers to do what
is in their own interest. This will usually be less
complex than getting farmers to be accountable for
the costs borne by others and will in any case con-
tribute toward reducing these costs.

Managing soils to maintain fertility requires
achieving a balance between loss of nutrients
(through crops and animal products) and replace-
ment of nutrients through the use of manure, inor-
ganic fertilizers, and other sources. In addition,
the capability of soils to deliver nutrients and store
moisturefunctions of soil structuremust be
maintained. Basic concerns such as the long-term
viability of continuous land use in some tropical
areas are poorly understood (Box 7.3). A review of
more than 200 studies shows the potential effec-
tiveness of low-cost technologies in reducing ero-
sion and increasing yields (Table 7.2). The most
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cost-effective, irrespective of land use, is contour-
based cultivation. In India contour ditches have
helped to quadruple the survival chances of tree
seedlings and quintuple their early growth in
height. Ground covergrasses, leaf litter, and
other growthprotects soil from erosion and
maintains its capacity to absorb rainfall.

Successful intensification will need to combine
such soil management with greater use of inputs,
particularly inorganic fertilizers, which provide
about 40 percent of nutrients for the world's crops.
In Sub-Saharan Africa grain yields average about a
third those of East Asia. Differences in land quality
are part of the reason, but so too is Sub-Saharan
Africa's low fertilizer useless than one-fifth of
East Asia's average (Figure 7.3). In the developing
world low use rates and the consequent mining of
soil nutrients are far greater problems than exces-
sive and poorly managed fertilizer applications.

Table 7.2 Effect of low-cost soil conservation
practices on erosion and crop yields

Note: The figures are ranges derived from a review of more than 200
studies.
Source: Doolette and Smyle 1990.

Decrease in erosion Increase in yield
Method (percent) (percent)

Mulching 73-98 7-188
Contour cultivation 50-86 6-66
Grass contour hedges 40-70 38-73



Fertilizer is a key part of conserving soils as output intensifies

Figure 7.3 Fertilizer input and cereal yields in developing regions and high-income countries, 1989
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To preserve soil fertility, better use also needs to
be made of agricultural techniques such as
agroforestry and integrated crop and livestock
management. Agroforestry can add nutrients to
the soil, reduce water runoff and evaporation from
the soil's surface, supply green manure and
mulch, and reduce soil erosion. It thus raises crop
yields and, because the soil retains more moisture
and nutrients, helps to prevent yields from declin-
ing in dry years. It provides fodder and shade for
cattle and is a good source of fruit, fuelwood, and
other by-products. Integrating animals into farm-
ing, in addition to providing food and income,
makes use of manure to recycle nutrients, includ-
ing those from otherwise low-value crop residues,
grasses, and fodder trees. Smallholders will be
more interested in raising livestock if markets for
dairy and meat products are encouraged by gov-
ernment support services.

Farmer-controlled soil conservation methods
can be developed and implemented at reasonable
cost:

A centuries-old practice in India is being re-
discovered, adapted, and promoted. Deeply
rooted, hedge-forming vetiver grass, planted in
contour strips across hill slopes, slows water run-

off dramatically, reduces erosion, and increases
the moisture available for crop growth. Over the
past six years a quiet revolution has been taking
place, and today 90 percent of soil conservation
efforts in India are based on such biological
systems.

In the Sahel simple technologies involving
construction of rock bunds along contour lines for
soil and moisture conservation have succeeded
where sophisticated measures once failed.
OXFAM has promoted techniques among farmers
to improve water harvesting in Burkina Faso.
Bunded fields yield an average of 10 percent more
than traditional fields in a normal year and, in the
drier years, almost 50 percent more.

In the Central Visayas Regional Development
Project in the Philippines a highly successful
scheme for distributing young animals has been
paired with the promotion of contour grass strips
for erosion control. A farmer who establishes a
100-meter strip of napier grass is entitled to borrow
a pregnant cow from the project. The farmer cares
for the cow and its calf until the calf is weaned and
the cow reimpregnated. The cow then goes to an-
other farmer. Demand became so great that a lot-
tery was needed to manage it.
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Box 7.4 Pesticides, agricultural trade,
and poverty

In 1987 the Board of Agriculture of the U.S. Na-
tiorial Academy of Sciences indicated that low res-
idue levels of twenty-eight pesticides used on
food may be one of the main environmental
causes of cancer. The steps that were conse-
quently taken to protect the health of consumers
in several industrial countries may hinder agri-
cultural diversification by many developing coun-
tries and affect poorer farmers in particular.

In Central America donors are encouraging a
rapid growth of nontraditional food exports.
Large farmers receive assistance to ensure that
their products will not violate limits on pesticide
residues; small independent producers do not. As
a result, many small producers have found that
their harvests are unacceptable for export to the
United States or that exporters refuse to work
with them.

A study in Guatemala found that 95 percent of
large growers received technical assistance on
pesticide use but that only 51 percent of the
smaller growers and no small independent
growers received any help. Small growers applied
three times as much pesticide as did larger
growers, mainly because they sprayed routinely
rather than when pests were bad. Few small
growers knew about the need to leave an ade-
quate interval between spraying and harvesting.
Almost 75 percent of all farmers were increasing
their use of pesticides, and only 7 percent knew
about other options such as biological defenses or
integrated pest management.

Small independent producers will need special
help if all farmers are to benefit from export
growth. It would be ironic if concern about health
in industrial countries impoverished the poorest
farmers in developing countries.

After a costly and unsuccessful attempt to re-
duce soil erosion on the uplands of Java, largely
through construction of physical structures, Indo-
nesia shifted to a more decentralized, farmer-
oriented approach. The use of a broad range of
simple agronomic and vegetative measures that
farmers can control has led to a higher rate of
adoption.

Pesticides, safety, and pesticide resistance

With encouragement from governments, the de-
mand for chemical pesticides has grown enor-

140

mously in the past twenty years. Pesticide use in
Sub-Saharan Africa remains low, but the Asia-
Pacific pesticide market had grown to $2.5 billion
by the mid-1980s. Indonesia, Pakistan, the Philip-
pines, and Sri Lanka all witnessed increases of
more than 10 percent a year between 1980 and
1985.

If used judiciously and responsibly, chemical
pesticides provide farmers with an important tool.
But improperly used pesticides can endanger the
health of users, other rural people, and con-
sumers. They can disrupt ecosystems by polluting
soil and water, accumulating in the food chain.
And they can indiscriminately kill nontarget spe-
cies, including natural enemies of pests, and has-
ten the development of resistance by pests. Many
pesticides that are banned in industrial countries
because of these effects remain available in the de-
veloping world. Policies for managing pesticide
use will be encouraged by restrictions in importing
countries on pesticide residues on food products
(Box 7.4).

In most low-income agriculture, pesticide use is
minimal. But its growth in intensive agriculture
and for malaria control has had measurable and
sometimes alarming impacts in developing coun-
tries. Breast milk samples from women in cotton-
growing regions of Guatemala and Nicaragua
have some of the highest levels of DDT ever re-
corded in humans, and the illness and mortality
rates from pesticide poisoning in these areas ap-
proach those for major diseases.

Because the pesticide that one farmer uses con-
tributes little to increased resistance by pests, no
individual farmer has an incentive to use less. But
increasing use of pesticides has contributed to the
growth in resistant pest populations that has taken
place since early in this century. From low levels,
the number of resistant species has grown rapidly,
giving rise to such severe outbreaks as those of the
brown planthopper in Indonesia in the 1980s.

Since the effects of overusing pesticides have
begun to be widely understood, several policies
have been followed. Pesticides are now formu-
lated, as far as possible, to target particular pests.
Their toxic life is shorter, to reduce accumulation
in the environment. Some governments are elim-
inating subsidies for pesticides or are even taxing
them, thus signaling to farmers that pesticide use
has environmental as well as financial costs.

Two technological developmentsintegrated
pest management and bioengineering of crop vari-
etiesoffer alternatives to chemicals. Integrated
pest management calls for carefully timed, selec-



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 usesfirewood
and building polescontinue 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 hectarenot 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 plantationsmainly
private but sometimes maintained with technical
assistance or subsidies from the governmenttake
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 hectaresless 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 resourcesvillage 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.

OVERFISHING. 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 destructionof 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 panchayatslarge 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 societiesfor 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
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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 landto
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 objectiveseconomic
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 conflicts 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
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Box 7.5 Participatory land management in Burkina Faso

Land-hungry farmers in Africa are pushing into new
areas. Conflicts between agricultural and pastoral com-
munities are common, and resource breakdown is an
increasing threat. In Burkina Faso an innovative ap-
proach to the management of natural resources is using
indigenous institutions and sustained local participa-
tion to resolve problems of resource allocation and en-
vironmental deterioration.

Community terroirs (management areas) are the basis
for the approach, which is decentralized (to take into
account each terroir's specific features), intersectoral
(embracing agriculture, forestry, and livestock), partici-
pative (respecting the goals and resources of the com-
munity), and iterative (responsive to monitored re-
sults). Several critical steps are needed to put these
principles into practice.

The community designates a natural resource
management committee that includes representatives
of the principal social groups of the village and of user
groups such as herders, men and women farmers, and
fishermen. The committee is responsible for allocating
resources and dealing with neighboring communities
and the government on natural resource issues.

A resource use management plan is then drawn
up with the assistance of technical advisers. The plan
includes a statement of community objectives, an inter-
sectoral environmental assessment of the terroir, and
the choice of technologies most likely to achieve sus-

tamable output, protection of key natural resources,
and generation of income for the community.

The terroir management plan is agreed on by the
committee and the government. The agreement stipu-
lates the activities and expenditures needed to imple-
ment the plan. The community, for instance, may
agree to measures and targets for improving pasture,
planting trees, and adopting improved practices for
soil conservation. In return, the government assists the
community to obtain basic infrastructure and services,
cofinances some investments, and provides protection
from encroachment on land improvements. The agree-
ment also conveys official recognition of the commu-
nity's rights to the land and to any improvements.

Monitoring is a key element of implementation,
and along with changes in community goals, in envi-
ronmental status, and in the effectiveness of chosen
technologies, may lead to adjustments to the plan.

As Burkina Faso's experience shows, participation
can lead to better resource management, but the par-
ties involved must also change the basis on which re-
source management decisions are made. Local institu-
tions can form a building block for the management
contract, but they need to be modified and adapted to
cope with the new challenges created by immigration
and resource breakdown. This management strategy is
currently being extended to other Sahelian countries,
including Mali and Niger.

monitor aggregate use of groundwater and regu-
late tubewell pumping to prevent excessive draw-
down of aquifers.

If the potential efficiency gains from these tech-
nologies are to be realized, the new methods must
be integrated into a broader approach to the inter-
actions among water, plants, soils, nutrients, and
other farm inputs. Farmers will need research and
extension support to acquire new management
skills, credit to enable them to afford mechanical
equipment, and secure legal rights to water to en-
courage them to invest in new technology.

CHANGING LAND usE. Zoning is used in rural
areas for the same reason as in urban areas: indi-
vidual decisions about land use do not necessarily
produce the best results for society as a whole.
Because zoning imposes constraints on land use
that are contrary to the underlying incentives driv-
ing individual behavior, its effectiveness depends
on whether it is enforced and to what extent those
incentives can be weakened. Where economic in-
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centives are the principal influence on individual
behavior, land zoning alone is a weak tool for de-
termining land use. But it can be influential if it
has political support and the incentives driving in-
dividual behavior are weak. Experience with zon-
ing in developing countries, whether to protect
forests or to locate agricultural activities, has not
been successful. Many countries have spent large
sums on mapping and land use planning but have
failed to integrate these activities into effective
land management programs.

Agricultural zoning in Africa has traditionally
had the primary purpose of separating crop and
animal agriculture or confining the agricultural ac-
tivity of particular groups to specific regions. In
several countries, colonial laws that partitioned
land into European and African reserves were
among the first targets for change after indepen-
dence. In Kenya this was followed by the registra-
tion of blocks of land with fixed boundaries for
pastoralists to manage as group ranches; in several
cases the lands were next to game parks. To pro-



mote the ranches, pastoralist groups were prom-
ised compensation for wildlife damage, participa-
tion in tourism revenue from the adjacent parks,
upgrading of livestock, and access to credit. Re-
suits have been mixed, and the pastoraiists' range-
land remains under pressure from competing
uses. Some groups found that tourism receipts
went elsewhere, that promised infrastructure for
delivering water was ineffective, and that pro-
tected wildlife degraded ranch pastures. Lessons
learned from such experiences have led to new
approaches to defining resource use. Burkina Faso
is relying on community-based development of re-
source management plans (Box 7.5). Botswana has
also depended on participatory planning within
districts to identify and support zoning for pri-
vate and communal ranches, cropping, wildlife
management, protected areas, and urban devel-
opment.

Zoning of forests attempts to set forest bound-
aries and identify areas for various uses. Until
management techniques are devised for tropical
forests that enable uses which are compatible with
preserving biodiversity and the natural ecosystem,

areas with high environmental value need to be set
aside and protected. Similarly, areas that provide
watershed protection need meaningful, enforce-
able boundaries. In Uganda, beginning in the
1950s, increasing population pressure led to settle-
ment in zoned forest reserves, but the reserves
were managed fairly effectively for forestry
through the early 1970s. Later, the breakdown of
civil order and continued population pressure
brought about massive migration into the re-
serves. The government now faces a long and dif-
ficult process of evicting squatters from forest
areas. Kenya and Nigeria have had similar
experiences.

In several countries agroecological zoning is be-
ing used to prevent further encroachment into for-
ests. Simply demarcating zones, however, is
clearly not enough to prevent illegal encroach-
ment. Zoning must be backed up by economic and
financial incentives that discourage invasion. In-
vestments must be made to intensify land use in
suitable areas, develop extractive production in
areas that should remain under forest cover, and
protect the borders of conservation zones. (Box 7.6

Box 7.6 Land zoning in Rondônia

Growing socioeconomic problems caused by accelerat-
ing migration to the northwest frontier of Rondônia led
the Brazilian government in 1980 to launch an invest-
ment program. The Integrated Development Program
for Northwest Brazil (Polonoroeste) was designed to
promote migration and its orderly absorption. This was
done by building a highway and feeder roads, but in-
creasing deforestation accompanied the program.

Now, agroecological zoning has distinguished areas
capable of development from those with special ecolog-
ical or social significance or without long-term agri-
cultural potential. The government hopes to discour-
age new migration, concentrate existing populations in
areas with potential for permanent agriculture, and re-
duce encroachment into areas that should remain un-
der forest cover. Active intervention is needed to con-
trol the spread of itinerant agriculture. Rondônia's new
constitution and the complementary laws adopt
agroecological zoning as one of the basic criteria for
determining legal land occupation. Zoning is ineffec-
tive if it stands alone; in Rondônia it is being supported
by the following reforms:

Public investments will be reviewed for con-
sistency with the agroecological zones. New roads and
support services will no longer be put where agricul-
ture is not sustainable but will be concentrated in the

areas that are most suitable for population and where
forest cover is already mostly cleared.

Forest clearing will no longer be a criterion for ob-
taining land title. Inconsistent land regulations and
laws are being regularized, and institutions for estab-
lishing property rights are being strengthened.

Fiscal incentives for cattle ranching and deforesta-
tion have already been suspended, and credit pro-
grams are being restricted to activities that are con-
sistent with the zoning.

Most of the lands reserved for Amerindians-20
percent of the state's areahave been identified and
demarcated, and policies and programs for improved
protection are being put in place.

A media campaign is under way to explain the
zoning restrictions on use of land and discourage mi-
gration to Rondônia.

Local NGOs are participating in consultative gov-
ernment bodies to represent their communities in dis-
cussions of policies and annual public investment
proposals.

Agroecological zoning, strengthened government
commitment, and closer community involvement are
greatly improving the prospects for sustainable agri-
cultural and extractive development, as well as envi-
ronmental protection.
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describes the experience in Rondônia, 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 projectswhich
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 measuresin part because of environmental
concerns but more for fiscal reasonsillustrates
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 riskone test of the likely eco-
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nomic viability of settlementreduces 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: indust rial 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



less than 1 percent of the tropical forest is currently
under truly sustainable management. Several coun-
tries are trying to raise that total through improved
harvest technologies and low-impact design of
roads. In Peru the forest is harvested in long narrow
strips designed to mimic the gaps created when a
tree falls from natural causes. The strips to be har-
vested are carefully selected, and animal traction is
used to avoid soil compaction. Harvesting can thus
be done without serious environmental damage,
and the regeneration that takes place is rapid, abun-
dant, and diverse. This experiment is being con-
ducted in collaboration with the Yanesha Forestry
Cooperative, a group of indigenous people who
own the land communally.

Much more effort is needed to find scientifically
sound techniques for plantations and to learn how
natural forests work. Advances in farm forestry
and commercial logging have been slow, partly
because of inadequate research. In Asia (excluding
China) at least 5,000 scientists are working on rice
research but fewer than 1,000 on forestry. In India
expenditure on forestry research amounts to less
than 0.01 percent of the value of forest products
consumed each year.

Natural tropical forests, especially tropical moist
forests, are difficult to manage even for the rela-
tively straightforward objective of timber produc-
tion. Their ecosystems are highly sensitive to inter-
vention, often in unexpected ways. Many
important tree species, for example, can mature
only when the forest canopy is opened by the
death or removal of older trees. At other stages in
their life cycles, however, many of these same spe-
cies may be dependent on light-intolerant soil mi-
croorganisms. Even selective logging alters the
species and size composition of the forest and can
set off a chain of changes that makes unlikely the
regeneration of the original species mix. Timber
extraction must be sophisticated if it is to avoid
damage to the integrity of the forest as an
ecosystem.

CONTROLLING PRIVATE LOGGERS. Logging in
tropical forests is typically carried out by private
firms, nominally under terms established by the
government. These terms may stipulate the log-
ging practices to be used, the fees to be paid, the
duration of harvesting rights, and the loggers'
obligation to provide for postharvest treatment of
the forest. Unfortunately, these agreements are of-
ten flouted, and forestry agencies have con-
sistently been unwilling or unable to enforce them.
Forestry agencies often lack transport and good

Logging fees are often less than costs of reforestation

Figure 7.4 Timber stumpage fees as a share
of replacement costs in selected countries,
late 1980s
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Source: World Bank data.

maps. They are thus unable to discover the value
of the resource they are supposed to protect. Log-
gers, however, have incentives to be well aware of
that value and to obstruct or corrupt efforts to re-
strict their operations. In many countries forestry
officials who attempted to enforce restrictions
have been assaulted and even killed. Faced with
these risks, and typically underpaid, officials often
ignore transgressions or accept bribes from loggers
to look the other way.

One way to lessen the difficulties of enforce-
ment is to build into timber concessions adequate
incentives to ensure regeneration. Too often, the
concession arrangements are too short to make
concessionaire silvicultural activities after the first
harvest profitable, and no provision is made for
publicly financed regeneration. In Sabah, Malay-
sia, for example, half of all concessions are for
twenty-one years, most of the remainder are for
ten years, and 5 percent are for one year. Full tim-
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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 communities
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



Box 7.7 Conservation in Costa Rica: building effective institutions

Costa Rica has struggled to become a leader in conser-
vation. In the 1960s and 1970s almost half its land was
put under some degree of protection. But a lack of
funds, exacerbated by the country's economic crisis,
meant that by the mid-1980s the country's parks and
reserves were seriously threatened. The pressure of
poverty increased encroachment in search of timber,
fuel, and agricultural land. There was no coordination
among the different agencies responsible for park pro-
tection, forestry, and wildlife management, and en-
forcement was sparse.

In 1986 a new administration, with international fi-
nancial support, decided to restructure institutions to
maintain the protected areas and gain acceptance for
conservation. Numerous agencies were consolidated
into the Ministry of Natural Resources, Energy, and
Mines to improve coordination and enhance the na-
tional stature of conservation. To reduce encroach-
ment, the government decentralized park manage-
ment. A national system of conservation areas divided
the country into nine regions, or "niegaparks." In or-
der to gain local support, regions with parks received
economic benefits. The director of each megapark is
responsible for oversight of all the protected areas and
for working with local communities.

Innovative financing arrangements funded these
changes and paid for land appropriations. Donations

and grants from international foundations and NGOs
were converted into local funds controlled by the Na-
tional Parks Foundation (NPF), a private organization
founded by the government to help channel financial
support to the parks. The NPF functions as a financial
intermediary, receives the proceeds of debt-for-nature
swaps, and has responsibility for financial accounting
and management.

There have been some problems. In an effort to de-
velop long-term commitment, the NPF has encouraged
international donors to support particular megaparks.
So far, that has led to unequal financing across regions.
Competition among regions for donor funding risks
compromising national control over conservation.
What happens if one of the megaparks cannot find
funds? Why should money go to the areas with the
best public relations instead of being allocated on the
basis of need? Does it matter that external funds and
donations, rather than central government budgetary
allocations, are supporting the system?

Implementing a conservation system that decentral-
izes decisionmaking and financial control is clearly a
challenge, even with Costa Rica's advantages of a well-
educated population, strong national scientific capac-
ity, and good physical infrastructure. Mobilizing finan-
cial support is just one of the building blocks of an
effective conservation system.

earnings and does less damage to soils and vegeta-
tion. The scope for community-based wildlife
management programs, however, depends on the
economic value of the wildlife asset compared
with alternative land uses.

Throughout the semiarid rangelands of Africa
wildlife use could be greatly increased if a number
of distortions could be removed. The most impor-
tant constraint is that wildlife, albeit technically
state property, is effectively art open-access re-
source. Access needs to be controlled, and man-
aged culling implemented. Other distortions arise
from direct and indirect subsidies to the livestock
sector; quarantine and veterinary policies that re-
strict wildlife production; local sale and export of
wild meat; and lack of accounting for environmen-
tal degradation (Box 7.8).

The establishment of extractive reserves for the
harvest of nontimber forest products has emerged
as a promising strategy for reconciling economic
development and environmental conservation.
Harvest of many nontimber forest products can
take place without destroying the forest cover. The
extractive reserve approach differs from traditional

approaches to protection, which, by restricting ac-
cess to traditionally used resources, disrupt local
cultures and economies.

In 1985 a rubber tappers' union in Brazil joined
with the government to establish a new way of
keeping tracts of Amazonian forest under low-im-
pact use. The creation of extractive reserves
granted legal protection to forestland traditionally
used by rubber tappers, Brazil-nut gatherers, and
other local people. Although separate deeds were
not issued, individual families retain their rights to
traditional collecting territories within the reserve.
The land cannot be sold or converted to nonforest
uses, but subsistence crops are permitted on small
plots. Twenty reserves have been proposed; the
first six were established in Acre, one of the Bra-
zilian states most threatened by deforestation.

Conclusions

A common theme in many aspects of natural re-
source use is the need for better research. That
need will increase: as development and growth
proceed, new problems will emerge. We still know
little about how to protect the resource base suffi-
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Box 7.8 Comparing the costs and benefits of conservation and development

The example of Korup National Park in Cameroon
shows how valuation of environmental damage and
conservation costs can help inform choices about how
to use the environment. The park contains Africa's old-
est rairiforest, which is home to numerous unique and
endangered species of plants and animals. Increasing
pressures to convert the forest to agriculture led the
government to design a conservation plan for about
126,000 hectares of the park. Economic valuation tech-
niques were used to estimate the damage that would
occur if these areas of rainforest were developedas a
measure of the benefits of conserving themand com-
pare the benefits with the costs of the conservation
program.

Conserving the areas would provide local, national,
and international benefits, but not all of these could be
estimated. The measurable benefits from use of the
conservation area that accrued to Cameroon included
direct yields from, for example, sales of forest products
(32 percent of measurable benefits) and indirect bene-
fits such as protection of fisheries and soils (68 per-
cent). These were set against the costs of management
(88 percent) and of forgone revenues from commercial
forest products (12 percent). The exercise found that (at
an 8 percent discount) the measurable benefits of the

conservation area for Cameroon were less than the
costs.

But not all benefits were measurable. People in Cam-
eroon and in the rest of the world derive other benefits
from conservation. These include "option values"
(protection against loss of future benefitssay, from
medicines developed from indigenous plants) and
"existence values" that arise because people value the
preservation of species even when they do not expect
to derive any other benefits, now or ever, from them.
Since most of these nonuse values reflect benefits to
people outside Cameroon, the difference between the
benefits and costs of the conservation area for Cam-
eroonroughly $6 billionrepresents the international
transfers needed to justify conservation on economic
grounds. The per hectare transfer would be lower than
the values attributed to tropical forest conservation
areas in, for example, Costa Rica. Given the diversity
of species in Korup Park, making such transfers would
be to the advantage of the international community.
The issue then becomes whether the rest of the world
is willing to pay Cameroon for the costs it would incur
to protect an environmental asset that is valuable for
the world as a whole.

ciently to feed the burgeoning world population.
We know little about improving simple technolo-
gies: the design of surface irrigation and drainage
systems has not changed in years, in spite of grow-
ing demands from farmers for better control of wa-
ter. As countries become richer, their demands on
their natural resources change but do not dimin-
ish: rising incomes in industrial countries have led
to new demandsfor open space, wilderness pre-
servation, and other amenitiesthat could not
have been foreseen fifty years ago.

Research on the conservation and use of natural
resources ought to be mainly national. But some
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problems require international research. The
CG1AR is already placing more emphasis on for-
estry, pest management, soil conservation, and ir-
rigation. Countries often say they believe in the
need for more agricultural research. Yet even
though, as measured by rates of return, agri-
cultural research is among the best public invest-
ments available, support for research is declining.
If that trend continues, the prospects for environ-
mentally sound agricultural intensification are
poor indeed, and the implications for the protec-
tion of natural habitat from encroachment are
dismal.


