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Foreword

Over the past 30 years, most of Sub-Saharan Africa has seen very rapid population growth, poor
agricultural performance, and increasing environmental degradation. Why do these problems seem so
intractable? Are they connected? Do they reinforce each other? If so, what are the critical links? These
are questions that this study seeks to answer. The approach was to review the literature and available
country data to test the hypothesis that there are strong inter-relationships between these phenomena. The
findings suggest that this nexus is very much at work in Sub-Saharan Africa and that development efforts
would be far more effective if their design reflected this.

Key links are found in traditional crop and livestock production methods, land tenure systems, women's
responsibilities, traditional family planning mechanisms, and methods of forest resource utilization. The
traditional systems and practices were well suited to people's survival needs when population densities
were low. As populations grew slowly, they evolved in response. But with the acceleration of
population growth in the 1950s, these traditional ways came under increasing strain -- eventually to the
point of being overwhelmed. The results have been the triad of problems noted at the outset.

The solution to these problems are complex, which is why effective responses have not been forthcoming
on a wide scale. The study suggests an action plan involving agricultural intensification, measures to
increase demand by Africans for smaller families, land tenure reform, conservation efforts to address
environmental problems, and actions to deal with the special problems of women. Important themes
include the necessity for Africans themselves to lead this process. There is also an important need for
incentives to create demand for agricultural intensification, for smaller families, and for conservation.
The importance of relying on inter-relationships between these various parts of the solution in arriving
at a significant impact on the problem is emphasized; hence the idea of a nexus of problems, and
solutions.

Several country specific population, agriculture and environment nexus studies have been initiated to
deepen this work, including in the Cote d'Ivoire, Malawi, Nigeria, Ethiopia, Rwanda, Kenya, Tanzania
and the Sahel as a sub-region. Initial results have been summarized or incorporated into this study.
Follow-up is ongoing in these countries largely in the context of environmental action plans, agricultural,
forestry and human resource projects.
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THE POPULATION, AGRICULTURE AND ENVIRONMENT NEXUS
IN SUB-SAHARAN AFRICA

Executive Summary

A. The Three Basic Concerns

i. Population Growth. Sub-Saharan Africa (SSA) lags behind other regions in its demographic
transition. The total fertility rate (TFR) -- the total number of children the average woman has in a
lifetime -- for SSA as a whole has remained at about 6.5 for the past 25 years, while it has declined to
about 4 in all developing countries taken together. As life expectancy in Sub-Saharan Africa has risen
from an average of 43 years in 1965 to 51 years at present, population growth has accelerated from an
average of 2.7 percent per annum for 1965-1980 to about 3.1 percent per year at present. Recent surveys
appear to signal, however, that several countries -- notably Botswana, Zimbabwe, Kenya -- are at or near
a critical demographic turning point.

ii. Agricultural Performance. Agricultural production in Sub-Saharan Africa increased at about
2.0 percent per annum between 1965 and 1980 and at about 2.1 percent annually during the 1980s.
Average per capita food production has declined in many countries, per capita calorie consumption has
stagnated at very low levels, and roughly 100 million people in Sub-Saharan Africa are food insecure.
Food imports increased by about 185 percent between 1974 and 1990, food aid by 295 percent. But the
food gap (requirements minus production) - filled by food imports, or by many people going with less
than what they need -- is widening. The average African consumes only about 87 percent of the calories
needed for a healthy and productive life.

iii. Environmental Degradation. Sub-Saharan Africa's forest cover, estimated at about 679
million hectares in 1980, has been diminishing at a rate of about 3.7 million ha per annum, and the rate
of deforestation has been increasing. As much as half of SSA's farm land is affected by soil degradation
and erosion, and up to 80 percent of its pasture and range areas show signs of degradation. Degraded
soils lose their fertility and water absorption and retention capacity, with adverse effects on vegetative
growth. Deforestation has significant negative effects on local and regional rainfall and hydrological
systems. The widespread destruction of vegetative cover has been a major factor in prolonging the period
of below long-term average rainfall in the Sahel in the 1970s and 1980s. It also is a major cause of the
rapid increase in the accumulation of carbon dioxide (CO2) and nitrous oxide (N20), two greenhouse
gases, in the atmosphere. Massive biomass burning in Sub-Saharan Africa (savanna burning and slash-
and-burn farming) contributes vast quantities of CO2 and other trace gases to the global atmosphere. Acid
deposition is higher in the Congo Basin and in Cote d'Ivoire than in the Amazon or in the eastern United
States and is largely caused by direct emissions from biomass burning and by subsequent photochemical
reactions in the resulting smoke and gas plumes. Tropical forests are considerably more sensitive than
temperate forests to foliar damage from acid rain. Soil fertility is reduced through progressive
acidification. Acid deposition also poses a serious risk to amphibians and insects that have aquatic life
cycle stages; this risk extends further to plants that depend on such insects for pollination.

B. The Nexus in Brief

iv. Sub-Saharan Africa's demographic, agricultural and environmental problems are closely
linked in a nexus of mutually reinforcing causality chains. Key linkages are found in traditional crop
production and livestock husbandry methods, traditional land tenure and land use practices, traditional
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responsibilities of women in rural production and household maintenance, and traditional methods of
utilizing woodland and forest resources. These systems and practices, well suited to people's survival
needs on Africa's fragile resource endowment when population densities were low and populations stable
or growing only slowly, came under increasing strain with the rapid acceleration of population growth
that began when mortality rates declined sharply in the 1950s while birth rates remained high. The pace
of evolution of these systems has been inadequate in the face of dramatically intensifying pressure of more
people on finite stocks of natural resources.

v. Traditional land use and forest exploitation practices have become major direct causes of
environmental degradation and resource depletion. This degradation reduces the productivity and
resilience of natural resource systems. Despite considerable investment in yield-increasing technology,
crop yields, especially of food crops, have stagnated or declined in many countries, retarding agricultural
growth. Slow agricultural growth, contributing to slow aggregate economic growth, impedes the
demographic transition from high to low birth rates. Rapidly growing poor rural populations increasingly
degrade and mine the natural resources of the rural environment to ensure their own day-to-day survival.
And continuing rapid population growth ties up scarce resources to meet current survival and consumption
needs which could otherwise be used to create the base for less resource-intensive and more sustainable
development.

vi. Many other factors also have a detrimental impact on agriculture and the environment. These
include civil wars, poor rural infrastructure, lack of private investment in agricultural marketing and
processing, and ineffective agricultural support services. Inappropriate price, exchange rate and fiscal
policies pursued by many governments have reduced the profitability and increased the risk of market-
oriented agriculture, prevented significant gains in agricultural productivity and contributed to the
persistence of rural poverty. A necessary condition for overcoming the problems of agricultural
stagnation and environmental degradation will be, therefore, appropriate policy improvements along the
lines suggested in the 1989 World Bank report on Sub-Saharan Africa's longer-term development
prospects (World Bank, 1989d). These policy changes will be instrumental in making intensive and
market-oriented agriculture profitable -- thus facilitating the economic growth in rural areas necessary to
create an economic surplus useable for environmental resource conservation and to provide the economic
basis for the demographic transition to lower population fertility rates.

C. Key Elements of the Nexus

vii. Shifting Cultivation and Transhumant Pastoralism. Shifting or long-fallow cultivation and
transhumant pastoralism have been appropriate under conditions of slow population growth, abundant
land, limited capital and limited technical know-how. The ecological and economic systems were in
equilibrium. The key to maintaining this equilibrium was mobility. People shifted to a different location
when soil fertility declined or forage was depleted. This allowed the fertility of the land to be
reconstituted through natural vegetative growth and decay. For field cropping, this typically involved
farming a piece of land for two to four years, then leaving it fallow for as long as 15 to 25 years.
Herders' mobility generally involved a far greater geographic range, but a far shorter temporal cycle,
dictated by the seasonal availability of water and forage.

viii. As long as land was abundant, more land could be gradually brought into the farming cycle
to accommodate the slowly growing populations. Where population density increased slowly, the
traditional extensive agricultural production systems gradually evolved into more intensive, and eventually
permanent, systems which included soil conservation, fertility management, various forms of agro-
forestry and the integration of livestock into farming systems. This has happened, for instance, in the
Eastern African highlands and in the more densely settled areas of northern Nigeria.
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ix. But in most of Sub-Saharan Africa the scope for further expansion of crop land has drastically
narrowed. Large areas of forests, wetlands, river valley bottoms and grassland savanna have already
been converted to farmland. On average, per capita arable land actually cultivated declined from 0.5 ha
per person in 1965 to slightly less than 0.3 ha/person in 1990 (it was 0.3 ha/person in India in 1990).
In many areas, rural people are increasingly compelled to remain on the same parcel of land, yet they
continue to use their traditional production techniques. Soil fertility and structure deteriorate rapidly
where fallow periods are too short and traditional cultivation methods continue to be used. As a result,
crop yields decline and soils erode. In most areas, population growth has been so rapid that the reduction
of arable land per farmer and the associated soil degradation have greatly outpaced the countervailing
innovation and adjustment by farmers. When farming is no longer viable, people migrate to establish
new farms on land previously not used for farming -- in semi-arid areas and in tropical forests where soil
and climatic conditions are poorly suited to annual cropping. Migrants bring with them the knowledge
of only those farming techniques they practiced in the areas they left, and these are often detrimental to
their new environment.

x. In some countries land still appears to be more abundant in relation to their current
population. But much of this land is under tropical forests which need to be preserved. Yet even in these
more land-abundant countries, rapid population growth is pushing settlers to extend farming and grazing
into areas that are agro-ecologically unsuited to these forms of land use.

xi. One of the conditions which stimulated Asian farmers to adopt "green revolution"
technology -- the abundance of labor relative to cultivable land -- is increasingly emerging in parts of
SSA. But institutions and individuals have not been able to adapt quickly enough in the face of very
rapid population growth. Slow technological innovation because of ineffective agricultural research and
extension systems is only part of the reason. The poor transport infrastructure throughout most of SSA
severely blunts farmers' incentives to switch from subsistence to market production and from extensive
to intensive farming. Inappropriate agricultural marketing and pricing as well as fiscal and exchange rate
policies have reduced the profitability of market-oriented agriculture, prevented significant gains in
agricultural productivity and contributed to the persistence of rural poverty. Poorly conceived and
implemented agricultural projects have not helped.

xii. Womens Time, and Their Role in Rural Production and Household Maintenance Systems.
Women's responsibilities in rural Africa extend far beyond bearing and rearing children. Most women
in Sub-Saharan Africa bear heavy responsibilities for foodcrop production, weeding and harvesting on
men's fields, post-harvest processing, fuelwood and water provision, and household maintenance. In
traditional settings this worked well, as both genders had clearly defmed and complementary roles to
ensure the present and future welfare of family, village, clan and tribe. But the burdens on rural women
are increasing, as population growth outpaces the evolution of agricultural technology and growing
numbers of men leave the farms for urban and industrial jobs. As forests and woodlands are cleared or
severely degraded, it takes more time and effort for women to collect fuelwood. Deforestation and soil
structure deterioration, combined with declining rainfall, reduce groundwater recharge and make water
scarcer. Women must walk further to fetch water and fuelwood - and get their daughters to help them.
In most of rural SSA, women also are the primary "beasts of burden," spending substantial time
headloading not only water and fuelwood, but also farm produce and other commodities to and from their
homes. Producing the needed food on increasingly less fertile plots and with diminished time becomes
more difficult. Women also face severe restrictions on access to extension advice, to institutional credit,
and to improved production, processing and transport technology. These constraints, combined with
increasing pressure on women's time, severely impede productivity improvements and the intensification
of women's farming operations.
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xiii. Many factors underlie the persistence of very high human fertility rates. The fundamental
problem is low demand for fewer children. Environmental degradation, agricultural problems, food
insecurity and poverty, and the heavy work burdens of women all play a part in this respect. Children
provide social standing for their parents as well as some prospect of economic support in old age. In the
short term, children also can produce more than they consume. Women's time constraints and reduced
availability of water and fuelwood have implications for infant and child health and mortality and, hence,
for fertility aspirations and attitudes towards family planning. High infant and child mortality rates are
a major factor explaining the persistent high demand for large numbers of children in Africa. Where girls
are kept out of school to help with domestic tasks, this negatively affects their fertility preferences and
their ability to make informed decisions about family planning once they reach childbearing age.
Polygamy and the widespread practice of women marrying at an early age and marrying considerably
older men tend to increase women's eventual economic and social dependency on sons and, hence, their
willingness to bear many children. The very young age at which women tend to marry increases the
number of fecund years spent in union. In many traditional land tenure systems, as in open access
systems, the amount of land allotted for farming is a function of the ability to clear and cultivate it - in
short, of family labor. The severe time pressure and the constraints faced by women in their farming
and other income-earning activities may be preventing the emergence of women's demand for fewer
children. There has been little progress in easing the constraints on women's productivity, their capacity
to earn and control incomes, and their ability to assume greater control over their own fertility.

xiv. Land and Tree Tenure Systems. Traditional tenure systems in Sub-Saharan Africa, with
communal land ownership, provide considerable tenurial security on land farmed by community members
(although women's tenurial security is generally far less certain than that of men.) Strangers (i.e., non-
members of the community) may obtain use rights, but usually with considerably less long-term security.
As long as populations increased only slowly, traditional systems also were able to accommodate the
emerging need to move towards de facto permanence of land rights assignation. However, in many
countries, tenure systems have not been able to adjust rapidly enough to changing economic conditions.
In many societies, for example, the individual land user's ability to transfer land use rights remains
subject to significant constraints. Tree tenure arrangements are often distinctly separate from land use
rights pertaining to the cultivation of annual crops, and this can result in serious conflict. Much common
property land -- forests, wetlands, and range and pasture areas -- has become defacto open-access land
and has been converted to farming, often with significant negative environmental consequences. In many
areas where traditional land rights systems provided for overlapping and complementary uses by sedentary
farmers and transhumant herders, the development of valley bottoms into permanent crop land has created
major constraints on the mobility of herders, with negative implications for environmental integrity.
Increasing population pressure and agro-environmental problems are inducing considerable rural-rural
migration. Since migrants often come with conflicting traditions of land allocation and land use,
strangers' tenurial rights and their implications for land resource conservation are of increasing concern.
These various pressures are causing traditional land tenure systems to break down, reducing tenurial
security.

xv. Most governments and development agencies have mistakenly believed that traditional tenure
systems provide inadequate tenurial security and that these systems are not conducive to the introduction
of modern agricultural technology and market-oriented agriculture. They also witnessed the erosion in
customary laws and practices regulating land use which occurred as a result of significant rural-rural
migration, changes in social values and customs, and ambiguities created by the overlaying of 'modern"
land administration systems over traditional ones. In many instances, this led to the emergence of de
facto open-access systems which are not conducive to resource conservation or to private investment in
soil fertility maintenance and land improvement.
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xvi. Many governments have responded by nationalizing the ownership of land - and then
allowing customary rules to guide the use of some land, while allocating other land to private investors
and public projects. Often, the well-connected have used their influence to wrest land from its customary
owner-occupants. The result has been reduced, rather than improved, tenurial security. In most cases,
this has accelerated the breakdown in customary land management and the creation of open-access
conditions, especially in forest and range areas, where settlement and exploitation by anyone are permitted
and environmental degradation is usually rapid. Where governments allocated individual land titles --
as in Kenya, Zimbabwe and Cote d'Ivoire -- this generally ignored the existence of customary tenure
arrangements, and more often than not, the actual results have differed considerably from the stated
intent. Local community and individual land resource management has been discouraged, while political
and economic elites have succeeded in alienating the land from its traditional owners and users. This has
skewed land distribution and intensified the exploitation of land resources for private short-term gain.

xvii. Forest and Woodland Exploitation. The heavy dependency on wood for fuel and building
material has combined with rapid population growth to contribute to accelerating forest and woodland
destruction. This is particularly severe around major urban centers where it has led to the appearance
of concentric rings of deforestation. Fuelwood has generally been considered a free good, taken largely
from land to which everyone has the right of access. This has impeded the development of efficient
markets for fuelwood. Urban woodfuel prices reflect primarily transport costs, not the cost of producing
trees, and there is no incentive to plant trees for fuelwood production until transport costs to urban
markets become high enough to justify peri-urban planting. This is beginning to happen around some
cities and in very densely populated areas, but the scale of such planting is very inadequate. Alternative
fuels, such as kerosene or liquefied petroleum gas (LPG), are more costly to obtain and not available in
open-access conditions, and are therefore not replacing woodfuels in significant quantities.

xviii. Commercial logging has significantly contributed to deforestation. Although directly
responsible for no more than 20 percent of forest destruction in SSA as a whole, it has been considerably
more destructive in some countries, such as C6te d'Ivoire. Moreover, logging usually leads to a second
phase of forest destruction: logging roads provide access for settlers who accelerate and expand the
process of deforestation that the loggers have begun. Logging concessions rarely take into account the
traditional land and forest use rights of forest dwellers. These rights, once eroded, are disregarded by
new settlers penetrating along the logging roads.

xix. The degradation and destruction of forests and woodlands accelerates soil degradation and
erosion, eliminates wildlife habitat, leads to loss of biodiversity, and has severe implications for local and
regional climates and hydrological regimes. Deteriorating climatic and hydrological conditions negatively
affect agriculture. The worsening fuelwood situation forces women and children to walk further and
spend more time to collect fuelwood. Closely related, and increasingly of concern, is the fact that animal
dung and crop residues are being used as fuels. Under conditions of shortening fallows, characteristic
of much of Sub-Saharan Africa, the economic utility of dung and crop residues is far greater when they
are used to maintain soil fertility. People also must walk further and/or pay more for building materials
and the many important non-wood forest products they depend upon for medicinal purposes, home
consumption and traditional crafts and industries. For forest dwelling people, forest destruction threatens
not merely their lifestyles and livelihood systems, but their very survival.

D. An Action Plan

xx. The appropriate policy response and action program to address these problems are not easily
brought into compatible focus. Many of the most immediately attractive remedies have been tried and
have failed. For example, individual land titling -- intended to clarify resource ownership, prevent
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further degradation of common property regimes into de facto open-access situations, and improve
tenurial security -- has been tried in several countries and has been beset by significant problems.
Similarly, efforts to introduce "modern" agricultural technology in the form of higher-yielding varieties,
chemical fertilizer and farm mechanization have not met with great response from farmers. Soil
conservation and forest protection efforts have had little success outside relatively small areas. And
efforts to slow population growth through programs based primarily on the supply of family planning
services and the distribution of contraceptives have not been very successful in most SSA countries.

xxi. Some Basic Targets. Indicative aggregate targets regarding fertility rates, food availability,
agricultural growth and environmental protection illustrate the magnitude of the effort required. Reaching
these targets will be far more likely by focusing on the synergetic effects inherent in the linkages of the
nexus. There are, of course, wide variations in what is necessary and attainable in each country, and
country-specific targets will need to reflect this.

xxii. For Sub-Saharan Africa as a whole, agricultural production needs to grow at about 4 percent
per annum during the period 1990-2020. Daily per capita calorie intake should be increased from the
present average of 2,027 to about 2,400 by the year 2010. Although the share of the population that is
food insecure should be reduced from the present 25 percent to zero as rapidly as possible, it is more
realistic to aim for a reduction to 10 percent by the year 2010 and to 5 percent by 2020. The rate of
deforestation needs to be slowed, and the area of forests and woodlands should be gradually stabilized.
Loss of remaining wilderness areas should also be minimized: about 23 percent of SSA's total land area
could be maintained as wilderness (compared with about 27 percent today). To preserve wilderness and
forest areas, cropped land can only be increased from 7.0 percent of SSA's total land area at present to
about 8.3 percent in 2020. The arithmetic of these indicative agricultural, food security and
environmental objectives requires a reduction in population growth from the present average annual rate
of over 3.1 percent to 2.3 percent per annum in the third decade of the next century. This will require
lowering the average TFR by 50 percent between today and the year 2020.

xxiii. Reducing Fertility Rates. A key aspect will be to increase demand for fewer children.
Raising girls' school enrollment rates is critical. Better health care services and access to safe water will
improve child survival rates and, hence, lower the demand for children. Educational efforts, directed
at both men and women, are needed to raise awareness of the benefits of fewer children. Women's work
loads need to be eased to reduce the need for child labor. Dynamic agricultural development and
improved food security will also reduce the demand for children. Kenya, Zimbabwe, Botswana and
Mauritius, where the TFR is declining, provide strong evidence. These countries have relatively high
population densities on cultivated land, relatively high female school enrollment rates, relatively low
infant mortality, active family planning (FP) programs, and among the best agricultural performance
records.

xxiv. As demand for reducing fertility rises, it must be effectively met with increased supply of FP
services and contraceptives. But supply must follow demand - it cannot lead it. Where AIDS is a
problem, improved health care, FP services and education focused on preventing sexually transmitted
diseases and increasing the use of condoms become even more important.

xxv. Promoting Environmentally Sustainable Agriculture. Farm productivity per unit area must
be raised significantly to generate more output with little increase in the area farmed. To minimize
negative impacts on the environment, much more emphasis is required on "environmentally benign and
sustainable" technologies. Land-saving technology will allow forests and other fragile areas to be
protected. Numerous environmentally benign and economically viable agricultural techniques have been
developed and successfully applied, often through adaptation of traditional practices that have evolved
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in response to local agro-ecological and socio-economic conditions. Examples include contour farming,
minimum tillage, mulching, "managed" fallowing, numerous crop rotation and intercropping systems,
vegetative and soil bunding, a variety of agro-forestry practices, integrated pest management, water
harvesting and small-scale irrigation. Integrating livestock into farming systems and promoting animal
traction will be important. Soil and moisture conservation need strong emphasis.

xxvi. Agricultural research and extension services need to focus less on mono-crop technologies
and farm mechanization and much more on the above types of technologies, adapting them to local
conditions and making them available to farmers in "menu" form for selective adoption. Women must
become the target of such efforts to a much greater extent. Prescriptive approaches to agricultural
intensification are far less suitable in the varied environments of Sub-Saharan Africa - where
conservation and management of natural resources, integrated production systems and risk management
are critical -- than in more homogenous high-potential regions such as the Indo-Gangetic Plain.

xxvii. However, intensification with the above technologies alone is unlikely to be sufficient in most
SSA countries to achieve agricultural growth rates of 4 percent per year and more. hnproved
variety/fertilizer/farm mechanization technologies will also be necessary. Increased use of fertilizers will
be especially important to raise yields and maintain soil fertility. So will diversification of production
into higher-value crops, for domestic and export markets, to increase rural incomes and to improve food
security through income stabilization. It would also be unrealistic, and unnecessary, to preclude bringing
more land under cultivation.

xxviii. There has been little incentive for farmers to abandon their traditional practices. Intensive
and resource-conserving agriculture must be made less risky and more profitable. This requires
appropriate marketing, price, tax and exchange rate policies as well as investments in rural infrastructure,
health and education facilities. Creating parks, reserves and community-owned range land and protecting
these against conversion into crop land will be important to conserve natural resources and biodiversity.
So will reducing infrastructure development in forests and other fragile areas to discourage settlement in
these areas. Since this will limit the scope for further expansion of cropped land and, potentially, the
scope for agricultural production growth, there is a trade-off between conservation and agricultural
growth. Creating additional protection areas will only be feasible and sustainable if agricultural
production can be intensified at the rate suggested here (i.e., to about a 3.5 percent annual increase in
farm output per unit of land farmed). In this sense, conservation and agricultural intensification are
complementary. As African farmers have shown, land scarcity leads to agricultural intensification -- and
if the necessary advice and inputs are available, intensification can be made sustainable and the rate of
intensification greatly accelerated. Strengthening tenurial security will also stimulate greater concern for
soil fertility management and conservation as well as tree planting. Some sustainable agricultural
practices, such as soil conservation, may require initial subsidization to offset externalities.

xxix. Easing Women 's Time Constraint and Improving Their Productivity. Initiatives in research,
extension, infrastructure development, rural technology, and education are needed to ease women's time
constraints and improve their productivity. Much can be learned in this regard from the experience of
local and international NGOs in establishing rural water supply systems managed by women's groups,
developing and popularizing locally appropriate fuel-efficient and time-saving stoves, providing improved
farming and crop processing techniques and tools to women, facilitating women's access to land and
institutional credit, improving village-level transport infrastructure, and providing intermediate means of
transport. Such initiatives should be pursued through projects dealing with agricultural research and
extension, rural water supply and transport, credit and land tenure, and in education and training policies
which more effectively reach women.
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xxx. Clarifying Resource Ownership. Urgent action is needed to eliminate open-access systems
and to provide legal protection to traditional and private land owners. Local community or individual
ownership and management responsibility of natural resources appear to be the only workable
arrangement in most of Africa. Governments alone are not able to protect and conserve land, forest and
pasture resources. State-ownership of farm land should be eliminated. Where traditional tenure systems
still work and are evolving toward explicit recognition of individual ownership and transfer rights, they
should be recognized and protected by law and supported by appropriate administrative arrangements.
Land title, or at least legally secure user rights, should be provided to traditional communities, and
community land can continue to be allocated according to customary practice. Where traditional
mechanisms have completely broken down, individual land titling is likely to be necessary, but it should
be provided only on demand and to the traditional or customary owners/occupants. Women need equal
rights to land and tenurial security as men, especially in view of the increasing number of female heads
of households in many rural areas. These actions will require effective mechanisms to assess land
ownership and use rights and to ensure legal protection to holders of either traditional or modern titles.

xxxi. Wherever possible, state-owned pasture and forest lands should be returned to traditional
owners and/or local communities, with clear and legally established utilization rights tied to the
responsibility for conservation. This must be done with care, however, since many of these communities
and their traditional land resource management systems have broken down under the pressure of logging,
settler influx, and government ownership. Where this is the case, resource destruction may simply
accelerate if people are given the opportunity. Communities will need appropriate technical assistance
in managing these resources.

xxxii. Addressing the Fuelwood Problem. Efforts to promote agro-forestry need to be greatly
expanded to have a significant impact on the agro-ecological environment, the rural energy economy and
women's time. Investment in fuelwood production and tree farming, on a large scale, by farmers and
by community groups and private enterprises will not occur unless it is profitable. The incentives are
gradually emerging, particularly around major urban areas, as populations grow and forests and
woodlands are depleted. But woodfuel markets are developing too slowly, impeded by inappropriate
forest, land tenure and energy policies. The pace of market development will accelerate if open-access
sources of fuelwood are eliminated, cutting in protected areas is stopped, farmers are not restricted in
marketing wood from their own land, fees are levied on bringing fuelwood to urban centers so as to
provide incentives for wood production near cities, and communities and farmers have uncontested
ownership of local forests and woodlands. On the demand side, there is a great need for more fuel- and
time-efficient wood and charcoal stoves which can be made by women themselves or by local artisans
on a commercial basis.

xxxiii. Infrastructure Development and Settlement Policy. The importance of rural infrastructure
and of rural towns and secondary cities for promoting agricultural and rural development is well
established. Many services to rural communities are provided from secondary towns and cities. These
also provide the major wholesale markets for agricultural products on their way to major cities and to
the ports, as well as the assembly markets for agricultural inputs and consumer goods going to rural
areas. The strong bias in urban and infrastructure investments favoring the few major cities needs to be
abandoned. Adequate transport links to product markets are major factors associated with the
intensification of farming -- even where population densities are comparatively low. The high physical
barriers and economic costs of transporting goods to local markets sharply reduce farmers' incentives to
switch from subsistence to market production and from extensive to intensive farming. Rural roads and
improved tracks navigable for animal-drawn vehicles are crucial. Major efforts are also needed to
promote the use of locally suitable and appropriate intermediate transport technology, especially animal-
drawn implements, and of improved off-road transport.
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xxxiv. Infrastructure development also has a major impact on the productivity of rural labor and on
key determinants of fertility. Roads provide access to health facilities and schools. Better educated and
healthier farmers are more productive and more likely to be innovators. Water supply and sanitation
facilities have significant impact on health and labor productivity. Rural water supply, sanitation, health
and education facilities and services are particularly important in terms of their impact on infant and child
mortality and on female education -- both critical determinants of fertility preferences.

xxxv. Careful locational targeting of infrastructure and urban development can also be a powerful
instrument to guide population movement into environmentally resilient areas with agricultural potential
and to keep settlers out of fragile areas.

xxxvi. Natural Resource Management and Environmental Protection. Environmental resource
protection and sustainable management are urgently needed to prevent further degradation and destruction.
Establishing conservation areas and protecting forests is conducive to promoting agricultural growth,
because they protect watersheds and stabilize local and regional climate and hydrological systems. If the
rate of agricultural intensification can be increased as postulated here, the constraining impact of
expanding conservation areas on crop land expansion can be offset and conservation will be fully
consistent with agricultural growth. Protection of rural environments also ensures the sustainable
provision of crucial forest products and environmental services. Particularly urgent are establishment and
maintenance of conservation areas and effective regulation and taxing of logging. Environmental Action
Plans are a suitable instrument to plan these and other actions in a coherent manner.

xxxvii. Land use planning is a useful tool for reconciling the objectives of natural resource
management, settlement and population policy, agricultural and infrastructure development. These
objectives come together in specific locations and can be effectively integrated in regional and local land
use plans. These can be prepared within environmental action plans or as separate planning exercises.
Land use plans should identify areas to be protected, areas to be farmed, areas to be utilized for
sustainable logging, and so forth. Land allocation and use, land tenure systems, agricultural technology,
infrastructure development, and conservation efforts must be tailored to the specifics of each region and
location. Local communities and individuals need to be directly involved in the development and
implementation of such plans, and they must have outright ownership of, or strong and legally recognized
rights to, natural resources as an incentive to manage and conserve them. Mobilization of community
and individual participation in natural resource management may be the most important step now waiting
to be taken.

xxxviii. In the final analysis, however, successful agricultural intensification and much reduced
fertility rates and population growth are the critical elements to preventing further degradation of the rural
environment.

xxxix. Water. In large parts of Sub-Saharan Africa, water is the critical limiting resource, and
conflicts over competing uses are becoming evident. Demand for water is rising rapidly, driven by
population growth and economic development. With the major exceptions of the humid regions of
Central and coastal West Africa, almost all of Sub-Saharan Africa will be facing water shortages or water
scarcity early in the next century. In many of the arid regions, this is already the case - particularly
during the dry season. There is an urgent need for effective hydrological planning and for prudent
demand management. Water must be recognized as the critical and limiting resource it is. It must be
carefully allocated, and it must be protected against pollution. Planning for water use must be based on
natural hydrological units such as river basins and integrated with planning for land use and other
activities that affect, and are affected by, water development. Since water resources are frequently shared
among countries, it is important to cooperate closely in planning for long-term water sharing.
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E. Conclusion

xl. Past efforts have, on the whole, failed to reverse the direction of the downward spiral that
is driven by the synergetic forces of this Nexus. Part of the explanation appears to be that past efforts
have been pursued too narrowly along traditional sectoral lines -- matching established institutional
arrangements and traditional academic disciplines -- while crucial cross-sectoral linkages and synergies
have been ignored. At the same time, primary emphasis in most sectoral development efforts has
generally been placed on the supply side, i.e., on
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substantially among communities. This implies the posve tat photogrhsteofh e s
need to use relevant "units of analysis." The i 193 a . 9 u=the~ rurae ioment-simutneuwihray
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not be appropriate if these terms are simply taken to
convey concepts of social and economic arrangements
familiar to 20th-century industrialized economies. Where societies are characterized by complex
resource-allocation and -pooling arrangements for both production and consumption purposes, based on
lineage, kinship, gender and age-groups, it is imperative to be cognizant of these, to analyze the impact
of development interventions on individuals in this context, and to design development efforts such that
traditional groups can implement and manage them. Gender issues are particularly critical, especially
in terms of gender-specific divisions of responsibilities, tasks and budgets, as well as in terms of access
to resources, information and markets. Interventions and incentives do not necessarily work in the same
direction or with the same intensity for men and women.

xlii. Already, many countries of Sub-Saharan Africa have begun to implement various elements
of this action plan. Over 20 national environmental action plans are in place or being prepared. Several
country-specific population, agriculture and environment nexus studies have been initiated, including in
C6te d'Ivoire, Ethiopia, Kenya, Malawi, Nigeria, Rwanda and in the Sahelian countries as a group.
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Macroeconomic and agricultural policy reforms are underway in over half the African countries. Several
countries have successful family planning programs, and others are developing promising programs.
Agricultural research and extension systems are beginning to place more weight on "sustainable"
technology and responsiveness to varying farmer demand. A few countries have brought much of this
together and obtained positive synergies between agricultural growth, environmental protection and
reduction in fertility rates. Kenya, Zimbabwe, Botswana and Mauritius are examples. Others, such as
Ghana and Tanzania, are moving in the right direction. Major deficiencies remain in rural health care
and education (particularly female education), rural infrastructure, participation of local communities in
development efforts, forest and conservation policy, land tenure reform, urbanization policy, and family
planning programs.





I. INTRODUCTION AND HYPOTHESES

A. Objectives of the Study

1.1 Over the past thirty years, most of Sub-Saharan Africa (SSA) has experienced very rapid
population growth, slow agricultural growth and increasingly severe environmental degradation. Why
this has occurred, and what might be done about it, are the questions addressed in this study. It is based
on a review of available research findings and operational experience. Its objective is not to compile and
address all of the demographic, agricultural and environmental issues facing the countries and people of
Sub-Saharan Africa. It is, rather, to gain a better understanding of the linkages and mutually reinforcing
causes of these three sets of problems. The demographic, agricultural and environmental problems of
Sub-Saharan Africa are closely interlinked in a "nexus" of multiple and mutually reinforcing causality
chains.

1.2 The need to survive -- individually and as a species -- affects human fertility decisions. It
also determines people's interactions with their environment, because they derive their livelihood and
ensure their survival from the natural resources available and accessible to them. Rural livelihood
systems in Sub-Saharan Africa are essentially agricultural, and agriculture is the main link between people
and their natural resource environment. Through their agricultural activities, people seek to husband the
available soil, water and biotic resources so as to "harvest" a livelihood for themselves. Such harvesting
should be limited to the yield sustainable from the available stock of resources in perpetuity so as to
ensure human survival over successive generations. Improvements in technology can make the use of
these resources more efficient -- increase the sustainable yields and/or reduce the resource stock required.
Population growth should, thus, be matched or surpassed by productivity increases so as to safeguard the
dynamic equilibrium between the available/required stock of resources and the human population that
depends on it for survival. Over the past thirty years, this has not been the case in Sub-Saharan Africa.
The rate of population growth has considerably exceeded the rate of productivity increase in agriculture,
and this has resulted in the "mining" of natural resources as well as in stagnating per capita agricultural
production and incomes.

B. The Nexus: An Hypothesis

1.3 This study's hypothesis is that strong synergies and causality chains link rapid population
growth, degradation of the environmental resource base, and poor agricultural production performance -
the "nexus". Key linkages are likely to be found in traditional African crop production and livestock
husbandry methods, traditional land tenure systems and land use practices, traditional responsibilities of
women in rural production and household maintenance systems, and traditional methods of utilizing
woodland and forest resources. These systems and practices were well suited to people's survival needs
on Africa's fragile resource endowment when population densities were low and populations stable or
growing only slowly.

1.4 As Boserup pointed out, farmers are unlikely to intensify their mode of production (i.e., to
produce more output per unit of land) unless there is a constraint on the amount of land available for
farming with low labor and low capital inputs (Boserup, 1965). Technological innovation at the farm
level comes about at least in part because of farmers' inability to carry on with traditional technologies
and still ensure an adequate livelihood. Extensive agricultural production systems -- shifting and long-
fallow cultivation and transhumant pastoralism -- are the appropriate responses to abundant land, limited
capital and limited technical know-how. They have predominated in most of Sub-Saharan Africa where,
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into the recent past, they been the optimal modes of production for farmers and herders.' Where
population density gradually increased over time, traditional systems of cultivation, land tenure, women's
responsibilities, and forest resource use evolved in response. This evolution was slow -- matching the
rate of population growth and, hence, the pace of adjustments required.

1.5 These well balanced and slowly evolving traditional systems came under increasing strain with
the rapid acceleration of population growth that began when mortality rates started to decline sharply in
the 1950s while birth rates remained high. The traditional arrangements and practices, so well suited to
an Africa of low population densities, failed to evolve fast enough. The unprecedented rate of population
growth in the past few decades has placed a severe strain on the traditional rural production and
livelihood systems in Sub-Saharan Africa. The pace of evolution in key elements of these systems -
farming practices and technology, land tenure and management arrangements, women's responsibilities,
forest resource utilization -- has been inadequate in the face of the dramatically intensifying pressure of
more people on finite stocks of natural resources. Traditional land use and wood provision practices have
become major direct causes of environmental degradation and resource depletion. This degradation
reduces the productivity and resilience of natural resource systems, contributing to soil erosion and
changing weather patterns, which then contributes to agricultural stagnation and, in turn, impedes the
onset of the demographic transition.

1.6 Chapter II documents key consequences of this process. These include rapid and accelerating
deforestation, widespread problems of soil erosion and fertility loss, and rising population growth rates.
The growth of agricultural production, on the other hand, remains at its approximate long-term average
of about 2 percent per annum, falling well short of population growth. The results include widespread
food insecurity, poor export earnings, and little stimulus from the agricultural sector for overall economic
development and growth.

1.7 Sub-Saharan Africa's forest cover has been diminishing at a rate of more than 0.5 percent
per year in the 1980s. Forests provide many products and serve many functions, and these are
diminished or lost with deforestation. Vast areas of farmland are affected by soil erosion, and vast
portions of Sub-Saharan Africa's pasture and range areas show signs of degradation. Degraded soils lose
their fertility and water absorption and retention capacity, with drastic effects on vegetative growth.
Significant declines in rainfall recorded in many countries are at least partly attributable to the rapid
destruction of forests. This environmental degradation has a negative impact on crop and livestock
production and on water availability for human and livestock use. Since 1965, the increase in agricultural
production in Sub-Saharan Africa has averaged only about 2 percent per year, while the total population
has grown at about 2.8 percent annually. In the 1980s, agricultural growth has been only slightly above
the longer-term average, but the rate of population growth accelerated to about 3.1 percent per year.
Nowhere and at no time in history has any significant human population grown at such a rate. Per capita
food production has declined in many countries, and roughly 100 million people in Sub-Saharan Africa
are food insecure. Average per capita calorie consumption has stagnated at very low levels and declined
in some countries. The average African consumes only about 87 percent of the calories needed for a
healthy and productive life. Poor agricultural performance is due in large part to the poor policy
environment for agriculture, but much of the explanation also lies in environmental degradation, in the
continuous expansion of farming into areas only marginally suited to crop farming, and in the lack of
adaptation of various improved agricultural technologies to the locally prevailing agro-ecologic and socio-
economic conditions.

See, for instance, Pingali, Bigot and Binswanger, 1987; Lele and Stone, 1989.



1.8 The human costs associated with this forest and land degradation are high. As forests and
woodlands are destroyed, people must walk further or pay more for fuelwood, building materials and the
many important non-wood forest products they depend upon. Woodfuels are the staple source of
household energy in Sub-Saharan Africa, and the demand for woodfuels is rising at about the rate of
population growth. As fuelwood becomes scarce, women and children must spend more time collecting
it from more distant sources. Since forests recycle vast quantities of water locally, deforestation also has
negative effects on local and regional rainfall and hydrological systems. Combined with deteriorating soil
structure, which reduces the water absorption and retention capacity of the soil and, thus, groundwater
recharge, this leads to declining plant growth and worsening rural water supply for both humans and
animals. Women have to go further, especially during the dry season, to fetch water for household use
as well as for watering livestock and home gardens. And forest destruction threatens not merely the
traditional lifestyles and livelihood systems, but the very survival of forest dwelling peoples.

C. Critical Linkages

(i) Shifting Cultivation and Transhumant Pastoralism

1.9 Chapter IV deals with the most important linkage in the process hypothesized here. For
centuries, shifting cultivation and transhumant pastoralism have been, under the prevailing agro-ecological
conditions and factor endowments, appropriate systems for people throughout most of Sub-Saharan Africa
to derive their livelihood in a sustainable manner from the natural resource endowment of their
environment. The ecological and economic systems were in equilibrium. The key to maintaining this
equilibrium was mobility. People shifted to a different location when soil fertility declined or forage was
depleted, allowing the fertility of the land to be reconstituted through natural vegetative growth and
decay. For field cropping, this typically involved cultivation periods of two to four years, land then
being left fallow for as long as 15 to 25 years. Herders' mobility generally involved a far greater
geographic range, but a far shorter temporal cycle. They would move their herds on extended migratory
patterns as dictated by the seasonal availability of water and forage and in most cases repeat the same
cycle in one or sometimes two years. Adjustments to these traditional systems, including gradual
intensification of farming practices, took place as and when they became necessary, but the pace of the
adjustment required was slow.

1.10 As long as population growth was slow and land remained available, the additional people
could be accommodated by gradually bringing more land into the farming cycle. But new land for
cultivation has become increasingly scarce in most regions of Sub-Saharan Africa. Large areas of forests,
wetlands, river valley bottoms and savanna have been converted to farmland. The scope for further
expansion has drastically narrowed. There is considerable diversity among countries -- but everywhere
fallow periods are becoming shorter as populations increase and the land frontier recedes. In many areas,
such as Mauritania, parts of coastal West Africa, Rwanda, Burundi, Lesotho and Liberia, fallow periods
are no longer sufficient to restore soil fertility. Increasingly, rural people are compelled to remain on
the same parcel of land, due to the lack of availability of unoccupied land -- yet they retain their
traditional farming methods.

1.11 These people face a critical dilemma. The most central element of their traditional farming
system -- the ability to shift around on the land -- is being eliminated by population pressure, yet they
continue to use the other elements of this traditional production system. Soil fertility is not restored and
soils are not conserved where fallow periods are too short, or non-existent, and where traditional
cultivation techniques continue to be used. As a result, crop yields decline and soils erode. When
farming is no longer viable, people migrate to establish new farms on land previously not used for
farming -- in semi-arid areas and in tropical forests where soil and climatic conditions are poorly suited



to annual cropping. Indigenous adjustment has been too slow in the 1970s and 1980s to keep pace with
the unprecedented rate of population growth. The result has been low growth, and in some cases decline,
in crop yields. Population pressure is inducing farmers to intensify production, but for the most part this
is occurring much too slowly to offset the negative impact on crop fertility.

(ii) Land and Tree Tenure Systems

1.12 A second link, also discussed in Chapter IV, involves land tenure systems. Traditional
systems provide considerable security of tenure on land brought into the farming cycle (clearing,
cropping, fallowing, reclearing) through customary rules of communal land ownership and allocation of
use rights to members of the community. In most cases, the tenurial security enjoyed by members of the
community is sufficient to induce investment in land. Outsiders, or strangers (i.e., non-members of the
community) may obtain use rights of various types, but in many cases with considerably less long-term
security. As long as populations increased only slowly and the demand for land use rights by migrants
from other communities remained modest, traditional systems also were able to accommodate the
emerging need to move towards defacto permanence of land rights assignation to community members.

1.13 With increasing rural-rural migration and settlement in previously less densely populated
areas, strangers' tenurial rights and their implications for land resource conservation are of increasing
concern (migrants in most cases being strangers in the areas to which they move). Tree tenure
arrangements are often distinctly separate from land use rights pertaining to the cultivation of annual
crops and can result in serious conflict. And traditional norms have increasingly failed to provide
adequate protection to land that is not already in the farming cycle and, hence, not under individual or
family management. On the contrary, with rapidly growing populations and associated demand for
bringing new land into cultivation, common property land -- such as forests, wetlands and range lands -
has often become de facto open-access land. Finally, in many areas where traditional land use rights
provided for overlapping and complementary uses by sedentary farmers and transhumant herders, rapid
population growth and the conversion of valley bottoms into permanent farm land has created major
constraints on the mobility of herders, with serious implications for environmental integrity.

1.14 Most governments and donors have believed that traditional community ownership of land
is totally inconsistent with individualized tenurial security. Traditional tenure systems did not seem to
adjust rapidly enough to changing demographic realities, agricultural technology developments and market
forces. Governments and donors also witnessed the erosion in customary laws and practices, including
those regulating land use. This erosion occurred partly as a result of significant migration within and
between many countries, partly as a result of changes in social values and customs, and partly as a result
of ambiguities created by the overlaying of "modern" land administration systems over traditional ones.
The result, in many instances, has been the emergence of de facto open-access systems which are not
conducive to resource conservation or to investments in soil fertility maintenance and land improvement.
Such open access systems, found especially in forest and pasture areas, result in rapid environmental
degradation -- following the script of the "tragedy of the commons". Each user has an incentive to
exploit the land and the associated resources as much as possible for private advantage, moving on when
the resources are exhausted or too depleted to provide a livelihood. Moreover, in open access systems
the size of land holdings is partly a function of the amount of family labor available; this may be an
important element contributing to the high fertility preferences observed.

(iii) Women's lime and Their Role in Agriculture and Rural Production Systems

1.15 A third critical link is the important role of women in rural production systems, dealt with
in Chapter V. The widespread prevalence of gender-specific (gender-sequential and/or gender-segregated)
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roles and responsibilities in rural production systems may be a major factor contributing to agricultural
stagnation and environmental degradation as well as to the persistence of high fertility rates. In many
areas, women have primary or sole responsibility for food crop production, and they usually manage
separate fields for this purpose. Women also tend to have significant obligations concerning labor to be
performed on men's fields and with post-harvest processing activities.

1.16 Given women's triple roles -- child bearing and rearing, family and household maintenance,
and production and income-earning activities -- the pressures on their time continue to intensify. With
increasing deforestation, yet growing populations requiring more fuel, fuelwood has become scarcer, and
women must walk further to fetch it -- or reduce the number of hot meals prepared. Increasing
populations put greater pressure on available water resources, while environmental degradation reduces
the availability and accessibility of water. Women must walk further to fetch water, and get their
daughters to help them. Throughout much of rural Sub-Saharan Africa, women also are the primary
providers of transport services. In the absence of adequate rural transport infrastructure and of means
of transport other than human porterage, women spend substantial time headloading water and fuelwood,
farm produce and other commodities.

1.17 As growing numbers of working-age men leave the farms to work in towns and cities, women
are increasingly taking on primary responsibility for farm operations -- while their access to adult male
labor for critical tasks is diminishing. Moreover, the expansion of higher-input cash cropping under male
control tends to increase demands on female labor for traditional female activities such as weeding and
harvesting. At the same time, women in most societies are confronted with severe restrictions on access
to land, to extension advice, to institutional credit, and to improved production, processing and transport
technology. These constraints, combined with the intensifying pressures on women's time, severely
impede productivity improvements and the intensification of women's farming operations. As a result,
most women farmers have little choice but to continue practicing traditional low-input, low-productivity
farming which, with sharply shortened fallow periods, is neither environmentally sustainable nor viable
in terms of longer-term agricultural productivity. Women's time constraints also retard the growth of
cash crop production controlled by men, since this depends on substantial female labor input at critical
times.

1.18 The constraints on women's time have implications also for infant and child welfare and,
hence, infant and child mortality -- with significant repercussions on fertility aspirations and attitudes
toward family planning. More contentious is the hypothesis that the multiple work burdens and the heavy
time pressure on women, by raising demand for child labor, may contribute to the persistence of high
fertility rates. Additional labor may be the only factor of production which women can easily augment,
or are permitted or even compelled to augment, in order to meet their production and household
management responsibilities. The traditional role of women may thus contribute to maintaining the very
high fertility rate in most of Sub-Saharan Africa. The total fertility rate (TFR) -- the total number of
children the average woman has in her lifetime -- currently stands at about 6.5 for SSA as a whole
(compared with an average of 4 in all developing countries taken together).

(iv) The Rural Energy Economy and Traditional Fuelwood Provision

1.19 Fuelwood provision and use are important issues in terms of women's time and productivity
as well as in terms of environmental degradation. Closely related is the fact that animal dung and crop
residues are increasingly being used as fuel, although not yet to the degree found in South Asia. The
economic utility of using such organic matter to maintain soil fertility under conditions of shortening
fallows and the gradual shift to permanent cultivation is very high, and its declining availability for this
purpose has a high cost in terms of reduced agricultural productivity.
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1.20 The heavy dependency on wood for fuel and building material has combined with rapid
population growth to contribute to accelerating forest and woodland destruction. This is particularly
severe around major urban centers where it has led to the appearance of concentric rings of deforestation.
Wood is generally regarded as a free good, taken largely from land to which everyone has the right of
access. As a result, efficient markets for fuelwood have not developed in most countries -- despite its
increasing scarcity. Consumer prices reflect primarily the cost of transporting the wood, not the cost of
tree planting and maintenance. Even where extreme scarcity has led to the emergence of an efficient
market, the price of fuelwood has been below the cost of replanting because most supplies come from
open-access sources. Alternative fuels, such as kerosene or LPG, are more costly to obtain. Despite
dwindling supplies of wood for fuel and building material, other fuels are therefore not replacing
woodfuels (and other biomass such as dung and crop byproducts) in significant quantities.

1.21 The degradation and destruction of forests and woodlands through unsustainable woodfuel
extraction accelerates soil degradation and erosion, causes destruction of wildlife habitat, leads to loss of
biodiversity, and has severe negative implications for local and regional climates and hydrological
conditions. Deteriorating climatic, soil and hydrological conditions negatively affect agriculture. There
is further feedback to the Nexus through the increasing burden on women who must walk further and
spend more time to meet household fuelwood needs or, in situations of extreme scarcity, are forced to
cook with dung or crop residues or even to reduce the number of cooked meals.

(v) Logging, Forest Management, and Settler Influx into Forest Areas

1.22 In forested regions, logging has contributed to rapid reductions in the area under forest cover,
with similar negative impact on climatic patterns and soil fertility as excessive and unsustainable woodfuel
extraction. Although directly responsible for no more than 20 percent of forest destruction in Sub-
Saharan Africa as a whole, commercial logging been considerably more destructive in some countries,
such as Cote d'Ivoire. Moreover, logging usually leads to a second -- and in most cases far more
damaging -- phase of forest destruction. Logging roads provide access for land-hungry settlers into areas
previously difficult to enter, and these settlers accelerate and expand the deforestation begun by the
loggers.

1.23 Forest people are usually especially victimized by the invasion of loggers and subsequent
settlers. Loggers ordinarily acquire logging rights from governments, without regard to the traditional
rights of forest dwellers. These rights, once eroded, are not respected by new settlers penetrating along
the logging roads.

(vi) Interaction With Policy Constraints and Other Structural Problems

1.24 Many other factors also have a detrimental impact on agriculture and the environment. These
include civil wars, inappropriate price, exchange rate and fiscal policies, poor rural infrastructure, lack
of private investment in agricultural marketing and processing, and ineffective agricultural support
services. These were discussed in the World Bank's recent report on Sub-Saharan Africa's development
perspectives (World Bank, 1989d). These factors prevent significant gains in agricultural productivity
and contribute to the persistence of rural poverty, and thereby compel growing populations, as a survival
strategy, to exploit ever more extensively the natural resources available and accessible to them. The
predominance of long-fallow cultivation and of traditional farming methods, traditional separation of
farming activities into male and female spheres, and unsustainable methods of forest resource exploitation
will continue in these circumstances. A necessary condition for overcoming the problems of agricultural
stagnation and environmental degradation will be, therefore, policy improvements along the lines
suggested in the above World Bank report.
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D. Population Growth Revisited: Feedback from the Nexus

1.25 Agricultural stagnation and environmental degradation probably inhibit the demographic
transition because they retard economic development which is the driving force behind this transition.
The extraordinarily high fertility rates prevailing in Sub-Saharan Africa are the result of many factors.
The fundamental problem is low demand for smaller families. In many societies, becoming a parent is
a precondition for becoming a socially recognized adult. Fertility enhances female and male status, while
infertility results in severe anxiety and, particularly for women, can be socially and economically
devastating. Such widespread phenomena as polygamy and women marrying considerably older men tend
to increase women's eventual economic and social dependency on sons and, hence, their willingness to
bear many children. The very young age at which women tend to marry increases the number of fecund
years spent in union.

1.26 Infant and child nutrition and mortality are affected by the availability of safe potable water
and by the number of nutritious and warm meals provided. Where environmental degradation reduces
the availability and accessibility of water and fuelwood, this has negative impact on infant and child
mortality and, hence, positive impact on parental demand for more children. Where girls are kept out
of school to help with domestic tasks, including water and fuelwood fetching, this has strong negative
repercussions for their fertility preferences and their ability to make knowledgeable decisions about family
planning once they reach childbearing age. Where food security is low, demand for children remains
high -- so as to provide labor to help produce more food ("each mouth comes with two hands attached
to it") and to ensure the survival of some children for providing support in one's old age.

1.27 The preference for many children is also linked to economic considerations. In many
communal land tenure systems, the amount of land allotted for farming to a family by the community
(through its chief or its chef de terre) is a function of its ability to clear and cultivate land - i.e., of
family size or, more correctly, family labor (hired labor in most settings being rare, although labor
pooling for certain tasks is not uncommon). This is also true in open-access systems where the size of
holdings equals land cleared and cultivated. This counteracts efforts to stimulate demand for fewer
children. Moreover, as long as there is (or is perceived to be) as yet unfarmed and unclaimed land
available, there is no incentive for individuals to manage their land more intensively nor to limit their
family size so as to be able to bequeath a viable farm to their offspring.

E. The Evidence

1.28 This study presents the evidence for the complicated inter-actions identified above. Chapters
VI to X outline an action program to deal with these problems in a manner which exploits the positive
synergies between agricultural intensification, reduced population growth and environmental resource
conservation. The action program involves elements that are relatively new. It also presents much that
is well known, such as the need for far greater attention to gender issues, from a new perspective. The
evidence on which the analysis and recommendations are based is largely from site-specific studies.
Given data limitations, statistical analysis, though attempted and presented, does not provide definitive
confirmation. Statistical analysis and country-specific studies are therefore continuing.



II. AGRICULTURAL STAGNATION AND ENVIRONMENTAL DEGRADATION

A. Agricultural Stagnation, Population Growth and Food Security

2.1 Over the past 25 years, agricultural production in Sub-Saharan Africa rose by only about 2
percent a year, while aggregate population growth averaged about 2.7 percent per year (Tables 2 and 9).1
Per capita food production has declined in most SSA countries (Table 10). Cereal imports increased by
3.9 percent per annum between 1974 and 1990, food aid by 7 percent per annum. But the food gap
(requirements minus production) -- filled by imports, or by many people going with less than what they
need -- is widening. In the early 1980s, about 100 million people in Sub-Saharan Africa were unable to
secure sufficient food to ensure an adequate level of nutrition for themselves, and average food
consumption per capita has declined during the 1970s and 1980s in 17 of the 36 SSA countries for which
data are available (Table 10).2 In years of poor harvests the numbers affected have been much larger.
Severe food shortages were exceptional in the 1960s, but are no longer so. Famines in several countries
in the 1980s have been graphic indications of natural calamity, as well as of civil disruption, in the
region. On average, officially estimated per capita food intake in Sub-Saharan Africa in the late 1980s,
at 2,027 calories per day, was actually below the 1965 level and significantly lower than in other parts
of the developing world. The average in India, for example, is 2,238 calories daily per person. The
average African consumes only about 87 percent of the calories needed for a healthy and productive life.

2.2 The available data show no acceleration of aggregate agricultural growth in the 1980s. It has
only slightly risen above the longer-term average for the past three decades of 2 percent per annum (Table
9). (It was higher than 2 percent in the 1960s and much lower in the 1970s.) This poor performance
is also evident in the decline of agricultural export earnings. Export volumes and values have declined
for almost all SSA countries (Table 13), with volume declining at 2.7% per annum on average, from
1980 to 1990. There are notable exceptions. Exports of tea and horticultural products from Kenya,
cocoa from Cote d'Ivoire and cotton from several West African countries have grown substantially in
volume. But the success stories are few.

2.3 Projections, based on present trends, are disturbing. Aggregate population growth has
accelerated to over 3.1 percent per annum (Table 2). Projections based on current trends in fertility and
mortality rates (including the impact of AIDS) indicate only a slight deceleration in aggregate population
growth through the year 2000. The total fertility rate (TFR) -- i.e., the average number of children born
to a woman in her childbearing years -- for Sub-Saharan Africa as a whole has remained at about 6.5 or
6.6 from 1965 to the present (Table 2). By contrast, the average TFR for all the world's low-income
countries declined from 6.3 in 1965 to 4.0 in 1987. During the same period, the crude death rate in Sub-
Saharan Africa fell from 23 to 16 (Table 3). In countries with a high incidence of AIDS, death rates will
rise, but nowhere is population growth expected to fall below 2 percent per annum by the year 2000,

Statistical information on agricultural performance, as on most other aspects of social and economic development, is difficult
to obtain and tends to be of poor quality. This study draws on what is generally assumed to be the best available statistical
information (see the Statistical Appendix for data and sources).

2 The data on which estimates of food availability and consumption are based (e.g., crop acreage, yields, livestock
production, processing and storage losses, etc.) are of poor quality in most African countries. Increasingly, it is also
recognized that non-cultivated plants and "bushmeat" contribute far more to many Africans' diets, particularly in poor crop
years, than has been captured in official statistics. Nevertheless, few observers are as skeptical of the general picture of
serious food deficits as Svedberg (1991).



even under worst-case AIDS scenarios currently considered plausible.' Unless efforts to reduce TFRs
succeed (or mortality rates rise dramatically due to currently unanticipated AIDS developments),
population growth rates will decline very little.

2.4 Table VI.1 (pg. 63) shows the implications of these trends for Sub-Saharan Africa's future
food gap. In 1990, Sub-Saharan Africa's 494 million people produced about 90 million metric tons of
maize equivalent of food. With 100 million tons of aggregate consumption, there was a gap of 10 million
tons met by imports. At currently projected growth rates, Sub-Saharan Africa's population will total
about 1,200 million and its food production will reach about 163 million tons of maize equivalent in
2020. Aggregate requirements will be about 243 million tons, assuming there is no change in average
per capita consumption. The 80 million ton food gap would be eight times today's gap and equivalent
to about one fourth of the present annual production of cereals in the United States. Food aid varied
between 4 and 7 million tons of cereals per year in the 1980s and could not conceivably increase
sufficiently to fill this gap. Without significant per capita growth in agricultural production it is difficult
to imagine sufficient overall economic growth that would generate the resources needed to finance food
imports of this magnitude -- nor, for that matter, to maintain educational and health services and
infrastructure facilities.

2.5 These disturbing trends will, of course, not continue indefinitely. What is at issue is how
they will eventually be overcome. Will the strong synergies and the dynamics of these trends lead to
human and environmental degradation and ultimately to widespread starvation? Or will these trends be
overcome through voluntary, but determined action to reduce population growth and promote sustainable
agricultural development and growth?

B. The Deteriorating Natural Resource Base and Ecological Environment

2.6 Much of Sub-Saharan Africa's natural resource base and ecological environment is
deteriorating. If present trends continue, this will deteriorate even more rapidly in the future. The most
pressing problem is the high rate of loss of vegetative cover -- mainly due to deforestation and conversion
of savanna to crop land -- which in turn leads to loss of soil fertility and soil erosion. Global and
regional climatic changes and/or deviations from longer-term average conditions are also causal factors --
but human impact on the environment in Sub-Saharan Africa may itself be an important element
contributing to these climatic changes.

(i) Deforestation

2.7 In much of Sub-Saharan Africa, deforestation is a major problem -- with significant local,
national and global consequences. Forests provide a multitude of products and serve many functions,
including essential environmental ones. With deforestation, these are lost. Forests and woodlands are
cleared for farming and logged for fuelwood, logs and pulp wood. Data on forest resources and rates
of extraction and clearing are imperfect, as are data on most of Africa's environmental resources, but
information is continually improving and reliable enough to suggest the scale of the problem. In 1980,
there were about 679 million ha of forests and woodlands in Sub-Saharan Africa. A 1980 FAO/UNEP
study estimated that 3.7 million ha of tropical Africa's forests and open woodlands were being cleared
each year by farmers and loggers (Lanly, 1982). More recent estimates suggest that close to 3.8 million

3 Demographic modeling of the potential impact of AIDS is extremely difficult. Some simulations suggest that AIDS may
reduce the population growth rate of SSA as a whole by as much as 0.5 to 1.0 percentage points in the early decades of
the 21st century - through drastically higher mortality rates. But higher mortality rates may delay fertility declines.
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ha have been lost each year during the 1980s (Table 18), mainly through conversion to farm land, and
the rate of deforestation may be accelerating. Reforestation amounted to only 229,000 ha per year during
the 1980s, only about 6 percent of the area lost each year to deforestation (Table 18).

2.8 Aggregate data obviously obscure important differences among regions and countries.
Deforestation has been particularly rapid in West Africa, with Eastern and Southern Africa also suffering
substantial losses in forest cover.4 Large tracts of tropical forest still remain, especially in ZaYre, Gabon,
Congo, the Central African Republic and Cameroon. It would take many years for Central Africa's
forests to be completely destroyed, but the process has started. In most of Eastern and Southern Africa,
as well as in the West African coastal countries, the process is far advanced.

2.9 Degradation and destruction of forests have .. .....
a severe impact on wildlife habitat and biodiversity, TheThreat Africanildlife
with potentially irreversible losses of animal and plant W .I .has.. cmiled es imat oi f the numbe i of

life. The World Conservation Union (IUCN) and the thrt aspec es i t 92 pp. 304-
World Resources Institute (WRI) estimate that 64 309). Examples include.te ..follwn:--

percent of original wildlife habitat in Sub-Saharan .... ..
Africa has already been lost (Table 20). This is * 8 of he226-kown s in Ct
directly due to deforestation, conversion of wildlands l0 f3a ne th tt and 70 of the:3,660konpatseisaerr n hetnd
to agricultural uses and other human activity. i Za has. th largesth number ofikownsecs of
Uncontrolled harvesting, poaching and illegal trade i mammals in Afrca, and 22 of these 409 are
also take a heavy toll on many species. Degradation of threa..... ....t.ened; ^-

tropical moist forests has a particularly negative impact * 53 of Madagascar's .. kn.owna am-.-al. in
on biodiversity by destroying plant and animal life 28..f.ts250known.spec ..iesofbirds are threatened;
which may exist nowhere else in the world. ihad 18 of th e 131 ko sees of mma

2.10 As forests and woodlands are destroyed, threatened and&144 of the 6,500 known spei f

people must walk further or pay more for fuelwood, plantsare rare and threatened and--

construction materials and other essential forest 1,145 ofSouth Afrka'sroughly23000 plant spectIes-
products. Woodfuels are the staple source of arelsted as rare and threatened.
household energy in Africa, with 90 percent of all
households using them for cooking -- the main end-use of energy in Sub-Saharan Africa.5 Various agro-
processing and rural artisanal and semi-industrial activities also use woodfuels (e.g., fish smoking, shea
nut processing, tobacco drying, distilleries, pottery making, smithies, brick making). Fuelwood deficits
are severe in the Sahel, in the savanna regions of West, Central and East Africa and in the arid areas of
southeastern and southwestern Africa (Table 19). They impose particular hardships on women who are
usually responsible for household fuel provision. As fuelwood becomes scarce, women (and children)
have to spend more time collecting it from more distant sources and eventually begin to substitute crop
residues and manure which would otherwise be used to maintain soil fertility.6

4 FAO/UNEP estimates for the late 1970s indicated that of West Africa's undisturbed, productive closed forests, almost 8
percent were logged annually, compared with only about 1.6 percent in East Africa and 0.4 pereent in Central Africa (FAO
and UNEP, 1981).

5 UNDP/World Bank, African Development Indicators (1992), Tables 14-8 through 14-14, provides country-specific data
on energy consumption, including consumption of fuelwood.

6 The fuelwood problem and its impacts on rural households, family welfare, women's time and women's production
activities have been investigated by many researchers; a number of such studies are listed in the bibliography.
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2.11 The loss of future wood for the forest industry will be another important cost of continuing
deforestation. In the period 1985-87, the six largest African timber exporters (Cameroon, Congo, Cote
d'Ivoire, Gabon, Ghana and Liberia) exported US$500-600 million worth of timber annually. Without
significant afforestation, the potential for future export earnings will be lost as forests disappear.

2.12 Forests also provide a wide variety of non-wood products for local populations. Many are
used particularly by women to meet subsistence needs or to generate cash income, and various wild plant
and animal food sources are especially important in times of stress (FAO, 1989; 1990). A recent FAO
publication lists 94 different forest and farm tree foods as being commonly used in West Africa (FAO,
1990a, pp. 102-103); 30 forest species are listed as
being commonly used for fodder (ibid., p. 113). Nn-Wo F Pre
Women often possess much specialized knowledge in - e Aid R .of u
this regard (Molnar and Schreiber, 1989); in Sierra - .-. i
Leone, women listed 31 different products they gather Foods &'-"f'odder: gums, ri, ' ea'e " re,
from bushes and trees near their villages (Hoskins, chemica's from plant fr preserigbuer, e'6 o- '
1989, p. 43). Traditional medicine throughout Sub- se a4iugs. a wid gan (e) use as aima

. Medicines,- cosmetics, dves.- etc. : medicinal: plants,Saharan Africa is highly dependent on a variety of henna.and.podsfor.c.osmetic purposes incense plant's;
forest plants.' As forest are degraded and destroyed, utensils. handicrafts. etc.i fronds, grasses, dyes,
these resources are no longer available and/or leather tannins'' :floor mats (Smale, 1985).
accessible to the local populations. ...... . .

2.13 Deforestation also has a particularly severe impact on forest dwellers, such as the pygmies,
threatening not merely their traditional lifestyles, but their very survival (Bailey, Bahuchet and Hewlett,
1992; Dyson, 1992; Peterson, 1992; Winterbottom, 1992).

(ii) Soil Degradation and Erosion

2.14 Much of Sub-Saharan Africa is highly vulnerable to soil degradation and erosion -- because
of factors such as soil characteristics, intense soil drying in the dry seasons, heavily erosive seasonal
rainfall in many areas, wind erosion in drier areas, and low-resource farming with inadequate soil
conservation measures. The United Nations Environment Programme estimates that more than 80 percent
of Sub-Saharan Africa's productive drylands and rangelands, some 660 million ha, are affected by
"desertification" -- the process of sustained deterioration of the biological productivity of land (Table
23).8 Most of this is in the West African Sahelo-Sudanian Zone, in Sudan, Ethiopia, Somalia and
Kenya, as well as in southern Africa, but parts of many other countries (such as the northern areas of
many West African coastal countries) are also affected. The Soil Reference and Information Centre in
Wageningen, Netherlands, has recently published more conservative estimates of the extent and severity
of soil degradation in Africa. Its data indicate that about 321 million ha (14.4 percent of the total
vegetated land surface) are moderately, severely or extremely degraded and an additional 174 million ha
(7.8 percent of the vegetated area) are lightly degraded (Oldeman et al., 1990).

7 The Inter-African Committee on Medicinal Plants and African Tropical Medicine and the Scientific, Technical and Research
Commission of the OAU have published a pharrnacopeia of African medicinal plants of proven efficacy, African
Pharmacoveia (1985), and several African countries have established research institutes focussing on traditional medicine
and the sources and effects of the active ingredients in medicines administered by traditional healers (DeJong, 1991).

The term "desertification" is often used without precision: it denotes a process of gradual loss of soil fertility and the
consequent loss of the ability of soils to produce significant vegetative matter - trees, pasture or crops. Desertification is
manifested in such phenomena as soil erosion, soil structure deterioration, compaction, reduction in organic matter and
nutrient content, salinization, etc. "Land degradation" is a more appropriate term, with less alarmist connotations.



- 12 -

2.15 Sizeable areas used for cropping in low- ............
rainfall regions are subject to soil degradation and soil aoil Erosi,, ',a'n'd 'Dn T Da Probem'
fertility loss. Topsoil losses even on gently sloping ..Desp-ite their'," p aiVe e 
cropland have been reported to range from 25 to 250 the de gradat inerosiona d esertf o Aicn'
tons per hectare annually from Niger to Madagascar :soiltsare not easyto assess, Reliable dataon4 whichto
and from Ethiopia to Zimbabwe (Table 22). These :Vbase national, '.''regional and, co
rates translate into losses of between 2 mm and 2 cm scarce. Soil erosionrates are difficultto alc ,,and
of topsoil annually. The agronomic relevance of such ppublshed da ondegradation and e r higy
data is difficult to assess, however, without information ton-specificmand tenfdubtful isbii d
on new soil formation and total topsoil remaining:' ....subjet t' onsiderable isinterea'tn,:seay
topsoil depth should be at least 15 cm to provide an when field dat aed t dl"oa
adequate root zone for annual crops (but optimal ..stimates ,foren trew.atersheds., eins '. 'u.nesp
rooting depth differs among crops). Nevertheless, moreove mst resee latonshietween
given the poor fertility characteristics of most African slea o and erosi. n and soil' prodneiyha''
soils and the prevailing low-input farming practices, Uited Sttes)lbu there arc vastiffeen this:
topsoil losses in the middle and upper ranges of the relationship throughoute the wd a a
magnitudes reported will cause rapid productivity resiene of lan system ad the rate f es
declines. lbtformfation (Seck`er,1987; ockin,01987).

2.16 Soil erosion is usually accompanied by tV- i - ,
other aspects of soil degradation, such as deteriorating ...ExteDt a"d..n... .Cost o .S .Eroi.n .......
soil structure, reduced moisture retention capacity, soil oi.l.erosion. on.. .civatd .land i Mal .as bee

nutrient depletion, and reduction in soil fauna and :-testimatedto'rangefr.om a lowof....ha.yeari..n.t.
flora. A major study undertaken in the late 1970s :arid norh t a hig00-of 31 h a p ft
estimated that, with unchecked soil degradation and .....moreden.sely seed. and4 intesively c.,ultivte ouh f
erosion and no change in farming technology, the the countr., Given theenornmonus dificultieno
productivity of land in Africa would decline at an fn quntiing ithe effecfsoi egradainnd soiloss o farmproducativity, the reerhers had towox
average rate of 1 percent per annum between 1975 and with a range of values for the critical parameters that
2000 (Higgins et al., 1982, pp. 23-25). In Zimbabwe, defne this link. The associatedlopyield reductons
nitrogen and phosphorus losses attributable to soil were estimted tangebetw'eenl 2, ad' jerent per
erosion on arable land were estimated to be about three yer for the contr as a' hol.i T r a
times the amount of fertilizer applied in the 1984/85 (using conserate parameter,, .of .a 1-yartime
crop year; fully compensating for this nutrient loss hori a..nd. a.0 percent di.contrCa:e)of corrent andfuture netfarmJ inco floregone.a reulto n
through the application of chemical fertilizers would :y4eards soiloss was estimated to fallbetween4 and 16d
have cost about US$ 1.5 billion -- or US$ 35 per .t:0,percent of agricultural GDP?(Bishop andPAllen, 1989).
hectare of arable land (FAO, 1990b). XXX-

(iii) Rangeland Degradation and Desertification

2.17 About 25 million of the world's estimated 40 million nomadic and transhumant pastoralists
live in Africa (Bass, 1990). Between 1963 and 1983, according to FAO estimates, the number of cattle

9 There is location-specific evidence that erosion is accelerating. A study of Tanzania's Shinyanga region, utilizing the fact
that trees and bushes can be dated to determine changes in ground surface height over time, found that soil erosion during
the first 60 years of the current century averaged about 1.4 t/ha/year; 20-30 years ago, it was 10.5 t/ha/year; and during
the past two decades it has averaged 22.4 t/halyear (Stocking, 1987, pp. 56-57).

'° The natural rate of soil formation on non-agricultural land in temperate climates is about 0.8 mm per annum; it may be
three times this much in the humid tropics (Seckler, 1987, p. 91). These rates are likely to be higher on well managed and
lower on poorly managed farm land.
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increased by 74 percent in Sudano-Sahelian Africa, by 65 percent in humid and sub-humid West Africa,
and by 61 percent in southern Africa (FAO, 1986). At the same time, the extent and quality of the
rangeland declined. Cultivators moved into the best grazing areas and converted them to crop land; the
traditional use rights of pastoralists, and particularly of transhumant herders, were ignored or overridden,
and their herds were increasingly forced to more marginal land which is rapidly degraded by overgrazing.
The increasing cultivation of valley bottoms has further compounded the problem:"' it restricts
pastoralists' ability to move their herds there and to use these lands as migration routes during the dry
season, thus forcing them to remain on degrading rangelands and around permanent waterpoints.
Restrictions on the movement of pastoralists across national boundaries have had similar effects.

2.18 The issue is not simply one of too many animals relative to the available grazing areas. Long
periods of below-normal rainfall and severe droughts have accelerated the degradation of rangelands, and
past efforts to address the problem of water supplies for pastoralists have often compounded, rather than
ameliorated, the problems. Deep wells have been sunk to ensure water supplies during the dry season,
but with free access to these wells, the number of animals congregating around them far exceeds the
carrying capacity of the surrounding rangeland, causing rapid deterioration. Desertification has tended
to spread outward from these areas of excessive and prolonged animal concentration.

(iv) Water Resource Depletion and Degradation

2.19 In large parts of Sub-Saharan Africa, water is the critical limiting resource."2 Unfortunately,
many countries do not yet have adequate basic data to assess their water availability,13 but conflicts over
competing demands on scarce resources are becoming increasingly evident. The potential for such
conflicts rises rapidly with population growth and economic development. At the rates of population
growth currently projected, water availability per capita will decline to half of its present levels in almost
all SSA countries within 25 years. A recent macro-level assessment suggests that ten countries in Sub-
Saharan Africa will face severe water stress situations by the turn of the century: Mauritania, Niger,
Somalia, Kenya, Burundi, Rwanda, Malawi, Zimbabwe, Namibia and Lesotho. By the year 2025, eleven
more will have joined this list: Mauritania, Senegal, The Gambia, Burkina Faso, Togo, Benin, Nigeria,
Ethiopia, Uganda, Tanzania and Mozambique (Falkenmark, 1991, pp. 83-85).

2.20 Rivers, streams, lakes, swamps and coastal waters are important resources. They provide
critical economic goods and services and perform vital ecological functions and need to be protected and
prudently utilized. But many are seriously affected by sedimentation, siltation, agro-chemical runoff,
industrial pollution, and inefficient utilization. Pollution from domestic sources has become a concern
around many large cities and in countless rural areas where lack of safe potable water is a major health
issue. Such problems are increasingly serious in many parts of Sub-Saharan Africa, although quantitative
information is particularly poor in this respect. The causes include soil erosion, deforestation, destruction
of protective shoreline vegetation, indiscriminate drainage, encroachment for farming, poorly conceived

1 Much soil eroded from uplands and slopes is deposited in the bottomlands along river courses. But these deposits are
deficient in organic material and poorly structured, require good tillage and are too heavy for hoe cultivation or traditional
ploughs. Access to more efficient agricultural technology (for land preparation, drainage to prevent waterlogging, etc.)
has made it increasingly possible for land-hungry farmers to extend cultivation into these areas.

12 The critical importance of the water issue for Africa's population is reflected in this observation: "Accelerating water
scarcity may well influence the time of population stabilization - for example, by significantly influencing birth rates, death
rates, migration patterns, or all of these variables" (Falkenmark, 1991, p. 81).

3 The Sub-Saharan Africa Hydrological Assessment is attempting to meet this need by assisting countries to develop a reliable
hydrological data base (see para. 10.30, fn. 5).
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irrigation development, and lack of environmental regulations and enforcement on industrial activities.
Many irrigation and hydropower schemes which involve damming and diverting rivers have adversely
affected the flora and fauna of the downstream floodplains, the wildlife and livestock carrying capacity
of the floodplain grasslands, the extent and productivity of wetlands and riverine forests, and the
productivity and sustainability of downstream fishing and of farming based on traditional recession
irrigation. Large impoundments also imply large evaporation losses. Other problems include coastal
erosion, saltwater intrusion into aquifers in coastal areas, and destruction of coastal wetlands critical for
birds and marine life. Problems have also been encountered with the spread of water-related diseases
around water impoundments and irrigation schemes where water remains standing in fields and canals.

2.21 Groundwater resources have also come under pressure, especially in the arid and semi-arid
regions. In some areas, groundwater reserves are being drawn down for irrigation much faster than they
can be replenished. Deforestation, soil degradation and erosion, and poor on-farm soil and water
management all increase surface runoff (causing erosion) and reduce the amount of rainfall that infiltrates
the soil and eventually percolates into underground aquifers. Prolonged periods of below-average rainfall
and unusually frequent and severe droughts have, of course, greatly exacerbated this problem (Table 21).

2.22 Drinking water in rural areas is the most pressing concern, but water scarcity is also a severe
constraint on livestock and home garden production in many parts of arid and semi-arid Africa and even
in many sub-humid regions. During the dry season, rivers, steams and springs in many areas of Sub-
Saharan Africa run dry, and women often have to go very far to obtain meager quantities of water, often
of very poor quality. As groundwater tables recede due to reduced rainfall and reduced rain infltration
into the soil and into subsurface aquifers, wells dry up and must be dug deeper or abandoned.

(v) Environmental Degradation and Climatic Change

2.23 The consequences of environmental degradation are profound. Most alarming is the possible
negative impact on rainfall, although direct causality is difficult to establish. The Sahel region has been
the object of extensive meteorological monitoring and research; it suggests increasing aridity during the
past two decades. The graph on page 15 showing rainfall deviation from the 1900-1987 average is
telling. It shows that the Sahel has always experienced wide variations in annual rainfall, but also that
rainfall has been consistently and significantly below the long-term average every year since 1970 (Tucker
et al., 1991, based on Nicholson, 1989).14 There have also been significant declines in average rainfall
in the coastal countries along the Gulf of Guinea and in eastern Africa."5

2.24 Climatologists' hypotheses to explain rainfall decline in the continent's drier regions include
long-term climatic cycles and changes in ocean surface temperatures and in wind patterns over Africa
brought on by changes in global atmospheric temperatures. The causes of Sahelian drought remain

14 Satellite imagery now allows scientists to monitor the latitudinal movement of the southern edges of the Sahara (and of the
other North African deserts contiguous with it) running from southern Mauritania to mid-Sudan. These data are available
only since 1980, so that longer-term trends cannot be inferred from them. The Sahara expanded southward in the first four
years for which these data are available (1980 to 1984) when there was a serious drought. As a result, it was about 1.3
miUion km2 (or 15 percent) larger in 1984, when the drought was most severe, than in 1980. Although rainfaU since 1984
has remained significantly below the mean for 1900-1987, it has not again been as low as in 1984. The Sahara has
therefore receded in size from its 1984 peak, but not back to what it covered in 1980 (Tucker et aL, 1991).

15 In Cote d'lvoire, where deforestation has been the most rapid (Table 18), mean annual rainfall has declined significantly
during the 1970s and 1980s (World Bank, 1989a). RainfaU in Senegal has decreased by 2.2 percent per annum over the
past two decades, and there has been a sharp decrease in rainfaU in northern Nigeria and Cameroon (Lele, 1989c; Lele and
Stone, 1989). RainfaU also declined precipitously throughout Ethiopia during that period (World Bank, 1987a).
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poorly understood, but a broad consensus is emerging
that they are related to large-scale patterns of Departures in Rainfaol from the
atmospheric circulation -- specifically the reduced Long-Term Averagefor the Sahel Zone,
northward extension over Africa of the Inter-Tropical 60

Convergence Zone (ITCZ), the band of wet weather
that surrounds the earth where the trade winds from the 40- ...... . .....
southern and northern hemispheres converge 20 -
(Odhiambo, 1991, p. 79). These ITCZ extensions, in * 

turn, are affected by cyclical changes in ocean surface
temperatures. e-40

2.25 There also is increasing agreement that -60- 
land surface changes -- which include changes in 6D0 C CD

albedo, evapotranspiration, soil moisture, surface _ . . . Year
temperature and roughness, and the amount of dust Fig. 1. Rainfall departures for the Sahel zone of
generation -- can prolong and intensify Sahelian Africa from 1900 to 1987 from Nicholson

drought by reinforcing the atmospheric conditions Source: Tucker et al., 1991.
which initially reduce rainfall (Nicholson, 1989, pp.
53-54). Evidence is accumulating which strongly suggests that the widespread and severe changes in land
surface characteristics in West and Central Africa caused by human activity have disrupted the normal
cycle of the ITCZ extension over Sahelian Africa, causing the prolonged decline in rainfall from the long-
term average. Changes in the land surface are partly caused by reduced rainfall itself, but human
activity, notably deforestation and removal of vegetative cover on range and crop land, has a considerable
impact. If the massive generation of smoke and atmospheric gases caused by biomass burning is
considered, as it should, as an additional change in "surface" conditions over much of Western Africa
(see paras. 2.29-2.30), it is difficult to avoid concluding that growing human populations have an impact
on climatic change. Indeed, the effect of biomass burning of the enormous scale represented by African
forest and grassland fires on the behavior and property of clouds is of increasing concern.16

2.26 Tropical forests are extremely important for recycling water between the Earth's surface and
the atmosphere, and their disappearance has serious consequences for regional and global climate. They
are highly efficient in returning rainwater to the atmosphere in the form of water vapor which forms new
clouds and leads to subsequent rainfall. Rainforest regions thus store enormous quantities of water not
only on the soil and biomass, but also in the atmosphere above them. When tropical forests disappear,
water runs off quickly and much of it flows into the sea. This not only affects local and regional
hydrological cycles, but also has potentially serious effects on climate. An important mechanism for the
redistribution of heat is the atmosphere's ability to store energy in the form of water vapor and to release
this energy again when vapor condenses into cloud droplets. If less water is available for this process,
heat absorbed at the ground has to be removed by other means such as radiation and dry convection,
leading to higher surface temperatures and to changes in the vertical distribution of heat (Andreae and
Goldammer, 1992, p. 88).

16 Cloud droplets form around aerosol particles, caUed cloud condensation nuclei (CCN). Biomass burning generates and
releases into the atmosphere vast amounts of pyrogenic aerosol particles which are very effective as CNN. The more CNN
in the atmosphere, the more droplets form, resulting in smaler droplet size with a given amount of available water. Clouds
composed of smaUer droplets are lighter in color, reflect more sunlight back into space, and are less likely to produce rain.
Since clouds are a major regulatory and control mechanism for the Earth's heat balance, large-scale modifications in cloud
properties have a strong impact on global climate. The increasing abundance of CNN is, therefore, likely to have
potentially critical impact on precipitation efficiency -- compounding the changes in hydrological cycles in the tropics caused
by land surface changes such as deforestation (Andreae and Goldammer, 1992, pp. 87-88).
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2.27 Deforestation also is a major cause of the rapid increase in the accumulation in the atmosphere
of carbon dioxide (CO2) and nitrous oxide (N20), two of the heat-trapping "greenhouse gases" that cause
global warming (MacNeill et al., 1991, pp. 11-13). Deforestation has been estimated to account for
about one quarter of worldwide net CO2 emissions into the atmosphere, the remainder coming from the
combustion of fossil fuels (Andreae, 1991, p. 276)."'

2.28 Burning of forests and grasslands causes enormous atmospheric pollution with both regional
and global implications. Burning of biomass (forests, grasslands, agricultural wastes, fuelwood, etc.)
world-wide is responsible for about one third of global emissions of carbon aerosols into the atmosphere.
Africa accounts for over 42 percent of tropical and almost 37 percent of global biomass burning annually
and contributes more to gas and smoke emissions from biomass burning than any other region of the
world (Andreae, 1991, p. 272; Andreae and Goldammer, 1992, p. 82). The destruction of tropical
rainforests through burning directly contributes to the greenhouse effect, because the CO2 released (up
to 600 tons of dry matter per hectare) is not recaptured rapidly enough by regrowth on the same site of
grasses or crops (ranging from 5 to 50 tons of dry matter per hectare). About 31 percent of annual
burning of tropical forest biomass worldwide occurs in Africa, 46 percent in South and Central America
and 22 percent in Asia (Andreae, 1991, p. 272-273).

2.29 About 90 percent of biomass burning in Africa is accounted for by the annual dry-season
burning of savanna and grasslands -- to clear them for farming, to stimulate grass growth and control
pests and shrub growth, or to facilitate hunting. About one third of total worldwide emissions from
biomass burning is due, thus, to savanna burning in Africa. Unlike deforestation, however, savanna
burning does not contribute significantly to the greenhouse effect, because the CO2 released by the
burning is recaptured into new savanna vegetation during the next annual growth cycle. But due to its
geographic and temporal concentration, African biomass burning results in regional atmospheric pollution
levels that are comparable to, and at times exceed, those in industrialized countries. Acid deposition is
higher in the Congo Basin and in C6te d'Ivoire than in the Amazon Region or in the eastern United States
and is largely caused by direct emissions from biomass burning and by subsequent photochemical
reactions in the resulting smoke and gas plumes. High levels of acid deposition have a negative effect
on plant health and on fish and other aquatic organisms. Due to the longer average leaf life in the
tropics, tropical forests are considerably more sensitive to foliar damage than temperate forests. Acid
deposition also poses a serious risk to amphibians and insects that have aquatic life cycle stages and
depend on rain water collected in plants and mosses and between dead leaves. This risk extends further
to the many plants that depend on such insects for pollination. There is also an effect of soil degradation
through progressive acidification and associated problems such as leaching of aluminum, manganese and
other cations, interference with nitrogen cycling, and the disturbance of microbial processes in the soil
(Andreae and Goldammer, 1992, pp. 88-89).

(vi) Environmental Degradation and Agricultural Stagnation

2.30 Soil degradation and erosion (excepting the often dramatic gully erosion that occurs where
surface runoff is concentrated) are insidious processes, not readily apparent to farmers until the effects
are severe and irreversible with the means traditionally available. They deplete the soil of nutrients,
diminish its moisture retention capacity and reduce the depth of the rooting zone for annual crops. These
effects exacerbate the impact of drought. Farmers and pastoralists in the semi-arid regions of Sub-
Saharan Africa have always had to cope with drought, and they relied on effective adjustment

'7 Most of the burning of fossil fuels occurs in the industrialized countries of the northern hemisphere, in the countries of the
formner Soviet Union and in China.
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mechanisms. But when drought extends over several successive years, as has been the case in the 1970s
and early 1980s, the problems become extremely serious.

2.31 The problems were compounded by the fact that the main traditional coping and adjustment
mechanisms -- shifting cultivation with long-duration fallows, and pastoralists' mobility -- had become
severely constrained. In the Sahel, for instance, rainfall during the 1950s and 1960s, when populations
began to grow rapidly, was well above the long-term average almost every year. As a result, cultivation
had been expanded into traditional rangelands, making both cultivators and pastoralists more vulnerable
to drought. Range and pasture areas were reduced in size and the mobility of transhumant pastoralists
was increasingly restricted. At the same time, a growing share of total crop land was in marginal areas,
and changes in farming practices (for example, shorter fallows, reduction of multi-variety seeding and
intercropping, displacement of traditional drought-tolerant varieties) rendered farmers increasingly more
vulnerable to climatic risk (as well as to plant pests and diseases).

2.32 As vegetative degradation and desertification proceed, the livestock carrying capacity of
pastures and rangelands declines. Crop yields decline as the result of soil degradation and erosion on
cropland. Available data on average cereal and root crop yields show decreases in many countries --
despite significant investments in agriculture (Tables 10 and 12). Site-specific information confirms the
problem in many countries.'" The data suggest that environmental degradation, accelerated by
population pressures, is part of the cause of Sub-Saharan Africa's slow rate of agricultural and economic
development -- through its negative impact on soil fertility, rainfall, water availability, fuelwood supply
and other forest products. Exacerbating this are a frequently poor agricultural policy environment, low
use of productivity-enhancing agricultural inputs, and the generally low productivity of rural labor --
attributable in large measure to low health and nutritional status and low educational attainment levels of
the rural population.

is See, for example, Barnes, 1990a and 1990b; Bishop and Allen, 1989; Elliot, 1986; Falloux and Mukendi, 1988; Gorse and
Steeds, 1987; FAO/IBRD Cooperative Programme, 1991; Lal and Okigbo, 1990; Matlon, 1990; de Montalembert and
Clement, 1983; Mortimore, 1989a and 1989b; Nelson, 1988; Stocking, 1987.



III. POPULATION GROWTH

A. The Lagging Demographic Transition

3.1 Sub-Saharan Africa lags behind other regions in its demographic transition. The total fertility
rate (TFR) for SSA as a whole has remained virtually unchanged at about 6.5 to 6.6 for the past 25 years
(Table 2). This is significantly higher than in other countries with similar levels of income, life
expectancy, female education and contraceptive prevalence. In a number of countries of Sub-Saharan
Africa fertility has in fact has risen (in large part due to significant success in treating diseases that cause
infertility), while it has declined elsewhere.

3.2 Recent statistics, collected through Total Population of Sub-Saharan Arica,
nationally representative sample surveys carried out 1960-1990
between 1986 and 1989 under the Demographic and B00

Health Surveys (DHS) Program,' appear to signal, s
however, that several countries of continental Sub- E
Saharan Africa are at or near a critical demographic 500 493

turning point (Table 8).2 In Botswana, the TFR has
fallen from 6.9 in the mid-1960s to 4.7 in 1989, and in 423

Zimbabwe it has dropped from 8.0 to 5.3 over the 400 363

same period. In Kenya, the TFR has declined from 318

8.2 in 1977/78 to 7.7 in 1984 and to 6.5 in 1989 300 - 278

(Kelley and Nobbe, 1990, p. 33.). Encouraging, too, 244

are the data from Nigeria which indicate a TFR of 5.7 218

in 1990, compared with 6.9 in 1965. In Cote d'Ivoire, 200 -

Ghana, Mozambique and Sudan, fertility also appears
to have begun to decline (Table 2).3

100 

3.3 Life expectancy in Sub-Saharan Africa has
risen from an average of 43 years in 1965 to 51 years 0
in 1990 (Table 1). In 18 countries, average life 1980 1965 1970 1975 1980 1985 1990

expectancy today is 53 years or more. Mainly due to
the decline in mortality rates, population growth has accelerated from an average of 2.7 percent per
annum for 1965-80 to about 3.1 percent per year at present (Table 2). And, given the age structure of
SSA populations, the momentum for continued growth is already built in. Even if the TFR were to drop
immediately to the replacement level of 2.2 births per woman, it would take almost a hundred years
before the population would cease growing. By then it would be 80 to 100 percent larger than it is today.

The DHS Program, a follow-up to the World Fertility Survey (WFS), is a nine-year program to assist developing countries
in implementing 59 demographic and health surveys.

2 The TFR has declined most dramatically in Mauritius, falling from 4.8 in the mid-1960s to 1.9 by 1990 (Table 2).

3 Detailed analysis of the DHS data is still in progress, and this study could therefore not yet draw fuUy on the information
collected under the DHS Program.- Note also that the data in Table 2, which represent the "best estimates" currently
available in the World Bank's demographic statistical data base, do not yct in all cases fully reflect the most recent survey
findings obtained under the DHS Program.
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3.4 The high fertility rates, and the marriage,
reproductive and contraceptive behavior patterns that Popul Pojctons for Sub a Ar
underlie these, arise in part from the fact that most e a o a t t R A, Recent-Bank ~~~~~~~~~~~~p-r.jec ins assume,that theTFPRco foSSA.:,
women live in rural areas and have little or no (including South Afrca) will decline from 6.5 percent
eduction, few opportunities outside their traditional m 1985-90:to about 3.25 percent by 2030. Thi
roles, and limited legal rights. Childbearing enhances imples average nnual population gow rates ofjust
their status, and most women marry and begin having -over.3 percent inthe 1990s' 2.9 p-rct-; i' the-'
children early and continue to have them throughout following decade and close to 2.6 percent iX thedecade tfiereafter. .n this scenario, the SSA populaton.
their fecund years. But the comparative lack of wouldexceed1billionby theyear2012. Bytheturn
urbanization and education does not explain everything: zof the present:century, SSA would be second .onlyto
data available from the World Fertility Survey (WFS) sAsia in : tes o'f,t al utipon. A': gA t
for 1978-1982 indicate that urban and rural, educated :-population growth,wi emai above 2 perCentp.a. at
and uneducated women in Sub-Saharan Africa have and least until-2025, by which'time thS po,puationof Sub-'
want more children than their counterparts elsewhere.4 Saharan,Africa, at l 378 million, would'be 2.6 timesthat of today. T4e net reproduction rate (NRR).w.i.

decline to 1 only by 2060. 'Ad Sub-Saharan. Afica.:_
3.5 Women in Sub-Saharan Africa marry early: would reach .a: hypothetical stationary population of
WFS data for the early 1980s show that, on average, over 3.1 billiohnonly some time after thejyea'r 2150:
40 percent of all women aged 15-19 and 75 percent of (Stephens' t aL, 1991).
those aged 20-24 were or already had been married
(Cochrane and Farid, 1989). Early female marriage increases the number of fecund years a women
spends in union and therefore tends to exert upward pressure on the TFR. Even urban women in Sub-
Saharan Africa marry earlier than rural women in North Africa and Asia (ibid.).

3.6 Contraceptive use is far below that in other regions (Tables 5 and 6). It is associated
primarily with the desire for child spacing and only secondarily with the wish to limit family size
(Table 6). Use of efficient contraceptive methods generally increases with urbanization.' Low
contraceptive use is due in part to poor knowledge. There are wide differences among countries, but on
average, only about half of all women in Sub-Saharan Africa had, by the early 1980s, heard of a way
(either efficient or inefficient) to prevent pregnancy. This compared with rates of 85-95 percent in other
regions (Cochrane and Farid, 1989). By the late 1980s, the DHS surveys showed measurable increases
in the percentage of women who had knowledge of modern contraceptive methods: in 10 of the 12 SSA
countries surveyed and for which data are available so far, between 64 and 98 percent of currently
married women aged 15-49 knew of at least one modern contraceptive method (the exceptions were Mali
and Nigeria, with only 29 percent and 41 percent, respectively). The DHS data on contraceptive
prevalence rates (CPRs) indicate, however, the difficult task ahead: only between 1 and 6 percent of these
married women were currently using a modern contraceptive method, and the percentage of married
women using any contraceptive method ranged only between 3 and 13 percent. The exceptions, with
significantly higher CPRs, are Botswana, Kenya and Zimbabwe (Table 8).

4 Under the WFS, national surveys were undertaken in the late 1970s and early 1980s. Using these data, Cochrane and Farid
(1989) carried out a comparative analysis to ascertain similarities and differences in fertility and underlying causal factors
between Sub-Saharan Africa and other regions; WFS data were available for ten SSA countries at the time they undertook
their study.

5 Interestingly, when efficient and inefficient methods were considered together, urban use was higher than rural use in only
three of the ten countries for which WFS data were available (Lesotho, Nigeria, Sudan). Traditional practices of fertility
control, such as breastfeeding, might have been abandoned in the course of modernization, while modern methods were
not yet adopted widely enough to offset this. This explanation is frequently given for the small differentials in fertility
across socio-economic groups, but the available data on breastfeeding practices in Sub-Saharan Africa do not support this
conjecture. Breastfeeding does not decline rapidly with increasing education (Cochrane and Farid, 1989).
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3.7 Among all groups of women, desired fertility is far higher in Sub-Saharan Africa than
elsewhere. However, the WFS data analyzed by Cochrane and Farid also showed that: (a) younger
women desire fewer children than do older women; (b) urban women want fewer children than do rural
women;6 and (c) educated women want far fewer children than do uneducated ones.

3.8 In Sub-Saharan Africa, as elsewhere, ...
women's education affects fertility preferences, use of Contraceptve Prelence among mWenie
modern contraceptive methods, and fertility. Cochrane .Su-Sabaran Afr. avs. .. OtherRegons
and Farid found that: Datfor theary i98Os d that the e

000women twho -had ever -used any cotracpive methds -
* there are considerable differences in 0 vare widely - om 2 percet in Mauiai o 74

desired family size among countries (see -percenti C<NteydI'vafre. Theaverage for the tn SSA-

., .. . ii -icountnes .10 co ...-.. ... it-X ._ ..s 26tt ..

also Table 8), but with increasing maternal 0gcountries cove wred i the WES was 26 ntA
education there is both a decline and a tVAsia tand 62 0percent in Latin Aeraica.4 The reonalra
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in other regions of the developing world), ;:parevalence t -ssAi was very low; indee, t oi
but 19 percent among the most educated tjefficient anda ind0ftcient nieth In si. of..the....
(compared with 43 to 56 percent in the p#ceSSA counres s , fewer t prcnt: ofT-`
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same as among the least educated in Northiem the:i wis i:E -
Africa and well below the least educated in Asia and Latin America, even this comparatively
low rate was sufficient to lower the TFR of women with 7 years or more of schooling to
about 5; and

* fertility rises with a few years of primary schooling, but then declines (as elsewhere); but the
effect of maternal education on fertility has been less pronounced -- to date -- in Sub-Saharan
Africa than elsewhere.

3.9 The very high levels of infant and child mortality gTable 3) prevent achieving desired, or
target, fertility levels -- and this helps explain the low CPRs (Tables 5 and 6). Contraceptive use
increases as the number of living children increases. Although infant and child mortality have declined
over the past two decades (in some countries substantially), they remain much higher than in other
regions (albeit with considerable differences among countries).; Higher rates of child survival reduce
the need to replace children who have died or to have more children to insure against the possibility of

6 However, urban residence has not yet become a strong fertility depressant-- the rural-urban differentials being smaller in

Sub-Saharan Africa than in other regions.

7Infant and child mortality are both higher in Sub-Saharan Africa than in other regions. The differential is higher in the case
of child mortality, due to high mortality in the second and third years of life following weaning. Toddler and child
mortality rates are two to three times greater in SSA than in Latin America and Asia. Toddler and child mortality at all
levels of mother's education are higher than in other regions (Cochrane and Farid, 1989). See also Table 3.
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future deaths. Infant mortality rates are well below the
SSA average of 103 in Botswana (37), Kenya (60), Infant Mortality Rate, 19601990
Zimbabwe (53) and Nigeria's Ondo state (56). The Per 1000 Live Births
same is true for child mortality rates where the SSA 200

average is 154: Botswana (53), Kenya (69), Zimbabwe
(75) and Ondo state (108). In each of these cases, the 161

TFR has begun to show a decline, signalling the onset t48

of the demographic transition (Table 8). 160 1 138
126

3.10 Infant mortality is highest in rural areas, 103

and children born to young mothers are at greater risk. 100 * 103

Infant mortality is also higher for first-born children
and for those born seventh or later. Children's
survival chances are greater if the interval from the * *
previous pregnancy is longer (maternal attrition, lower
risk of low-birth weight babies, maternal attention).
Infant and child mortality decrease consistently with the
mother's education. Urban-rural differences in infant o _
and child mortality are significant and somewhat larger 1960 1986 1970 1976 1980 1985 1990

in Sub-Saharan Africa than in other regions. (For 42 countries in Sub-Saharan Africa)

3.11 Prolonged and near universal breastfeeding has been the main factor keeping fertility below
a biological maximum in most SSA countries. Although the duration of breastfeeding is generally shorter
in urban than in rural areas, it does not decline as rapidly with mother's educational levels as in other
regions. The most educated women in SSA breastfeed considerably longer than those in Latin America
and Asia. Breastfeeding has important positive effects on child health -- and, indirectly, via reduced
infant mortality, on fertility decisions. It also affects birth spacing -- and thereby maternal health, infant
health, and fertility. In this respect, post-partem infecundity is far more important in Sub-Saharan Africa
than elsewhere, accounting for 59 percent of the reduction in fertility from the biological maximum. On
average, fertility in SSA is only 67 percent of what it would be in the absence of breastfeeding.2

B. Fertility and Agriculture: Part of the Nexus?

3.12 Fertility is highest in rural areas -- reflecting economic and socio-cultural factors which affect
fertility aspirations. Traditional lineage and kinship systems, gender roles and relations between
generations contain strong pro-natalist forces, and in most communities women's fertility is a major
determinant of their status. Extended families, where the costs of high fertility are widely shared and
only partly internalized by the couple making the fertility decision, tend to encourage high fertility. In
most of rural SSA, labor is not readily available for hire; it must be mobilized instead from within the
"household" or through social, communal or kinship arrangements specific to the area and community.
For men, polygamy (or polygyny) is one widely practiced way of securing additional labor - of women
and their children (but even women may welcome co-wives as co-workers to help share the burden).9

Nevertheless, fertility patterns do not seem to be fully explained by the proximate determinants of marriage, post-partem
infecundity (breastfeeding) and contraceptive use. Abortion, sterility, sub-fecundity and/or spousal separation appear to
suppress the "maximum" fertility below that observed in other regions. This suggests the need for more research on other
determinants of fertility to understand current levels and probable future trends (Cochrane and Farid, 1989).

9 Polygamous men generally have more children than monogamous men - while women in polygamous marriages tend to
have fewer children than those in monogamous marriages (Bongaarts et al., 1990, pp. 135-136).
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3.13 Women may recognize far more readily than men the costs of high fertility to their own and
their children's health. This may be particularly prevalent in polygamous unions where each women is
responsible for her own children. The costs of children are lower to men than to women, yet the value
of child labor may be higher to the mothers than to the fathers -- except in communities where fathers
have and assert priority rights to their children's labor. For women, the labor of their own children is
often the only means of securing adequate labor to cope with their many responsibilities.'0 As water
and fuel resources become more scarce and the time required to obtain them increases, the need increases
for children to help with the mothers' increasing work load associated with these survival activities.
Child labor is also increasingly needed to compensate for declining male labor in foodcrop production,
particularly in poor families which cannot hire wage labor. This may contribute to the maintenance of
high fertility rates." In much of Sub-Saharan Africa, men and women cultivate different crops on
separate plots, and women's farming systems depend very heavily on female and child labor. Most
women marry at an early age and usually considerably older men. Coupled with the high rates of
divorce/separation and the fact that in most African societies women can obtain access to critical assets
(such as land) and public services only through male relatives, this may increase women's willingness
to bear many children so as to have sons to turn to when husbands leave or die. The desired number of
children is considerably higher among rural women in Sub-Saharan Africa than among their counterparts
in any other region of the world. And in no other region of the world do women play as significant as
role in agriculture as in Sub-Saharan Africa.

3.14 The characteristics of most traditional land tenure systems may also bear upon fertility
decisions -- but more research is needed to establish this link. Where access to land for farming is
granted to all members of a community, this may be a disincentive to fertility control. Where the amount
of land allocated is based on the ability to cultivate it, this ability -- under the low-resource farming
conditions prevailing in most of Sub-Saharan Africa -- is primarily determined by the ability to mobilize
labor. In most cases, this means family labor -- more specifically, female and child labor. Indeed, a
number of field studies report this to be an important incentive to increase family size through such means
as polygamy and pressure on women to have many children.

3.15 Among groups with matrilineal descent and inheritance traditions, further complications may
arise because land use rights are not passed on from fathers to their children, but to uterine relatives (in
most cases males). This weakens the link between land availability and land resource management on
the one hand and demand for fewer children on the other. It also weakens men's incentives to invest in
maintaining the fertility of the land they farm.'2 Fathers may see little point in preserving farm land
in good condition beyond their own lifetime or in having few children so as to pass on a viable farm unit
to each of them. Women, conversely, may face social pressure to bear many children so as to increase
the number of future claimants to land resources who belong to their lineage.

3.16 The implication derived from the above is that most rural Africans attach high economic value
to having large numbers of children. Larger families appear to fare better economically than small
families. Children contribute labor in cropping, livestock tending, water and fuelwood fetching, and child

'° In a number of communities, women try to ease their peak labor constraints by participating in various forms of kinship-
or community-based work group and labor exchange arrangements.

"' This is suggested, though not necessarily proved, by the statistical analysis summarized in the box on page 25.

12 Among the matrilineal Akan in Ghana, it is frequently observed that a son employed in urban areas is extremely reluctant
to have remittances he sends to his father invested in improving the father's farm ventures because these investments will,
upon the father's death, benefit his maternal uncles or cousins, rather than himnselves.
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rearing. The available evidence, although imperfect, suggests that high demand for children may be
partly the result of the historic abundance of land and the shortage of labor, combined with high infant,
child and overall mortality rates and high food insecurity. Maintaining high fertility is the rational
response of people who seek to ensure adequate family labor and the survival of children to provide
support to them in old age. For men in particular, polygyny makes good sense in this situation because
it increases the supply of female and child labor and improves the prospects for security in old age. The
widespread practice of payment of a bride price for a women (instead of the woman's family providing
a dowry) reflects this reality where women are wanted for their labor and their ability to bear many
children. Early female marriage, common in Africa, also increases the prospects for multiple childbirths.

3.17 Various other trends also tend to keep the TFRs high. As forest resources, water availability
and soil fertility decline, farmers and pastoralists obtain less product per hectare. The main resource
available to them to increase production is family labor which permits increasing the extent of the land
farmed. It also makes it easier to diversify the sources of family income by taking up more seasonal or
full-time off-farm employment. Hence, agricultural stagnation and enviromnental degradation, in
resource-poor situations characteristic of most of Sub-Saharan Africa, provide an economic incentive -
and often a survival strategy -- to maintain large families. These factors also provide an incentive to keep
children out of school to work on the parental farm or with the family's livestock.

3.18 This situation is exacerbated by the specific and important responsibilities placed on women
in most farming systems of Sub-Saharan Africa. Women are often responsible for food cropping, and
almost always for fuelwood and water provision (see Chapter V). As soil fertility declines and distances
to fuelwood and water sources increase, many rural women are faced with the situation that the only
resource that can be increased to meet the increasing need for labor is child labor. More labor substitutes
for reduced soil fertility and compensates for the greater difficulty in obtaining fuel and water. This then
completes a vicious circle in which population growth, combined with traditional farming practices,
contributes to environmental degradation, in turn contributing to further agricultural stagnation and to the
persistence of high rates of population growth.

3.19 These hypotheses are consistent with statistical tests (see the box on page 25) which show
that, ceteris paribus, TFRs are highest in those SSA countries which have the most cultivated land per
capita. Similarly, TFRs are highest in countries with the highest infant mortality rates, lowest level of
female education, lowest urbanization and greatest degree of land degradation, all other things being
equal. This suggests that demand for children as well as TFRs will decline over time as population
density on cultivated land increases, and if female school enrollment rates rise, infant mortality declines,
urbanization increases and environmental degradation is minimized.

3.20 However, changes in these determinants of demand for children are coming about only
slowly. Analysis of available cross-country data suggests a considerable degree of inertia in fertility rates
as well as the presence of many other factors that influence fertility rates but for which data are not
available. Cultural factors appear to be very important."3 They are likely to change only slowly, even
though the factors which help shape culture are changing. Fertility rates will decline, therefore, even
without an active population policy -- but only slowly, and only if infant mortality declines and
enviromnental degradation is arrested. But these changes are occurring too slowly to compensate for the
enormous difference between the rates of growth of population and of agricultural production.

13 Commenting on the findings obtained from the analysis of the WFS data collected in the late 1970s and early 1980s, one
of the program leaders stated that the onset of the demographic transition "appears to be determined more by ill-understood
cultural factors than by any objectively ascertainable development indicators" (Gille, 1985, p. 279).
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3.21 Nonetheless, rising population pressure on cultivated land, declining infant mortality rates and
improvements in female education are stimulating demand for family planning services. Much of this
demand remains, at present, unmet (Table 6).
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Statistical Analysis to Explain Inter-Country Variations in Total Fertility Rates (rFRs)

1. The available data were used to test several of the findings from the country-level analysis about the determinants
of high TFRs in Sub-Saharan Africa. Data were available for 38 countries. A first set of statistical tests was undertaken using
cross-country data only, looking at statistical relationships in the variation of variables across countries. The results were
consistent with the analysis presented in this chapter, but there were questions concerning the robustness of the results and the
weak statistical fit. A new set of tests was therefore carried out on much a larger set of data which included both time series
and cross-country data. The results are reported here, along with any differences with the fuindings from the initial set of tests.
The results of both sets of tests are highly consistent. (The data and a discussion of the methodology are presented in the
Annex.)

2. For the statistical test, TFRs are hypothesized to be related to the independent variables as follows: positively to infant
mortality (the higher the expected loss of infants, the more births are desired to assure a sufficient number of survivors);
negatively to food security (the greater the food security, the lower the need for children to provide family labor for food
production since sufficient other factors of production are available); negatively to female school enrollment (better educated
women want fewer children); positively to cultivable land per person (the more cultivated land per person, the greater the need
for family labor to help cultivate it); positively to the rate of deforestation (the higher the rate of deforestation, the greater the
need for child labor to help with wood gathering and water fetching); and negatively to urbanization (the higher the degree of
urbanization, the lower the total fertility rate).

3. This hypothesis is tested by means of statistical regression in which the TFR is the dependent variable. The
independent variables are all lagged one year. The lag structure is arbitrary; several were tried, but the statistical fit did not
improve. The annex presents the results of the several tests on combinations of different countries and different data. Only
the sign of the coefficient, the range of T-statistics and the range of significance levels in the various tests are reported below.
Since the methodology used does not permit the value of the coefficient to be readily interpreted, it is not reported.

Independent Variables Coefficient T-statistic 2-Tail Si2nificance Test

Female school enrollment rate negative 2.3-2.8 0.6%-2.2%
Hectares cultivated per person positive 2.0-4.7 0.0%-4.5%
Infant mortality rate positive 4.64.9 0.0%
Calorie supply as % of requirement positive 0.9-1.4 17%-38%
Rate of deforestation positive 0.2-1.3 21%-82%
Degree of urbanization negative 1.9-2.9 0.4%-6.4%

Adjusted R squared = 0.44 to 0.46

4. The coefficients for female school enrollment, hectares cultivated per person, infant mortality, and the degree of
urbanization are statistically significant at above the 90% level (i.e., with a 2-tail significance test of 10% or less). The 2-tail
significance test indicates the probability of the coefficient actually being zero. Hence, a 2-tail test of 2.2% for the rate of
female school enrollment indicates a 2.2% probability that the coefficient is zero -- or a 97.8% probability that it is not zero.
Although the relationship between deforestation and the TFR is positive as hypothesized, the statistical tests do not suggest
significance. The coefficient for calorie supply has the wrong sign and is insignificant.

5. In the tests using only single-year cross-country data, the results were the same, except that deforestation was also
significantly related to the TFR, and the coefficient for calorie supply was positive as hypothesized, but insignificant.

6. These findings, combined with the site-specific evidence cited in the text, suggest that the TFR is lower as female
prnmary school enrollment is higher. The greater the area cultivated per person, the higher the TFR. The higher the infant
mortality rate, the higher the TFR. The greater the rate of urbanization, the lower the TFR. The positive association between
the rate of deforestation and the TFR has ambiguous significance. The ambiguity may be due to the fact that the rate of
deforestation is a poor proxy for the rate of degradation of the rural environment which includes soil and water degradation.
Or the hypothesis itself may be incorrect. If further analysis establishes the significance of this relationship, it suggests that
greater demand for child labor is associated with deterioration of the environment (more labor required to obtain fuelwood and
water and to produce sufficient food as the productivity of farm land deteriorates due to deforestation). The relationship
between nutrition and the TFR is even more ambiguous, and the hypothesis could not be supported statistically. It may be that
at very low levels of nutrition, improving calorie intake increases fertility and, hence, the TFR (as the above equation hints).
Or there may be no relationship. Better data are needed to resolve this.



IV. THE NEXUS BETWEEN POPULATION GROWTH,
AGRICULTURAL STAGNATION AND ENVIRONMENTAL DEGRADATION

A. The Main Linkages

4.1 The preceding chapter cited some evidence suggesting that stagnating agriculture and
environmental degradation, combined with traditional land tenure systems and the traditional roles of rural
women, may contribute to maintaining high fertility rates. These systems and practices appear to create
a demand for child labor as a family survival strategy. The complexity of this analysis is created by the
multiplicity of factors which affect the rate of population growth, environmental degradation and slow
agricultural development in Sub-Saharan Africa. In addition, there are important variations across
countries. This chapter pursues the analysis of synergetic links between rapid population growth, poor
agricultural performance and environmental degradation. The role of women in rural production systems,
a major link in the nexus, is discussed separately in Chapter V.

4.2 The complexity of these linkages and the Island, i Vktorla (n ia
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- . . . * X : :pre~~~~~~~~~~~~~~~~~~~~~~ssurevs and:S soils E :of S:lw;E:etRy s h uilafssituations, including in Sub-Saharan Africa.' It should inhabitants,the_Kara (ior Wakara),had developed,
not be surprising that this phenomenon has been h pfrirto European contact- a highly refiniensiv e
observed so widely. Farmers are unlikely to have an ifarming systemwhich included erosion control, crop
incentive to intensify their agricultural production (i.e., :rotation with imtercroppng and gre .manurig.w..
to generate more output per unit land area) unless there 1egumWi, s-fodder> civaion,: aig UVAf 4ca It, and
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farmer's perspective to extend the use of land and RThe syste has, however, (reached itlintits. The
minimize the use of other inputs, including capital and islandd's populatin'has numbered ab out16,000 sice
labor. Shifting cultivation and pastoral livestock the -beginning'of .te cntury; 0population.density is
raising are perhaps the best illustrations of this Yabotut 500Mperkn9,and theta vertaget fiiy hodidng

amnounts to 1 ba~ of rableland Tere has beltte
situation. They have predominated in most of Sub- if anou latogowth eeas ererehas been
Saharan Africa. substantial popution gro in the rest of te k ak

area :whee. shifting cultivation is still practiced.
4.3 Consistent with Boserup's findings, these Excesspopuilation movesto the mainand,: werelabor-~
traditional extensive farming and livestock systems ; intensive tehmquesare quily .abandoned becausethe.returns ~to, labor a ihrwt h xesvchange, even in traditional society, when populations systems still possibleon the ma in a hd extens(c 19
become more dense. This can be seen in the Kenya Ruthenberg, 1980, pp. 158-160)..
highlands, Burundi, Rwanda, the Kivu Plateau in ~
eastern Zaire and in parts of Nigeria. In Rwanda in
particular, intensive traditional agricultural systems exist, brought about by the scarcity of land relative
to the population dependent on it. In most of Sub-Saharan Africa however, land has been abundant until
recently, and in some countries it still is.

I See, for example, Binswanger and Pingali, 1984, 1988; Pingali, Bigot and Binswanger, 1987; Lele and Stone, 1989.
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4.4 Traditional crop production and animal - - - i
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utilization, and gender-specific responsibilities in they had practiced on the Plateau and adopted instead

analextensive forest-fallow. farming systemn focused onhousehold maintenance and rural production systems as exoppin,s and forest-orintem poction.
; cash: roppuand. market-otiened .a,xmal pr9duction':

This has led to an accelerated degradation of natural The subsistence farms on the Jos Plateau had averag.e
resources. This in turn has contributed to the low rate about L. ,acres, while the' new.,frs. in te cleared
of growth of agriculture. forests averaged 7.8 acres (Stone, 1984).::.- .

4.5 The complexity is further increased by interaction with the economic policy environment
characterizing many African countries, since the mid 1960s. Agricultural price, trade, exchange rate and
tax policies in many African countries have often combined to render agriculture unprofitable (World
Bank, 1989d). The mechanisms for developing and transmitting improved agricultural technology are
severely inadequate throughout Sub-Saharan Africa. And excessive government control of agricultural
marketing and processing has either squeezed out the private sector or forced it to operate clandestinely.
Yet public-sector marketing and processing enterprises have performed poorly. Farmers have not usually
been permitted to associate freely in farmer-managed cooperatives, nor to freely market their products.
Throughout Sub-Saharan Africa, this lack of empowerment of farmers has discouraged them from
investing. To break out of the trap of rapid population growth, low agricultural growth, and
environmental degradation, these policy constraints must be overcome. The World Bank's 1989 long-
term perspective study on Sub-Saharan Africa suggested how this might be done (World Bank, 1989d).
This study contends that measures will also be needed to overcome the constraints imposed by increasing
population pressure on traditional cultivation, fuel provision and tenure systems, and by the roles
traditionally assigned to women in rural societies. Appropriate policy reforms will make the more rapid
evolution of these traditional systems easier.

B. Traditional Crop Cultivation and Livestock Husbandry Methods

4.6 For centuries, shifting cultivation and transhumant pastoralism have been, under the prevailing
agro-ecological conditions and factor endowments, appropriate systems for people throughout most of
Sub-Saharan Africa to derive their livelihood, in a sustainable manner, from the natural resource
endowment of their environment. The ecological and economic systems were in equilibrium. The key
to maintaining this equilibrium was mobility. People shifted to a different location when soil fertility
declined or forage was depleted, allowing the fertility of the land to be reconstituted through the natural
processes of vegetative growth and decay. For field cropping in forest- and bush-fallow systems, this
typically involved cultivation periods of two to four years, land then being left fallow for as long as 15
to 25 years. Transhumant herders' mobility generally involved a far greater geographic range, but a far
shorter temporal cycle. They would move their herds on extended migratory patterns as dictated by the
seasonal availability of water and forage and in most cases repeat the same cycle in one or sometimes two
years.
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4.7 These mobile systems of shifting and long- s ..... ...
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suitable because of low population density, abundant Th "t' t o a
land, limited capital and technology and frequently Zawbia de i er 
difficult agro-climatic conditions. As long as vegeion aablefor cuttingand on the land's
population growth was slow and land was available, .egen.erato ,'pabi."ty. A. person c.. .
the additional people could be accommodated by dendent bonchzemene requires one bectre under
gradually bringing more land into the farming cycle cultiato a o9
and by establishing new settlements on previously Vedeld, 1m83, pp. 98-100. if 50 to

uncropped land. Adjustments, including gradual .regenetion cyl s 25 hyars,thet ae l
intensification of farming, were made as and when they requirmPentf,or:long-te,cological sun of
became necessary, but the pace of adjustment required the systemiis 50 Sha r. a
was slow because population growth was slow. Inter- people, requirnga totall area of 100 knS to susta-
cropping in Rwanda, for example, was a traditional chieenemas fa as 51 kinaway rom tey ilage -4asumngth
adaptation of thgis type, necessitated because shifting village land forms * cicle and tevige islocdin
cultivation became increasingly constrained by rising the center ofhthis cle.
population density.

This 0 simplei+ aetic 00also, gs;-;hsat anal
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This has involved mainly the conversion of large areas nmigrate to establish . satellt.. vilges in virgin toea
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increased by over 21 million hectares (Table 16).
Much of this has taken place on ecologically fragile and agriculturally marginal land which is not suitable
for sustained farming and eventually abandoned in an advanced state of degradation. Forested land has
declined by about 65 million ha since 1965 (Table 16). But land available to expand cultivation has
become increasingly scarce in most of Sub-Saharan Africa, drastically narrowing the scope for further
expansion. Most farming systems in Sub-Saharan Africa are, in fact, not "land surplus" systems, but
land-extensive systems (Eicher, 1984a, p. 455). Over the past 25 years, crop acreage expanded by only
0.7 percent annually, and the population pressure on cropped land has increased sharply. On average,
per capita arable land in Sub-Saharan Africa declined from 0.5 ha per person in 1965 to 0.4 ha/person
in 1980 and to less than 0.3 ha/person in 1990 (Table 17).2

4.9 Because of agro-climatic and soil characteristics, the potential productive land endowment per
capita in most of Sub-Saharan Africa is even poorer than these simple acreage statistics suggest. Niger,
for example, is even more densely populated than India or Bangladesh if account is taken of the extremely
poor quality of its agricultural resource endowment. Nigeria and Senegal are more densely populated
than the Philippines. And Mali, Burkina Faso and The Gambia are twice as densely settled as Indonesia
(Binswanger and Pingali, 1986; Matlon, 1990).

4.10 There is considerable diversity among countries, but everywhere fallow periods are shortening
as populations increase and the land frontier recedes. In many areas, from Mauritania to Lesotho, fallow
periods are not sufficiently long any more to restore soil fertility. Increasingly, farmers are compelled
to remain on the same parcel of land -- yet they change their farming methods only very slowly.

2 For comparison, crop acreage in China declined from 0.6 ha/person in 1965 to 0.4 ha/person in 1987. In India, it declined
from 0.3 ha/person in 1965 to 0.2 ha/person in 1987 (Table 17).



- 29 -

Population Pressure on Crop Land in Sub-Saharan Africa, 1961-1987
(total and rural population per hectare of crop land)
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4.11 These people face a critical dilemma: a central element of their traditional farming system -
the ability to shift around on the land -- is being eliminated by population pressure, yet they continue to
use the other elements of their traditional production systems. Where fallow periods are too short, or
non-existent, and where traditional cultivation techniques continue to be used, soil fertility deteriorates
and soils are not conserved. Wind and water erosion, soil nutrient depletion, acidity, and deteriorating
soil structure become common and increasingly severe. As a result, crop yields decline, forcing farmers
to expand production along the already receding land frontier. This expansion occurs firstly within the
vicinity of their settlements -- on more steeply sloping land and in nearby forest, wetland and range areas.
As this option becomes increasingly limited, people migrate to establish new farms, often in semi-arid
areas and in tropical forests where soil and climatic conditions are poorly suited to the cultivation of
annual crops and yields are therefore low. The migrants bring with them the knowledge of those
techniques they practiced in the areas they abandoned, and these techniques are often detrimental to their
new environment. Although they soon begin to experiment with simple modifications in farming
techniques, this indigenous adjustment has been too slow in the 1970s and 1980s to keep pace with
population growth.

4.12 Good pasture land is diminishing as the most productive tracts are converted to cultivation.
The mobility of pasturalists' herds is further reduced as settlers increasingly cultivate bottom lands
previously available to herders during their dry season migration. The concentration of increasing
numbers of livestock on smaller areas destroys pasture vegetation, further reducing their carrying capacity
and contributing to range degradation and eventual desertification (Gorse and Steeds, 1987; Falloux and
Mukendi, 1988; Nelson, 1988).

4.13 Diminishing forest and woodland resources provide less fuelwood and other forest products,
many of which are of considerable importance for rural livelihood and survival systems. Similarly,
surface and groundwater resources are increasingly affected by the drastic alterations in land uses and
vegetative cover. The effects of the worsening fuelwood and water scarcity are most directly felt by some
of the most vulnerable: women and children. More time and effort are required to obtain these vital
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commodities. Or people must manage with less of them. One consequence of reduced woodfuel
availability is the increasing use of dung and crop by-products as fuels (see para. 4.40). This reduces
their availability as farming system inputs to maintain soil fertility. Similar effects result from diminished
availability of, and access to, water for household and home garden use: health and sanitation standards
deteriorate, and home garden productivity declines.

4.14 These problems are gravest in parts of the Sahel and of mountainous East Africa and in the
dry belt stretching from the coast of Angola through southern Mozambique. There are other countries
where it appears that land is more abundant in relation to their current population. These countries lie
in Central Africa, humid West Africa and Southern Africa. However, much of the potentially arable land
in Central and humid West Africa is under tropical forest. To preserve biodiversity, maintain rainfall,
and preserve the humid climate on which its tropical agriculture is based, much of this area should not
be cultivated. Instead, the humid forests need to be preserved. This land has not been cultivated so far
because it is poorly suited to cultivation (except possibly of certain tree crops). Soils in Africa's rain
forest zones are typically low in nutrients and of high acidity. Even in these more land-abundant
countries, the problem which is the focus of this paper can already be observed. An expanding
population depending on agriculture and livestock is moving into the tropical forest areas, extending crop
production and grazing into areas that are agro-ecologically unsuited to these forms of land use.

4.15 No analysis is available that quantifies the impact of environmental degradation caused by
more people practicing traditional shifting cultivation and transhumant and pastoral livestock raising. It
has therefore not been possible to separate the contribution of this phenomenon to poor agricultural
performance in Sub-Saharan Africa from that of the policy problems identified in para. 4.5. There
appears to be little doubt, however, that these policy deficiencies have slowed the evolution of traditional
systems into systems more sustainable with higher population density. (A statistical test of this hypothesis
is summarized in the box on pages 41-43.)

C. Land and Tree Tenure Systems and the Nexus

4.16 Critics of traditional tenure systems in Sub-Saharan Africa argue that these constrain
agricultural productivity and cause environmental degradation -- because land resources are not privately
owned, but are either common property of a community, clan or ethnic group, or open-access resources
owned by no-one. They further argue that users of such resources have no incentive to limit their
consumption thereof because they cannot be certain that other users will similarly limit theirs. Lacking
secure property rights, individuals are dissuaded from adopting long-term conservation, investment and
production strategies. There are two possible solutions, it is argued, to this problem: (a) establishing firm
rules, with enforceable sanctions, which limit individual use of the resource for the common good, or
(b) individualization/privatization of resource ownership and tenure, and registration of individual titles.
In the critics' view, rapidly rising population pressure makes effective common ownership regulation
increasingly more difficult. Based on the "tragedy of the commons" argument, they urge that land be
placed in individual private ownership.

4.17 Opponents of tenure individualization focus on its alleged negative impact on land distribution
and social equity. Evaluations of tenure reform in Kenya and Botswana are cited as showing that
individualization of land tenure has led to land-grabbing, concentration of land ownership, de facto
expropriation of women, landlessness and increasing marginalization.

4.18 Reality is far more complex. There is a wide diversity of farming systems in Sub-Saharan
Africa, determined by differences in population density, agro-ecological conditions, socio-political
organization, lineage and descent definitions, inheritance and residence patterns, agricultural technology,
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and degree of commercialization. The correspondingly wide range of seemingly different land tenure
systems is therefore not surprising. There are, however, important similarities among most of them.
Most define land rights, particularly ownership rights, for groups. Individual or family use rights rest
on customs recognized by the group. The group, not the individual, owns the land -- although there is
no formal recording or land titling. An individual's entitlement to the land is transitory, although in most
cases lineages enjoy continuous use rights over specific parcels. As fallow periods become shorter and
cultivation of plots becomes more continuous, land is increasingly retained by families, households or
individuals and transferred or bequeathed under prevailing customary rules (Migot-Adholla et al., 1991).
There is, thus, gradual institutional change in response to rising population pressure and this change
accompanies and facilitates the evolution and intensification of agricultural production.

4.19 Customary tenure systems involve important intricacies. Ownership, management
responsibility and use rights are often not identical. Use rights to different products from the same piece

. .. .. .... ........ ..... .......... .... ........ ..................... ..~. . ... . ... ..... .. .Examples ofIdgnous LadTinuret System*s

In The Gambla,:each village has an identifiable lnd area that is admi nste redby thve headma". '. cp ' 'a:
clear unclaimed land outside the villge jurisdi'ction ad claim it,for t'e'vila,ge,.. Lad is asse o t.'hroug the ae lnae
Women obtain land mainly from their husbands, but also receive some from., the ts. Men grow w' millet
and orghum, womn grow ice and vegeta bles. Maie is grown by both men an women. o h t e
sorghum. harvesting and are beginnimg to gr'ow same groundnut. Seasonal.migrat fro' othi arsi of t
Senegal, (Crange farners) can obtain land for. cropping in retum for wor'in s.evera days.each w.ek 'onthe fiaels -o'.he.
compound head; they, returm to n vilages at the end of the cr,opping season (Norem et , , p

: . - - - - - - -, , - : -- - ., . - - - .: i, ,., . i i . - - vi i ,i . . i F . i ...... ....... . .. .......... ... ..........

Among the Fula and Mandinga in Guinea-Bissau land is collectively oD bh id cl ,s of the ,lllagc Ad.
allocated by the male elders to individual compounds; the nale compound had: aocates it to ie idiv s w n
compound. Usufract: ights can be granted on'a coUlective or individual basis. Bo't m an wo v e, °m a .t..o can
obtain use rights to individual plots and the: rht to dispose.of the harest from these, cti e
control of.the compound head who is responsible for maintaining the collecive grana, anc e as
priority over work on individual plots. Grasslands around the settlements are cropped e,xlusively by-mer,, i '.a grsalo*w'
rotation of 4-8 year cycles, with sorghum, millet, fonlo, cassava,peanutsand'cotton.- Malollective ,t elds
with subsistence crops (millet, sorghum) to be consumed, rather than sold. Male cash crops (groundnuts, cotton, cass v...
are grown only on males' individual plots. Upland forest areas are,used,' itth,'men andwomen w'rRing to in lon
cycle slash-and-bum shifting cultivation to grow upland rice, millet, maize and tbers.' Rver valCyad With. sufficient
moisture is utilized and controled exclusively by women; they make aU plantin' decisions:and have h t to distrt
and/or sell the product from their individual fields.. Female collective and individual fields ,ar'e awys, loated i e a
bottoms and used for rice cultivation. The clans'. senior women .aUocate this: ln,d to :the compounds, and .the senor woan
of ieach compo d is*esponsible for th6ecompound's collecive elds and alocates the individul i o
women. The senior women also have t rghts tot oi-pa in the vley bo.toms'. ll wm 
.elders rights to water and land fortheir gardens where they grow veget able; they h.avue the gt to. d.isos,e o,th produce
of their garden.. Some men produce cassava, cocoyam (taro), maize, sweet :po,to, and beans in the own gardens i,lo',
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In Tanania, land was traditionally controled 'and allocate by patarchal 'a leae to" heads ,¢o
families. Today, all land is owned by the state, and the "Vilage Act" reuires that,each4member of t le, m r
female, be assigned separate plots to cultivate specific crops that ar' designated in the ge by-laws. :t i "ep'rte . be
widespread practice for land to be allocated to male household heads who i tAurn'ssi p,ots to aswivess- son and dgters.
Often, vestiges of the traditional system remain,:and the original usersi,usualymales' reta i some ri ht'over nd evei
it is currently lying fallow (Mtoi, 1988, p. 346);

Amnong' the Bernba in' Zambia, land. holdings are semi-permanent., Local. chiefs allooate land according -to faerms' ability
to cultivate (notably availability of df t'power). Tenure is based, thug n.' customar' rights alloated ::by. ll chies 
secured through cleag and continuous use. Land use rights are passed .on, t ug the::matriliI kih
sizes are large, averaging close to 100 ha,.but only about 5.percent.of the fa'rm' is acuall ti-ated 'at'aty gv t
(Hudgens, 1988, pp. 373-387; Sutherland, 1988, pp. 389-406).
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of land may be vested with different individuals or groups. Pastoralists and sedentary farmers may
coexist on the same land, with farmers having cultivation rights and pastoralists grazing rights after crops
are harvested. On the same plot of land, the right to the products of trees and the right to plant crops
may be quite distinct and vested in different individuals or groups (see para. 4.23).

4.20 Where, under traditional tenure systems, usufruct rights are acquired simply by clearing and
cultivating land, the incentive has been strong for settlers to move into previously uncultivated forest or
savanna areas and to clear the land quickly in order to strengthen their claims and weaken those of other
potential (even current) users.3 This extends cultivation to marginal lands and imposes costs on the
previous users -- often pastoralists or traditional forest dwellers. As fallow periods shorten or valley
bottoms are taken under cultivation, land rights of farmers tend to take precedence over those of herders
who are then forced to remain on more marginal and more rapidly degrading rangeland. Where
sedentary farmers and transhumant herders have coexisted in symbiotic land use systems, the
incorporation of livestock activities into settlers' farming systems also tends to cause difficulties for the
pastoralists who are then increasingly compelled to keep their herds on pasture land alone. As a result,
soil fertility declines more rapidly on such range land (Gorse and Steeds, 1987; Stocking, 1987; Falloux
and Mukendi, 1988; Nelson, 1988; Mortimore, 1989a and 1989b).

4.21 In many traditional tenure systems, land for farming is assigned to eligible claimants on the
basis of their ability to clear it and to establish field crops. In others, bush or forest fallows tend to
revert to communal authority and can be reassigned to another claimant. The shortening of fallows may
therefore also be the result of the cultivator's attempt to safeguard his/her rights to the plot. Because land
is becoming scarce, it may also be caused by someone else moving in too soon after the previous
cultivator has left the plot to natural regeneration.

4.22 Understanding the complexities of traditional local tenure systems is especially important for
understanding the incentive system that applies to agro-forestry interventions. It also often helps explain
deforestation. Tree tenure may be distinctly different from land tenure.4 One person or group may have
rights to the land, while others have rights to the trees on it, or to certain products from certain trees at
certain times. In northern Sudan, for instance, a tree and its fruits may belong in shares to the owner
of the land, the person who provided the seedling, and the owner of the waterwheel that irrigates the land
(Gregersen et al., 1989, p. 156). In some systems, tree clearing may be the only way to establish
uncontested usufruct rights for cultivation. Elsewhere, tree planting may be regarded as laying claim to
land. In many areas, diverse arrangements concerning rights in trees are common and of considerable
relevance to those deciding whether or not to plant trees -- and which trees. Tree tenure issues are
particularly critical where deforestation is severe and the fuelwood crisis pressing, but also where tree
crops have potential for environmentally sustainable and at the same time profitable agricultural
development. In some countries, because all forest land is owned by the state, people fear that if they

In Mali, farmers plough more land than they actually intend to crop in order to establish and protect their land use rights
for the future. Ploughing without establishing crops renders the land even more vulnerable to erosion than if it were
actually cropped. In Nigeria, large tracts of land for which members of the political and economic elite have obtained
occupancy certificates under the provisions of the 1978 Land Use Act are rapidly cleared of vegetation with motorized
equipment so as to preclude any possibility of smallholders remaining or becoming active in this area. This is an effective
way of eliminating potential contestants to the land claimed under the provisions of the Act, but it also is extremely abusive
of the environment. Even under government-sponsored land development schemes, the ability to clear, rather than to
develop, the land is often a key determinant of eligibility. In Sudan, for example, the parastatal Mechanized Farming
Corporation has been awarding 15-year leases only to people who clear 85 percent of their assigned holdings in three years
(Southgate, 1990).

4 See Raintree, 1987, for a number of detailed tree tenure studies in Sub-Saharan Africa.
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plant trees their land will revert to the government. In
parts of the Sahel, people have been unwilling to plant Tree Tenure Rights
certain trees because they are on the forest
department's protected list, and to crop or prune them -ight rightain tths of creatisne a varity f ipeiific"
would require going through tedious procedures to and disposal. Use rights include: (a) gathering-njl"
prove they own the land and planted the trees and to -- e.g, the right to gather or lop:dead brancbe* for
obtain a cutting permit (Timberlake, 1986). fuclwood, to gather things growing 4n-a tee (such as

fungus or insects), or to gather. ttree- produ.t from
under the tree, such as,fallen leavesorfruit;- () use .of.

4.23 A recent in-depth study in Ghana, Kenya thestandingtree-suchashanginghoneybarreiziit;
and Rwanda found that traditional land tenure systems (c) cutting parts or all of a living tree '.'- eP.,g._. far::,

do not appear to be insecure (Migot-Adholla et al., livestock fodder or building material' (d) harvesting-.
1991). Many farmers enjoy transfer rights on their produce. The dsposal right:comprises (a) the right to
lands -- although these rights may be subject to destroy (by uprooting or felling individual trees)or the

right to clear a-section.of forest,- (b) thie right to. .lnd;.'approval by family or lineage members. To the extent ri)hthto c lease fot; ob ) the(c) the'right to,lease, mwortgage, or,pledge (d) :the.
that the social system sanctions transactions in land, right to-bequeath;:(e) the right to sell (Gregersen et
such transactions are sufficiently recognized. al, 198, pp. 155-157).
Traditional tenure systems continue to evolve, and
many have over time accommodated increasing degrees
of individual ownership and management control. Rapid population growth and growing
commercialization of agriculture increasingly necessitate investing in land management and improvement,
hastening the individualization of land rights (Migot-Adholla et al., 1989).5 In many cases, private rights
to land have become virtually exclusive, although they fall short of outright ownership.6 Other members
of the community may have secondary concurrent or sequential rights that permit, for instance, fuelwood
collection or livestock grazing. Inheritance has emerged as the most significant form of acquisition of
agricultural land in traditional rural society, and rights to such land are very secure; nevertheless, security
of tenure is strengthened by continuous occupation and cultivation. Restrictions on the sale of inheritable
land may still apply in some systems (as in the northern Mossi Plateau in Burkina Faso), but in others
land has been sold for half a century or more and can be mortgaged and leased (as in the Hausa areas
of southern Niger). Purchases are becoming an increasingly important means of acquiring land. This
is occurring in Kenya, with its history of land registration and government intervention in land matters,
but also in Ghana and Rwanda, where governments have been less active in providing and enforcing a
well defined legal framework for land transactions (Migot-Adholla et al., 1989).

4.24 Problems arise as traditional tenure systems begin to impose constraints on evolving
agricultural production systems and on the adoption of technological change. Unfortunately, most African
governments and most donors have mistakenly believed that traditional community ownership of land did
not provide adequate tenurial security, and that it discouraged investment in the land. This perception
arose largely from failure to understand fully the intricacies of traditional tenure systems and the often
subtle, but important differences among different communities' arrangements. A particularly important
aspect of most, if not all, traditional African land tenure systems -- the concept of the inalienability of
land -- has been widely regarded as an obstacle to agricultural development. As a result, land markets
did not readily develop, and land ownership was difficult to establish as collateral for institutional credit.

There are exceptions -- still found, for example, in south-eastern Nigeria or western Sudan -- where individuals and families
may be given access to an amount of land but not a specific plot. In such systems, where use rights for cultivation of
seasonal crops rotate each year or after several years, individuals may not be keen on making long-term investments in land
improvement (Migot-Adholla et al., 1989).

6 Women's tenurial security is generally far less certain than that of men (see Chapter V) -- although the opposite may be
the case in some matrilineal-matrilocal societies.
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4.25 There has also been an erosion and
breakdown in customary laws and rules governing Common Propety is Ope s Regtmes
sustainable use and management of land and other This much xmsunderstanduig of thc difference
common property resources. This has occurred under betweenp pcmmonpromperyssx imes.
the pressure of rapid population growth and has been .Open access resourcs 0are at great nk of 
exacerbated by large-scale migration in many countries xpii ation, inhce they lack Icealdefine o rii-
as well as by changes in social values and customs. and use nghts signaidn as weD as effective
Increasing commercialization of agriculture has induced management. Commoroprtys
changes in land use, farming systems and cropping i bs lcnwn fii enforced, management rules are
patterns. Inappropriate pricing signals arising from developed, Eincentivesiexist for co-owners:to adher to
government interference in input and output markets the accepted arangements, and sancions work to
have often hastened such changes into unsustainable hiensfure complia'nce.There is a set ofgreement
directions. And central political authorities have rithin th.ecom.munityer the rights to use.
frequently undermined the capability of local decision- ii...com.munal landresourcs.by ari members and/orfrequenysugr ups of the commuity iandi by sPangers ,even
making bodies to manage their natural resource iisparse yIisetledareas. :Communal landi realy eansi
environment by imposing tight controls over local u not a somccm Yuaily manae Iand but lan iio
organizations, removing authority to central agencies, .whichmembers ofth .c.ommunity.have .ights .while
and creating new organizations that compete or conflict Outsiders do not ori onl undera
with traditional ones (Blaikie and Brookfield, 1987; es..pr.es b...c.nditns (R iiiad .Holriae-, 1983;Blaki ~and Brokf Ied, 197 romley andiCrnea
Gorse and Steeds, 1987). In many areas, resources ..1989.. ..9..9...a).. .. .....
that were under effective communal management have, ..____________ .._____________ .. _____

as a result, been converted into de facto open-access
resources.7

4.26 The response of many governments has been to nationalize land ownership, but then to allow
customary law to guide the use of some land, while allocating other land to private investors, political
elites and public projects. This has reduced, not increased, tenurial security. Investing in the land
becomes risky for farmers, since governments can and do reallocate land to serve "national purposes".
In many cases this accelerates the breakdown of customary land management systems and emergence of
open-access conditions in which exploitation by anyone is permitted. Open-access systems, found
especially in forest and range areas,8 result in rapid environmental destruction - a repetition of the
process widely observed before the agricultural transformation in Europe and usually (albeit mistakenly)
labeled "the tragedy of the commons." Open-access systems are not conducive to resource conservation
or to investment in land. This problem was resolved in Europe largely by the allocation of land to
individual owners who then had an incentive to invest in it, develop it and conserve it.

4.27 As noted earlier, there may be a further problem in open-access systems, which may also be
a problem of traditional tenure systems. Granting access to land for cultivation to members of a
community on the basis of ability to cultivate it may be a disincentive to control human fertility, because
the ability to cultivate is generally determined by the ability to mobilize family labor (e.g., Amankwah,

7 Nekby (1990) describes this situation in dryland areas.

In much of the West African Sahelo-Sudanian Zone, pasture and even crop lands are often treated as a free good under
current policies. Wells have been sunk to permit access to ostensibly un- or under-exploited rangeland, and settlers in less
densely populated areas are not subject to any land-use guidelines. In both cases, legal incentives would help by offering
land rights in exchange for management responsibilities (Gorse and Steeds, 1987). In most countries, forest land has been
taken over by governments, overriding the rights of indigenous populations. Though nominally controlled, these
"protected" or "reserved" forests have become virtually open-access resources for large- and small-scale exploitation,
because the responsible agencies have not been able to provide effective management.
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1989, p. 21).9 Field studies report this to be an important incentive to increase family size through
polygamy and pressure on women to bear many children.

4.28 The "solution" often proposed to solve these problems is the allocation of individual land
titles, through large-scale titling programs. But the experience with such programs has been poor.
Individualized land titling in Kenya and Botswana has facilitated land-grabbing, concentration of
ownership and concomitant landlessness. Such land-grabbing had been practiced by European colonists,
and some of the new elites have used the same methods. However, the problems in Kenya and Botswana
may be associated more with the problem of transition from traditional to modern tenure systems. The
rights of traditional land and tree owners were largely not respected in Kenya and Botswana, and
members of the political and economic elite too easily manipulated the legal and administrative systems
to wrest land from its traditional owners. However, once obtained, individual land ownership does
provide an incentive to develop and maintain the land. This can be witnessed, for instance, in the
intensive sustainable farming practiced by smallholders in the Kenya highlands, by private landowners
in Zimbabwe and Botswana, and on tree crop plantations in CMte d'Ivoire.

4.29 To avoid the problems associated with an excessively rapid move to private individual land
titles, or the even greater problems of nationalization of land ownership, it will be prudent to establish
legal protection of traditional tenure systems, combined with a mechanism to provide individual or group
titles on demand and only with the agreement of the traditional land owners and users (such as
pastoralists). Only a demand-driven process of individual land titling will be possible and advisable in
Sub-Saharan Africa. However, as traditional land tenure systems break down, and to resolve existing
problems in open access systems, land titling will be necessary for agricultural growth, soil conservation
and forest protection.

D. Deforestation, Fuelwood, and the Nexus

4.30 In arid and semi-arid areas, the need for woodfuel is a major cause of the reduction in tree
cover. Excessive lopping and felling, combined with poor regeneration capability, have set in motion
a downward trend that has been sharply accelerated by prolonged periods of drought and increasing
livestock pressure on young regrowth. Woodfuel extraction considerably exceeds natural regrowth in
many areas. Fuelwood shortages in fact limit the "carrying capacity" of arid and semi-arid West Africa
more than do low crop and livestock yields (Gorse and Steeds, 1987, pp. 13 & 28).

4.31 Woodfuels are the staple source of household energy, with 90 percent of all households using
them for cooking, the main end-use of energy in Sub-Saharan Africa (Barnes, 1990a). Some agro-
processing and rural artisanal and semi-industrial activities (such as fish smoking, shea nut processing,
pottery, brick making, smithies, beer brewing) also use considerable quantities of woodfuels.'0 In many
countries, woodfuels are used in industrial production as well (tanneries, cigarette and match production,
breweries, tea factories). In the early 1980s, wood accounted for over three fourths of total energy
supply in 13 of Sub-Saharan Africa's 16 least developed countries (de Montalembert and Clement, 1983).
In urban areas, charcoal is partly replacing wood.

9 Access to non-family labor is limited in most of rural SSA. Hiring wage labor is rarely an option, simply because there
is, as yet, no class of landless laborers, although population pressure is leading to the emergence of seasonal and migrant
wage labor in many countries. More common in many communities is the traditional practice of pooling labor for certain
tasks, sometimes among gender and age mates within a village, more often among members of a larger kinship group.

10 In Malawi, 100 kg of firewood are used to cure 3-12 kg of tobacco; in Cote d'Ivoire, 100 kg of wood are used to smoke
66 kg of fish (Dankelman and Davidson, 1988).
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4.32 The fuelwood problem is a function primarily of population density and of agro-climatic and
vegetation zone and is, therefore, very region- and location-specific. A 1983 FAO study (de
Montalembert and Clement, 1983) identified the regions where people faced acute fuelwood scarcity or
deficits." The most vulnerable areas include the arid and semi-arid zones south of the Sahara as well
as eastern and southeastern Africa and the islands and mountainous regions. Fuelwood deficits were
identified in the savanna regions of West, Central and East Africa. The number of people affected by
fuelwood shortages, already large, is expected to increase steadily:

* The arid regions face the most severe problem -- where the woodfuel scarcity is a more
severe limit on the land's carrying capacity than food production capability.

* In the more densely populated savanna zone, only 25 to 50 percent of total fuelwood needs
can be met from annual regrowth; conditions for tree regrowth are generally favorable, but
rapid population growth is causing problems.

* In the less densely populated savanna, supply is still adequate for the resident population, but
needs could rapidly outstrip supply in the absence of appropriate interventions.

- In Central Africa, with tropical forests and low population densities, woodfuel supplies are
likely to be adequate well into the next century. However, increasing rates of cutting are
contributing to deforestation and the resulting environmental problems.

- The coastal strip along the Gulf of Guinea has excellent conditions for tree growth, and tree
plantations are widespread. Fuelwood supply is adequate, but this will change in the near
future, especially around the large and rapidly growing urban concentrations.

e The densely populated highlands of Eastern Africa already face woodfuel deficits.
Reforestation efforts in Burundi and Rwanda have been rather successful, but unable to keep
pace with demand growth.

4.33 In 1980, eleven countries faced negative fuelwood supply-demand balances: Burkina Faso,
Burundi, Chad, The Gambia, Kenya, Malawi, Niger, Rwanda, Swaziland, Tanzania and Uganda (lTable
19). By the end of the century Ethiopia, Madagascar, Mali, Nigeria, Senegal, Sierra Leone, Sudan and
Zimbabwe are expected to join this list. Since a significant switch to other fuels is not likely or possible
in the short to medium term, population growth translates almost directly into a growth in demand for
woodfuels (except to the extent that fuel use efficiency is improved). Yet continued reliance on
woodfuels is clearly threatened in many regions by unsustainable exploitation.

4.34 Over time, urbanization will facilitate a switch to non-wood fuels, but urban Africa still
depends very heavily on wood. Woodfuels are the fuel of the poor, including the urban poor. In many
cities, as much as 90 percent of all households use woodfuels for cooking. Fuelwood prices in urban
areas are high and rising. In some cities spending on fuelwood now claims up to 20 percent of the
income of poor households. Urban demand for woodfuels has been far more destructive of forest
resources than rural fuelwood gathering, mainly because of inappropriate policies. Rapid urban growth
has led to intense cutting of wood on a large scale around cities and along major roads. Wood is brought

" Populations facing "acute scarcity" were defined as those in areas where energy requirements could not be met even by
taking wood on a non-sustainable basis or by making use of animal waste. Populations facing a fuelwood "deficit" are those
in areas where fuel needs were met by taking wood on a non-sustainable basis.
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from considerable distances, charcoal from even
farther, and there are steadily widening rings of W dl Pce
deforestation around cities such as Ouagadougou, Wooueic d
Dakar and Niamey. Woodfuels are supplied to major exploiters o, forest resours,' r than 't'.:
cities in eastern Africa such as Mogadishu from as far - prduer) ted.t>.b.e tt mely Ixw(.oteas :
as 500 km away. Since the wood itself is virtually 5,-6 perc6ntf ,_the:urban consumerptke) mr-- l
cost-free to commercial suppliers, the cost of tr cking -no nentve to: poduce: felwd ca e y-
woodfuels to urban markets is the main determinant of T o. t c.sts. . d prfit margins 'ac'o't for ',t' of'
the distance from which woodfuels are brought. the stubaconsumes Gien the dP :
Where motor fuels are priced well below world market higer' stump,"".e.es, `providi n- n ' mar
levels, such as in Nigeria, the effect is to extend -efficient harvetn and fO elw ,
drasticaly the distances over which trucking of would have ttle.,.ap"t on urb' c e p''
woodfuels to urban centers is profitable, and the impact (hme, 19a-..
even on distant forest resources is particularly severe.
The commercialization of the urban fuelwood and charcoal economy has increased the utility of rural
fuelwood sources: under subsistence conditions, local fuelwood resources were used only to meet local
demand, but these resources can now also be exploited for sale outside."2

4.35 As studies in Botswana, Malawi, Nigeria and Tanzania have confirmed, woodfuel demand
first increases with rising income and later declines with increasing substitution of kerosene, liquefied
petroleum gas (LPG) and electricity. The potential for such interfuel substitution depends heavily on
economic growth and on income distribution in cities where economies of scale can be realized in meeting
demand for fuel from such alternative sources. It also depends on pricing policies and supply security
at the consumer level (Barnes, 1990a). To the extent that slow economic growth and rapid population
growth prevent significant increases in average per capita incomes, demand for woodfuels will continue
to increase about as rapidly as population growth. Moreover, even if aggregate economic growth can
be accelerated, but is inequitable and leads to widening disparities in income distribution, this will impede
the switch to non-wood fuels.

4.36 The brunt of the fuelwood crisis falls on women: they must manage household energy needs
through fuel collection, preparation and use."3 Children increasingly have to help with this task. Girls
in particular have to help in fuelwood fetching, fuel preparation, cooking and tending the fire. In
Tanzania, girls help their mothers as soon as they can walk. In many parts of Africa it is not uncommon
for mothers to take their daughters from school to help them gather fuel. Women (and children) have
to walk increasingly further and take more time to collect fuelwood.14 This time is diverted from other
pressing tasks -- including timely crop planting and weeding (thus depressing crop yields) and child care
(which is increasingly entrusted to school-age girls kept at home). When fuelwood sources were more
abundant, fuel gathering could often be combined with other activities, such as walking home from school
or from the market or field. With increasing scarcity, fewer sources and longer distances, the loads

12 Limited and inelastic subsistence demand is replaced by limitless and elastic export demand (from the standpoint of the local
economy), leading to much more rapid rates of exploitation than would be implied by local population growth alone
(Repetto and Holmes, 1983). The collection of fuelwood and its sale in urban/peri-urban areas by poor rural women, on
their own account or under wage contract to commercial traders, is an obvious example.

13 Men do not usually involve themselves in fuel provision for the household under subsistence conditions, but there are
exceptions (as among the Muslim Hausa in northern Nigeria). They usually take over only when the fuel economy becomes
commercialized.

14 In parts of Sudan, the time needed to fetch fuelwood increased more than fourfold between the mid-1970s and the mid-
1980s (Agarwal, 1986).
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carried become larger and heavier,'5 more time is required, and the opportunity to combine wood
fetching with other tasks is reduced.

4.37 Fuel scarcity leads to changes in nutritional patterns, especially to fewer meals being cooked
or meals being cooked less well (Timberlake, 1986, p. 34). This has nutritional and health implications.
In parts of the Sahel, many families have gone from two to only one cooked meal per day (Agarwal,
1986); others mix uncooked millet with water for a midday meal (Tinker, 1987). A study in Rwanda
found 62 percent of families cooking only once a day and 33 percent cooking even less often (Dankelman
and Davidson, 1988, p. 71). Fuel shortages also induce shifts to foods which require less energy to
cook, but may be nutritionally inferior. Women in Burkina Faso refused to use soybeans because of the
long cooking time and greater fuel requirement compared with the traditional cowpeas (Hoskins, 1979) --
until they were taught to ferment the beans into soybean cake which reduced the heating time from as
much as 12 hours to one (Tinker, 1987). Switching to raw or partially cooked food or to cold leftovers
is becoming more common (Dankelman and Davidson, 1988, p. 71). The shortages of fuelwood, of food
and of women's time combine into a serious nutritional and health problem. Partial cooking can cause
significant health problems. Water purification also requires boiling -- not possible without fuel and time.
Hot water to wash dishes, utensils, laundry and children may be out of the question (Dankelman and
Davidson, 1988, pp. 71-72). The impact of nutritional and health problems on labor availability and
productivity for farming and other income-generating activities is, of course, negative.

4.38 The intensifying fuelwood shortage has another important negative effect on rural women.
Many of their non-farm income-earning activities require fuelwood: food processing, beer brewing, fish
smoking, pottery, etc. Fuelwood scarcity therefore severely limits their opportunities to supplement their
income through such activities. This is an increasingly critical issue in view of the widespread gender-
separation of budgets and women's almost exclusive responsibility for child rearing (see Chapter V).

4.39 Eventually, women have little choice but to switch to other fuels. Interfuel substitution in
rural Sub-Saharan Africa usually means a switch to less efficient fuels -- most commonly to crop
byproducts and residues and dung which are far more valuable if recycled as inputs into the farming
system to help maintain soil fertility. Many such fuels are less convenient than firewood or charcoal,
requiring more tending and fire-feeding, generating more smoke and less heat, etc. Cooking may take
longer and require even more fuel than before. Using crop byproducts and dung as fuel also has
significant negative effects on soil fertility, water retention, crop yields, and soil degradation and erosion.
This is increasingly happening, for example, in areas such as the Ethiopian highlands and the northern
part of the Sahelo-Sudanian Zone."6 The importance of agricultural wastes and dung for fertility
management in farming systems is particularly critical as fallows are shortened and recycling of crop
waste and dung is essential in the move towards agricultural intensification. Under the agro-ecological
conditions of much of Sub-Saharan Africa, this is extremely important: organic matter is quickly
mineralized in the absence of shading tree canopies, and nutrients are leached rapidly from most soils.

15 Women very rarely have access to any labor-saving technology for their task - transport aids or efficient cutting tools for
cutting or felling. They carry heavy loads to reduce the number of trips required to provide fuel for their household (and
often their non-farm income-earning activity as well). They may headload as much as 35 kg (even though in many
countries 20 kg is the maximum legally permissible headload for women) over distances of up to 10 kn, often over difficult
terrain. Carrying such heavy loads damages the spine, causing difficulties during pregnancy and childbirth, uses up
substantial energy, and is a cause of frequent accidents.

16 In Ethiopia, an active urban market for animal dung has developed where fuelwood resources have become depleted
(Anderson and Fishwick, 1984). One study estimated that dung used as fuel in Ethiopia in 1983 would have increased the
country's cereal output by 1-1.5 million tons if it had been used as fertilizer instead (Newcombe, 1989, p. 132).
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4.40 There are many causes for the fuelwood problem, including the traditions of its use and the
absence of alternative fuels. The major reason for the lack of success in introducing alternative fuels is
that wood has been regarded in most of Sub-Saharan Africa as a free good, taken largely from land to
which everyone has the right of access ("open access" land). As a result, a market for fuelwood has not
developed in many countries despite its increasing scarcity. Even where fuelwood scarcity and high
transport costs have created a market, the "producer price" of wood has remained below its replacement
value because most supplies come from open-access forests. Market prices do not include the
environmental costs of heavy fuelwood extraction. Alternative energy sources, such as kerosene,
liquefied petroleum gas (LPG) and electricity are costly; their cost more closely reflects their scarcity
value since they are not obtainable in "open-access" form. Despite dwindling forests and wood supplies,
other fuels are not substituted in significant quantities, because the price of fuelwood is lower than that
of alternative fuels. Investments in kerosene, LPG and electricity supply systems must be made more
efficient to make them more price competitive with fuelwood. Fuelwood prices, conversely, need to be
increased. Chapter VIII suggests how this may be done.

E. Logging

4.41 Commercial logging also takes a heavy toll -- in large part because of inappropriate logging
policies and practices. It is, in fact, probably not so much the quantity logged but rather the procedures
used that is the chief cause of forest destruction.'7 Logging concessions are often awarded as a form
of political patronage. Logging practices are rarely monitored or controlled, and abusive logging
practices are so common that they have become the norm (Repetto, 1988a; Spears, 1988). Stumpage fees
tend to be very low, further encouraging extensive and destructive logging (Grut, Gray and Egli, 1991).
Replanting is rare, because there is neither an incentive nor a requirement to do it. Concession
agreements usually require neither replanting nor maintenance of concession areas as a forest. Most are
also too short in duration to provide any inducement to the concessionaires to manage the concession
areas for sustainable long-term multi-cycle production. Concessions are often abandoned once mined.
In some cases, governments subsidize logging through tax and duty exemptions and through governmental
financing of roads and infrastructure in forests. Subsidies provided to wood processing industries have
the same effect. Areas closer to ports appear to be most abused, with high transport costs being probably
the most important factor protecting inland forests against logging in parts of Central Africa.

4.42 There is widespread agreement that logging in tropical forests, as now practiced, is not
consistent with the sustainability of rainforest ecosystems. It has been argued that logging itself, if
properly undertaken, need not necessarily destroy the forests. However, recent surveys suggest that there
are no sustained-yield forest management systems practiced on any sizeable scale in Western and Central
Africa (Goodland, 1991, p. 14; Besong and Wencelius, 1992). Even selective logging for certain species
and/or trees of certain size disrupts these fragile ecosystems with their multitude of highly specialized life-
forms and of intricate multiple symbiotic relationships so severely that they will not survive intact.
Although less directly linked to the Nexus, population growth will stimulate more logging, with its
significantly negative impact on the environment. Through the environmental impact may come declines
in rainfall, increases in water run-off and, hence, declines in agricultural yields (see Chapter II).

4.43 Logging almost invariably leads to a second -- and more damaging -- phase of forest
destruction. Logging roads provide access for land-hungry settlers into areas previously difficult to enter.
Moving along and spreading out from the logging roads, landless or shifting cultivators rapidly take over

17 Commercial logging by itself is responsible for only about 10 to 20 percent of forest destruction in Sub-Saharan Africa,
but it has been considerably more destructive in some countries, such as C8te d'lvoire.
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logged-over forest areas, clear the remaining vegetation and convert the land to agricultural uses --

usually at very low levels of productivity. This accelerates and expands the process of deforestation
begun by the logging companies. Logging concessionaires ordinarily acquire rights to log from
governments, ignoring the traditional land and forest rights of forest dwellers. These rights, once eroded,
are not respected by new settlers penetrating along the logging roads.

4.44 In virtually all countries of Sub-Saharan Africa, the institutions charged with managing and
protecting national forest resources tend to be very weak. Forest guards and rangers often have neither
the operating resources nor the training to monitor what is happening in the forest. They are even less
equipped and prepared to regulate logging companies, deal with poachers, assist forest dwellers, and
prevent encroachment by land-hungry settlers. These institutional weaknesses are so grave that farmer
encroachment and logging occur on a significant scale even in many national parks. Forest services have
little capacity to plan, to levy taxes, to undertake land use surveys, to deal with land disputes in forests
(Besong and Wencelius, 1992).

4.45 The causes of the logging problem are related to those of the fuelwood problem. Forests have
been widely regarded as reservoirs of free goods to be mined. Governments have shared in the bounty
with private loggers through stumpage fees and taxes. However, once the forest disappears, the
environmental services it provides disappear with it. It is disappearing fast.
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Statistical Analysis to Explain Inter-Country Variations in Crop Yields

1. As in the case of the analysis of total fertility rates, two independent statistical investigations were undertaken to
explain the cause of variation in yields per hectare of various crops, between countries and over time. Unfortunately, some
of the relationships discussed in Chapter IV could not be investigated due to lack of suitable data. However, limited testing
may establish the plausibility of the hypotheses:

* Incidence of drought wiU significantly affect crop yields.

* Crop yields should be higher where population is growing most rapidly relative to cultivated land. People begin to
intensify agriculture as cultivable area per person declines. Hence, statistical analysis should show an inverse
relationship between area cultivated per person and crop yields (all other things equal). However, the rate of growth
in yields stimulated by declining availability of cultivable land per person wiU be significantly lower than the rate of
population growth.

* Efforts to stimulate intensification, through the use of fertilizer, for example, wiU significantly accelerate the increase
in crop yields beyond the growth rate stimulated by rising population density alone. This should be observed as
higher yields in countries using more fertilizer (all other things equal).

* Primary school education, of men and women, should facilitate farmer adoption of intensive fanning techniques and
therefore be associated with higher crop yields.

* Ceteris paribus, countries with more rapid degradation of their natural resource endowment, as reflected in higher
rates of deforestation, should have lower crop yields.

* Countries with a policy environment more accommodating for profitable market-oriented fanning should have higher
crop yields than countries with less conducive policies.

A. Pooled Cross-Country Time Series Analysis

2. The pooled cross-country time series analysis (described more fully in the Annex) investigated the deterninants of
crop yields for cereals as a whole, as wel as separately for rice, maize, sorghum, wheat, and cassava. The independent
variables were drought, nominal protection coefficient (representing the adequacy of agricultural policy), primary education,
and cultivated area per capita. The higher the nominal protection coefficient, the higher is the farmgate price of the commodity
relative to the world price. This is a proxy for the quality of the agricultural policy environment.

3. In summary, the following results were obtained (see the Annex for the equation):

(a) The coefficient on drought is negative for all crops and in aU cases except for rice significant at the 10% level (this
is the 2-tail test, meaning that there is a 90% probability that the coefficient is different from zero).

(b) The coefficient on the nominal protection coefficient is positive and in the case of cereals and sorghum significant
at the 10% level. It has no impact on cassava, however; this makes sense because cassava is a subsistence crop
which is least affected by price policy.

(c) The coefficient on primary education is positive, except for cassava and maize where it is highly insignificant. In
the cases of rice and sorghum, it is significant at the 10% level.

(d) As hypothesized, the coefficient on per capita land under annual and permanent crops is negative, except for cassava
where it is highly insignificant. In the cases of rice and maize, it is significant at the 10% level. This means that
for the crops which are most commercialized, the smaller the land holdings, the higher the yield, all other things
being equal.

(e) The results for cassava are strikingly different from those for the cereal crops. Neither the nominal protection
coefficient, nor primary education, nor per capita farm size affect cassava yields. Cassava is a subsistence crop and
rarely traded on international markets.
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B. Single-Observation Cross-Country Analysis

4. A separate analysis was undertaken of the causes for variations in crop yields using a different data set with single
observations for each country. This is less satisfactory since it eliminates the time dimension from the analysis and there are
fewer observations. On the other hand, it allows a larger number of independent variables to be included. This analysis tested
the statistical relationship between cereal yields (averages for 1984-1986) as the dependent variable, using as independent
variables: cultivated area per person (average 1965-1987), fertilizer use per ha in 1987/88 (fertilizer use remained fairly stable
in the 1980s), percentage of the school-age population in primary school (average 1965-1987), the rate of deforestation in the
1980s, and the general "appropriateness" of agricultural policy during the period 1980 to 1987. (The methodology applied is
described in more detail in the Annex, which also presents the data used for this analysis.) Except for the rate of deforestation,
the values for each variable were converted to their natural logarithm and a regression equation was fit to these data; the
coefficients reported below therefore represent elasticities. Policy appropriateness is represented by a dummy variable having
the value I for countries where policy is judged to have been conducive to profitable agriculture, and 0 where it is judged to
have been inappropriate. Of the 38 countries considered, 24 were judged to have pursued inappropriate policies, 14
appropriate. This rating of countries is consistent with the categorization by the World Bank; it is, however, highly subjective.
The role of women in agriculture and the effect of the land tenure situation could not be quantified and therefore were not tested
in their impact on yields.

5. The equation is as foLows, where the dependent variable is average cereal yields in 1984/86 (natural logarithm):

Independent Variable Coefficient T-statistic 2-Tail Significance Test

Constant 5.45 10.1 1%
Cultivated ha per person (a) -0.33 (b) 2.5 2%
Fertilizer use per ha (a) 0.10 (b) 1.7 10%
Primary school enrollment rate (a) 0.17 (b) 1.2 24%
Deforestation rate -0.05 0.9 39%
Agricultural policy dummy 0.30 1.9 7%

Adjusted R squared = 0.45
F Statistic = 7.0

(a) Converted to natural logarithm.
(b) Represents elasticity.

6. The equation explains about 45% of the differences in cereal yields among the 38 countries, which is less good than
the pooled time series cross-country equation.

7. Consistent with the hypotheses and with the results from the pooled time series cross-country data, the lower the
cultivated area per person, the higher are cereal yields, all other things being equal. The coefficient is identical using the two
sets of data (0.3). The statistical relationship is highly significant, with a T-statistic of 2.5 and with a 2-tail significance test
of 2% (indicating only a 2% probability that the coefficient is actually zero and a 98% probability that it is not zero). It
suggests that the pressure to intensify production mounts with increasing population density on cultivated land; it is true even
when the use of fertilizer and other modem inputs, the policy environment and primnary school enrollment rates are held
constant. This reflects farmers' ability to respond to rising population density with simple innovations. But, also consistent
with the hypotheses, the coefficient is less than 1, suggesting that an annual decline in cultivated area per person (due to
population growth) will only stimulate people to intensify fanning at a rate of about one-third that of population growth itself.
Historically, this is what happened. Crop land expanded at less than I% p.a., and yields increased on average by slightly more
than I% p.a., giving an agricultural output growth of only about 2% per year for SSA as a whole for the 1965-1990 period.

8. A I % increase in fertilizer intensity is associated with a 0.1 % increase in cereal yields. The coefficient is significant
statistically (2-tail test of 10%, indicating a 90% probability that the coefficient is not zero). Since fertilizer use is extremely
low in SSA (averaging 85 grams per ha in 1987/88, compared to China, for example, where it is 2,360 g/ha), there is vast
scope for increasing its use. This is also true for other modem tools and inputs, with which fertilizer use is highly correlated;
given this correlation, the fertilizer variable also picks up the effect of the use of other modem inputs. Growth rates of
fertilizer use (and other modem inputs) of 10- 15 % per year during the next decade are feasible. This would stimulate growth
of cereal yields, according to this equation, by between 1.0% and 1.5% per year.
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9. A 1% increase in the proportion of primary school-age children enroUed in school is associated with an 0.17%
increase in cereal yields. The statistical relationship is weak, but when added to the evidence cited in the text and the
significance of this variable in the pooled cross-country time series tests, it suggests that better overall educational attainment
having a positive impact on farm productivity. This makes sense, since in most SSA countries the rnajority of the adult
population is working in agriculture and associated activities.

10. The dummy variable representing agricultural policy adequacy is statistically significant in explaining cereal yield
variation between countries. A better policy environment is associated with higher yields, all other things equal. This is
consistent with the pooled cross country-time series analysis showing the significance of the nominal protection coefficient.

11. Consistent with the hypothesis, countries experiencing the most rapid deforestation have lower cereal yields, all other
things equal. But the statistical relationship shows no significance. The problem may be that deforestation is endogenous.
The statistical tests summarized in the following box suggest that deforestation itself is related to population density on
cultivated land, intensity of fertilizer use, and agricultural policy. Therefore, when assessing the determinants of crop yields
across countries, these other factors are already picking up the impact of deforestation, thus leaving deforestation as such with
a coefficient not significantly different from zero.

12. The above analysis also suggests the plausibility (though not the likelihood) of achieving 4% p.a. average growth of
agriculture in SSA. This could occur from: more labor use per ha facilitated by continued population growth (causing a 1%
increase in annual output growth); 1.5 % annual yield growth attributable to a 15 % annual increase in the use of fertilizer (and
of other modem inputs); and a rate of expansion in cropped area of 0.5% p.a. This gives a total output growth rate of 3.5%
p.a. An increase in the number of countries with appropriate agricultural policy, and primary school enrollmnent increasing
at 2% per year, should suffice to provide the additional 0.5% annual growth rate required to reach the postulated aggregate
target. However, in the long run, as population growth slows, the scope for policy improvement narrows, and further
expansion of cropped area becomes less feasible, sustaining 4% annual growth will become more difficult. It will depend
increasingly on greater use of modem inputs and equipment, genetic improvements in crops and livestock, and improvements
in people's educational attainment. Hence the importance of improved agricultural research and extension and of general
education.
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Statistical Analysis to Explain Inter-Country Variations in the Rate of Deforestation

1. The analysis in Chapter IV suggests that deforestation is related positively to population pressure on cultivated area
(the lower the cultivated area per person, the higher the ate of deforestation), to the ate of population growth (the higher the
rate of population growth, the higher the rate of deforestation due to land clearing and fuelwood gathering), and with policies
favorable to agriculture (the more profitable agriculture and logging, the more apid the clearing of forests). It is negatively
related with the use of modem farm inputs such as fertilizer (the greater the use of modem farm inputs, the lower the need
to clear more forest land for farming). Open access land tenure situations were also hypothesized to stimulate deforestation,
but this cannot be quantified.

2. To test the above hypothesis, regression analysis was undertaken with the rate of deforestation as the dependent
variable. The two sepamte data sets were used, as described for the analysis of crop yields (see the Annex for a discussion).

3. The nominal protection coefficient has no statistically significant relationship with deforestation, contary to the
hypothesis. Using the data set with single observations per country, the dummy variable distinguishing countries with good
agricultural policy (the variable has a value of 1) from those having poor policy (value 0) is nearly significant (2-tail test of
11%, or significance at the 89% level). The coefficient is positive, as hypothesized. The result is therefore ambiguous with
respect to the policy variables. Even if poor agricultual policy were to reduce the ate of conversion of forest to crop land,
it would not appropriate to pursue poor agricultural policy in order to conserve forest resources, because the objective of
accelerating agricultural growth will override that of reducing the ate of deforestation in every country. However, this finding
does suggest the need for mitigating actions to retard deforestation when agricultual policy is good. Land use planning will
be important in the development of these mitigation efforts.

4. The hypothesis that population pressure on cultivated area increases the rate of deforestation could not be confirmed
with the data. In the pooled cross-country time series analysis, the relationship is not statistically significant. In the simple
cross-country sample, this variable had the expected negative coefficient (the less the cultivated area per person, the higher the
ate of deforestation), but the significance level was very marginal (2-tail significance test of 15%). The result is therefore
ambiguous and unconfirmed.

5. Drought proved to increase the rate of deforestation significantly.

6. As hypothesized, the use of modem farm inputs such as fertilizer is negatively related to the rate of deforestation.
Intensifying agriculture slows the rate of deforestation. This is likely to be the most important policy available to deal with
this problem.



V. THE ROLE OF WOMEN IN RURAL PRODUCTION SYSTEMS

A. Introduction

5.1 A central aspect of the population-agriculture-environment Nexus is the role of women:

* in their traditional child bearing and rearing role, women directly influence both the size and
the quality of the future stock of human resources;

* in their household management role, women are the primary managers and users of a variety
of natural resources (most notably fuelwood and water);

* in their farming role, women are responsible for a very substantial share of foodcrop
production and a variety of other agricultural activities,' and their decisions and activities
have a direct bearing on soil fertility and erosion, water infiltration and retention, and waste
and by-product recycling.

5.2 Women's triple responsibility -- child Wo Y

bearing and rearing, household management, and . ....... F....n .

production activities -- and the increasing pressures on Acordig to, X'1'97' ,u' 33 percent a ' , 
their time and energy have important consequences for -s l- 'usc hos i " ' were 'eaded by
human resource development, agricultural productivity women, wi t': higest A
and environmental sustainability. As their agricultural ..str. Weste n et.....
workload grows, women face rising pressures in their ......andMa s *high percentges do.. not1.. flY. repree: th....... f
role as household managers, and their childbearing and f maehya
child caring burden remains as heavy as ever. Legal, 55 and 47 pe t, rp the .. . n thes.
institutional and technical developments have added aras erefa ia
further constraints on women (e.g., land titling, access podu s increas' gy X nsity of

to credit and extension, research orientation, etc.). wo Itsttht etofw
The promotion of cash crops, mechanization, extension of the - farm ; oenri 'e ..

and formal credit systems have mainly been directed at aWut two s'','these ' d ' ank
men. As men turn to non-farm employment, women 1989b..
increasingly become de facto managers of the family 
farm. In many areas, 50 percent or more of all farms A vage s ny d hb o
are managed by women -- yet traditional and legal t inw70 ercn of the. ouh .s ve an

thewives CultiVat4 the etr oin......th.othe
constraints remain severe. Fuelwood and water are -30:pecent of housh ol d' .he ''ves'coltvateti
becoming increasingly scarce, and more time is own'plots 'awih he hoing. ' . majority ,
required to obtain them.2 The intensifying time women made the decisinson c ip to begw and
constraint means that women either reduce the time nput pur.,ch,a.ses' d'u"e..Ol,r4' d we reM.
spent on certain tasks or depend increasingly on the takenbythe husbndsorbyb spouses- otly --
labor of their children. This may be one of the factors 1988).
explaining the persistence of high fertility rates.

I In addition, most rural women in Sub-Saharan Africa also pursue non-agricultural production and income-earning activities.

2 Coupled with their often inferior health, nutritional and educational status, these pressures also render women poorly
equipped to take advantage of emerging and better income earning opportunities outside agriculture.
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5.3 Efforts to intensify agriculture, conserve natural resources and reduce population growth will
therefore have to be focused to a significant extent on women. These efforts will have to aim, inter alia,
at: reducing women's severe time constraints; lowering the barriers to women's access to land, credit and
extension advice; introducing technologies useable by and beneficial to women; and upgrading women's
educational standards and skills.

B. The Female-Headed Household Syndrome

5.4 Female-headed households (FHHs) are a widespread and increasing phenomenon in many
parts of Sub-Saharan Africa. It has always been common in societies which practice polygyny and
spousal separation of residences, or where divorce has been fairly easy and frequent. In some regions,
where long-term or seasonal male outmigration is particularly prevalent,3 female-headed households
account for 50 percent or more of total rural households. This also means that an increasing number of
smallholder farms are managed by women.

5.5 The concept of the female-headed household is often misunderstood or misinterpreted. It is
not a static concept, but a life-cycle issue. African women may move in and out of being household head
several times in the course of their lives (due to marriage, divorce, husband's death, remarriage,
husband's outmigration, husband's return). Female-headed households are not simply a marginal group -
remnants of "nuclear families" that have lost their male heads due to death, divorce or migration. They
are a common and economically and socially important
reality with far-reaching implications for development - lH and .... uHol i

policy. The great majority of women in Sub-Saharan Dierences ..... ..ess to ee
Africa who reach adulthood are likely at one or more .. ... ........
times throughout their adult lives to head a household .a.-.h.ad .h.usehoIdsHs) .nZa ...s......
that is without a resident adult male. One important rovincere fa orele... thn.....households (FHs tOownDXoM_n: ene the... re
implication is that all women must be reached with that can beculvatis larelMHHs. MHHs s
development assistance interventions-- since they all hav bettracess to the sportse es0. I 
are likely at some time(s) during their adult lives to be western Province MHHs a si es as iy as
household heads when they will have to manage FHHs 'Ttohv oxe. 'The to i of oxen . ''
without the support of an adult male. fagm-ntand of cash ern ' pWts ae '.Y. h

e; ssentiaiUy ;been UxnitedX totnen- jleding -t4 .sigEvnifia-
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5.6 Female-headed households differ from hou'eh,lds- a "femnaon'o o (,
male-headed households most importantly in that most 1982.. . ......
of them lack ready access to adult male labor. They L:;:: .......... .. . .
are usually also underendowed in other important
respects -- notably in land, capital, farm equipment, and transport aids. Land farmed may be far less
than land allocated or controlled, due to labor constraints and the lack of access to draft animals, farm
machinery and hired labor. Capital may or may not be a constraint, depending on the incidence, amount
and timing of remittances from absent husbands or other relatives.4 For most FHHs, access to various
public sector services is also severely limited, especially in the case of extension, institutional credit and
services delivered through formal cooperatives.

3 In Lesotho, about 60 percent of all males aged 20 to 44 are employed in South African mines (Plath et aL, 1987).

4 Men's remittances are often small, since they themselves are poorly remunerated, have to pay for their own food and
lodging, may have taken a second wife, or prefer to retain their savings for major purchases of their own. Remittances
tend to be used to purchase essential food supplies. Sometimes they are used to buy fertilizers and hire labor. Only rarely
are remittances sufficient to permit investment in labor-saving machinery or livestock.
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C. The Gender Division of Rural Labor and Farming Systems

5.7 Women are estimated to provide between 50 and 80 percent of all agricultural and agro-
processing labor in most countries of Sub-Saharan Africa -- prompting Ester Boserup to write of Africa
as "the region of female farming par excellence" (Boserup, 1970). The gender division of labor (in farm
and non-farm production, processing, marketing, household maintenance, subsistence and survival
activities, child rearing, etc.), its determinants, and changes over time are important for agricultural and
poverty alleviation policies. This division of labor
varies widely among cultures. It is also determined by Women in Aric:ulture: T'he ata Prob.e.
characteristics of the household,5 the individual, the - .-E
farming system, the local natural resource base, the In Mlawi, agnicultural tasks are assigned b- d
community, and the national economic and political and are sensitive to. seasonal variation. A 1970 IL-
system. Gender roles and responsibilities may undergo estimate' reorted 40 percent of the agrut lab,.o-r,force to be women;: bu th.17 .Cn.s wihOnl
seasonal variations, due to farm production one-weekreferen epen drept mey1 2'
requirements, for example, or to seasonal male out- of the labor force to be 'female.--The'1977 Cens4g,'
migration (Dixon-Mueller, 1985, pp. 119-123). uswig: a on-yqear_ ef4ee:'eperio,d, repo.ted 5 .
Gender roles in farming systems also change over percent of the agicultural laborortee 'to be. women
time, in response to cultural, technological, political, (Dooreaboset al, l988). .
commercial, ecological, demographic and other factors.
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to be ascertained and considered to avoid mistakes. ajor ropseand moretha that and c,nall other household taks........ .. re Wvpardticul-rly
Three fifths of respondents to a survey in Botswana active in planting (56%), weedingthining(52%) and
considered selling crops (but not cattle) a job for harvesting(587, and also cantibute.dsignficantl
women only; extension, credit, transport and marketing activities of'en assumed' to 'be st.' 1ity ":4 domains,
interventions for crops would therefore need to focus such as land preparaton(46%). Womens labor input
on women to make sense (Dixon-Mueller, 1985). In as t hih we i (7%3 an be '"(59
the Eastern Uluguru Mountains of Tanzania, male .dllowed by maior, ..........ze M.'':'-, san-.ower
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involvement in such activities as fetching water and marketing of all crops, except rice'ere wonien's:
fuelwood or preparing meals is completely taboo contribution was 50%.
(Mtoi, 1988, p. 349); efforts to address the water and
fuelwood problems in this region would therefore need In Zambia, women in male-headed ifar.:,householdfs
to be directed at women. were found to the astoshment ofmale researhesat:the University of Zambia, to contribute' morethourt

daily than the, men to farn work (8.5 hir vs.- 7.4 lrs)
5.9 The organization of farm labor and as well as to non-agricultural tasks (5.0 ravs. .1
production responsibilities varies widely, but tends to hrs) (Due, 1988)-. -
be highly gender-specific. In some regions, men and
women farm fields jointly, usually in a gender-
sequential mode, but sometimes side by side. In other areas, a substantial portion of agricultural activities
is gender-segregated: women grow their own crops on separate plots -- but they are also required to work

Household size; gender and age composition; resource endowment; differential gender access to resources, services,
equipment, credit, information, employment, markets, etc.
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on the plots/crops owned/managed by their husbands. In much of Sub-Saharan Africa, men and women
farm separate fields and grow different crops. Labor may be allocated by crop and/or by task - men
performing certain tasks on women's fields and women certain others on men's fields. In some areas,
men may work fields communally with other men, or gender-based work parties carry out certain tasks
jointly. Hired labor is important in some areas and for certain activities. Labor sharing is common in
some regions, usually within lineages or communities and often along gender-specific lines. The
introduction of commercial crops (which may be food crops intended for commercial marketing) or the
commercialization of traditional crops often leads to changes in gender specificity of farming activities
and responsibilities. Men tend to take on the market-oriented production, leaving women to cope with
providing for the family's subsistence needs.

5.10 The gender-specific separation of farming responsibilities, with men and women producing
different crops on separate plots, is often so explicit that there are two distinct gender-specific farming
systems operating side by side. Details vary considerably among regions and socio-cultural groups, but
in most of these dualistic systems, and where markets have developed for farm products, women tend

to be responsible for the production of food crops for
The Gender Division fof Farm Labor home consumption, while men more often produce

explicitly for the market. This has often been couched
in isouthern Ghana, imen used to clear]land and fell' in the simple dichotomy: cash crops = men's crops,
trees; fwomen planted,f weeded, harvested, transpofrtedj food crops = women's crops. In this extreme

:and; processed:the crops:. :iWithi theW :introduaion: ofnd processed the rosWith th intrdco o simplicity, this statement is clearly not valid.6
cocoa, mAen mnoved ~into pure, cash cropping,-leavinig
food ropi meultvation fotr home consumptio n entirey0 Although industrial and export crops tend to be the
women. WWihout male help, women often,could no domain of men, men also engage in substantial food
longer grow yams,. the traditional staple,: and switched production where food crops have good markets or

to cassava which requires less labor and can be left in where custom places the responsibility for producing
h ground for up to two years to be harvested when the main staple on men. Where farming is generally
needed'. Today,~ most womnen grow plantains,: maize,

c cd.Tassava, rndovegetables;growplantheyalnsohealphe subsistence oriented, men often produce the main staple
:cocoyam, cassava I a de vegetables; they -also :help::te:E
men, especially: in, headloading fa rmproduceDey, on their fields (usually with considerable labor input
1984b; Date-Bah, 1985, ipp.24-216). from the women), while women grow a variety of

supplemental food crops. Conversely, women do not
In Zambia's Luapila Province, the gender-based labor necessarily limit their production activities to
fdivisiOn in farming varies with the ming system. In subsistence crops. Where market outlets exist and
semi-perimanent fields,: men prepare imounds for
cassava and dges for maize;0women plant, weed andd social customs permit, they not only sell part of their
harvest In chitemenetfieldsmea (usuallyvsons- i-w)j0 surplus (even if it is a temporary one and they have to
lop braanches, while women pile and burn them; ssed purchase supplies in the market when the quantity
and harvest. Men4dominatedecisionmakingi forcash stored at home is depleted), but they also produce a
crops; women are responsible for food crops variety of "minor" crops for sale to pay for other

(Sutherland, 98) ' f0 ff ;40Ct:7 0 household necessities.

5.11 The male and female farming systems differ in many important respects. They have different
primary objectives and distinctly different resource endowments. They face different incentive systems
and different constraints. Risk perceptions and risk management strategies differ significantly, as do
access to factor and product markets, to improved technology, to information, and to various support
services. There also are important resource and commodity flows between the two systems. In most
cases, the direction of these flows tends to be heavily biased in favor of the male systems. These factors

6 Among the Gulmantche in northern Burkina Faso, men traditionally cultivated and controlled the millet and cotton crops.
When groundnuts were introduced as a cash crop in the 1940s to facilitate payment of taxes, women became the major
producers of this crop. Men only began to take up groundnut cultivation in the 1970s when cotton cultivation became less
remunerative (Hemmings-Gapihan, 1982).
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all have implications for women's productivity, time and resource use, status and fertility decisions as
well as for household-level food security and child welfare.

5.12 A major difference between the two farming systems concerns access to land. Where women
have specific and gender-segregated crop production responsibilities (as distinct from participation in
farming activities controlled by men), this requires access to specific and distinct plots, and women's
rights to land assume special importance. Although there are a number of exceptions, particularly in
matrilineal communities with matrilocal residence systems, women's tenurial security is usually far less
certain than that of men. Moreover, as men expand the scale of their farm operations in response to

Women's ights to Land in Traditional Tensre Systems. .-...........

In Ghana, there are differences among ethnic groups. In most groups, land belongs to the lineage. Any memb.errof the..
lineage, male or female, is entitled to occupy unappropriated communal land and thereby acquire usufructuary igs to that

.. land. For most practical purposes, 'this- appro'imates ownership..' In:practice, lineage members:seeking land ofar n..ask
the lineage.head to assign them a piece-of land, It is widely claimed. that there. is discrimination against woM-en in .this
allocation process: fewer women obtain land; women often get less fertile land; and women obtain sraller 'parcels. i On low-.
feti and,:women can only grow cassava, and ith smaller holdings the e.annot practiccshifting. tt and must
fa the same plot every year. Some women also farm on land they receive as gifts from the'r parents,or'.h bands- 
--some patrilineal groups, such as the Krobo, ,women usually.have no access to. lineage land,. except some unmarried women
l,iving.in their.parental home and farming land allocated to them by their father. The commercializationof f-arminghas le
to. increasing comme'riaciation of land, and land sales are now 'tking place', roding the prncipl'" of inalt na le lineag .
landholdings. Tenancies have emerged as the other major form of rural land alenation (Date-Bal, i985, . 221-).
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-in Kenya, women traditionally did not inheit lad, but their nights to use. laned belonging to . m ,r ale 'r,e,la,ti,ve sw eiref as,s u,red+,.-
-Today, unless the- lnd is registered in:-their-own name, w.omen's righ.ts..-to:,the,,use,.of. lnd are.,:threaten,ed.,by,. lad'.

.cneiaization-. Except uin some areas with 'matrilineal traditions, womnen malae up a mtnuswuIe p,e.rcenta,ge, of-regist,ered,., 
-land-holders. Property rights after divorce or husband's death differ considerably- among -tribes, iand' cuistomairy .laws 'are
'held up in courts . Among the Luo, Kisii and Masni, widows or divorced women may have to return to their.'native families,>
.because wives have no-propert of their own. Kiluyu women are entitled to propert acquire ,b'f.o're, .marri,age and t som
,share of propert acquired wth joint effort during ma.rriage (Ventura-Dias, 1985,- pp.. 172-1731.-,-,',','-,, ''' ,''',:''':,:'.'-

In the rice 'farming systems.of Madagascar, -the household is the basic unit of-product.in an.ad consumptin an -th ric' -'rop 
is th epropert yof the household uni't, but'm'en' and women havediffrentia accesst reourcs an coWeetr ao
roles. Traditionally, men controlled the usufruct rights to most land . These were inherited by their. sons, :daughters -could.
iherit land where there was enough. With increas'ng land pressure, control over land ,has, be-come tigte and mr

individualized, with rights akin to ownership although these may not -be .officially registered. W,omen, therefore o :not-.
generally have independent access to land, but grow household food and cash crops on. their husbands' land.: However ,:
there are four ways in which a woman mnay acquire ownership of,l or-usufruct rights to, land on her o wn:+ a women. may.-
purchase land; on divorce a woman has the right to a third of any land bought during the marriage by,'the househ.old (even,'
though the husband may have controlled the money and negotiated the purchase); widows mnay use their young sgons'- land',
to provide for raising their children; and widows and divorcees sometimnes farm- on a sharecropping basis (l)ey, -1984b). .

In the-matrilineal-matrilocal communities in Malawi's Zomba distnict,: women's tenurial s'ecurity is'.very,h,igh,- while' tha
of men-is low, Women tend to live in the settlements of their birth and obtain plots for cultivation -cit,her.fr,om 'th,eir mothers,
or' grandmothers -or from the village headman'(who has the formal right to allocate and reallocate land,- a. right :increasingly
rendered Dmute by the non-availability of vacant land). Women do not lose -their land in the event- of divorce, -separation--
or widowhood (Hirschmann and Vaughan, 1983, p. 89). . . .. .'::.. '' . '-'....-.-.,.

Land ownership in Sierra Leone is communal. Women have access to communal land, but clearnng and ploughing are too
difficult for women who 'cannot afford hbiring tractors or wage labor to do this. 'They therefore work main,ly on land owned
by their husbands or other male kin or as laborers on other farms for payment in cash or:kind. Men and,women co.operat,e'
in farming: women are mainly active in planting, weeding and harvesting, men in land clearing and tilling. Women.also
have home gardens or grow groundnut and cassava on abandoned rice fields forhome aconsumption; rsurus pr,oduction is'
sold. They sometires grow cotton which they spin, the men selling or weaving the yarn for the,mselves orthe women.
Rice is the main staple, and rice processing is femare work (Stevens, 1985, pp. 285-286). up a ' '
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market incentives and by making more use of improved .... .....
technology, they often reserve the better land for ...G.e..-n.der,Frm.Labr .and..r... ..A.
themselves, pushing women to more marginal land. In a vilge stuy i Cameon, -me w tuid t
Krou women living near the Tai Forest in Cote :work anaverage of . 32 Ihoursprwe, w'o'menover"
d'Ivoire had to leave their own fields because of 64 hrs/wk. Domestic tasks took up 31 hrslw fori
expanding coconut and oil palm plantations and womenl 4 hrs/wk for men. Farm work; ave 12
increasing immigration of new settlers from the Sahel. hrslwk I for: men and: 26 hrs/wk 4fr women. Men
They were forced to move into the forest where they worked mainly an cocoa, but some alo produced
farmed clearings left by loggers. In these areas, banmns and ps forhoae.con producedmostly foodcrops, for home cnupinadfrsl
farming caused environmental damage and soils were -fioedf saes being their: main source of cashiome.-
not suitable for the cultivation of annual crops (Bamba, Men engagd inua 'far fwidert range of non-fanin.g
1985). activities than4women, although tradingin food, : rn

and cigaretest.was a frequent:se0ondayry` c ivtyfor

5.13 Access to labor is another problem. womn. Mene hourly rerns fro inan-ar5.13 Access to ac~~~~~~~~~~~~~~~~~~tivities, were. cons Aiderbl hige OVIan womenS.~
Women's farming systems depend very heavily on .....hourlyrturnsfr.om food crop podtion..Men
female and child labor. Adult male labor may be helped.theirwives with s.omela.ndclearing-actiVties,;

available from husbands or other male relatives, but women had toworkon thir husbands 'pIo when they
usually only for very limited and specific tasks. In were& asked tdo, so.
many communities, women try to ease their peak labor When a road wa o t theirvillage, wdme1j
constraints by participating in various forms of kinship- reponded byin imost on
or community-based work group and labor exchange growing food fcropsi forikareing. M en d responddby
arrangements. But in most settings, women's only growin: Moroe ba anas 41and planins for s "o
resource is their own labor and that of their children to wholesalersiand spending less time helpng therk wives'.
meet their production obligations in the face of grow food crops (Henn , 9 85)..

multiple other demands on their time. This may
contribute to the maintenance of high fertility rates. For female-headed households, limited access to
male labor is a particularly severe constraint. A serious consequence of the decline in available male
labor can be observed in many forest- and bush-fallow cultivation systems. In Cote d'Ivoire, for instance,
men are often late carrying out their traditional tasks of clearing, burning and fencing women's upland
rice fields; this results in late planting and reduced yields (Dey, 1984b). In some countries, lack of male
labor for clearing dense vegetation and women's inability to do it with the simple hand tools available
to them is forcing women to continue cropping land that needs fallowing to recover. Since women can
clear light secondary bush, fallow periods are also being reduced (Dey, 1984b). In both cases, the result
is more rapid degradation of such plots.

5.14 Another example is the rapid deterioration of the natural resource base in parts of Zambia
where chitemene farming is the traditionally predominant form of land use and where adult male labor
is increasingly scarce at the farm level. With mainly women, old people and children as sources of labor,
the traditional practice of climbing trees and lopping branches for burning on chitemene fields is being
replaced by the felling of whole trees. This severely affects the regeneration capability of the available
and accessible resource base (Vedeld, 1983, pp. 98-99). Moreover, the long distances between village
and fields and the rising pressure on women's time are forcing people to shorten drastically the
regeneration (fallow) period on their fields, cutting it from the traditional 25 years to as little as ten years
(St0len, 1983, pp. 32-33).7

7 Although millet is preferred in the diet in Zambia, cassava has increasingly replaced it as the main staple because millet
production is constrained by labor scarcity. Millet is now used mainly for brewing beer to generate cash income. Most
people's nshima now consists of about 70 percent cassava meal and 30 percent millet meal; cassava meal is nutritionally
inferior to millet meal.
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Chtemene Farming In Zambia : : .....

In the rhitemene farmign system of the Bemba in Zambia's Northern Province,,crops are grow,n on cle,d forest :t-
'.ferld wt ash obtained by burning tree branches collectd from 'an area. fve to6eight t the sie of the cultvtd''

field, Millet. groudnuts and sorghum ar,e grown for th ,ree,' :years;ten the plt is abanden M' , 1 -'"an
fell tr'es ansd:turn the soR:il Men a 'nd wotmen share' n scaring brds away, harv,e'sting and bildin'g storag facilietis. -Women

.... . -........... ........ . . . . . . .. -. - - .-.. . . . . ... .-. ........ ... .... ....... .....tUrn the~ soil, plnt weed, r birds harvestVand car thev pt pk r roduchom. 'The lso cutivate pumpis :We.. POate.
: and groundnuts.. Men hunt, fish -and .engage I inter-regional trade. Male outmigration became signicant during the .
coonal' era and caue gradual changes in the farming system. S ce w menc t sy l t , frtiz
was reduced; wher they tried to maintain -th system,: they cut down entir tres; but this inhibitd egen ration. .Cssva-
was introduced in the 1950s after a locust attack had caused iseere food shortages. Traditionally, womenl" had' acces'
land, but with the rising emphasis on cash cropping of maize, cotton, sunflower,.tobacco and groundnuts, men increasingly
used the better land themselves and became less willing to allot good land to women for.food cropping.- Maiz is eaten on
the cob for a few months and is not significant in the diet; pounding meal takes too much time, and,the crop is largely ,so,ld.
Sweet potatoes are no longer grown in significantamounts. Neither is sorghum, due to the time-consumng task of scaring-
birds away. Male outmigration continues. and is signifiant. The use of oxe'n has ' helpedma,e 'up for . clii mal br
availabilit, but doe n the time needed for soweig,weedin dh heti ng h 'an
EPhr. 198.). --

5.15 Since women more often lack the means to invest in agricultural intensification and soil
conservation, farms managed by women are likely to be particularly constrained as regards possibilities
for increasing productivity and particularly susceptible to resource degradation. Where farm machinery
is available to the household or family, it is not necessarily available to the women; if it is, then rarely
at the critical time (see para. 5.26). Since women cannot afford to take any risk with the family's food
security, they proceed instead with the traditional tools
available to them, depending on their children (and ProjeImpactonFale Laborand In ::.
sometimes other women in their village or kinship
group) to provide the needed labor. A project: among:th,e Tiv ,i cen,traligeria assumed

the opera tion of'a joint-family farm -- althouh ,men'

5.16 In most SSA farming systems, women also and women,traditionally-have distinct labor roles andcotrol1 of S p cifIC crp$.: mnif control mle: ie
provide significant labor input on the men's fields. connlons, men yam eassva, m e
Polygamy allows men to command more labor (wives sorghum and .owpeas. Intend to rfaisse productiity
and children) and thereby extend farm size. Under for all food and cash crops, the project had an uOne,ven'
most traditional tenure systems, land was/is assigned impact on male andfemale labor. Annual agultural
on the basis of ability to cultivate. Hence, more wives labor input incrasedby 7-per.cent for.wom.en-:
increase the capability to cultivate and the amount of compared-with 6 percent for men. Moreover, malelabor requirements -were distrbuted more evenly
land that can be controlled.' As men expand their throughout the year, while much of the additional need
farming operations, their demands on women's labor for: female labor was concentrated in iOctober-v
(for planting, weeding, harvesting, crop transporting December, adding a new major labor boleneck. The
and processing) increase. Project interventions often gender-specificity of farming responsibiliges 'and:

income control also meant that serious conflicts aroseexacerbate the problem. In a project in Cameroon, for both:men.and.women at times of pelabor
men received land, water, seed and training to produce demand tradeoffs having to be considered betwe.en

rice; women were expected to carry out their working on one's own crops or on those controlled by-
traditional tasks in the men's rice fields in addition to the other gender (Burfisher and Horenstein, 1985).
cultivating sorghum for family subsistence (Dankelman
and Davidson, 1988, p. 13).

Women often welcome an additional wife, because the husband is no longer solely dependent on a single wife and because
a co-wife facilitates other methods of coping with survival needs.
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The Balaa Brasa inG Gu Ma-lss

The armig ystem: othBaaa rsathsigeagstthcgroup in. pum~Biu ibased oninten..v iv rgtdrc

cutvtoni at wte boIa (swamp. paUis) supIeted with uplad cliaino Wuchcrop te millt orh
fonin, maize, cassava, groun~dnuts, beans,adulnie Frit tesaeoliae nuln ra,epcal ahw ~c

isthe, m Insae,ad themn= ar reSpsiefopridnitWmn are ~oblige toi prvde laibo teir ubns
boaha as well s fo furishig th ingrdients (getables, mAk ih,ec)for the .sau~ce tha is e:aten -with the: rieCttle:
are tprtttothe Balanta Bra4ss, :and~ both men and: womnen c04a , ow attle, btWomen mroe fqunty w smal livstok.
Cattle are managed, by boysl and young men.r, Milk an g r adly. utiized, cattleben prmrl ue osorweath-
and for ritual purposes:and socia exchanges. ... .. 

badis collectively owned by the patriuineae adlitheml eaxfte iegallloats lndto hecomouds.The ale
~compoud head M-initr deterine thealocto oft. an ocleciea.el.sidiule .Me ha.... bot collecti.

adindividua botanha and conrolthe prdutfrmboth. The als cnrlosof thqpadfed Jgarqs wic the.. Y.
pereand, seed; the women help with weedin ad hairvestig Me undeakalthladpprtincivisonfls

intne foram ~ &~hiwiisubsistence crops.:: Twice a year,the prepar th oonas tlzn Male age-grop WOr tAtn fte 
afford to feed and pythe m (in id ad/o cah). Young men, UsUally inok gru c lear,alnwln fo'r cultvation an

*build the ridgies. ~They als ridge the Juigrs Repi admaneance~ of iigton dikes and canals, reultin thewae flow
*and des4linating the boalnhar with rairnwateris don.b adult ~males, 'usually in work ~g;vups; Rice: nusresaeeprdb

*each' individual f4miy th e reaig the land, the women~ doing teseding Wonar responsible i fosedling
tranplanting (although men often help),~ weeding (men and particul*4l childre will hielp), w"innowig the thehedriean
transporting it to the storage, houses in the village. Rice harvesting and thresingisi doeby one e inok groups.

*MOst mein give~ their w,ives separate smallbbolanhas in the drier fringe of the swmsaswl astgatogo a eI rp
o~6f their own. :The women cultivate their individual boltinhaand ~lugars ~on their own, usuall byhoeng withthhepftei
daughter anid/or fostr daugahters: For ridguing a,groundnut field, they m~y obtaini the heOlp ofthi~r hubnw rhie4wr
'group. by.providing 'rice :and othercomnpensation 'for them. Wo~AVmenalso haetergresi r ertevlaet rowx
~vegetables.

Therie produced on the husbanld's Z'olanhas is owned bYhi,bu thebul Jf t i Wosue by the f4amiy Parsof i x
i~given by the iman in corrpensgationl for labor provided to his wives (for sale), pat r xhangeCd fo tobcc Orthercnu

goods drnthyer:ad aysrlsiused to invest~ in lvestock, preferbly catteBy cotas,cop rducedo h

women's: fields anid in their gardens are ther personal propet and mfay he sold by them."

With the increasing outmri-gration of males for urban employmCnt,.women are faced withIgrater direct reaponsibi lityfo
bolanha cultivation, but increasingly lack access to sufficient aduluT male labor:to masintain:these sytems ChangeAi
'hydrology, caused by prolonged drought and b ptemdmcntuto,aecuigicesn aiiyi h oahs

wtsignifcant neatv effects o prductivity. ~As aresult of these.developments the prsueo padaesforinces
cultivto Is rising,: wit,h~ negative consequences for tho environment and the suistainability of the traditiona arIngsses

*Women are expanding their involvement: in: the production of palm~ Oil adwine, arnraigteir:vegetable podducion for::
commercial sale as well as their commercial fishingz and f ish processinig Activities.:

Balanta Brassa women arm active in various artisanalactivities: the production of ceramics, soap, palm oil ad wie,alt dried,
salted and smoked fish. The.y also collect ashew nuts for saleand produce.cashe6w wine for tthe market. They :fish for shrimp
and small fish and icollect molluscs. Women also derive income fromAtrading and' frm th sae csew wine, palmf oil,
processed fish, vegetables and rice.

Husbands' and wives' incomes are not pooled, and women have the legal right to dispse,o their income as theyplese It:
is not unusual for women to have more disposable income than their husbands Husad Aofilt6visblt~o~h:~

sur-vival of the famlay and, except in timues of abundance, all of the products: from the ml ilsaekp o oeue
Women's contribution, is, thus, completely met through their labor on ma,le fields.. ]Women use their. incomeiprimaroily for thei
own and their children's personal needs, to compnsate work parties, and to: pay for: ceremoni-es (Lifton 191.
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D. The Separation of Budgets
Budget Separation among'the Fula and 'Miinga

5.17 In most societies of Sub-Saharan Africa, i i 
men and women also maintain separate budgets, and are resplonsblefoeunanadeguate supply.
there are intricate, but well established conventions staple food for thefamily. The women art entitd to
concerning their respective sources of income and the the produce and income from their owvn-, fields; th'ey,-
responsibilities that are to be met from such income. use it primaril3' to meet their own.and their childr,n's
Husbands and wives may sell to each other, even lend personal needs as well as to meet social.obligations,
to each other at considerable interest rates. The but the husbands may take part of it. ong e
support men are obliged to provide to wives (and communal grana,ryh a's well, wome
children) varies considerably among communities. So provide labor :to their husbands as wth
does the importance of the immediate and extended condimens that are eaten with the ,daily .ric. Wom. ""
family and of the household and compound as resource n fact,,often have conside''bl " r dio'' b' 'family ~~~~~~~~~~~~~~~~~~~~income, than the mieni, derived from anning nd fro
pools and as production and consumption units. tI..na than trading acivites,ad arn. farnet d.ecde

artisanat-ad ,tran, Mcvis:an ar,e,ffi to decide,
upon its utilization. ,P.apel w 1omen ilso have .q.uie...

5.18 In most cases, women depend heavily on specific responsibilities concenig,f t n,ancial d:'
their own, independent (cash or kind) income sources, material contrbution to houseold ad
from farming and non-farm activities, to meet their cons..mption-epenses Husban

o6ver the utilizati6on of thei'r wvs nom,wihiresponsibilities. This has crucial implications in terms dver ived manlfo.th"esalve, of a la d
of the incentives faced by men and by women with .sads an and palm wine (J..ifto, 1991).
respect to investing labor and/or capital in specific I;__......_________........
farming activities or other ventures (including soil
conservation or fuelwood production). Research from Kenya highlights this: "In female-headed
households, weeding raised maize yields by 56 percent while in male-headed households, yields increased
by only 15 percent. ... where women controlled the crop and the income from that crop, they did have
the incentive to provide the necessary labor input for weeding which resulted in significant increases in
yields" (Horenstein, 1989, p. 13). Case studies abound documenting intra-family conflicts over the
allocation of women's labor between crops considered to be under their own control and those controlled
by their husbands.

Gender Separation of Budgets Among the Wolof..
- - - -:: : : . ...- .. ... :: -:,:.: ,-:.,.....:: : : ::: .. :..

AWolofmanin Senegal is responsiblefor providing'his:wifewithddeent'housingadabed '''ahoead sic lenew ' ailes
of clothing on the Islamic feast Tabaski, the payment of taxes, and the main' pa rt of: the b w:dewathof 'son .
addition, he buys the rope and the bucket for drawing water and salt. The woman, is sponsible fo, pt hrb
and relishes when it is her turn to cook, firewood, and.the payment-of aboutone sixt of the bride-walth of her sons. :She.
also buys.the puUey for drawing water and the medicines used by:herself and her.da ugh's. A subs a pt o ld
expenses. is, th us not borne by the women - nor,are new e,xpensesalways on the :acOunt of.the women. -- r exaplex -
grain threshing is paid by the men, while grindin s are paid for by the,women .The cost..of modem ed' n i shre
between husband and wife - the women looldng after themselves and.the girls, the-men.lo,okng ater th,e boys. However,.
medicines used by very young children are always bought by the women- . .. .'. ...

- ~~~~~~~~~~~~~~~~~~~~~~~. .--- . -.. ...................---.-,-..-. ..... ... .......
Nevertheless, women's household expenses are increasing. Due to population pressure, the. area cultivated has incriased
and many useful trees and plants have disappeared or: now only grow far' away: from the village....M -ny.wom o bun
herbs and relishes they formerly gathered in the forest. They also buy ingredients not formerly sold _in fe shops (e.g., red
fish, toraato paste, onions and sugar). Women now buy soap and matche (inifomer tes soap wa homa , an 
fire was left burning continuously). The Wolof woman also takes charge.of purchasing household articles. Today, ithiese.
are mcreasingly more numerous and include notonly handicrafts, bu¢talo imported tm. such as plates d gases. e
if these articles are initially bought with the husband's brideprice, it is the wife who pays for rpla Ws..

- ~~~~~~~~~~. .:.: :.:. : ., .:...-:::-:-:.-,

Sharig of household expenses has also been reported among Senegal's.Hausa, Mandinga,.Bi-mbar''and uniVnema,
1986, pp. 90-91).
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ii.Women,Food Securitaid Nutr*tion a

0NuStriton is ta}0 function o4f ja Xnumber of ;factrs, incElung lnot fonly} foodavailability :but also nUb t f p ar,'
a:4nd fding practices, pressures on women's time,dlack of essential micronutnents Iand por santaton and water. supples.
The way mothers feed children; and, treat diarrhea also maters, as does th:amsazserxn: which household income is cn old
and* spent or the selection and preparation of:'food.: :'These behaviors appearto bei endent of i n omedlvls and are
compounded by poor health. Until progress ismade nI flowerng birthrates and increasing food avaiabiity, efforts to
Improve nutrition must: focus pr'maril on famyntered intervntionstomodif' f pces. Nutritional statu A
b&eimproved at any level of food avilabiit.l: :Womeanare, ob,viousy te; main .audiencefor .nutrition education prgrm
especially as concrnsm the value of ubrgotleeding ad you chidren's needs at:weaning::and bey.0od. :

Fo,od insurity and anuttition are in large patt, a a gend an gevenwitin g4oups atu
malutriftion most frequenty (urban poor lndlesslabore'rs subsitenefamd omaic poultions women ad children
tend to bemot affeqd' within households, wome ge lessfodthanenin absoe tesaswe as in ters fte
own nutiinalreuirments' (Horenstein, .1989,p 14, itin Mc.uirqe an r,op_-n 198) Smlhildrnadlatin
mothers are the most' vulnerable groups, andnmanautnrtion is probably theboggestsingle coibt or to high chd. mo.tl.ty .

At the household level, food security is dtlyifluenced fby agicultural performnce. Many of t
insecurity are small farmers - often women - in isolad rareasa with hig transpot osts andlile or no accessato markets.
In most }of these,cases, increased production of food and: greater b ilitility ar vlikely,C.bet eonlyMVVwaysAto
provide food security. Women:: faceX multipe: constraintsimn sesmurig jadequat' fOd for their children d t: I'= '-'
TForemost among them are those rooteid 01in the gender Rseparation: Qof ffarmingand family mtaintenan rsponsibilities note,
abov,: Thi ghlights the ineedto redress the biases' aganstwomn farms in access t d,; i n r

women's pructivity in agriculturc and their inome from trade. In addition, te increasinuwoCari hng
:0:tfan efect-on foodpreparation andfeedig ipractices, withpatulrly serious consNcgs for s all chil .o S_o- i a
difficulties woenice in obta ngadqute quantities of_ sfeepotable water (se paas910-9.4). . ....

Technotogy improvements ar nededd f or pro ssi and: storing I oca 'fo. s
increasingly valued as urbanization proceds 'and' as4women face more demands - -on -.their ti rin varietesamenab
to central processing and easier to transport Cneed to; byeY developed .' 00 Improvementsnsto6t rage wouleu physica ssew
and improve the regularity of food:supples to.lc-al markets :: ...........

5.19 Given the separation of farming systems and budgets, the benefits of improved technology
and productivity on male farming do not always translate into improved welfare for the women and
children. Men often spend their additional income on further inputs for their own production activities
or on personal consumption. It is not uncommon for children's nutrition to deteriorate while wrist
watches, radios and bicycles are acquired by the adult male household members (M. Carr, 1985, p. 125).
With women responsible primarily for family food and maintenance, men in fact often reduce their
contribution to family and child maintenance costs (food, fuel, clothing, medical expenses, soap, etc.)
as women's incomes rise (Henn, 1988). In the Banfora region of Burkina Faso (as among the Mandinga
in The Gambia and Senegal), women spend a significantly higher proportion of their income on food,
medicine, clothing and school fees for their children than do men. Men spend relatively large amounts
for bicycles, beer or additional wives (Dey, 1984a, p. 64). A study of two villages in Malawi found that
the nutritional status of women and children in particular was better in the subsistence village than in the
village with significant cash-crop (tobacco) production. Although other factors might have played a role,
women's greater labor input to tobacco production on men's fields contributed to lower subsistence food
production and availability and reduced time available for cooking. Cash income generated from tobacco
production was not used to purchase more food to compensate for lower subsistence production (Engberg
et al., 1988, pp. 99-100).

5.20 Where men and women have clearly defined complementary roles in providing for the family,
the man often has no obligation to take over any of his wives' responsibilities even when they may have
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become unable to fulfil these themselves. If women lose their independent income, due to changes in
farming systems induced by development projects or market forces, they may not be able to meet their
customary obligations. This is not only shameful and distressing to them, reducing their social status and
respect, but the family, especially children, suffer: nutritional levels fall, cleanliness may be affected
(women spend a relatively large proportion of their money on soap), clothing may be less than adequate,
and school attendance may well decline (Dey, 1984a).

E. Farm Technology and Gender

5.21 The separation of budgets also affects women's access to technology. Women farmers often
are, or perceive themselves to be, restricted to low technology farming because they cannot afford
purchased inputs. Lack of collateral (mainly of land title) is only one part of the problem. Ability -- real
or perceived -- to service debt is the other. Risk aversion is often far stronger among women than men,
partly because a woman usually bears prime, if not exclusive, responsibility for feeding and maintaining
the children and herself.

5.22 Gender is an important aspect of the farm technology problem (non-adoption, slow adoption, low
utilization). Technology transfer is often hindered when intra-household dynamics are not taken into
account. In many cases, women will have to provide the aditional labor required. Or they may be
involved in the decision whether to adopt the proposed new technology or not. Failure to understand
these factors or to consider who receives the benefits and who bears the costs, who will pay for follow-up
maintenance costs, can be fatal to efforts at introducing new technology.

Gender-Specific Work and Family Maiintenance Obligatons
and Their Impact on Technology Adoptiona'and.,Farm Prod ctii,ty' ' ' .'.i .. '.. .

In the Mwea settlement scheme in Kenya, young (mostly nuclear, but sometimes polygamous) familia: were .setd to-'
cultivate irrigated rice. Rice fields were leased for life to male tenants, and small plots: for r- o, g -t ditional: sf-,
provisioning foods were lent to the household. This effectively meant that food plots were alated to wvecs a' 'ong
they stayed with their husbands. In polygamous households each wife had use of such a. plot. ..Although:wo wr by
tradition responsible for providing the fanily's food and had done so w-ith sm rplusur I sfor-sa e from, t,i d
the food plots in the new settlements were too smal to ensure family. food self-sufficiency. Planners, Impl.y as.sme th.at
part of the rice Clop would go to family maintenance. .... .' .. ' ' ... .

This led to serious difficulties. In addition to working their food plots, women shared in aU r v
al the weeding.- while the men had ttle to do on their rice fiedsbetweenplanti and ha'vstn And .ofte left foreveral
months. Many women, unhappy over their increased workload and the la of control.over the returng.from their asddti6li
labor on husbands' fields, exercised passive resistance to work on the ice fields and did only minima weedin' esp'cially
when th competed'with work on their food plots.. Although these plots were too s mll, t supply., 'th4osehold wi,. 'd,
women wanted to work them as carefully as possible since they had full disposal rights over the produce. -Tey also neede'
rice as well as cash to purchase additional food and other household necessities. They received some' rem'uneration from'
their husbands, usualy in the form of paddy, but this was insufficient; it was,used to meet family food neds or sol
purchase preferred foods. This left the women with inadequate cash to purchase firewood, a critical necessit tsince'there
were no forests nearby. A women was considered fortunate if her husband bought six monthfs' supplyof f,i reoo.

Community issues were discussed in tenant associations chaired by leading far m erb'sappoit.by prct ment-n
appropriate fora for women to voice thcir complaints, Action was taken only when project managemen be,.me ornerned-.
over the unexpectedly low rice yields and when some women took their. complamt directly to management. It. ca ' nt'
form of better milk and firewood supplies, which ameliorated women's cash problems. It did not to'u cm-hon.the. .'ne,'w,' a..d.
unfavorable set of intra-household exchange relations create by'the scheme (er, 1985a, p. 18, FA, 10, p
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5.23 In Zimbabwe, hybrid maize was introduced directly to women farmers and production has
increased substantially. In contrast, a program in Tanzania to promote hybrid maize cultivation through
extension and the distribution of subsidized seeds, fertilizers and pesticides to men encountered resistance
from women farmers who predominate in foodcrop production because it increased their workload
without concurrent control over the income. There was also some resistance among the women to the
cultivation of pure stands of hybrid maize, since maize is traditionally intercropped with beans or cassava.
The latter represent a valuable complement to maize, and their reduced importance in the farming system
could have negative nutritional consequences (Dey, 1984a, pp. 54-55). In Ghana, women were reluctant
to switch to a new hybrid maize variety because it had an unpleasant taste, was hard to prepare, was less
resistant to insects and drought, required different storage methods, and needed fertilizers which affected
its taste (Dankelman and Davidson, 1988, p. 18).

5.24 Few of the farm technology improvements developed and introduced to date have been geared
to, or even cognizant of, the needs and constraints of women. The provision of mechanized equipment,
new seed varieties, fertilizers and herbicides has largely been linked to the introduction or expansion of
industrial/export crop production and has, thus, mainly gone to men. Female farmers have benefited
little. In many cases, women have in fact been left worse off. The introduction of animal-drawn ploughs
may help men farm more land and/or reduce the time needed for land preparation -- but it does not help
the women who then have to plant, weed and harvest. In Sierra Leone, the introduction of tractors and
ploughs eased men's work load in rice cultivation, but women's workload increased by 50 percent due
to more weeding and harvesting (Dankelman and Davidson, 1988, p. 13). Women's time constraints and
the low productivity of their labor are already critical constraints to production increases, both on their
own and on their husbands' plots. Yet women have not, on any significant scale, gained access to
technology which would increase their labor productivity.

5.25 The adoption of animal draft power in Sub- X ........
Saharan Africa is usually motivated by the men's . PiocesiiIg in Nigeria
desire to reduce (male) labor requirements and/or Vin .Nigeia gari prducdoi rma
increase the acreage cultivated. A major multi-country 0 Inumber of es peeig, washng igbai
study found that the additional area tends to be used to pressing, :ermIntItion, seving and roastng.. For. a
produce market crops (such as cotton, groundnuts and typical 125 kg:bag of gari, 200ltubers are e , and6d
rice), while the area under subsistence crops usually t erhe to.treuirep cessulgLveageseverSQ.
remains unaffected by the introduction of animal draft .hours.-Peelig(0 I ours)and roasting.(13.6 .hours)..are the: mOs tim-eOn0Umigtss ihcsso
power on the farm (Pingali et al., 1987, p. 101). This N. 2a,314.$3Q.1pebg ba gosd veesfNf 3i 
finding confirms, of course, that farming intensification 71.6 p6 bag, net revente per bag fgariranged f om A
and investments in technological advances are kNa3.24to N 10.60 i 1o981824.- quivalezfto N 4006-..
associated with commercialization and market access. 0.211 hper W hotrof wort. .Wome.in ihe .a...
It also confirms, however, the technological gap ; 6 surveydprod wed bwe4 and 12 bags peryear,
between male and female farming systems even within Initial efforts to introdu echanizan intonari
the same household. Men take up animal-powered adopti was r n. ybr mehanil. r
ploughing and expand their cash crop acreage and iEbut ifhey were aowneddbyinen"whcould a'ord the
production, while women remain stuck with hoe in .vesmen. b t fWomen y h i
cultivation on their subsistence crop plots (and are :drudgeryo Iianual ratigreduced(Adeklya, 1985).

often required to provide more labor on the men's
fields as well).

5.26 Farm machinery may be available to the household, but not necessarily to the women. If it
is, then rarely at the right time. In Senegal, "farming equipment is used first in the fields of the
household head, then on those of his younger brothers or sons, in order of priority based on age.
Finally, the women have use of the machinery. Thus, women who wait for the use of seeders and hoes



- 57 -

are late in planting and weeding, significantly reducing their yields" (Loose, 1979). Household
possession of improved equipment or technology does not necessarily result, therefore, in time saving
for women or in productivity improvement in women's farming activities. And, as noted above,
improved technology and productivity in male farming do not necessarily improve the welfare of women
and children in the household.

F. Women's Time Use and Productivity - T d
,-',FmalbT a,ge,od !Teholog. ntrod,utkion -......

5.27 Overcoming agricultural stagnation and .n n Tg ie ge c e 
food insecurity hinges on increasing the productivity of m. ..et), 'whie..wome provide the ee' -. mea
farm labor in general and in the production of sesong ndsus. Deforei, ha 
foodcrops in particular. In many parts of Sub-Saharan redu.cied".;thenumberodw. d trees o w
Africa, where subsistence agriculture is largely a wmen cole wood ad the se whi.h.they .ai
female task or where male outmigration has led to a condment t the diet.C n
significant feminization of farming, this means placing successful fari .,and ,f,aiy health'pr.oect iTg
strong emphasis on increasing the labor productivity of Mali and Ghaa, s 4uppore. by World Neighbors and
women. And while this, in many ways, will require -Family Healih Advisory Services. tusdoybeanas
the same kind of measures that improve the the entry pointi but differed from other soybean
productivity of male labor, it also requires far greater projects by introducing them not s a cash crp, bu s
sensitivity in policy, program and project design to the a legume for-mg sauces. Hence, the m d ,ot
different constraints and incentives faced by men and soybea Thei proe wit d mfonstmrao plot
women in rural production systems. Efforts to andogmsins,sitsosoyb groW
increase rural women's labor productivity will achieve iages,. and ,work hs in wo s hom.i
very little unless they take into account (a) the exact used as a subite f,r te i
modalities of their involvement in agricultural and da,-see soybe grduarly .a.o.e.siother 'dishes. and fo igh-proti W:ordg ...
agro-processing work and (b) the severe limitations chidren ( and Iddi, 1986.
imposed on such work by other time-consuming child
rearing and household management tasks.

5.28 Rural women work not only in farming. In much of Sub-Saharan Africa, they dominate many
of the rural non-farm activities that grow most rapidly as rural economies undergo structural
transformation -- activities such as food processing and preparation, tailoring, trading and many services.
They also hold major interest in many of the declining rural non-farm occupations -- basket making, mat
making, ceramics and weaving. Women will therefore be key actors in the economic transition of
Africa's rural economy. To facilitate their contribution to an accelerated rural transformation requires
that governments and donors explicitly recognize their key role (Haggblade et al., 1987).

5.29 Increased female productivity contributes to economic development. It helps increase
aggregate productivity in the economy, reduces the incidence and the negative welfare outcomes of
poverty, reduces fertility levels, and increases household demand for health and education services.
Increasing the returns to female labor raises aggregate family income, but also women's control over that
income and, hence, the share of total "family income" spent on food, health care and other basic needs.
Increasing female productivity also increases the opportunity cost of child bearing and thereby strengthens
the incentives for families to invest in women's health and education.

5.30 "The real rural energy crisis is women's time" (Tinker, 1987). The single most binding
constraint to increasing female productivity in farming, and in other income earning activities, may well
be women's lack of time -- or rather the inordinate amount of time women spend every day on time-
consuming low-productivity tasks that are essential for family maintenance and survival. Easing this time
constraint requires measures which reduce women's domestic work burden. The provision of water and
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woodfuel sources close to the home would be an
important first step. Essential, too, is affordable and Improved Technoogy for Gbaaian Women
appropriate time-saving technology to reduce the Some succssful attmpt at intducing iniprov .

drudgery of food processing and preparation, water m nlogy for women in Ghana Iancuded 6a low-cst,-
collection, and fuel fetching and preparation. higproductivitylfish mokingoventhatrequireonly

i0tminor fadjustments roniM traditional smokingm hds,

5.31 To improve the productivity of women sun-dryag racks: fr fish, and improv cassiva
farmers, a variety of measures are needed; many of prc essinagtechnologwy Cultuataboos amonctain

these, particularly those concerning agricultural trus such as restricto0ns on women participation:in.weaving 4&ari:nwomen touching cattle prevented
extension services, are already being implemented in a the adoption of some technologies. Technologies
number of countries (para. 8.62). Far less has been accepted have enrybeen those that,oe in

done so far in other important areas to help improve or upgraded traditional techniques - because this
the productivity of Africa's female farming systems. tended9 toensure socia acceptbility by not disrupting
Researchers need to be far more cognizant of women's s customedprates,tastes, beliefs andaboos Otheru 4nportntaspects of successfulteckhnology projects for
heavy involvement and of their special needs, women have been the involvement of intended
objectives and constraints; important aspects in this i0:0beneficianes in the identification anddevelopmentdt o
context are species characteristics and processing *improvements, and the dpropagation ofimproved
requirements for new varieties. Women's rights to technology wlthind a :packagecomprisinggroup
land and access to credit are two more areas in need of formation, training andcrdit (Datesah, 1985) X

attention.

5.32 Improved tools and equipment are essential
to improve the productivity of rural women. Many Tec hnology,VWImen's Time, and Productivity

small "appropriate technology" projects supported by Handt-oerated: co:6rnrni:s were, introdudinto

voluntary agencies have successfully introduced simple Came0i in 195g. By 1961. membershi of the

yet effective devices that are affordable, require little :osocieties flounded by w tomento ow and operate these:..
maintenance and are easy to use. Equipment for mils numbered30,000.: Wlth thetUiml thus saved, the
milling, shelling, dehusking, initial conditioning and .Swomenfturned toa varty of community and
processing of crops and conservation of seeds offers indivIdual projects. T. ey.dug roads to theirvillages-

so that trucks: could take out their produce ithey piped
many benefits in terms of raising productivity and water frt i -X stoa taks t pidewater:from small:streamsiLntostorage:tankslaTO:.oVIde:.:
allowing farm women to spend more time on other waterinit6he dry season, and they builtmneetinghouses.
tasks. Small carts, wheelbarrows and bicycles could in central 0locations where :0theyv 2could 0hold classest-
substantially reduce the drudgery and time required to throughoutbthe year. They learned how to look after
transport agricultural produce and inputs on the farm ...their..children,.to cook.and makesoaptoread-and

and to markets. These innovations have been largely write, and to do sim plearithmetic, They fenced intheir farms and gset up cooperative shops. Above all,
neglected outside programs and projects supported by they learn:ed how to improve their farming tecbniques.
NGOs. They deserve far more emphasis in research (Carr and Sandhu, 1987; citing: E:. D'Kelly, &I 4
and extension programs as well as in endeavors to SelfVHelp; Charles Knight, London. 1973.)
promote local artisanal and small-scale industry.9

5.33 Policies that alleviate women's capital and labor constraints are more likely to help increase
food production than policies designed to attract men into food cropping (Henn, 1988). Steps taken in
Zimbabwe, for example, to improve women's access to services and production incentives helped increase
small farm output from 6 percent of the national total in 1982 to over 40 percent by the mid-1980s; one
such step was to eliminate the requirement for husbands' signatures on wives' credit papers (Due, 1988).

9 A Bank-supported transport project in Ghana is moving in this direction: it supports the local manufacture of bicycles,
bicycle trailers and wheelbarrows and, working with local NGOs, their acquisition by local women under a hire-purchase
system linked with a labor-intensive road construction and maintenance and tree planting program (World Bank, 1990c).
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5.34 Programs for promoting women's development encounter few ethical difficulties, but there
is little evidence of rapid change in the role and status of women. Projects combining the provision of
information and education about family planning with other activities directed at women's development
have been successful; but most are small-scale efforts. A far more broad-based and sustained approach
is needed. Women's education and technical training should be given priority. Women's organizations
need to be fostered. And women's non-farm and entrepreneurial skills must be upgraded to diversify the
sources of family income.



VI. A FRAMEWORK FOR ACTION

A. A Continental Perspective

6.1 Successfully addressing the problems discussed in the previous chapters will require
simultaneous efforts in three areas: (i) significantly, and as quickly as possible, reducing the rate of
population growth through efforts that bring down the TFR; (ii) changing farming systems and cultivation
practices from extensive to intensive systems which incorporate adequate soil conservation and fertility
management measures to ensure long-term sustainability; and (iii) improving natural resource management
so as to ensure that the natural resource base and agro-ecological environment remain intact. Essential
to the achievement of these objectives will be addressing the special problems faced by rural women and
the emerging land tenure constraints.

(i) Some Basic Targets

6.2 These closely interlinked objectives can be expressed in a basic set of quantitative aggregate
targets for each SSA country regarding desirable and achievable population growth rates, food
consumption, agricultural growth and environmental resource conservation (see Table VI.LI, pp. 68-69).
Although they are, of necessity, only rough approximations, they illustrate the magnitude of the effort
required -- but also the payoff that will result if the challenge is successfully met.

6.3 To summarize, for Sub-Saharan Africa as a whole, agricultural production needs to grow at
about 4 percent per annum during the period 1990-2020. This, given the present weight of agriculture
in Sub-Saharan economies, is the rate required to achieve aggregate economic growth of at least the same
rate. Daily per capita calorie intake should be increased from its present average level of about 2,027
to about 2,400 by the year 2010. The share of the population that is "food insecure" should be reduced
from the present 25 percent to zero as rapidly as possible. Unfortunately, scrutiny of the various country
situations suggests that it is more realistic to aim for a target reduction to 10 percent by the year 2010
and to 5 percent by 2020. For environmental reasons, the rate of deforestation needs to be sharply
reduced, from the present average annual rate of 0.6 percent of the total remaining forest area to about
0.35 percent per year. Loss of remaining wilderness areas should also be minimized: as an indication,
approximately 23 percent of Sub-Saharan Africa's total land area should be maintained as wilderness
(compared with about 27 percent today). To preserve wilderness and forest areas, cropped land can only
be increased from 7.0 percent of Sub-Saharan Africa's total land area at present to about 8.3 percent in
2020. The arithmetic of these indicative agricultural, food security and environmental objectives requires
population growth to decline steadily from the present average annual rate of over 3.1 percent to 2.3
percent per annum in the third decade of the next century. This will require lowering the average TFR
by 50 percent between today and the year 2020.

(ii) Accelerating Agricultural Growth

6.4 The first requirement is to achieve sustained agricultural growth (more precisely, growth of
agricultural value added) of 4 percent per annum.' This would permit gradually improving food
security and increasing rural incomes and foreign exchange earnings and savings. Slower agricultural

This is the minimum target set in the World Bank's 1989 long-term perspective study for Sub-Saharan Africa (World Bank,
1989d).
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growth would also compromise the minimum macro-economic growth targets for Sub-Saharan Africa.
Case I in Table VI.I (p. 63) shows the staggering food import requirements if present population and
agricultural growth trends were to continue. The food gap, even at the present low average per capita
food consumption levels (about 202 kg/cap/year), would increase from 10 million tons maize equivalent
at present to 24 million tons by the year 2000 and to 80 million tons twenty years later.

6.5 Without a reduction in aggregate population growth rates, even sustained food production
gains of 4 percent annually would only represent an increase on a per capita basis of less than 1 percent
per annum. Even with unchanged average consumption per capita, and with interregional food trade
completely liberalized to allow intra-African food movement from surplus to deficit countries, aggregate
food import requirements would therefore decline only slowly and would be eliminated entirely only in
the year 2004 (Table VI.I, Case II).

6.6 Even in this scenario, average per capita availability of food would not increase. There
would, thus, (in the absence of distributional changes) be no change in the percentage of those
malnourished and facing food insecurity, but a substantial annual increase in their absolute number. More
than one quarter of Sub-Saharan Africa's population were faced with food insecurity in 1980/81 (Table
10), and the available aggregate statistics suggest a possible deterioration in this situation during the past
decade. A scenario of unchanged average per capita food availability would imply, therefore, that over
a quarter of all people in Sub-Saharan Africa would still be facing food insecurity 30 years from now.

6.7 The importance of making rapid progress in reducing population growth becomes even more
apparent, therefore, when the closely related objectives of improving nutritional standards and food
security are taken into consideration. Average daily calorie intake should be increased from its present
very low level of 2,027 calories per person to about 2,200 by the end of the century and to 2,400 (i.e.,
the current average for the world's low-income countries) by the year 2,010. This would imply raising
per capita food availability from an average of 202 kg/year to about 232 kg/year over a 20-year period.
Table VI.I, Case V, depicts this scenario. Since aggregate food consumption requirements would rise
sharply, even sustained growth in food production averaging 4 percent per year and a steady decline in
the rate of population growth to 2.3 percent per annum during the decade 2020-2030 (implying a
continuous reduction, beginning immediately, of the TFR over the next four decades to half its present
level), the food gap would remain at roughly its present level of about 10 million tons per annum until
2010 and would not be closed until about the year 2015. The potential food surplus which might
gradually emerge thereafter under the assumption of static average calorie intake would presumably not
materialize because consumption levels would increase above the 2,400 cal/cap/day level that typifies
present average conditions in the developing world.

6.8 It is clear, then, that -- even with 4 percent annual growth in food production - the important
objective of bringing the percentage of the population subject to food insecurity down to zero over the
next three decades cannot be achieved, at the aggregate level, unless fertility rates are reduced by 50
percent and the population growth rate is thereby lowered to about 2.3 percent per annum by the year
2025. In addition, this objective will not be attained unless the growth in agriculture is equitably
distributed over the population, benefitting urban dwellers as well.

6.9 The technological change required to realize the agricultural growth target of 4 percent per
annum will need to be land-saving in most of Africa for environmental reasons and labor-using in order
to absorb the growing rural population. With capital also scarce, the technological change being
promoted must be carefully matched to farmers' capacity to finance investments. Incremental capital use
will not be inconsistent with the objective of environmental sustainability. The present labor scarcity in
much of Sub-Saharan Africa at the farm and household level, one of the driving forces behind the high
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Are Annual Cereal Yield Increases of 3.5 Percent Achievable?

The statistical analysis of the determinants of cereal yields, summarized in the box on pp. 41-43, can be used to test the
plausibility of these projections. According to the equation given there, increased labor use per hectare, facilitated by the
growth in the rural labor force of 2.0 percent per year, would generate 0.7 percent annual growth in cereal yields. Annual
rates of increase in fertilizer use of 15 percent (and increases in the use of other modem inputs associated with rising
fertilizer consumption) would generate cereal yield increases of 1.5 percent per annum. An annual increase of 2 percent
in primary school enrollments would lead to annual increases in cereal yields of 0.3 percent. And an end to deforestation
(if not an actual increase in forested area) would at least eliminate this cause of declining crop yields. Together, this would
give a growth in cereal yields of 2.5 percent per year.

Other factors - such as more countries adopting appropriate agricultural policy, continually improving policies in all
countries, a steadily expanding reach of rural transport infrastructure, improvements in marketing arrangements - would
have to provide the additional stimulus needed to achieve the postulated 3.5 percent growth rate. This is a difficult, but
not impossible challenge to meet.

fertility rates, will ease over time with population growth -- rural-urban migration notwithstanding. More
labor per unit of land will lead to intensification. But intensification also requires making labor more
efficient by adding capital. Part of this will have to be private capital, for fertilizers, animal traction,
better tools, and investments in land amelioration and conservation. Much of it, however, will need to
be public capital for rural roads and markets, water supply, investment in education, etc.

* To minimize the need for bringing more land under cultivation, the productivity of land will
have to increase very rapidly. Allowing for a continuing expansion in total cultivated area
at a rate of about 0.5 percent per year (from about 150 million ha in 1987 to about 180
million ha in 2020),2 land productivity will have to increase by 3.5 percent annually over
the next 30 years. Realizing this will be an enormous challenge (see box).

* Were the rural labor force to continue to increase at an annual average rate of about 2.5
percent, meeting the target of 4 percent annual growth in agricultural production would
require that labor productivity in agriculture increase by at least 1.6 percent annually.
Indeed, since those entering the rural labor force in the coming 15 years have already been
born, the decline in fertility rates included in this set of indicative targets will only have a
significant impact on the growth of the rural labor force in the outer years of the time horizon
used here. If the targets are achieved for a continuous reduction in the average TFR to 50
percent of its current level by the year 2030 and, hence, for an average rate of population
growth of 2.8 percent between 1990 and 2030, and if the urban population were to increase
at an average annual rate of 4.5 percent due to continuing rural-urban migration, the average
annual growth of the agricultural labor force is more likely to be around 2 percent for the
period as a whole (higher in the first two decades, substantially lower thereafter). Labor
productivity would therefore need to increase steadily over time so as to average about 2
percent per annum. Given the very high proportion of female labor in the total for the
agricultural sector, and given the low current productivity of female labor in farming, an
appropriate emphasis on improving the productivity of female labor will pay significant
dividends in this regard.

2 Clearly, the expansion of the land frontier cannot be halted immediately; in any case, in some countries there still are
sizeable tracts of potentially productive crop land as yet unutilized - due partly to technological constraints at the farm level
(e.g., heavy bottom soils that require ploughing and possibly drainage), partly to difficult access (lack of roads).
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Table VI.I Sub-Saharan Africa: Population and Food Security, 1990-2020

Scenarios 1990 2000 2010 2020

Case I
Population (millions with total 494 664 892 1200

fertility rate remaining at
projected levels) a/

Food production (million tons of 90 110 134 163
maize equivalent at current trend
growth rate of 2 percent a
year)

Food consumption (million tons 100 134 181 243
with unchanged average per
capita consumption) b/

Food gap (million tons) c/ 10 24 47 80

Case II
Population (millions as in 494 664 892 1200

Case 1) a)
Food production (million tons at 4 90 133 197 292

percent annual growth)
Food requirement (million tons as in 100 134 181 243

case I) b/
Food gap (million tons) 10 1 -16 -49

Case III
Population (millions, with total fertility 494 657 875 1169

rate declining by 50 percent
by 2030) dl

Food production (million tons at 90 110 134 163
2 percent annual growth)

Food requirement (million 100 133 177 237
tons) b/

Food gap (million tons) 10 23 43 74

Case IV
Population (millions, with total fertility 494 657 875 1169

rate declining by 50 percent
by 2030) At

Food production (million tons at 90 133 197 292
4 percent annual growth)

Food requirement (million 100 133 177 237
tons) b/

Food gap (million tons) cl 10 0 -20 -55

Case V
Population (with total fertility 494 657 875 1169

rate declining by 50 percent
by 2030)

Food production (million tons at 90 133 197 292
4 percent annual growth)

Food requirement (million tons, with 100 144 210 280
rising per capita consumption) £/

Food gap (million tons) 10 11 13 -12
a. Population growth at 3.0 percent per annum, as per Table 2.
b. Avenge of 2027 calories per person per day.
c. Equals consumption requirement minus production; negative sign denotes production surplus. This equaled the cereal import

plus food aid in 1990.
d. Target.
e. Avenge per capita consumption rising to 2,200 calories per day by 2000 to 2,400 calories per day by 2010 and tabilizin at

that level thereafRer.
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What Will It Take to Arrest Deforestation?

The statistical analysis (see the boxes on pp. 41-45) suggests that a reduction in the area cultivated per person at the
projected rate of 2 percent per year will stimulate further deforestation at a rate of 1.2 percent of the remaining forest area
per annum. Annual population growth of 2.8 percent will lead to deforestation at a rate of 1.5 percent per year. On the
other hand, an increase in the intensity of fertilizer use of 15 percent per year will lead to a reduction in the rate of
deforestation of 2.9 percent yearly. The aggregate effect would be an increase at a rate of 0.2 percent per year in land
under trees. However, a policy environment conducive to agricultural growth will stimulate farmers to expand cultivation
into areas currently forested. The effort to preserve existing forests and expand the area under trees will be lost, therefore,
unless environmental action plans and land use plans are prepared and implemented which channel the expansion of farming
away from forests and from areas that are to be reforested. The indicative targets shown in Table VI.II imply, more
realistically, continued reductions in the forest and woodland areas, but at much slower rates than those recorded at present.

6.10 In the longer run, as the scope for policy improvement narrows, and with increasingly more
stringent constraints on the possibilities for further expansion of cropped area, sustaining an agricultural
growth rate of 4 percent per year will become even more difficult. It will depend increasingly on
intensification through greater use of modern inputs and equipment, diversification into higher-value
crops, genetic improvements in crops and livestock, and general improvements in educational attainment
of the population. Hence the importance of the improved agricultural research, extension, and of general
education discussed in subsequent chapters.

(iii) Managing Forest Resources

6. 11 The growing population of Sub-Saharan Africa will need more fuelwood, building materials
and other wood and non-wood forest products. Woodfuel demand will increase roughly at the rate of
population growth.3 Demand for other wood products should probably increase more rapidly, to allow
development of forest-based industries, especially rural industries. Although the implications of such
rising demand on forest area requirements are very difficult to quantify for Sub-Saharan Africa as a
whole, orders of magnitude can be delineated here.

6.12 In 1984-86, an estimated 370 million n3 of fuelwood and charcoal were extracted, much of
it in a manner destructive to the forest resources, from Sub-Saharan Africa's forests and woodlands
(World Bank, 1989d). This implies an average per capita consumption of about 0.87 m3 per year and
is consistent with the average per capita consumption estimates of about 0.5 rn3 per year in urban areas
and about 1 m3 per year in rural areas. With about 100 million urban and 322 million rural dwellers in
1985, aggregate consumption, using these average parameters, would have been on the order of 372
million m3 .

6.13 With aggregate population growth declining over the next four decades to a rate of 2.3
percent per annum (and, thus, averaging, about 2.8 percent per year over this period), Sub-Saharan
Africa's total population in 2020 would be on the order of 1,169 million (Table 4). If urban population
growth were to average 4.5 percent per annum (considerably less than in the last three decades), the
urban population in 2020 would total about 485 million (up from about 130 million at present).4 The
rural population would rise to about 685 million by 2020, implying an average rate of increase of a little
over 2.1 percent per year. Properly managed fuelwood plantations may sustain yields, on average, of

3 Efficiency gains in energy conversion/use and some interfuel substitution in urban areas will somewhat dampen the rate
of demand growth, but meeting currently unmet demand in fuelwood-deficit regions would have the opposite effect.

4 Successfully addressing the problems discussed here would help reduce the rate of rural-urban migration.
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4 m3 annually per ha in the savanna zones and about 10 m3/ha/year in the forest zones. It may be
assumed that the urban population in 2020 will be about evenly distributed between these two main
climatic zones. With average fuelwood requirements for urban dwellers amounting to 0.5 n3 per person
per year (in view of gradually increasing interfuel substitution and improvements in fuel utilization
efficiency), 30.3 million ha of fuelwood plantations would be needed in the savanna zones in 2020 and
a further 12.1 million ha in the forest zones to meet urban woodfuel requirements entirely from managed
plantations. Assuming a lag of ten years from planting to harvesting, these plantations would need to be
established within the next two decades; this implies an annual rate of plantation establishment of more
than 2.1 million ha every year, beginning immediately.5 Thereafter, further expansion in plantation
acreage would need to match further growth in requirements (minus efficiency gains).6

6.14 Of course, much of the woodfuel for urban markets can and should come from managed
forests, rather than plantations. Forests managed for sustainable woodfuel production could yield, say,
an average of 1 m3/ha/year in the Sahelian and Sudanian savanna, about 2 m3/ha/year in the Guinea
savanna areas and an average of 4 m3/ha/year in the forest zone. Using an average sustainable yield
estimate of 1.5 m3l/ha/year for forests in the savanna zones, 81 million ha of well managed forests in the
savanna zones and 30 million ha in the forest zones could, theoretically, meet the woodfuel needs of the
urban population in 2020. This would imply that about one fifth of Sub-Saharan Africa's entire
remaining forest area would need to brought under effective management regimes with the aim of
providing an adequate flow of woodfuels for the urban population on a sustainable basis. Since almost
half of the remaining forest area is concentrated in a few countries in the central African forest zone
(ZaYre, Gabon, Congo, Central African Republic, Cameroon) and on Madagascar, the proposition of
meeting urban needs from managed forests in the other countries means, in fact, that a far greater
proportion of the forest areas still remaining in these countries will need to be managed in a manner that
would ensure sustainable woodfuel supply over the long run. This will be increasingly the case as forests
and woodlands are converted to farmland and other uses.

6.15 Rural populations would need to meet their woodfuel needs increasingly through agro-forestry
activities. Rural requirements may average about 1.0 m3 per person annually. If a ten-year old tree
yields, at felling, 0.2 m3 of wood suitable as fuel, this would indicate a need for 5 trees per person per
year -- or 50 trees per person in a ten-year planting and harvesting cycle. For a ten-member household,
about 500 trees would be needed -- around the compound, on field boundaries, in windbreaks, in mixed
tree-crop farming systems, and in village groves and woodlots.

6.16 Clearly, these numbers can merely provide a rough indication of the orders of magnitude
involved in satisfying woodfuel needs. As discussed earlier, the various dimensions of the fuelwood issue
are highly location- and region-specific and require, thus, careful attention at the national, regional and
local levels. Nevertheless, on balance, it is critical to bring about an immediate and drastic reduction in
the rate of deforestation and to expand the area of productive managed forests, forest plantations and tree
farming to meet the vast needs for woodfuels and other wood products. An attempt has been made to
determine realistic targets for the major regions of Sub-Saharan Africa for the area under trees. These
are shown in Table VI.II. They reflect projected wood requirements, plantation and tree farming
possibilities, and projections of required and feasible expansion in cropped area. Realism suggest that

To the extent that transport facilities can be improved and the switch from fuelwood to charcoal and briquettes can be
accelerated, more productive plantations in forest zones could meet some of the needs of urban populations in savanna
zones, thereby reducing the overall acreage needed for fuelwood production.

6 Many degraded and currently unproductive woodland areas could be reforested; hence, not all this acreage required for
fuelwood production would need to be in addition to current forest and woodland areas.
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deforestation cannot be stopped entirely. But it should be possible to lower the overall rate of
deforestation from the present 0.6 percent per year to 0.35 percent per annum. This means that the
average annual rate of cropland expansion would have to be reduced from the present 0.7 percent to about
0.5 percent. These are realistic targets. But achieving them requires that forests used for wood
production be managed efficiently, so that wood harvesting would suffice to meet the needs of populations
growing at 2.8 percent per annum and also satisfy essential environmental objectives linked to the
environmental service functions performed by trees and forests.

6.17 The challenge posed by these targets is enormous -- requiring, as it does, a complete and
rapid reversal of past trends rather than merely an intensification of ongoing efforts to accelerate along
a growth path already attained. As indicated in the preceding chapters, the destruction of forest resources
is the result of a variety of interlinked factors and forces. Achieving the target postulated here will be
even more difficult than attaining that for agricultural production growth.

(iv) Conserving Wilderness Areas

6.18 To preserve biodiversity and the economic and social value of non-forest wilderness areas,
these areas should not be allowed to decline very much from their present extent of about 27 percent of
Sub-Saharan Africa's total land area. A reasonable target was derived by projecting forward the present
rate of wilderness conversion to urban and infrastructure development and the postulated maximum
expansion of cropped land (which also comes out of wilderness areas). This means that wilderness area
would decline to about 23 percent of Sub-Saharan Africa's total land area (this compares with 39 percent
of the world's land area currently classified as wilderness areas). This would allow a continuing modest
expansion of cropland at an average annual rate of 0.5 percent over the next three decades and an
expansion of the area under urban, infrastructural and industrial uses at about 7.9 percent per year as per
current trends.

6.19 Achieving this objective of wilderness conservation will be as difficult as achieving that for
reducing the rate of deforestation -- and for the same reasons. One difference, however, is that education
appears to be successful in creating heightened awareness among local people of the value of wilderness
areas. Improvements in the coverage and efficacy of basic education are therefore likely to help, as are
agricultural intensification and reduced population growth. On the other hand, a policy environment
conducive to agricultural development and growth will provide strong stimuli to farmers to encroach on
wilderness areas in order to expand the area under cultivation (the effect is far stronger than in the case
of deforestation, mainly because of the far greater ease of converting non-forested land to farming). This
underscores the importance of: (a) land use plans and environmental action plans and of their effective
implementation to prevent such a development, (b) effective policies and infrastructure development to
channel population movement and cropland expansion into less sensitive areas, and (c) the urgent need
to ensure widespread farmer access to markets and to yield-increasing farm technology.

(v) Summary

6.20 There are, of course, considerable country variations in what is necessary and attainable, and
the above indicative overall targets have been adjusted to each country's circumstances and potential in
Table VI.II (pp. 68-69). Nevertheless, these targets are extremely ambitious. They indicate the
magnitude of the problems faced and the efforts required. The elements of an appropriate action plan
outlined in the following chapters are, therefore, similarly ambitious. Reaching these targets will be
possible only by focusing on the synergetic effects inherent in the linkages and causality chains of the
population-agriculture-environment nexus. With rising agricultural productivity and outputs and growing
incomes, population growth rates are likely to decline more rapidly. With agricultural intensification and



- 67 -

decelerating population growth, environmental protection and resource conservation become more
feasible. And preserving environmental integrity makes it easier to achieve sustainable agricultural
growth.

6.21 If the objectives set out in the preceding paragraphs are successfully attained, the vision of
the future of Sub-Saharan Africa would be one with a more slowly growing population, and with the rural
population increasing more slowly than the urban population. Significant gains in both land and labor
productivity would permit the population to feed itself and to increase incomes, without expanding the
area farmed beyond what is environmentally sustainable and without depleting and degrading the natural
resource base. This would be accomplished through the widespread adoption of locally appropriate
sustainable agricultural technology and resource management practices, increased land tenure security,
and special efforts to improve rural women's productivity and ease their time constraints. Reducing the
rate of forest loss and preserving a substantial part of Sub-Saharan Africa's wilderness areas would permit
preservation of biodiversity and wildlife and ensure the lifestyles and survival of indigenous forest
dwellers. It would also ensure an adequate supply of fuelwood and wood for construction and local
industry and of other forest products for consumption and income-generation purposes. These various
interventions would have a strongly positive synergistic effect -- as the negative effects of the present
situation are synergistically related. Improved agricultural incomes (especially in conjunction with
improved education and health care) would further induce declining demand for children, in turn reducing
the pressure on the environment and allowing for some environmental regeneration. This in turn should
have a positive impact on agriculture.

6.22 Realizing this vision will be enormously difficult, requiring radical changes in govermmental
policy and a strong commitment to assisting Sub-Saharan Africa on the part of international community.
African governments, external aid agencies, and African and international NGOs will all need to pursue
this goal. Most important will be the effort of millions of Africans acting, individually and
collaboratively, in their own self-interest. The major elements of an action program are described in the
following chapters.

B. Some Country-Speciric Targets and Implications

6.23 Aggregate targets for Sub-Saharan Africa as a whole obviously are of limited operational
relevance for individual countries. But they provide a useful and compelling framework within which
appropriate objectives and targets will need to be set at the country level. Policy and public investment
decisions are made at the country level. Table VI.II (pp. 68-69) summarizes the present situation and
sets out some internally consistent targets for each SSA country with respect to agricultural growth,
calorie supply, food insecurity, population growth, deforestation, percentage of land under cultivation,
and percentage of land remaining as wilderness areas. There are some trade-offs between growth of
agriculture and environmental protection -- but these are far outweighed by substantial and positive
complementarity. Nevertheless, the trade-offs require that choices be made -- and these can be made only
by the people in the countries themselves. The targets in the table are therefore also indicative of the
trade-offs.

6.24 There will be wide differences in the degree of difficulty various countries will experience
in meeting the objectives. Some countries are already on course to meet some of the critical targets, but
will need to do better in other respects. Others are faced with the necessity of drastic action in all areas
concerned to attain a development path that suggests any likelihood of success in reaching the targets
postulated here. Still others are likely to face virtually insurmountable obstacles in certain respects, and
solutions that go beyond national boundaries will need to be seriously considered.
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Table VT. 11. Sub-Saharan Africa: Tareets for Food Consumdtion. Airiculture. 'oulatlon and the Rural Eavironment

Amuel agriultuaml AJuiDU Daiy Populton Dffaton Wdldue
producto populaol per capita food tae pw Toe lknd am to

grwtb r growthb ate calone ime yea. t.dw-ap oa am
(Peree (percent) consumponi (pezemi (ec* (pit (pe

Taget Target mm Uin.
1990- Tuaet 19S8- Target 1980- Taget 1990- ftaget trget

Country 1980-90 2020 1980-90 2020-30' 89 2010 aI 2020 1980. 2020 1987 2020 Pmenz 2020

Sub-Sabaran Arica 2.1 4.0 3.1 2.3 2.027 2.400 25 S -0.6 -0.3S 7.0 8.3 27 23

Salsehan co,utiik
Burkine F o 3.3 4.0 2.6 2.4 2.002 2.400 32 5 -1.7 40.6 11 22 3 3
Chad 2.7 3.0 2.4 2.2 1,821 2.200 54 10 -0.6 -0.6 3 6 52 44
Man 2.3 3.0 2.4 2.7 2,114 2,300 35 10 -0.5 -0.5 2 4 49 42
Mauritania 0.7 3.0 2.6 2.8 2.465 2.400 25 10 -2.4 -0.6 0 1 74 63
Niger N.A 3.0 3.5 3.1 2,321 2,450 28 5 *2.6 -0.7 3 6 53 45

Coual We Atsica
Be3no 3.6 4.0 3.2 1.9 2.115 2.400 IS 0 .1.7 40.3 17 20 15 13
Cap Verde N.A 3.0 2.4 1.8 2,500 2.800 NA 0 N.A -0.3 10 12 0 0
Cot d'Ivoire 1.0 4.0 4.0 2.6 2,405 2.700 8 0 -5.2 -0.3 11 13 10 9
Gembia 7.1 4.5 3.3 2.4 2.339 2.700 19 0 .2.4 -0.3 17 20 0 0
Ghaba 1.0 4.5 3.4 1.9 2.167 2,400 36 0 40.8 -0.3 12 14 0 0
Guin* N.A 4.5 2.4 2.4 2.007 2.400 NA 0 -048 -0.3 6 7 0 0
Guinea-Bisaau 5.7 4.5 1.9 1.9 2,437 2,400 NA 0 -2.7 -0.3 12 14 0 0
LUeria N.A 4.0 3.2 1.9 2,344 2.500 30 0 -2.3 -0.3 4 5 17 14
Nigeria 3.3 4.0 3.3 2.1 2,033 2.400 17 0 -2.7 -0.3 34 40 2 2
Senegal 3.1 4.0 3.0 2.5 2.162 2.500 21 0 -0.5 40.3 27 32 11 9
Sierr Leotne 2.6 4.0 2.4 2.4 1,813 2.400 23 0 -0.3 -0.3 25 30 0 0
Togo 5.7 4.0 3.5 2.1 2.110 2.400 29 0 -0.7 -0.3 26 30 0 0

Cntral Africa force
zone
Angola N.A 4.0 2.5 2.5 1.742 2.400 NA 0 -0.2 -0.3 3 4 26 22
Cmueroon 1.6 4.0 3.2 2.4 2,142 2.400 9 0 -0.4 -0.3 15 IS 3 3
Ceots-a African Rep. 2.2 4.0 2.7 1.S 1,965 2.400 39 0 -0.2 -0.3 3 4 39 33
Congo 3.6 4.0 3.5 2.7 2,519 2.700 27 0 -0.1 -0.3 2 3 42 36
Equsorial Guirc N.A 4.0 1.9 1.7 .. 2,400 NA 0 -0.2 -0.3 8 9 0 0
Gaboo N.A 4.0 3.9 2.4 2.39S 2.600 0 0 -0.1 -0.3 2 3 35 30
zaire 2.5 4.0 3.1 2.0 2.079 2.400 42 0 -0.2 -0.3 3 4 6 5

Nortb m Sedanian
Djibouti N.A 3.0 3.3 2.1 .. 2.400 0 0 N.A -0.6 NA NA 0 0
FAi;opis 0.0 4.0 2.9 3.0 1,684 2.200 46 10 40.3 -0.6 13 26 22 19
Soinajia 3.3 3.0 3.0 2.5 1.781 2,400 50 10 .4.1 -0.6 1 2 24 20
Sudan 2.7 4.0 3.1 1.8 1,981 2.400 1S 0 -1.1 -0.6 5 10 40 34

Eat Africa mountain
and telmpar zone
Buntadi 3.1 4.0 2.8 2.7 2,320 2.400 26 5 .2.7 -0.2 52 52 0 0
Kenya 3.3 4.0 3.8 2.4 2.016 2.400 37 5 -1.7 -0.2 4 5 25 21
LeAotho 0.7 3.0 2.7 1.5 2,275 2,500 NA 0 N.A 40.2 11 12 g0 68
Madagmear 2.4 4.0 2.8 2.0 2.174 2.500 13 0 -1.2 -0.2 5 6 2 2
Malewi 2.0 4.0 3.4 2.9 2,057 2,400 24 5 -3.5 40.2 25 28 10 9
Rvw/a -1.5 3.0 3.3 3.2 1,817 2.300 24 10 -2.3 -0.2 45 45 0 0
Swaziland 3.9 4.0 3.3 2.0 2,554 2.600 0 0 0.0 -0.2 10 11 0 0
Tanzania 4.1 4.0 3.5 2.9 2,186 2,400 35 0 -0.3 -0.2 6 7 10 9
Ugwads 2.5 4.5 3.2 2.7 2.034 2,400 46 0 -0.8 -0.2 34 38 4 3
Zambis 3.1 4.5 3.9 2.5 2,02S 2,400 48 0 -0.2 -0.2 7 a 24 20
Zimbabwe 2.4 4.5 3.7 1.4 2,193 2.400 NA 0 -0.4 -0.2 7 a 0 0

Other South EZa
Atrka
Botswana 4.0 3.0 3.4 1.4 2.251 2,400 NA 5 -0.1 40.3 2 3 63 54
Comroro N.A 3.0 3.5 2.3 2,059 2.300 NA 5 -3.1 -0.3 44 44 NA NA
Mawitius 2.6 4.0 1.0 0.6 2,690 2,900 9 0 -3.3 -0.3 58 58 NA NA
Moaibimique 1.3 4.0 2.7 2.3 1,604 2,200 49 5 -0.8 .0.3 4 . 5 9 8

a. Defrned rr percent who do not have adequate food all the time
b. A negative number means deformatation a peveent of total forated area per year.
a. Avemge auual rte har 2020-2030 if the taget of reducing the total fertility tte. to so pereent of their currnt levels in whieved by 2030. es table 4.
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Methodology used to develop these targets and projections

1. The target agricultural growth rates reflect what is necessary in the long term to contribute to the minimum 4 percent p.a.
economic growth rate established in the World Bank's: Sub-Saharan Africa. from Crisis to Sustainable Growth.. 1989. The
targets require good agricultural policy and investment of the type described in the text, and are significantly, above projections.
Present agricultural growth rates are shown in appendix Table 9.

2. The target population growth rates were established as discussed in appendix Table 4. They reflect the projected outcome
in each country of the achievement of a reduction in the total fertility rate by almost 50 percent by 2030. Present growth rates:
Table 2.

3. Minimum target calorie consumption was initially set for all countries to equal the present average in all the world's low-
income countries; it was then adjusted upwards for those countries that already have comparatively high average levels of per
capita calorie consumption and downwards for those with currently very low levels. Present levels of intake: Table 10.

4. The target percentage of the food-insecure population is based on a subjective judgment about the possibility of reducing
food insecurity in each country given the present numbers involved, the target agricultural growth rate, and the available new
land for cultivation. Present percentage: Table 10.

5. Reduction in deforestation is related to the tree cover to supply projected wood needs of populations growing on average
at 2.8% p.a, with irnproved management, and also satisfying essential environmental objectives, while allowing for continued
expansion of cropland (See paras 6.10-6.13). The source for these estimates is Mr. F. Wencelius, World Bank, Africa Technical
Department, March 1992. Realistic targets, accommodating a minimum expansion in cropland, were set for each sub-region
rather than each country. The results in millions of hectares of forest are as follows:

Year

1990 2020

(millions ha.)

Sudano Sahel 90.0 75.4
Humid West Africa 43.0 38.6
Central Africa 215.0 192.4
East Africa 46.0 42.8
Southem Africa 206.0 189.2

Total 600.0 538.4

6. The target percentage of land under crops was determined on the basis of available wilderness, forest, and other uncultivated
land for cultivation, given the constraint imposed by the need to reduce deforestation to the target rate for each country. For
Sub-Saharan Africa as a whole, the target deforestadon rate is 0.35% p.a. This amounts to a reduction of forested area by about
2.3 m.ha per year compared to the present 3.7 million p.a. But only about 30% of the land taken out of forests are cultivated,
allowing about 650,000 ha. p.a. in expansion of cultivated area. This is equivalent to a 0.5% p.a. expansion in cultivated area
for SSA as a whole. This would result in about 8.3 % of SSA's land area put under crops by the year 2020. The amount of
change would vary by sub-region since the rate of deforestation varies by sub-region; hence a similar calculation was undertaken
for each country.

7. The minimum target wildemess area to be retained was arrived at as that remaining after taking out the postulated maximum
increase in cropped land (1.3 percent expansion in total area by year 2020), and loss on account of urban, industrial and
infrastructure development at its present rate of 5.8% increase every 22 years (table 16). The result is that wilderness loses
2.8% of total land to urban, and 1.3 % to crops, hence declining by 41 % of total land area, on average. A sirnilar calculation
was undertaken for each country.
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6.25 Mauritius, for example, has already achieved the targets for population growth, calorie intake,
and the percentage of its population facing food insecurity. It also has achieved modest agricultural
growth, averaging about 2.6 percent per annum during the 1980s. At present, the rate of deforestation
is high (3.3 percent p.a.), and the objective should be to reduce the rate of deforestation to about 0.3
percent per year. Crop land cannot be expanded on this island nation. This underscores the necessity
for substantial effort at further agricultural intensification and/or economic diversification to meet rising
needs for food and other agricultural products through international trade.

6.26 Ethiopia is at the other extreme. Adverse climatic conditions and prolonged civil strife have
had a severe impact. Agricultural production has stagnated during the past decade, average daily food
intake is a meager 1,684 calories per person, 46 percent of the population are food insecure, and forests
are disappearing at a rate of 0.3 percent annually. At 2.9 percent per year, population growth is
somewhat below the SSA average -- not so much because of declining fertility, but because of the high
child mortality and overall death rates. The targets set out here for Ethiopia are more modest than those
for most other countries, simply because of its critical situation. The area under cultivation will need to
increase from 13 percent to 26 percent of the total land area by 2020 to meet the target of 4 percent
annual growth in agriculture. Deforestation cannot be halted with this expansion of cropped land, but
is in fact likely to accelerate, given the difficulty of intensifying agriculture in a dry environment.

6.27 Uganda provides yet another picture. Its agricultural performance has been poor, owing
largely to civil strife, with some impressive improvements in recent years. Agricultural growth averaged
2.5 percent annually during the 1980s. Population growth has been rapid (3.2 percent per annum). Most
of the arable land is already under cultivation (34 percent), and there is little wilderness area left (4
percent of total land). The rate of deforestation has averaged about 0.8 percent per annum recently.
Uganda has enormous agricultural potential: its agricultural sector could grow at a sustained rate of 4.5
percent annually. If population growth can be reduced to 2.7 percent per annum by the year 2020,
average daily calorie intake per person could rise from 2,034 to 2,400, and the number of people facing
food insecurity could be brought down dramatically. This would have to occur mostly through
intensification on currently cropped land, because there is little additional land left to cultivate. AIDS
already is a more serious problem in Uganda than in many other African countries; this suggests that
efforts to improve the reach and effectiveness of health care and family planning services are critical.

6.28 A number of countries are facing scenarios of extreme difficulties and constraints: Rwanda,
Burundi, the Sahelian countries, Kenya and Malawi. The case of Rwanda is particularly dramatic.
Agricultural performance has been poor, with production declining at an average rate of 1.5 percent per
year in the 1980s. Population growth has averaged 3.3 percent per year during the 1980s. Per capita
daily calorie consumption is only 1,817, and 24 percent of the people are food insecure. There is little
wilderness left, although nearly 15 percent of the country has been set aside as protected areas. The rate
of deforestation has been 2.3 percent per year, and 45 percent of the entire land area is cropped. The
modest agricultural growth target of 3 percent per year can only be achieved through agricultural
intensification. Population growth must be reduced to the maximum extent possible. The very high
population density may be creating demand for smaller family size; family planning interventions should
seek to capitalize on this. Reforestation must be intensified, on land unsuitable for crops. The difficulties
are immense. Indeed, the targets spelled out here imply that 10 percent of the population will still be
food insecure in the year 2020. Out-migration to other countries will clearly be inevitable.

6.29 Nigeria's example is important, if only because of the country's size. It's agricultural
performance during the 1980s has been marked by widely fluctuating production, with a trend growth
rate of 3.3 percent per year, matching the population growth rate. The country has such potential for
growth that, with appropriate policy reforms in key areas, it can achieve 4 percent agricultural growth



- 71 -

per annum in the medium term. As much as four fifths of this growth can be realized without expanding
the area under cultivation because of the availability of proven yield-increasing technology for several key
crops and the scope for double-cropping through small-scale irrigation. The remainder will come from
modest expansion of the area cropped. Realignment of public expenditure toward small-scale irrigation,
provision and maintenance of rural roads, improvement in agricultural support services, reduction of the
fertilizer subsidy and liberalization of fertilizer imports and marketing are key areas requiring policy
reform. Without such reforms, future agricultural growth would have to come primarily from area
expansion which would not be sustainable. The country's family planning effort, very weak at present,
will have to improve considerably for the target population growth rate of 2.1 percent per annum to be
reached by the year 2020. As population pressure on cultivated land is rising, demand for FP services
appears to be increasing in parts of the country, and FP programs will need to foster such demand growth
and meet this rising and largely unmet demand. Substantial policy reforms will be needed to stop the
rapid destruction of existing forest resources and to induce sufficient private investment in agro-forestry,
fuelwood and industrial plantations if the target of reducing deforestation to an annual rate of 0.3 percent
is to be met.



VII. REDUCING POPULATION GROWTH

A. Population Policy

(i) Key Issues and Challenges

7.1 Chapter III suggested several avenues for reducing population growth. Fertility rates can be
brought down by emphasizing direct actions such as improving knowledge and availability of family
planning (FP) services. But to have maximum impact, these "supply-side" efforts need to be backed, if
not preceded, by efforts to stimulate demand -- such as improving education, especially of females,
reducing infant mortality, reducing environmental degradation, and, possibly, improving food security.
Family planning education can be provided through FP services, along with the means to control fertility.
By providing nutrition advice, FP services can also help in reducing infant mortality and improving
nutritional standards. Increasing density of population on cultivable land may also stimulate demand for
fewer children. Acceptance and adoption of FP will spread most rapidly in countries where demand for
FP services is increasing fastest. This is likely to be in countries with the highest levels of female
education, the lowest infant mortality, the highest population densities on cultivated land, the least
environmental degradation, and possibly the greatest food security.

7.2 Governments are increasingly aware of the consequences of rapid population growth. In
1974, only Botswana, Ghana, Kenya and Mauritius had adopted policies to reduce population growth.
By 1987, 14 countries had adopted explicit national population policies (Cochrane, Sai and Nassim, 1990,
p. 229), and a number of others have done so since then. In 1989, 26 governments in Sub-Saharan
Africa considered their population growth rates, and 29 their TFRs, to be too high (Stephens et al., 1991,
p. xxxv). But few have so far provided adequate technical, financial and managerial resources to promote
and deliver FP services broadly. Hence, progress has been slow.

7.3 Only a few countries on the continent -- notably Botswana, Kenya and Zimbabwe -- have been
implementing population programs that have shown some measurable success (Tables 2 and 8). The
Contraceptive Prevalence Rate (CPR) in Botswana more than doubled, from 16 percent to 33 percent,
between 1984 and 1990, as FP services were placed within easy reach of the majority of the population.
Botswana's TFR declined from 6.9 in 1965 to 4.7 in 1988. Kenya succeeded in raising the CPR from
5 percent in the mid-1970s to 17 percent in 1984 and to 27 percent in 1989, and the TFR declined from
8.0 in 1965 to 6.5 in 1989. In Zimbabwe, the CPR is now estimated at 43 percent, and the TFR dropped
from 8.0 to 5.3 between 1965 and 1988; the creation of a network of FP clinics and of a community-
based outreach program which widely distributed contraceptives was instrumental in providing access to
FP services. An indication of changing attitudes concerning fertility and of growing demand for FP
services is evident in the number of children desired by women in these three countries. In 1988/89,
women wanted only 4.7, 4.4 and 4.9 children, respectively, in Botswana, Kenya and Zimbabwe -- far
fewer than their counterparts in other SSA countries and also far fewer than women in the same three
countries only ten years ago (Table 8).

7.4 Government policies in these countries have played a major role in achieving fertility
reduction through an expansion of FP services and education. However, in each of these countries the
fundamental forces have also been working: relatively dense population on cultivated land, relatively high
female school enrollments, good agricultural performance contributing to enhanced food security, and
declining infant mortality. Yet even in these three relatively successful countries, the TFR must be
brought down still further.
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7.5 To lower the population growth rate to 2.3 percent per annum for Sub-Saharan Africa by the
year 2030, the average TFR for Sub-Saharan Africa as a whole must drop steadily to 3.3 by that time
(rable 4). This is possible, as shown by evidence from countries outside Africa where per capita incomes
are low and populations largely rural, and where infant mortality rates and life expectancy, when the
effort was initiated, were comparable to those in Sub-Saharan Africa today. It requires determined effort
and commitment from the political leadership to shape public attitudes and implement policies and
programs to reduce population growth.

7.6 Significant reductions in fertility cannot be expected until the CPR reaches 25-30 percent.
Slowing population growth to only 2.3 percent per annum during the period 2020 to 2030 would require
increasing the CPR substantially above even this level. This underscores the need for fostering greater
awareness of the consequences of population growth as well as the need for measures to stimulate demand
for FP services. Increasing the availability of FP services raises the level of their use. There is evidence
that, even at the present levels of demand for family planning, the CPR in Sub-Saharan Africa could be
raised to 25 percent within the current decade by making services widely, regularly and reliably available.
It will require a rapid expansion of access to FP services, and this, in turn, will require strengthening and
expanding public health care systems and developing multiple channels (public sector, private commercial,
NGO, community organizations) for delivering services as well as information, education and
communication (IEC). The progress achieved in Botswana, Kenya and Zimbabwe shows what is possible,
when the various other factors that bear upon demand for children are also moving in the right direction
(Table 8).

7.7 The ethical issues in family planning in Sub-Saharan Africa form a complex web of social,
economic, cultural and developmental concerns, and dialogue on ethical issues in family planning is
crucial if the process of 'depoliticizing' family planning is to continue (Sai and Newman, 1989). The
promotion of family planning as a basic human right and as an important health measure has increased
its acceptability, and family planning is now increasingly regarded a legitimate component of overall
development efforts. But the "human right" to controlling one's own fertility remains elusive without
full and ready access to FP information, education and services. This entails full and voluntary choice
of method, right of access for young people, and financial affordability of fertility regulation services.
Each of these has caused ethical controversy in some countries. The right of access to FP services is
derived from the basic right to make decisions about reproductive behavior. This, too, has been
controversial in some countries.

7.8 Family planning is also a major element of the rights of women. Many women prefer to have
fewer children, but are discouraged from adopting family planning by socio-cultural factors, including
their husbands' wishes. This highlights the importance of reaching men, either at the workplace or
through other means such as the agricultural extension services. It also suggests that women's groups
would be an effective channel for delivering family planning services because they foster solidarity among
women and may help them take fertility decisions on their own.

7.9 In about a dozen countries, fertility regulation programs are part of national population
policies.' In other countries with FP services, the rationale is not so much to reduce fertility but to

It is important to distinguish between population policies and family planning programs. Population policy includes family
planning, but also includes a range of measures to influence decisions at the family and community levels as well as
education and health programs effecting family size. It also comprises changing laws to encourage small families and
providing effective incentives and disincentives (e.g., cost sharing for health and education). A comprehensivepopulation
policy must also include policies to cope with the consequences of population growth. This means general development
policies that encourage optimal use of resources in agriculture, urban development, and so on.
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improve maternal and child health (MCH). The health rationale for family planning, especially for
preventing high-risk pregnancies, is proven and especially pertinent in Sub-Saharan Africa where infant
and maternal mortality and morbidity rates are high. One key element of primary health care is MCH
care, and this includes family planning. By providing the means to postpone childbearing until after
adolescence, helping to space births at 2-3 year intervals, and preventing pregnancies after the age of 35,
family planning can greatly improve maternal and child health.

7.10 Where the rationale for FP programs is demographic, it is often a matter of controversy
whether government has the right to influence the reproductive behavior of the citizens. Clearly, unless
population policies command broad popular support, the prospects for reducing population growth rates
are dim. And where poor governance is causing people to question the legitimacy of governments,
governmental population policies and FP programs tend to be viewed with particular skepticism. It is
critical that anti-natalist policies be seen to apply to entire populations and be evenly implemented.
Policies can justifiably become discredited when they appear designed to modify the balance of ethnic
groups.

7.11 Needed is a deliberate fostering of pluralism in efforts to extend access to FP information and
services by encouraging and supporting local government, community and private initiatives. The
successful involvement of non-governmental groups in FP in Sub-Saharan Africa strongly suggests the
viability of such an approach. Fostering pluralism entails a broad agenda of activities to facilitate local
and private initiatives and learn from them. It involves difficult choices about how and where to expend
governments' limited technical and administrative resources. Governments must take the lead in
promoting the dissemination of FP information and in developing a social consensus on its legitimacy.
Especially in rural areas, where the government is the major provider of modem health care and
specifically of MCH services, the public sector may have to be the principal provider of FP services for
some time to come. Many factors still bear on the ethics of family planning in Sub-Saharan Africa, and
these point to the need for a sensitive approach (Sai and Newman, 1989).

(ii) Promoting Demand for Fewer Children

7.12 Even greatly improved supply of FP services will not succeed in bringing about the required
declines in fertility, unless demand for fewer children rises considerably.2 The evidence of attitudinal
and behavioral changes regarding fertility in many parts of the continent suggests that it is possible to
create such demand. Between 20 and 40 percent of women in the countries of Sub-Saharan Africa wish
to space their children at least two years apart (fable 6). Rising pressure of the rural populations on
cultivated land is stimulating demand for smaller family size. Migration and urbanization are loosening
extended family ties and raising the private costs of children. Education of women is increasing, there
is a clear trend toward later marriage,3 and there are indications of considerable unmet demand for
modern contraception (Table 6). These changes in attitudes can be encouraged, promoted and accelerated
by a variety of means, including effective information, education and communication (IEC) programs,
so as to lead to increased demand for FP services.

2 A recent evaluation of past World Bank operations in the population sector confirmed that FP services have been offered
in many countries when there was little evidence of any significant demand for them (World Bank, 1991e).

3 Average age at marriage increases with education level - and this correlation is stronger in SSA than in other regions.
This may be because education for women is more rare in SSA and differences in age at marriage therefore reflect the
exceptional differences in the lives of the most educated. Since female education is a more recent phenomenon in SSA,
the difference in age at marriage may also capture both education and cohort effects. Interestingly, these larger differences
in age at marriage were not yet reflected in differences in fertility in the early 1980s (Cochrane and Farid, 1989).
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7.13 Improving the legal, economic and social status of women is critical to overcoming the
constraints imposed upon them by their traditional roles that perpetuate high fertility. This entails, inter
alia, recognizing and emphasizing that women's status also derives from their economic contributions
to family, community and society. It requires, therefore, expanding the range of opportunities available
to them and supporting developments that provide women with greater control over their own lives and
the output and income generated by their work. Greater educational opportunities, removal of
discriminatory laws, raising the age of marriage, ensuring women's rights to land, improving their access
to credit and training, meeting their needs for technology and information, opening up employment and
income-earning opportunities beyond those traditionally open to them, and strengthening women's
organizations all help to raise women's status and give them greater control over their lives. At the same
time, efforts must be made to relieve both the environmental degradation and the work burden on women,
both of which fuel demand for additional family labor.

7.14 To promote demand for FP services, actions such as the following are essential:

(a) Political leaders and communities need to be sensitized to the environmental and economic
consequences of rapid population growth. People's demand for family planning and
contraception, as well as for later female marriage, must be increased through widespread
IEC programs. To ensure that people regard such programs as legitimate, governments must
demonstrate continually their legitimacy and credibility, through good governance.
Governments lacking credibility and popular acceptance are very likely to confront popular
distrust of population programs.

(b) Effective measures are needed to expand education, especially for females, and to improve
women's income-earning opportunities. This will tend to raise women's marriage age and
reduce both their desired and actual number of children. To the extent that improved
income-earning opportunities for women lead to increased control by women over such
income, this will have strong positive effects on child health and welfare, on infant and child
mortality and, hence, on women's fertility preferences.

(c) Health services need to be expanded and improved to deal with major epidemic diseases and
reduce infant and child mortality. This will increase the security of having descendants at
death and weaken one of the major traditional motivations for desiring large families. It will
also reduce the economic incentive for having larger families, since fewer, but surviving,
children can assure adequate availability of family labor.

(d) Expanding access to effective primary health care is also essential to address the problems
of sexually transmitted diseases (STDs). STDs are major causes of infertility, which in some
regions discourages any interest in fertility control. High incidences of STDs are also an
important factor contributing to the rapid spread of AIDS.

(e) Incentives for smaller families and disincentives for large families (e.g., limitations on tax
deductions for children) may help in the longer term. Community leaders, teachers,
agricultural extension agents and the mass media should be used to convince people of the
economic, environmental and health benefits of having fewer children.

(f) Land tenure reform as well as improved access of women to land, to agricultural extension
and to credit are likely to reduce the pressure on women to have many children. Greater
food security may also lead to reductions in fertility rates.
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(iii) Improving the Supply of, and Access to, Family Planning Services

7.15 Improving the supply and accessibility of FP services to respond to the demand created by
measures such as those outlined above requires the combined efforts of governments, NGOs and aid
donors. The target must be to raise the CPR in each country sufficiently to achieve a 50 percent
reduction in the TFR by 2030 (Tables 4 and 5). For Sub-Saharan Africa as a whole, this implies
increasing the average CPR from less than 11 at present to over 45 by the year 2020 and to over 50 by
2025 (Table 5).

7.16 The family planning effort of nearly every country in Sub-Saharan Africa ranks near the
bottom of developing countries, with the notable exceptions of Botswana, Kenya, Mauritius, Zimbabwe
and, arguably, Ghana (Table 7). Fertility can be reduced and population growth slowed if governments,
schools, employers and NGOs take measures to increase the demand for smaller families while supplying
the services needed for families to limit family size. The FP services provided must be of high quality
and responsive to clients' needs, and there must be adequate provision for monitoring and evaluation.

7.17 In most countries of Sub-Saharan Africa, FP services are integrated with and delivered
through the public health system, usually as part of MCH care. But in many countries the public health
system is and unable to deliver widespread and effective FP services. Rapid expansion of access to
family planning will require strengthening and expanding public health care systems as well as developing
alternative and supplementary channels to deliver FP services and IEC. Where AIDS is important, this
will be all the more critical, since sex and health education and the provision of condoms are the key
instruments for combatting its spread.

7.18 The promotion of modern family planning can build on long-standing traditions of spacing
births through prolonged breastfeeding and post-partum sexual abstinence. The significant potential health
gains from family planning appeal to policy-makers and to the people affected. And new methods of
delivering FP services have been shown to be workable and to make a difference in parts of Sub-Saharan
Africa. A focus on birth spacing, rather than on family size limitation, would appear to be most
appropriate where demand for fewer children is not strong. This is most common in countries where the
population pressure on cultivated land is comparatively weak and where traditional incentives for wanting
large families remain strong.

7.19 Supply and accessibility could be substantially improved by measures such as the following:

(a) Governments should establish and strengthen public institutions charged with population and
FP programs. This will involve staff training, management improvements, and strengthened
program content.

(b) The role of NGOs in family planning should be expanded NGOs have demonstrated their
effectiveness in dealing with family planning issues effectively all over the world.

(c) Private FP organizations, non-governmental health care networks (churches, employers'
schemes), private health care practitioners (including traditional health care providers), other
non-governmental development groups (women's groups and community associations), non-
health outreach networks (agricultural extension and community development workers) can
all be effectively used as channels for FP services. So can commercial outlets such as
pharmacies, market traders and rural stores, particularly for marketing contraceptives. With
AIDS an increasingly severe problem in many countries, a massive effort to expand the range
of providers of condoms will be critical.



- 77 -

(d) Community incentive schemes should be developed and funded to induce communities to take
action to reduce population growth through community-managed family planning programs.
These programs can be managed, with government funding, by schools, employers and
community groups.

7.20 Periodic demographic and health and contraceptive prevalence surveys are needed to establish
baseline data and provide essential information on fertility, family planning and maternal and child health
to policy makers and planners. Such data would reveal unmet demand for family planning and would
indicate where service expansion or improvement is warranted and most needed.

B. Primary Education

7.21 In most countries of Sub-Saharan Africa, two important development objectives are (a) to
improve the quality of primary education and (b) to expand primarily school enrollment, especially of
girls. Indeed, one of the most critical issues in the education sector in much of Sub-Saharan Africa is
the urgency to increase primary school enrollment of girls. In some countries, girls account for less than
20 percent of primary school enrollment and even less in secondary and tertiary education. The lower
rates of female school enrollment and the higher rates of female drop-out at earlier grades are due in large
measure to the high demand for girls to help with domestic work, such as caring for younger siblings,
fetching water and fuelwood, etc. (e.g., Ventura-Dias, 1985, p. 183). Caring for younger siblings is
particularly prevalent among girls aged six to nine -- an age at which they should attend primary school.
Once they have missed that, their chance to receive schooling is almost inevitably lost forever. These
girls are very likely to remain in the low-education, low-income, low-status, high-fertility trap.

7.22 The gender gap in education has a high cost. Primary schooling beyond the first three years
lowers women's fertility. Female education also has a strong effect on family welfare: the mother's
education may be the single most important determinant of child health and nutrition. Moreover, since
the majority of agricultural subsistence producers are women, better education for women can be expected
to improve agricultural productivity -- as well as women's incomes, opportunities and decision-making
power within the household.

7.23 A number of possibilities exist and have been successfully tried in various settings to increase
primary and especially female school enrollment. These need not be repeated here. One such possibility
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merits mention, as it may be of particular relevance in the present context. It concerns changing school
schedules -- daily hours as well as vacations -- to fit better into rural production systems and agricultural
seasons. Children will need to help with farm work, especially at peak periods, and if school is
scheduled accordingly this may help improve attendance. Current vacation schedules are often still those
established on the model and patterns of the colonial powers. European school breaks were scheduled
to allow child labor in farming activities (planting, weeding, harvesting). The farming seasons in the
Sub-Saharan Africa are different. Regional school administrations should be given authority to adjust
schedules to local realities.

C. Conclusion

7.24 Rapid population growth is detrimental to achieving economic and social progress and to
sustainable management of the natural resource base. But there remains a sizeable gap between the
private and social interest in fertility reduction, and this gap needs to be narrowed. Policies and programs
which influence health, education, the status of women and the economic value of children in turn
influence attitudes toward childbearing, family planning and people's ability to control family size.
Efforts to reduce fertility through explicit population policies, therefore, should be integrated with policies
to improve health, education and women's status.

7.25 The various components of human resource development programs are strongly synergistic.
Family planning is more readily accepted when education levels are high and mortality low and, in
particular, when child mortality is low. Healthy children are more likely to attend school. Clean water
and sanitation are more beneficial if combined with health education and nutrition education. Educated
mothers are more likely to have fewer and healthier children. These human resource development efforts
also have positive effects on agricultural productivity and, hence, on food security. This, in turn,
stimulates demand for fewer children. Improvements in human resource development are therefore
critical in multiple ways for long-term sustainable development.

7.26 Broad-based improvement in human resource development performance requires reorienting
policies and financial resources to focus on delivery systems that respond to the critical needs of the vast
majority of the population, including the poor. This calls for far greater emphasis on primary education
and basic health care. It also requires financial resources and, hence, substantial and sustained economic
growth to generate sufficient resources to invest in human resource development (the significant potential
and need for improving cost effectiveness notwithstanding). Without substantially improved agricultural
growth performance, this will not be attainable.



VIII. PROMOTING SUSTAINABLE AGRICULTURAL DEVELOPMENT

A. Sustainable and Environmentally Benign Agriculture

8.1 As suggested by the analysis in Chapters IV, V and VI, agricultural development efforts must
focus on innovations which improve the productivity of land and of farm labor. Incentives which
encourage increases in further expansion of the cultivated area are consistent with agricultural growth
objectives, but not with environmental protection concerns. The objective, therefore, must be to increase
the productivity of both land and labor, in order to permit output growth while minimizing the increase
in the area farmed. The required increase in productivity must be achieved with the least possible
destruction of the environment.

8.2 A critical issue to keep in mind is the extraordinarily high risk faced by most farmers and
herders in Sub-Saharan Africa. Rainfall is unpredictable in all but the most humid zones, and much of
the continent has a significant chance of drought each year. Even in years of adequate overall rainfall,
rains may start late or end early, and dry spells can occur at crucial times in the growing season. Most
African soils need skilled management to ensure sustainable production, and most are easily degraded
when their vegetative cover is thinned or removed. The dryer areas are dominated by sandy porous soils
deficient in nutrients, while many of the humid lowlands have acid soils where aluminum toxicity can
damage plants. The most fertile soils are in the East African highlands, where slopes and intense
downpours increase the risk of erosion. The dark clay and alluvial soils in valley bottoms are prone to
waterlogging and difficult to cultivate without animal traction or mechanized equipment. And the
potential for irrigation is limited.

8.3 Crop farming in Sub-Saharan Africa, as in
other tropical regions, is also characterized by extreme
seasonality of labor requirements and labor peaks M-fal ing systhes h
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These labor constraints are compounded by the effects of climate, health and nutrition. In humid tropical
and subtropical climates, only light work is possible during the midday and early afternoon hours when
there is no shade. Heavy work must be interrupted by frequent and prolonged rest periods. If people
are poorly nourished and/or afflicted with disease, their capacity for hard and sustained work is further
diminished.' An obvious implication of this is the pressing need for technology which saves labor,
particularly at times of peak labor demand.

Ruthenberg (1985, p. 78; citing research published by H. Brandt in "Work Capacity Constraints in Tropical Agriculture
Development," in Medizin in Entwicklungslandern, Heft 8, Verlag P. D. Lang, Frankfurt, Germany, 1980) points out that
the "admissible work load" for a healthy person would be 300 kcal per hour in agricultural field work at 270 C (or about
800 F) with no insolation, but only 225 kcal working with full insolation. A sick worker, by contrast, working in full
insolation, can only expend about 180 kcallhour. Work capacity declines very rapidly with rising temperatures. At 300 C,
a healthy worker in the shade can put in about 150 kcal/hour, while sick people should be resting in the shade.
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8.4 Generally poor and heavily dependent on local natural resources and family labor, farmers
and herders in Sub-Saharan Africa cope with uncertainty and with sustainability problems by adopting
a variety of flexible strategies that minimize risk and make optimal use of the resources available to them.
Examples of such strategies include planting multiple crops and multiple varieties of multiple crops;
diversifying herds and maintaining a high degree of mobility; establishing social arrangements to gain
access to additional resources at times of stress; engaging in various off-farm income-generating activities,
particularly during the off-season. These strategies aim to diversify income and food sources, stabilize
aggregate production and income, minimize risk, and maximize returns to labor under low-technology
conditions. In crop production strategies, the central objectives almost invariably are: (a) ensuring
optimum stable aggregate output of multiple crops over time, rather than maximizing yields of individual
crops (see also para. 8.15), and (b) maximizing output per unit of labor, rather than per unit of land.

8.5 Farmers seek to maximize production per unit of land only when land becomes scarce relative
to labor. This is now occurring in many parts of Sub-Saharan Africa. The weakness of the traditional
coping strategies, as discussed in Chapter IV, is that they are not capable of adjusting quickly enough to
prevent serious negative impact of rapid population growth and increasing population pressure on soil
fertility, farm size, fuelwood availability, land tenure systems, and so forth. The challenge is to increase
farmers' and commnunities' ability quickly and effectively to confront these problems, building on their
traditional mechanisms of coping with their environment.

8.6 Another critical issue is that of ensuring the longer-term sustainability of agricultural
production systems. Sustainability has several dimensions and must be considered in terms of
environmental, technological, economic, social and institutional aspects and constraints and of the
interactions among them. It also must be considered in a dynamic sense, since there will be change,
probably quite rapid in certain areas. If the rapidly rising demand for agricultural products is to be met
without further depletion of the natural resource base, this requires modification of agricultural production
systems in the direction of intensification (i.e., more output per unit of land).

8.7 Numerous environmentally benign agricultural technologies have been developed
experimentally on a small scale in Sub-Saharan Africa. Examples include contour farming to reduce
water run-off and soil erosion, mulching, minimum tillage, intensive fallowing, crop mixtures and
rotations which assure continuous soil cover, terracing and bunding, integration of livestock and cropping
to maintain soil fertility, agro-forestry, integrated pest management, and water harvesting. In some
countries farmer-managed small-scale irrigation has considerable potential. Behind each of these terms
lies a considerable body of agricultural knowledge which to date has found little application in Africa
outside of a number of NGO projects. Accelerating the widespread adoption of such technology,
carefully adapted to the widely varying local agro-ecological and socio-economic conditions, is essential
if the critical problems faced by African agriculture are to be overcome.

8.8 Such technologies need to be mastered by national agricultural research and extension systems
so that they can be more widely adapted to farmers' circumstances. There is a basic constraint, however,
which is as much responsible for the lack of successful introduction of these technologies as has been
poor research and extension. Farmers have not demanded these technologies -- much as most people
have not demanded family planning. There has been little incentive for individual farmers to introduce
such technologies in place of traditional methods. As Boserup suggested, as long as there is free land
to open up for farming, investing labor and capital in more intensive agriculture makes little sense from
the farmer's perspective. When inappropriate macro-economic and agricultural policies reduce the
profitability of farming, the incentive for farmers to intensify is further weakened. But policies that
encourage opening up additional land for farming are not the answer, since the cost in environmental
resource destruction can be substantial. This complicates the search for solutions to the problem.
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8.9 Agricultural intensification on a wide scale requires more effective research and extension.
It also requires policies that induce farmers to intensify production. Making intensive farming profitable
requires the kind of price, tax and exchange rate policy environment suggested in the World Bank's long-
term perspective study for Sub-Saharan Africa (World Bank, 1989d). Farm input and output prices must
be determined not by decree or by monopolistic or monopsonistic parastatal marketing agencies, but by
market forces and must be closely linked to world prices. Exchange rate policies must ensure efficient
equilibration of international and internal prices. And marketing, trade and investment policies must
facilitate private response to market opportunities.

8.10 In the short to medium term, subsidies may be necessary for certain farm inputs (such as
seeds of improved varieties) which are needed to introduce intensive sustainable farming techniques, while
the conversion of forests, rangeland and wetlands to crop land may need to be taxed for environmental
reasons. Such measures improve the profitability of agricultural intensification and raise the cost of land.
Another, complementary, approach would involve providing compensation to individuals and communities
to narrow -- or even eliminate -- the gap between private and public costs and benefits of resource-
conserving production methods.2 Such programs would need to be carefully designed and monitored (see
also paras. 8.64-8.66).

8.11 Environmentally benign and sustainable technologies of the type noted in para. 8.7 are, by
themselves, unlikely to be sufficient to permit most countries of Sub-Saharan Africa to achieve
agricultural growth rates of 4 percent per annum. Improved crop variety/fertilizer/farm mechanization
technologies will also be necessary, and the most desirable scenario would involve the widespread
adoption of location-specific appropriate combinations of both. A gradual shift to locally suitable higher-
value crops and livestock products will also be necessary. Over time, this will be stimulated by the
policy reforms summarized above, by growing market orientation of agricultural production and by rising
urban incomes. Nevertheless, in certain agro-ecological settings, some trade-offs between agricultural
intensification and environmental resource protection will be inevitable. The following sections discuss
environmentally benign low-input, low-risk technologies that deserve greater emphasis in research and
extension.

r7) Soil Conservation and Fertility Management

8.12 Soil erosion is influenced by a combination and interplay of many factors - including soil
characteristics, climate, topography, land use and farming practices. It is therefore site-specific, and
individual control measures that are appropriate and successful in one set of circumstances cannot
automatically be transferred without modification to another location.

8.13 Farmers adopt soil conservation measures when they clearly perceive them to be in their own
interest. In low-resource and labor-constrained settings, and with risk-averse farmers, measures
recommended for adoption must increase crop yields (probably by a fairly significant margin), require
little or no cash outlays, and conflict as little as possible with existing peak labor demands. If tree
planting is involved, local rules concerning tree tenure must be considered, as must the often considerable

2 If, for example, constructing rock bunds on steep slopes or the afforestation of severely degraded land to prevent gully
erosion provide high economic returns, but low financial returns to the farmers and communities who would be undertaking
these works, it would make sense to provide appropriate compensation to cover the difference. This might take the form
of partly or wholly subsidized provision of key inputs (such as seedlings), of direct wage payments (under food-for-work
schemes, for example), or of the provision of village-level infrastructure facilities in exchange for community action on
resource conservation. This approach is discussed and analyzed in detail in FAO/World Bank Cooperative Programme,
1991, and a land resource conservation project recently initiated with World Bank support in Ghana will test it in practice.
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differences in the allocation of costs and benefits between genders (see para. 8.41). If men are to invest
in tree planting and maintenance, trees must produce cash crops and/or timber (or fuelwood for sale).
Women far more readily value trees that provide fuelwood for own use, livestock fodder, fruits and other
non-wood products. Many soil conservation efforts require additional labor -- which often has high
opportunity costs or is simply not available. Even off-season labor availability cannot be taken for
granted. Rural people pursue various non-farm income-earning activities when farm labor needs are
slack, and seasonal outmigration of men is common in many areas. The shortage of labor has been one
major reason for the poor record of many soil conservation programs. The other has been the perceived
low rate of financial return to most of the techniques that would be technically effective. Where,
however, the labor/land ratio is high, as in parts of the East African highlands, various labor-intensive
soil conservation techniques are financially attractive and, indeed, widely used. This suggests that
farmers' willingness to undertake soil conservation measures will increase as population densities rise as
soil degradation and erosion problems intensify and as policy reforms make intensive farming more
profitable (see also paras. 8.72-8.73).

8.14 African farmers already use a variety of techniques, highly adapted to local conditions, to
manage soil fertility and conserve soil. Many of the "more innovative" practices now being evaluated
and refined on research stations are in fact based on techniques developed by farmers themselves. These
techniques are founded on the recognition that the only truly effective way of controlling soil erosion is
the maintenance of vegetative soil cover, especially during the rainy season. Many traditional farming
practices contain a number of features that are designed, in part, to meet this requirement: mixed
cropping, intercropping, relay cropping, multi-story farming,3 various forms of fallowing, crop rotations,
no-tillage and minimum tillage, a variety of agro-forestry techniques, and so forth. Farmers have also
resorted to engineering techniques to combat soil erosion and improve water retention on farm land. In
many parts of the Sahel, the construction of terraces, stone lines and stone bunds, and earthen ridges,
often laid out in grids, have a long tradition; these methods are still used in Mali, Burkina Faso and Niger
(Reij, 1988, pp. 19-23).

8.15 All these techniques also meet other important requirements. Particularly essential are these:
spreading total labor requirements as evenly as possible over the year; making optimal use of cultivated
land through spatial arrangement of crops in mixed cropping systems;4 and minimizing risk and
stabilizing aggregate output from multiple crop species in environments characterized by considerable
climatic uncertainty. It has been repeatedly documented that African farmers "outperform" the weather:
indices of crop yields over time fluctuate considerably less than indices of rainfall (Dommen, 1988,
p. 27).

8.16 Basing improvements on this rich tradition of farmer ingenuity and adaptation to local
circumstances and constraints holds the greatest promise for success in overcoming the problems now
facing agriculture in Sub-Saharan Africa. By the same token, failure to recognize this potential and to

3 Multi-story compound farms are found throughout Sub-Saharan Africa, and especially in the forest zones. Such plots
contain a variety of plants that grow to different heights (trees, vines, bushes, low-growing plants, and root and tuber
crops), attract and/or repel different animals and pests, and have widely different life cycles and, hence, labor requirements
and yield peaks. In essence, multi-story gardens represent local people's efforts to utilize the synergies of the rainforest
ecology for crop production. A recent survey of compound farms in eastern Nigeria identified 146 species being cultivated
in compound farms, with as many as 57 grown in a single compound (Bass, 1990, p. 136).

4 In mixed cropping systems in the humid tropical forest zone, 20 to 30 different species appear to be the "norm" on a single
farm, but as many as 60 species have been found. In the semi-arid regions, 15 to 20 species appear to be the normal range
for a single farm (Dommen, 1988, p. 36).
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tailor supportive efforts accordingly has been an important factor contributing to the non-adoption of
many technical "solutions" proffered in the past to overcome the continent's agricultural crisis.'

8.17 Numerous effective and low-cost or no-cost techniques can be made available to farmers that
would permit intensification and greater sedentarization, improve yields, and maintain soil fertility.
Which of these are appropriate -- technically and economically -- depends very much on local conditions.
A few examples of techniques aimed at soil conservation and soil fertility management are the following:

* Vegetative soil and water conservation methods are highly effective and far less labor-
intensive to establish and maintain than terraces and other soil-moving techniques. Except
on very steep slopes, grassy strips (sometimes called infiltration bands) have been found to
be as effective in combating erosion as bench terraces -- these being the two most effective
techniques. Permanent strips of suitable species, established on the contour at proper
intervals down the slope, are highly effective in slowing runoff, reducing soil erosion,
improving moisture retention, and creating natural terraces over time. If fodder grasses are
used, periodic cuttings provide animal fodder. Variations of this method are already in use,
for instance, in Ethiopia, Kenya, Madagascar, Nigeria, Rwanda and Tanzania.6

* Where draft power is available, ploughing along the contour on sloping land will considerably
reduce soil erosion and increase water infiltration. The effectiveness of contour farming is
further improved if permanent contour key lines are established at appropriate intervals down
the slope by means of permanent strips of suitable plant species (such as Vetiveria spp.).

* "Intensive" or "managed fallowing" -- sowing deep-rooted legumes when land is taken out
of production, rather than simply waiting for natural revegetation -- will greatly improve soil
fertility even in a single year. Where new land remains available for clearing, however, or
where livestock are allowed to graze fallow land, farmers may be slow to change their
fallowing practices.

* Minimum tillage and no-tillage methods, which involve planting directly into a stubble mulch
without ploughing or hoeing, can virtually eliminate soil losses, increase water infiltration and
retention, and reduce labor input per unit of output. Minimum tillage is, of course, a
practice very familiar to farmers in forest fallow systems. Soils in forest fallow systems are,
however, almost entirely free of weed seeds and very easy to work with a planting stick.
Neither condition is likely to apply in minimum tillage or no-tillage systems practiced on
more permanently cultivated land.

5 A long-time student of the situation in northern Nigeria has written that the "basic rationality" of indigenous land-use
systems "emerges unfailingly from almost every field investigation" and "the rationale of indigenous land-use systems must
become the basis for conservationary resource management for the simple reason that the land belongs to, and must continue
to be occupied by, its present population" (Mortimore, 1989a, p. 207).

6 For best effect, the species used should be a grass or a shrub with deep roots and strong and dense leaves and stems; it
should be drought, fire, livestock and flood resistant, should not take up much crop land, and should not harbor pests or
diseases. Vetiveria zizanioides, a clump grass, exhibits all these characteristics and more. It thrives in arid and humid
conditions, seems to grow on any soil (including shallow rocky soils) and survives wide temperature ranges. It is virtually
maintenance-free, produces a dense hedge, and is extremely effective in trapping silt, slowing runoff and increasing water
infiltration. It is used for soil conservation purposes in regions as diverse as China, Fiji and India. Extension services in
Nigeria, following successful field trials, are now promoting its use, as well as that of its close relative V. nigritana which
has long been used by farmers in parts of northern Nigeria to mark their field boundaries, as a vegetative erosion barrier.
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8.18 Labor-intensive approaches and mechanical or engineering works (such as terracing and
bunding) are suitable only in certain settings. Moreover, engineering works will not be satisfactory in
isolation. The primary requirement is appropriate land use, and mechanical conservation works must be
accompanied by good farming practices (Hudson, 1987, p. 158):

* Terracing is common in some parts of Sub-Saharan Africa, mainly on steeply sloping land.7

When properly constructed and maintained, terraces are highly effective in preventing soil
erosion and increasing the retention of water in the soil, but they have drawbacks. Most
important, they require considerable labor to construct and maintain and are far more
expensive per unit of soil retained than almost any other alternative for soil erosion control.

* Earthen bunds also require frequent maintenance and repair. Unless properly maintained and
stabilized with grasses, they last only two to five years. On slopes of more than 10 percent
gradient, they silt up rapidly; their trap efficiency may be 30 to 50 percent in the first year
but falls to zero in the second (Grimshaw, 1989). They have been found useful only on well-
drained soils. Elsewhere, they are susceptible to breaching or cause water logging.

* In Rwanda and Burundi, contour ditches introduced by colonial governments to control soil
loss were abandoned after independence because farmers, who have a good idea of the cost
in labor of digging and maintaining ditches, felt the ditches were not worth the maintenance
they required (Brown and Wolf, 1985, p. 42; Jones and Egli, 1984). The practice is now
slowly being reintroduced, along with tree planting, mulching and other complementary
conservation measures.

7 From 1976 to 1985, with support from several external aid agencies, Ethiopian farmers constructed 60,000 km of bunds
and 470,000 km of terraces for reforestation; however, this amounts to just 6 percent of Ethiopia's threatened highlands.
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* On the Yatenga Plateau in Burkina Faso, farmers have adopted a technique of ranging lines
of stones along the contour on land suffering from, or threatened by, erosion. The lines of
stone slow water run-off, increase water infiltration, trap dislodged topsoil and have helped
revegetate heavily degraded land. Farming had become threatened, and because labor was
available to carry out the work, this comparatively heavy investment in soil conservation and
land improvement works made economic sense to farmers. Some 6,000 ha have now been
"treated" in this manner, and yields have increased by 15 to 30 percent. Labor cost are high
and increasing, however, because rocks have to brought from increasingly greater distances.
The success of the stone contour bunds in the Yatenga Region could not be replicated in
Mauritania's Affole mountains, where rainfall is much lower, slopes are steeper, and the
population density far lower. This underscores the limitations to "technology transfer" and
the critical importance of adapting "solutions" very carefully to local agro-ecological and
socio-economic conditions (Reij, 1988, p. 27).8

8.19 Kenya offers an example of a promising combination of conservation and new farming
practices that increases vegetative cover and reduces the likelihood of severe erosion. Farmers are free
to choose which practices to adopt and which trees to plant. Hundreds of thousands of smallholdings
have been terraced by now, with farmers doing the work themselves (see box).

Another interesting dimension of the stone line technology was observed on the Mossi Plateau in Burkina Faso. There,
women do not own land and do not benefit directly from the profits of their husbands' fields. They do, however, benefit
directly from working on their collective fields, which are "borrowed" from the men, because the yields are distributed
to all participants. Most women were soon discouraged from building rock lines. They had labored hard to treat their
fields, but then often found the men reclaiming these improved plots for their own crop production and forcing the women
to move again to another untreated piece of land (Wardmann and Salas, 1991, p. 77).
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8.20 There are a number of other simple and effective ways in which farmers' production systems
can be made significantly more productive and sustainable, without increasing farmers' risks or the
requirements for additional labor and/or capital beyond what the productivity gains will cover. Table 24
summarizes the results of a financial and economic analysis of many of these techniques under current
conditions in Nigeria (FAO/World Bank Cooperative Programme, 1991). This analysis showed that
many of these techniques are highly effective in reducing the decline of crop yields on continuously
cropped land by reducing, to varying degrees, soil fertility losses and erosion. Almost all of the
techniques assessed showed high economic rates of return and financial rates of return of 10 percent and
more. However, the pitfalls of attempting to introduce such techniques on a wide scale are also evident
in these data. A few, such as stone-faced terracing and improvements of grazing reserves, are either
unprofitable or only marginally profitable. Moreover, even a financial rate of return of 10 or 15 percent
may not be sufficient to induce investment by farmers whose private discount rates are likely to be as
high as 25 percent and more because of the high uncertainties and distorted markets they face. However,
as the costs of soil degradation and erosion rise, as labor availability increases, as economic policy
renders agriculture more profitable, the financial returns to these measures will increase. Knowledge
transfers through extension workers will find an increasingly favorable reception by farmers as these
changes occur. This is evident in the Kenya and Burkina Faso cases reported above, in farmer investment
in stone terracing and tree planting in Ethiopia, and in windbreak establishment to protect millet fields
in Niger (FAO/ECA, 1992, pp. 10-11).

(ii) Water Management

8.21 Highly variable rainfall in many parts of Sub-Saharan Africa makes water conservation vital,
particularly in semi-arid areas and where dry spells are frequent. In the Sahelo-Sudanian zone in
particular, moisture deficiencies pose the primary constraint on cropping, and effective water management
is critical to reduce erosive and wasteful runoff and to maximize water infiltration into the soil. In most
settings, in-situ water management through improved infiltration and moisture conservation is likely to
be far less costly, more effective and less stressful for the environment than the construction of water
harvesting and storage structures. Many techniques recommended to combat soil erosion (such as contour
farming, establishing vegetative contour strips, intercropping, ridging) are also extremely useful for in-
situ moisture conservation.

8.22 However, under certain conditions (notably in low-rainfall areas), water harvesting techniques
may be both necessary and effective. Water harvesting involves the collection and utilization of runoff
for farming or other uses. A very common form of water harvesting involves collecting runoff from a
large area by means of earthen or stone bunds and guiding it through ditches or channels on to smaller
areas where field crops or trees are grown. Another common traditional technique is waterspreading:
diverting runoff from seasonal streams or gullies to cultivated fields. By increasing the quantity of water
available on cultivated land, these and other water harvesting techniques greatly improve land
productivity; they usually require little capital and are labor-using. Water harvesting has proved effective
and successful, for example, in Burkina Faso's Yatenga Region and in Kenya's Baringo District.9

8.23 Only about 5 million ha are irrigated in Sub-Saharan Africa today," about half by modern
means and the rest by traditional small-scale methods. The additional area potentially suitable for

9 See Reij, Mulder and Begemann (1988) for an extensive review of technical, environmental, agronomic, economic and
sociological aspects of water harvesting.

10 Only three countries - Sudan (1.75 million ha), Madagascar (0.96 million ha) and Nigeria (0.85 million ha) - account for
more than 70 percent of this total (Barghouti and Le Moigne, 1990, p. 7).
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irrigation is estimated at about 15 million ha (Barghouti and Le Moigne, 1990, pp. 9 & 13) -- not much
in terms of Sub-Saharan Africa's total potential arable land area. Topography, soil characteristics and
high water losses due to evapotranspiration from water storage facilities pose significant constraints to
irrigation development. Moreover, irrigation development in many parts of the continent would entail
very high environmental costs in terms of increased threats from water-related human diseases and of
irreversible damage to ecologically valuable floodplain ecosystems (ibid., p. 13). Nevertheless, in a
number of countries -- notably those of the Sahel, but also Ethiopia, Malawi, Nigeria and Uganda -
irrigation development holds considerable promise for improving the productivity of farm land in a
manner consistent with resource conservation objectives.

8.24 The emphasis should lie on individually or communally managed systems with development
costs of US$2,000 per ha or less, which can be developed and maintained by individual farmers
themselves or by farmers' groups. Such low-cost schemes include irrigation from wells or pumps,
controlled flooding, and small-scale development of inland valleys and flood plains. Such developments
have often spread spontaneously. Good examples are the private small-scale schemes developed by
Mauritanian farmers in the Senegal valley, the rapidly spreading development of small groundwater
irrigation systems in northern Nigeria'sfadama areas (alluvial river valley bottoms), and shallow aquifer
exploitation with low-cost tubewells and pumps in Chad and Niger (Brown and Nooter, 1992)."

(iii) Livestock Production and Utilization

8.25 Mixed farming systems, combining crop and livestock activities, show promise in meeting
environmental sustainability criteria. Farm animals are an important link for recycling resources within
the farming system and, in the case of draft animals, represent a major step towards farming system
intensification and, through the provision of transport services, market orientation. Indeed, the largely
unutilized potential for using animal traction in both farm operations and transport needs to be realized.
Cattle acquisition and maintenance involve considerable capital expenditure, however, and are therefore
likely to be feasible only for relatively better-endowed households. In any case, switching to animal draft
power becomes economical only when the cost of hoe cultivation exceeds the cost of the transition to
animal power. This usually happens only with the emergence of continuous cultivation.'2 Moreover,
animal traction is generally adopted first to provide transport services, and only later for purposes of land
preparation (Pingali et al., 1987). Maintaining draft animals will not be economically attractive to
farmers if their sole use is in land preparation. This suggests that developing rural transport
infrastructure -- roads, tracks and trails suitable for animal-powered traffic -- is important to accelerate
the incorporation of draft animals on a wide scale into rural economies and farming systems. Upgrading
rural transport activities -- the movement of farm inputs and output, fuelwood, construction materials and
water -- from headloading to animal-powered means, will greatly reduce the pressure on women's time.

8.26 Nevertheless, there is good potential for greater incorporation of livestock components into
farming systems. In many mountainous areas, this process is already well underway. Approaches and
solutions will vary. The full potential of sheep, goats, pigs and poultry has not been exploited in much
of SSA. Small ruminants, especially if herded together, are very efficient users of a wide variety of

' Brown and Nooter (1992) review a number of successful small-scale irrigation schemes in the Sahel and identif, several
common characteristics: simple and low-cost technology; private and individual institutional arrangements; adequate
infrastructure to facilitate access to inputs and output markets; active farmer participation in project design and
implementation; and high financial (cash) returns to the farmer.

12 The switch from hoe to plow tillage is usually motivated by the desire to expand the area cultivated or to economize on
the labor required for land preparation (Pingali et al., 1987, p. 104).
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forage and browse resources. They are less restricted by seasonal variations in feed resources and
maintain their body weight far better throughout the year than cattle. They also withstand the effects of
drought, even a prolonged one, and recover far more quickly from its impact than do cattle (FAO, 1991,
pp. 28-36). Goats, pigs and poultry are likely to be more easily integrated into farm operations managed
by women, because they tend to stay near the compound. Sheep present a different management issue
because they require herding (and this may have implications for boys' school attendance).

8.27 In humid and sub-humid zones, the tsetse fly can be controlled (although not eradicated)
through low-cost traps and spraying. Priorities for promoting the integration of cattle into farming
systems should be to popularize cattle breeds such as the N'Dama which are tolerant to trypanosomiasis
and at the same time to develop transport and farm equipment which such animals can power. In the sub-
humid zone, where cattle are concentrated, it will also be important to develop fodder banks to provide
feed reserves for the dry season; analysis in Nigeria has shown this to be potentially quite profitable
(Table 24).

8.28 In the drier cultivated zones, the integration of cattle into sedentary crop farmers' production
systems will generate increasing pressure on the available pasture and forage resources, leading to stiffer
competition and potential conflicts with transhumant pastoralists whose herds graze on crop stubble and
bushy fallows during the dry season. The pastoralists' difficulties are further exacerbated by the
increasing development of river valley bottoms in many parts of the Sahel and Sudan for cropping, often
year-round by means of small-scale irrigation facilities, because this closes off essential migration routes
and feed resources for their herds during the dry season. Improved land allocation between pastoralists
and farmers to permit both to survive would be desirable, but no effective means of achieving this has
been found as yet. Better land use planning and appropriate land tenure arrangements would be needed.

8.29 Traditional pastoralists are very efficient users of the meager rangeland resources in the arid
and semi-arid zones. They possess enormous knowledge and understanding of the desert and savanna
ecologies in which they live and upon which their economies depend. Their husbandry of land, water,
plant and animal resources and their migratory movements are highly skilled, complex and organized,
reflecting generations of careful observation, experimentation and adaptation. Their livestock production
systems are, as recent studies have demonstrated, extremely productive. They utilize the marginal
resources to which they have access not only very efficiently, but also in a manner that is environmentally
sustainable over time. Traditional pastoralists produce as much protein per hectare as do ranches in areas
with similar rainfall in Australia and the United States -- but with vastly lower capital inputs (Bass, 1990;
Odhiambo, 1991, pp. 79-80; Independent Commission on International Humanitarian Issues, 1985).

8.30 But the potential for increasing the output and productivity of pastoralist production systems
is low. Moreover, the most critical aspect of their traditional resource management system -- mobility -
is under increasing pressure as sedentary farmers appropriate land resources for cropping, close off vital
migration routes and seasonal feed sources, and lay claim to scarce water resources. Forcible (and often
violent) prevention of herd movement across national borders as well as armed raids on herds to procure
food supplies for rival factions in civil wars further threaten pastoralists' production systems and way of
life. Overgrazing is acute around public waterholes and urban centers and a major cause of
environmental degradation. In these regions, water resource development and utilization require a
refocusing of efforts to develop a network of more widely dispersed wells tapping shallow aquifers. At
the same time, water and range resources should be placed under local communities' control and
management to help prevent excessive concentration of livestock."3 Integrated water/livestock/forestry

13 This argument is well developed in Shanmugaratnam et al. (1992).
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14 Greathead and Waage (1983) discuss various possibilities for biological control of agricultural pests, and substantial research
findings have been accumulated since then. See also Kiss and Meerman (1991), Singh (1990) and Odhiambo (1991).

15 On environmental grounds, a case might be made in certain settings for some degree of temporary subsidization of chemical
fertilizers in order to induce more farmers to use this input to maintain soil fertility.
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also para. 5.31). Particularly useful are implements predatory ants and, beates against the Heilcoverjs
that can be locally manufactured (preferably from armigerqmoth, t local 1aPM tehniquesii : a 'being
locally available materials), are cheap, require little deld to ::6combat:: moths which attack- oetony
maintenance and are easy to use. There is a sunlowerand .other.Africanc.rops (CABlenatQ.i..nal..
tremendous need throughout much of rural Africa for 191.. ....
more efficient tools for land preparation, planting,
weeding, harvesting and crop processing, as also for small carts, wheelbarrows, bicycles and other locally
suitable transport aids. Efforts to develop, adapt and disseminate such technology have been largely
confined to non-governmental organizations (NGOs). Research and extension programs need to place
far greater emphasis on these aspects of rural technology development and dissemination, drawing on the
experiences of NGOs and collaborating with them. The production and marketing of such technology
are obvious areas for promoting the development of a viable local artisanal and small-scale industrial
sector.

(v) Agro-Forestry

8.35 From an environmental and agricultural perspective, agro-forestry holds high promise. There
are a variety of techniques and approaches for different agro-ecological conditions and p-oduction systems
which can increase farm productivity and incomes and simultaneously improve the prospects for
environmental sustainability of rural production systems (Nair, 1990). Indeed, a multitude of agro-
forestry systems and practices are already in use in different parts of Sub-Saharan Africa (Cook and Grut,
1989). Utilizing indigenous trees and shrubs, these are appropriate, low-cost, low-risk and high-return
means for maintaining soil fertility, improving soil structure, recycling water and nutrients from lower
soil strata, combating soil erosion, and providing secure supplies of fuel, fruits, fodder, mulches, building
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and fencing materials, and the like."6 Increased supply of tree products from agro-forestry will also help
preserve the remaining forest resources.

8.36 Whether agro-forestry efforts should be based on individual or some form of communal
planting will need to be determined at each site and with each community. Farm forestry is likely to be
more readily incorporated by farmers into their production system in densely populated areas where
common forests are no longer available and wood needs must be met from the farm or where wood
fetches a good market price. This is already happening in parts of East Africa: there may now be more
trees in Rwanda than at independence, even though the natural forests have all but disappeared.

8.37 If trees are to play a greater role in soil conservation and agricultural production, it must be
on farmed land -- through farmers' agro-forestry activities on their own land. This can take many forms:
shade trees in and around living areas; live (wood-producing) fences replacing dead (wood-consuming)
fences around fields and homesteads; and trees and shrubs planted very closely in lines along the contours
of sloped fields to prevent soil erosion. Cocoa, coffee, rubber and tea are valuable not only as cash
crops, but also as environmentally important components in agro-forestry systems. More species should
be added, especially trees that produce fruit, nuts or fodder. Trees can diversify the basis of food
production. In semi-arid areas where wind is a threat to farming through desiccation or eolian erosion,
windbreaks can be very beneficial. Appropriately designed and managed multipurpose windbreaks of
mixed species and heights are particularly attractive, since they will also yield sustainable flows of
fuelwood and/or other tree products for the local people.17

8.38 In humid areas, multi-story farming may be desirable, in which various trees, shrubs and
crops of different heights are intercropped to provide total and continuous ground cover and a variety of
micro-climates (see also para. 8.14, footnote 3). In humid and sub-humid areas, alley-cropping - a
variation of traditional agro-forestry practices adapted to sedentary farming -- may be effective and
adopted by farmers, if the labor requirements involved can be made to fit actual on-farm labor
availability. Crops are grown in 4-8 m alleys between rows of leguminous trees such as Leucaena or
Gliricidia, with the prunings providing fuelwood, stakes and fodder, or nitrogen-rich mulch for fertilizer.

8.39 Agro-forestry systems also hold considerable promise in the context of buffer zone
development around environmentally valuable forest stands that should remain under protection (see
para. 10.15).

8.40 Farmers will not invest in agro-forestry unless there are adequate incentives at the farm level
to produce trees for own use or for the market. The emergence of such incentives depends on a

16 The presence of Acacia albida, a leguminous tree often found in fields sown to millet, sorghum or groundnut in much of
the Sahelo-Sudanian Zone, consistently increases the yield of the associated field crops. The tree has many appealing
features. A particularly important one is that it sheds its foliage during the rainy season and therefore does not compete
with crops for light and moisture. The tree provides ample shade during the dry, hot season, and its leaf litter provides
nitrogen and organic matter to farmers' fields. Yields have been found to be about twice as high under the trees as they
are beyond its crown. Each tree also supplies about 75-125 kg of nutritious pods per year for livestock feed (Gritzner,
1988, p. 99).

17 CARE began the Maijia Valley Windbreak Project in Niger in 1975. Farmers have now established some 350 km of
windbreaks to protect about 3,000 ha of rainfed millet and sorghum fields. Crop yields in protected fields have been 15
to 23 percent higher than in neighboring unprotected fields.- Once fully established, the annual sustainable yield of
firewood from the Azadirachia indica used in these windbreaks is about 5 kg per tree. Spaced 4 m apart, 400 m of double-
row windbreaks provide 1 ton of fuelwood annually (Nair, 1990, p. 45). The seed pods of Acacia scorpioides, also used
in windbreaks in Niger, are sold for use in leather tanning (ibid., p. 45).
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combination of factors."5 Climate, stage of deforestation, institutional arrangements, tenurial conditions,
effectiveness of forestry extension and other factors all are important (Barnes, 1990a; 1990b) - along
with pricing. If trees are to be grown for sale as fuelwood or construction material, it must be profitable.
Such incentives are gradually emerging. As populations grow and trees are felled, fuelwood becomes
scarcer. Although this scarcity creates a market value for fuelwood, this market has been developing too
slowly, for the reasons discussed earlier. The development of fuelwood markets will be accelerated if:
cutting in protected forest areas is restricted; farmers are not restricted or licensed/taxed in marketing
fuelwood they produce on their farms; nurseries are established to produce appropriate species; research
and extension services incorporate tree farming as a major theme; and land tenure reform provides
ownership of forests to farmers and local communities so that they are more likely to invest in forests
rather than merely mine them for fuelwood. If appropriate price signals are to be developed, fuelwood
must not be obtainable as a free good. Provided the appropriate species are used, agro-forestry
techniques can, however, be very profitable in many areas because of their potential to generate a
combination of benefits (fuelwood, poles, fodder, fruits, and associated crop yield increases).

8.41 Economic pricing of woodfuels is critical to encourage conservation and interfuel substitution.
Pricing policies based on taxing incoming supplies would encourage economies in the use of woodfuels
in urban areas (UNDP/World Bank ESMAP, 1988). Such policies can also provide a way to raise
revenues that could be used to improve the forestry services (Falloux and Mukendi, 1988). Higher taxes
could be levied on fuelwood coming from open access areas and lower taxes on fuelwood coming from
wood plantations and private plots.

8.42 In many regions, there are significant socio-cultural obstacles to widespread tree farming, at
least in the short run. In Kenya's Kakamega District, for example, women are not allowed to plant trees
because this would undermine their husbands' authority; they are subjected to superstitious threats of
barrenness or the death of their husbands (Aloo, 1985, p. 28). In many communities, trees have rarely
been deliberately planted -- even where their utility is recognized and they are protected and prized for
their contribution to livelihood systems. Trees may in fact be regarded as an obstacle to crop cultivation,
especially where tenurial considerations (such as separation of usufructual rights to land and to trees) or
technology aspects (such as animal or mechanized ploughing) are important. In some countries, because
all forest land is owned by the state, people fear that if they plant trees their land will revert to the
government. In parts of the Sahel, farmers are unwilling to plant certain trees because they are on the
forest department's protected list, and to crop or prune them would require going through tedious
procedures to prove they own the land and planted the trees and to obtain a cutting permit (Timberlake,
1986, p. 56).

8.43 It is important to involve the local women in any projects that concern fuelwood production,
provision and use. Men and women almost always have vastly different views concerning the utility of
community or farm forestry activities (Molnar and Schreiber, 1989). In Senegal, the men in the village

is Even transhumant livestock herders will plant trees if they face the right incentives (notably clear economic benefits and
uncontested resource ownership) and if the establishment and management techniques are suitable to their means and
lifestyles. In Kenya's arid Turkana district, the Turkana have long depended on the riverine forests along the Turkwel river
for fodder, fuel, food and other uses. These forests provide the Turkana with an important source of fodder for their herds
in dry seasons and especially in drought years. Individual families own the user rights to each individual tree, Acacia
tortilis with its long tap root and ample production of edible pods being the most important. Prolonged drought and
irrigation and fishing schemes along the river had significantly reduced the number and productivity of trees by 1984 when
NORAD began to assist the Kenya Forestry Department in seeking ways to conserve the woodlands in Turkana District.
Well aware of the value of these trees for their herds' and their own survival, the Turkana dug thousands of planting pits
with micro-catchments around them and planted A. tortilis in the next few years and made sure they were not destroyed
by foraging herds (Harden, 1990, p. 206).
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councils planned to sell as poles the timber from community woodlots, which had in fact been established
to provide fuelwood for local households and to reduce local women's work load (Dankelman and
Davidson, 1988, p. 54). Where women are actively involved, chances of success are high. In The
Gambia, for example, the National Women's Bureau and the Forestry Department promoted the
establishment of woodlots-cum-orchards managed by village women's groups, and these are now
producing locally significant quantities of fruits and vegetables as well as fuelwood (Marenha, 1985,
p. 56; Dankelman and Davidson, 1988, p. 21). Where women face traditional restrictions concerning
the planting of trees, careful investigation may reveal possibilities, acceptable under local norms, to plant
certain species of brush that are suitable for fodder and fuel.

8.44 Several successful programs in Kenya are based on strong involvement of local women. One
of the best known and most successful non-governmental afforestation programs is the Green Belt
Movement, started in 1977 by the National Council of Women of Kenya (Maathai, 1988). Another
successful program is that of the Kenya Energy Non-Governmental Organization (KENGO), an
association of over 200 NGOs dealing with energy issues, which includes a number of women's groups
and organizations. KENGO is active in the promotion of fuel-saving stoves as well as in reforestation
with indigenous trees. Information on medical, cultural, ecological and economic values of trees is
collected from local women and passed on to women's groups through workshops, exhibitions, mass
media, pamphlets and posters. The Kenya Woodfuel Development Programme promotes a self-sustaining
system of tree planting to supply fuelwood. Based on surveys of agroforestry practices and cultural
background of local people, its approach accommodates indigenous expertise with traditional beliefs and
taboos. Women are especially encouraged to develop solutions that will not conflict with traditional
values (Chavangi, Engelhard and Jones, 1985; Leach and Mearns, 1988, pp. 142-145).

(vi) Stoves that Save Fuel and Women's Time

8.45 A second major effort to address the
fuelwood and household energy problems has been ....The.S.ove P. r
aimed at improving the efficiency of energy use: f
slowing the rise in fuelwood consumption by dosi te by t
introducing more fuel-efficient wood and charcoal Buia Faso: Base o i d
stoves or stoves using non-wood energy sources (e.g., : Bu.rkaEnergy Institt, e stovei :asically a
solar cookers). Most rural African women cook on shi elide di,'t,,a,dli ' "'
some version of the three-stone stove or on other .hi.. or.sh ..l bet ofla,Ay, . i. aff:d''

simpe stveswith an energy efficiency of 10 percent araoudtrsoeshtsur he?.

or less. Various technical improvements have been
advanced, tested, promoted -- and in most cases not method qi',: y h
adopted by the women for whom they were meant. On n E t Fe a a f 3 to 70
the whole, little headway had been made by the mid- e Most me eoup e mn i 
1980s: few programs had distributed more than 5,000- days rg and labr -o
8,000 stoves (WRIIED, 1987). But there have been 85-ooo.improved.three-stone stoves ei
exceptions -- such as KENGO's program in Kenya (see -WRED, 1987, p. 232-233).
box) and the Mai Sanki stove program in Niger (see
para. 8.47).

8.46 The reasons for failure have varied. The driving motive of those developing and promoting
new stoves has usually been to save fuel, but women in the "target population" have often had a number
of other, and frequently overriding, concerns which the designs proffered did not address to their
satisfaction. Women in some villages in Mali responded poorly to cookstove programs because their
perceptions of their time constraints differed from those of the program planners. These women
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considered the time required for food preparation and .iii X- ------__ i E . .. ... .
cooking to be more burdensome than the time needed - The Kenya Renew able.EnergyDevelopment Pect.
to collect fuel; they preferred a stove that would reduce -This'project,launched with sport 'from:USAID in
cooking time, rather than save fuel (Molnar, 1989, 198 2,sought tojsell or give away 5,000 stovesby the
p. 41). Cultural and dietary reasons are important, as end of 1,986. ByAthe end'of 1985 it"h ad sp'wne.;
are cost, local availability of materials, convenience of new ind ustry whose man :producera alonehad:0' s
use, cooking time, suitability for local cooking .110t0 iXflp* stoves at .. pr.ofi. Te h..... .d.
implements and utensils, suitability for different fuels .cap.tue a large s.ice ' .of te. mrt rei.l
and a variety of other factors. Women may be averse metail cara sv with a fuel efficiency oKabout19-
to cooking outside. The stove's capacity may be too ,percent.i:- The6 new stove was designed to cmpete
small to cook for large families or to prepare several directly. WIh thes-eL taditionalones.- t- aparc n
dishes simultaneously. Solar cookers are useless in the 112 the'design wasexnsive: scrm Iarisans.were:
evening when meals are prepared. Stoves may be used c Ionsultedtoensure easy manu-facture,and prottypes

were testedE inl 600households toensure acceptabiity.:not only for cooking, but also heating; etc. (M. Carr, .The fial design comprises a tlscrap-meal. casig
1985, pp. 133-134). Other important reasons for non- ....waisted.for stability with.aninsulatingcra .ic liner,
adoption include: unaffordable cost; drastic changes ,a avgrate in the top half,adan ash a at th0
required in cooking habits and cultural taboos; design bot tm.-The other ..mai eason. forsuces
inappropriate to multiple purposes, including water stove's3verfavorabecost-benetratio: icosts more,
heating, space heating, and smoke generation to repel ..but.. lsts .longerthanthe old stove ,resu1tingi actua

savn..o.r. woyeas..t mesue f.e..efic....ie...cyinsects under house roof. Complications also tend to ..is 29 30 peren. theortically ofng fue-savings of
arise because it is often men who buy the stoves while :34-37 percent, butmanyy users reported savMingsof up
women operate them (Elnur, 1985, p. 36). to 50 percent (probably due to more careful f'uel use)

For the average user family in Nairobi, the stove paid
8.47 Stove promotion efforts must begin with for .itself within eight weeks and provided an annual
careful studies of local dietary and cooking habits and r....eturnof...up.to 1,000percnt ont.henet.m t 
practices. It is particularly important to involve ...........E.. .987, .; .CE-
women from the start. In the Sahel, simmered stews
are the mainstay of the diet, and a lot of wood is used to prepare these on a three-stone stove. Whatever
replacement is recommended, it must meet a number of conditions (e.g., suitability for cooking practices,
affordability, transportability, repairability, replaceability, smoke may be desirable, etc.) Successful
programs which involved the targeted women from the inception of the program include: KENGO's
cookstove projects (the ceramic Jiko and the Kuni Mbili stoves) in Kenya, supported by USAID's
Renewable Energy Development Project; the Women and Energy Project initiated in 1984 with GTZ-
support by Maendeleo Ya Wanawake in Kenya;'9 the ILOlWorld Bank Stoves Feasibility Project in
Ethiopia which focused on urban women in Addis Ababa; the Ban-ak-Suuf stoves program in Senegal;
the program in Burkina Faso based on the stove design of the Burkina Energy Institute; and the portable
metal Mai Sanki stove in Niger.'

8.48 For urban users, reliable, economically accessible and appropriately priced alternative energy
sources, such as kerosene and liquefied petroleum gas (LPG), must be developed. Low-income urban
users may need assistance with appropriate credit schemes to purchase stoves and appliances which use
these fuels.

19 Under this project, local women are trained to construct low-cost one- and two-pot woodbuming stoves with clay liners,
which use considerably less wood and allow the kitchen area to be kept much cleaner. This is backed up with training in
agro-forestry techniques and the establishment of nurseries and fuelwood plantations by village women's groups (Dankelsnan
and Davidson, 1988, pp. 85-86).

2' 40,000 of these stoves have been produced and sold, and users have been able to reduce their expenditure on fuelwood by
30 percent, thus recovering the cost of the stove in two months.
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B. Policy and Institutional Aspects

8.49 Although environmentally benign technologies of the kind discussed here have been tested
widely and successfully in Sub-Saharan Africa, they have generally not been adopted by large numbers
of farmers. The "imported" technologies involving fertilizers, pesticides and herbicides, HYVs and farm
mechanization have not fared much better. The reasons for non-adoption vary, but the basic problem has
almost always been a poor fit with the resources available to farmers, combined with farmers' risk
aversion. Inappropriate price, tax and exchange rate policies, inadequate rural infrastructure, inefficient
marketing systems, and poor agricultural support services have all contributed to keeping resources out
of the reach of farmers and to increasing the risks inherent in innovation. In this situation, and as long
as uncultivated land remained available for clearing and cultivation, it made sense to farmers to cultivate
new land rather than to use more labor-intensive and/or financially costly production methods. This
continues to be the case in much of Sub-Saharan Africa.

8.50 These problems have been more apparent with respect to "imported" technologies - not only
because these have tended to be the ones promoted most actively by governments and aid agencies alike,
but also because these technologies have tended to require significant departures from familiar resource
management and production techniques and in relative factor utilization. Placing greater emphasis on
improving and adapting the types of techniques discussed above should considerably lower the adoption
threshold. But a number of measures will be necessary to create a policy and institutional environment
that is conducive, rather than inimical, to agricultural intensification and resource conservation.

8.51 Farmers require incentives and assistance to adopt yield-enhancing and soil-conserving
technologies. Sustainable farming must be made profitable -- and environmentally unsustainablepractices
must be made unprofitable. To promote the switch to environmentally sustainable farming, the cost of
resource degradation and destruction must be increasingly shifted to farmers instead of being borne
entirely by society at large and, in effect, by future generations. Privatizing the social costs of resource-
depleting farming practices will discourage their use. Government policy must be such as to permit
farmers to profit from switching to sustainable agriculture and to incur obvious costs if environmentally
destructive methods are used. The major tools for this are: (a) land tenure reform, (b) economic policy
that increases the profitability of market-oriented farming, and (c) agricultural services which help farmers
through the transition to sustainable agriculture.

(i) Land Policy and Tenure Reform

8.52 It is essential to ensure the security of land tenure -- to halt the erosion of security
traditionally provided by customary tenure systems. Secure rights to land (individual or communal) are
necessary to encourage management practices and investments that ensure sustainable use of a fragile
natural resource base. Over time, population pressure and agricultural intensification will make formal
land titling necessary. The administrative machinery for land titling needs to be established to permit
those seeking titles to obtain them. The transition to full land titling will require more than a decade to
achieve in most countries of Sub-Saharan Africa and should be undertaken only in response to demand
from below, not as an imposition from above. In the interim, respect for traditional tenure systems needs
to be codified. Judicial mechanisms for dealing with disputes between owners claiming traditional versus
modern land rights are needed. Land laws and regulations should respect traditional tenure systems,
permitting modern titles only when land is fairly purchased or acquired with the agreement of traditional
owners. Women's tenurial/usufructual rights must be safeguarded, if not enhanced. Titles provided to
groups for collective ownership should also be available. Kenya has begun this by providing land titles
to group-owned ranches, with groups organized by clan. French aid projects and the World Bank are
planning to experiment with community titles in several of the Sahelian countries. Governments should
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divest themselves of most land, except parks, to individual or community owners. This would be a first
step in inducing farmer landowners to conserve the land. Where such divestiture is impossible -- because,
for example, of the breakdown of traditional communities due to large-scale migration -- Governments
might retain state ownership but provide legally protected use rights to local inhabitants.

8.53 Local people and communities must be given a direct and tangible interest in the sustainable
management of ranges and woodlands and in the conservation of forests and wildlife. Communities
cannot be effective at managing their natural resources unless their authority is clearly established and
recognized. In particular, the appropriateness of statutes vesting residual control over all land in the state
should be re-examined. In return for legal title, the populations of forest and range lands must accept
obligations for proper management of these areas. Economic incentives to conserve could be
strengthened by allocating the benefits of forests and pastures to local populations in the form of logging,
hunting and gathering rights in forest areas and exclusive grazing rights in pasture areas. Opening up
new land for cropping in certain areas might be made subject to heavy land taxes. Only by involving the
local people as full partners in conservation, with appropriate incentives, will conservation occur.

(i) Agricultural Support Services

8.54 Sub-Saharan Africa urgently needs farm
technology development and dissemination mechanisms R(r,r Imp act, on A l rduct ,it
that are effective: agricultural research, extension, T...e.succ ss.of newcrop4 varie n.trodw to-SS
education, and farm input supply. Each of these in thie bpast30 yean:has: beenliited.-Rie in a few
activities will have to incorporate the soil conservation, paxtaof. ,Wes Af bica,bhyid mai, in pa' of 'h,na
fertility management, agro-forestry, pest management Kenya1 Nige Zambia ab d ' Zimbab and, Mort
and environmentally sustainable farming techniques reentl. . assava varetes e -by} JA. -
identified above. Not many of these services are ....am.ng.the ew .. suc,storie -- ncre-.aRs.._
working well today anywhere in Sub-Saharan Africa, tement adopted by ,a,l:ey.Prouctvit i te prdutio hasrisen ipsieyi
and virtually none are competent as yet in Kenya , Burn'di:ad Rwanda. Mieilha
environmentally sustainable agriculture. in.r.asedi.n Ben.. a. ..Gbon, and co .. -d on

.: twell, in m,uch' of francophon"e. West ca' Swaz
8.55 Although there are success stories, and Zimbabwet0 Coconut in C6164e1 d'Itvoire oipmin

Zaire, and controlt of vffee;beryd aeagricultural research in Sub-S aharan Africa has, on the and..Ken e x poitie re:se ar o
:and -Kenya -are:i.othet exaii-pes.o -fpsd ret..S-

whole, not performed well. This has been largely ..i..pact.on..production. Yie.d.increasesimpliedn
because of weak government commitment and poor :iaggregate data for sorghum and Igrundnutsk an-th
management, rather than inadequate funding. other hand ,appar' to .be due toacege reductions
Externally financed projects have not provided the (abandonment of less suie-lad -ndswihing of
needed breakthrough as yet. To develop, test and anunpwditei*ns toothgo,crps),-rthe tha of
adapt technologies of the kind identified above, ..1985; World Ban....9S7c.d , 19$9..)...
national agricultural research systems (NARSs) must be . ..... . ..... ....
rehabilitated and given work programs relevant to the
task. Most important will be strengthening national capacity to plan, manage and carry out research
focused on the issues identified above. Research as well as research management skills need to be
developed. Faculties of agriculture, NGOs and the private sector should be drawn into the effort. Aid
donors should coordinate their activities so that external aid strengthens national agricultural research
systems in this endeavor.

8.56 Agricultural research in and for Sub-Saharan Africa needs to focus on the conditions and
constraints that prevail in Sub-Saharan Africa and that determine the production environment of farmers
in Sub-Saharan Africa. Direct application of "off-the-shelf" technology imported from other regions has
rarely proved successful. As already noted, African soils need careful management, rainfall is
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unpredictable, the likelihood of drought in any given year is high, and dry spells may occur at any time
in the growing season. Since the many different combinations of soil, elevation, slope, aspect, rainfall,
temperature and solar radiation result in an enormous diversity of agro-ecological micro-enviromnents,
strong emphasis needs to be placed on location-specific adaptive research. For the same reasons,
researchers need to pay far more attention to the spontaneous experimentation and adaptation of farmers
themselves -- because that is where the real fine-tuning of technological innovations to farmers' complex
agro-ecological and socio-economic conditions occurs (Richards, 1991; Chambers and Toulmin, 1991).
The similarly vast variety of farming systems -- based not only on the local agro-ecological conditions,
but just as firmly on the often poorly investigated and even more poorly understood socio-economic
arrangements, institutions and traditions -- lends further weight to this requirement. The highly
pronounced gender-specificity of agricultural tasks and entire farming systems in many communities is
one important manifestation of this aspect. The parallel existence of individual and communal fields in
many communities' land use systems is another. The frequent distinction between rights to land and
rights to trees under traditional tenure systems is a third.

8.57 National research priorities must relate to the specific agro-ecological and socio-economic
characteristics, production patterns and development objectives of each country. Each country needs to
test and adapt technology under its own specific conditions, but it will take time to rehabilitate and
develop NARSs and for these systems to introduce the concerns of sustainable agriculture into their work
programs. Moreover, most countries of Sub-Saharan Africa are too small to undertake the entire range
of agricultural research needed. Much of the basic and applied research on sustainable agriculture will
therefore need to be undertaken at the International Agricultural Research Centers (lARCs) and to some
extent by universities and research centers in the industrialized countries. Regional and international
collaboration and African regional networks of researchers are needed to facilitate sharing of research
results and experiments on the subjects relevant to sustainable agriculture.

8.58 The capability of national agricultural research systems to undertake multi-locational
verification of international and national research findings on farmers' fields and the analysis of farmers'
constraints needs to be strengthened. There is an urgent need to identify more intensive farming systems
which can sustain soil fertility and structure and conserve soil moisture. Better integration of livestock
and of agroforestry into farming systems will be important in this regard. Low-cost, low-risk techniques
found effective in similar environments elsewhere need to be tested and, if found suitable, promoted.
Agricultural scientists must learn to fit their research to farmers' real situations. An intimate
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understanding of local constraints such as soil conditions, pests and diseases, moisture variation, seasonal
labor shortages and the gender aspects of farming systems is essential. New crop varieties must be tested
under zero- and low-input conditions and in mixed and inter-cropped situations before being
recommended to farmers through the extension services. Appropriate improved drought-resistant and
short-duration varieties of millet and sorghum are urgently needed. Work on these and other important
indigenous food crops (roots, tubers, plantains) has long been neglected. Research on biological soil
fertility maintenance, especially nitrogen fixation and the ecology of microbes in the soil, should
complement soil conservation efforts (Brown and Wolf, 1985, p. 43). The enormous importance of
insects -- on plant and livestock health and performance and on human health -- in most of Sub-Saharan
Africa is rarely reflected in research programs;2 ' neither is the need for locally effective and appropriate
non-chemical pest controls and integrated pest management (see para. 8.32).

8.59 Social science research, much neglected so far, should be an integral part of adaptive research
(World Bank, 1987c). In particular, Farming Systems Research (FSR) must pay far more attention to
the importance of non-farm and off-farm activities and incomes in rural households. These are critical
elements of such households' resource- and risk-management strategies. They also pose constraints and
provide opportunities: off-farm work may preclude on-farm labor intensification, but off-farm income
may allow cash expenditures not otherwise possible. Off-farm work is far more often recognized as
important in the case of men - notably when and where it involves outmigration (be it daily, seasonal,
or long-term) from the village. It is also very important for women -- yet often totally ignored in
rural/agricultural development planning and projects. Throughout Sub-Saharan Africa, women derive
important income from such activities as beer brewing, produce marketing, non-wood forest product
gathering and processing, etc., and the cash income derived from such activities is often critical for
family welfare.

8.60 Extension services that effectively transfer sustainable agriculture technologies to farmers are
critical. Equally essential is the need for extension services to ascertain and transmit information to
researchers regarding farmers' needs, problems and constraints. Farming systems research is not likely
ever to succeed in covering the vast diversity of micro-ecologies of Sub-Saharan Africa or the countless
permutations of crop and tree combinations that farmers use. Extension services therefore also need to
facilitate farmers' own experimentation and the transmission of such indigenous adaptations from farmer
to farmer.2 If extension services are to offer farmers the best techniques to suit their specific
circumstances, they must provide "menus" of options for farmers to choose from -- rather than deliver
prescriptive composite "technology packages." Farmers will then experiment to adapt research findings
and extension recommendations to their own specific combination of needs and constraints. Extension
services must collaborate with their respective NARSs in maintaining a continuous two-way flow of
information between farmers and researchers and ensuring that research is geared to farmers' needs and
meets the criteria of sustainability and profitability.

8.61 Given the high degree of gender-specificity in farming operations, the widespread prevalence
of gender-segregated farming and the increasing incidence of female-headed households and female-
managed farms, it is imperative that extension services be far more effectively oriented towards reaching
women farmers. Steps to accomplish this have been initiated in a number of countries (see, for example,
Murphy, 1989; Saito and Weidemann, 1990). They include: deployment of more female extension staff,

21 NARSs would gain immensely by collaborating more intensively with the International Centre of Insect Physiology and
Ecology (ICIPE) in Nairobi in this respect.

2 The International Center for Research on Women (ICRW) has reported excellent results with this approach in an extension
program aimed at women farmers in Zaire.
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properly trained and equipped; use of more female contact farmers and of women's groups to facilitate
the delivery of extension messages and to obtain feedback; training of extension workers to be aware of,
and responsive to, women's responsibilities, needs and constraints; and adoption of special measures to
reach women farmers. The latter include, for instance, timing of visits, selection of crops and impact
points, and adaptation of technology messages to women's time and resource constraints, to their
production objectives and risk perceptions.

8.62 Unified agricultural extension systems are more cost-effective and appropriate to farmers'
needs than the multiple subsector-specific or single-commodity services currently operating in many
countries, often supported by different aid donors. Such consolidation has been effected successfully in
Kenya, Zimbabwe, Togo, Mali and Burkina Faso and is now being implemented in Ghana and Nigeria.

8.63 The content of agricultural education will need to change. It must focus on training for low-
input, labor-intensive environmentally sustainable small-holder agriculture under tropical and sub-tropical
conditions, rather than for high-input, mechanized farming more suited to temperate climates. This will
require teachers competent in these fields as well as appropriate texts and other teaching materials. Most
important, it will require refocusing agricultural education in most SSA countries and widening it to
include natural resource and environmental concerns.

8.64 Research and extension services, along with private voluntary organizations, should be active
in developing and testing prototypes of inputs and investment goods consistent with sustainable agriculture
(new hand tools, animal-drawn equipment, crossbred cattle, village- or farm-level grain storage facilities,
more efficient stoves, hand pumps, small-scale agricultural processing technology, trees for agro-forestry,
organic fertilizers, etc.). These can subsequently be produced and distributed by the private sector.

(iii) Exchange Rate, Trade, Fiscal and Pricing Policies

8.65 Agricultural intensification requires that agricultural production be sufficiently profitable to
induce and sustain this process. Profitability depends heavily on the policy environment which creates
the incentives and disincentives to which farmers respond. Past government interventions have generally
tended to turn the internal terms of trade against agriculture. Generally, the best policy has been found
to be a relatively liberal market-based price system, with a fairly equilibrated exchange rate,23 and open
entry to marketing and processing. Price stability might be pursued in the face of international price
fluctuations through a system of variable export and import duties.

8.66 There also is a need to provide positive incentives for sustainable use of natural resources and
negative incentives to reduce their inefficient use and prevent their destruction. Promoting
environmentally benign and sustainable agriculture may therefore require taxing of environmentally
unsustainable practices. It may also be advisable for society to assume some of the costs involved in
moving farmers from unsustainable to sustainable production systems -- in recognition of the socially
desirable externalities involved (para. 8.10). There may be a case for selective and temporary subsidizing
of such activities as tree nurseries and seedling distribution, distribution of more efficient prototype
stoves, watershed stabilization and soil conservation, water harvesting and small-scale irrigation.
Conversely, farm machinery powered by fossil fuels, logging, land clearing, and fuelwood extraction
from public forests and woodlands should be taxed.

23 In the countries of the West African Sahelo-Sudanian Zone, exchange rate distortions make the recommended agricultural
intensification and anti-desertification activities simply not sufficiently productive, below the 800 mm isohyet, to make their
widespread adoption financially worthwhile. More realistic exchange rate regimes would make these techniques more
attractive (Gorse and Steeds, 1987, pp. 31-32).
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8.67 Subsidies influence decisions to employ commercially available inputs (such as chemical
fertilizers, farm machinery, seedlings). The effects of subsidies on the environment can be beneficial or
detrimental. Input subsidies compensate somewhat for low output prices received by farmers and, hence,
may favor conservation -- at least on farms producing for the market. But artificially lowering the price
of inputs through subsidization may encourage the use of economically and environrnentally inappropriate
technologies. For instance, excessive or inappropriate use of chemical fertilizers and pesticides,
stimulated by heavy subsidies, can do much environmental harm. Temporary subsidies may be justified
and beneficial for environmentally benign inputs -- to popularize a new technology. But in the long term,
subsidization of any input is difficult to justify.

8.68 Subsidies for basic anti-erosion activities (especially engineering measures) are frequently
advocated -- but where such policies have been implemented, they have often had very undesirable
effects. Lack of subsequent maintenance, lack of local identification with the effort, and disruption of
local incentive systems (e.g., wage labor markets, investment versus maintenance attitudes) have been
the most common and serious problems. Moreover, as noted above, engineering measures are rarely
sufficient by themselves and must be combined with changes in on-farm soil and water management
practices; these latter are often ignored when attention is focused on engineering works and subsidy
administration. Finally, engineering is costly and rarely the most effective technique. Even if subsidies
are to be considered for such initial investments (and this may be the case in particular for common
investments that may be required, such as runoff evacuation channels and water harvesting/storage
structures), the modalities and effects of subsidization must be carefully thought through in all their
consequences.

(iv) Local Institutions: Involving the People

8.69 If farmers are to innovate and adopt sustainable agricultural production and resource
management techniques, they must be given more responsibility for their own affairs. They should be
allowed to associate freely in farmer-managed cooperatives and groups, to market their own produce, to
own and manage their land. Tenurial security must be ensured. People will only cooperate in
environmental resource conservation efforts if they have a stake in the resources to be conserved and
incentives to manage their environment more prudently. Administrative regulations will not suffice -
even if enforcement mechanisms were to be substantially strengthened. Responsibility and authority to
manage range land should be vested with pastoral associations. Forest dwellers should be given
responsibility to manage the forests where they live and where they should be assured of priority, or even
exclusive, rights to hunt, gather and carry out artisanal logging. In return, they should be entrusted with
the obligation and requisite authority to protect these forests against farmer encroachment, poaching and
illegal logging and fuelwood extraction. If the state is less intrusive and local people are given greater
responsibility, people will tend to take more care in conserving their environment (presuming that the
other actions discussed here are also taken).

8.70 Resource management interventions must emphasize the social arrangements among people
as they interact with each other and with their natural resource base, with particular attention to incentives
and sanctions for influencing individual behavior. "[Every] aspect of the inter-relationship between
society and nature plays a critical role and if one of them fails then the whole situation is likely to be
severely affected" (Timberlake, 1986, p. 42). Natural resource management projects that do not actively
involve the local users will fail. National, and even regional, governments cannot effectively manage
local natural resources. The sheer scale of the soil and water conservation problems faced in many
countries dictates the need to create the necessary conditions for local people and communities to take
matters into their own hands again. Programs and projects must become more concerned with the people
using natural resources and less preoccupied with the commodities around which projects have
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traditionally been organized. An essential ingredient in program and project formulation and
implementation is the existence of incentives and sanctions for influencing the behavior of those who live
in the area and who depend for their livelihood and survival on the natural resources in question (Bromley
and Cernea, 1989).

8.71 Traditional land and natural resource management systems may not have been ideal, but their
subtleties need to be objectively and realistically assessed. There is the danger that overzealous, but well-
meaning efforts will destroy an imperfect but functioning system, only to find that what replaced it hardly
functions at all. Pilot operations in land management are already under way in a number of countries
and hold promise of success. The existence of pastoral associations in Senegal and Niger, village land
management and water conservation efforts in Burkina Faso and the comites du village in Mali have
demonstrated that careful attention to the needs and practices of local people can generate enthusiasm for
positive action in rural areas. These examples suggest that some governments are beginning to have
enough political confidence to relinquish control over resources to local groups as well as the political
determination to enact legislation that will support such initiatives. They also show that local
communities can improve their situation when they believe their efforts will pay off (Falloux and
Mukendi, 1988).

8.72 Whether governments will be willing or able to recognize or create centers of authority and
initiative in rural areas remains to be seen. Some governments are already making firm commitments
in that direction. Smaller organizational units, such as village or pastoral associations, are better
equipped to manage their own resources. Recognizing this is a prerequisite for implementing the
strategies aimed at improving production systems and land use. These local associations might provide
a far more effective basis for rural development and rational resources management than many other
previous efforts which imposed external institutions on rural societies. Group action is deeply rooted in
most societies of Sub-Saharan Africa -- for managing land, for cooperative marketing and input supply,
for pooling savings and financing credit, for pooling labor for critical tasks at critical times. To succeed,
cooperation has to be voluntary and managed from below. Grassroots management is one way to assure
this. Alternatively, cooperatives can be based on customary social structures and groups, as they often
are. Governments can provide technical assistance, such as advice on accounting, legal rights, and
technology, and should provide for legal arrangements that facilitate the creation, recognition and
dissolution of cooperatives.

8.73 What is most needed are popular participation and action at the village and community level,
using and developing local skills, and responding to the particular characteristics of each area. This is
the single most important lesson that has been learned (Shaxson et al., 1989, pp. 12-14). Identifying
concrete practical mechanisms to foster popular support is critical. Grassroots organizations and local
NGOs have a particularly valuable role to play in this respect. Channeling financial resources, to the
extent these are needed, to and through them is important, but more important will be meeting their
urgent need for institutional strengthening and training in such critical areas as program planning,
management and leadership skills, accounting, financial planning and management, and information
sharing (Newman, 1992). Governments, international aid agencies, and international NGOs alike will
need to find ways to provide this critical support.

C. Conclusion

8.74 The experience of Machakos district in Kenya demonstrates that the right policy framework
and investments of the kind recommended here will work to address agricultural growth, environmental
conservation and human resource development (English et al., 1992). Significant soil degradation and
erosion was observed in Machakos as early as 1920. Substantial efforts have been undertaken over the
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past 60 years to combat these problems and to prevent further deterioration. By 1990, with nearly five
times the population as in 1920, the district's agricultural production had increased more than five-fold -
yet land degradation had not merely been arrested, but reversed. Real incomes and general welfare have
increased.

8.75 The ingredients to this success have been those recommended in this chapter. The
Government has provided a generally good macroeconomic and agricultural policy environment which
has made intensive, market-oriented farming profitable. Relatively good transport infrastructure
facilitated the movement of farm inputs and output at affordable costs. Land tenure security, achieved
through a combination of respect for traditional land rights and slowly expanding individualized land
titling, encouraged farmer investment in land. Rural education and health services have also been
relatively good. Agricultural research and extension efforts in the District have been excellent since
before Independence and have included emphasis on soil conservation efforts, tree planting and low-cost
crop husbandry. In this setting, and particularly because the economic incentives were good, farmers
were receptive to good extension advice regarding soil conservation, moisture retention, the intensification
of farming and tree planting, and they have applied these measures on a wide scale. Local farmers
groups are playing an increasingly important role in planning and implementing community activities.
Efforts to slow population growth are only now beginning to show the desired impact, but the combined
effect of these various measures has been so positive that photographs taken of the same sites in 1930 and
again in 1989/90 show the improvement of the rural environment -- including the increase in the number
of trees.



IX. INFRASTRUCTURE DEVELOPMENT, MIGRATION, AND URBANIZATION

A. Infrastructure Development

9.1 The most basic elements of rural physical infrastructure comprise rural roads, markets in rural
towns, and rural water supply facilities. In some areas, irrigation and drainage facilities would also be
essential to facilitate agricultural production. At a somewhat higher level of development, infrastructure
also includes rural electrification as well as telecommunications facilities and access to electronic mass
media. Defined more broadly, rural infrastructure also includes educational, health and sanitation
facilities. Given the critical importance of such facilities -- or, more importantly, of the services they
provide -- for the development and maintenance of "human capital" in rural areas, these are indeed
crucial in the context of the Nexus.

9.2 The importance of basic rural infrastructure for agricultural development is well established.
Remunerative output prices accelerate the pace of agricultural intensification -- provided they are
effectively transmitted to the farm. Incentives to increase production and marketed output are blunted
if the physical barriers and, hence, the costs of moving goods to and from local markets are too high.
This is equally true of the national transport system linking local markets to cities and to ports. Recent
research in Asia found that in villages with better infrastructure, fertilizer costs were 14 percent lower,
wages were 12 percent higher, and crop output was 32 percent higher (FPRI, 1991). No comparable
analysis is available for Sub-Saharan Africa as yet, but similar findings would be likely. Research in a
number of SSA countries has shown that adequate road links to product markets stimulate agricultural
intensification -- even where population densities are comparatively low (Pingali et al., 1987). Farmers
with access to roads and transport infrastructure use land more intensively, adopt efficient techniques and
modern inputs, produce more for the market, and employ more labor.

9.3 Infrastructure development also has a major effect on the productivity of rural labor and on
key determinants of human fertility, such as infant mortality and female education. Roads provide access
to health facilities and schools, and water supply schemes and sanitation facilities have significant impact
on health and on labor productivity. Education, health, water supply and sanitation facilities and services
arec particularly important in terms of their impact on female education and on infant mortality -- both
critical determinants of fertility preferences (see Chapters III and VII).

(i) Transport

9.4 Rural transport infrastructure is highly deficient in most countries of Sub-Saharan Africa, and
throughout most of the continent distances from villages to major towns and to all-weather roads are
substantial. Rural road density has been estimated at about 32 m/km2 in Western Africa and 36 m/km2

in Eastern and Southern Africa. Moreover, Nigeria, Cameroon and COte d'Ivoire account for more than
half the rural roads in Western Africa, and Tanzania, Zaire, Zimbabwe and Madagascar have more than
two thirds of the rural roads in Eastern and Southern Africa between them (Riverson, Gaviria, and
Thriscutt, 1991, p. 4), so that these average data significantly overstate the true situation in most
countries.' In Nigeria, with its fairly dense network of rural roads by African standards, rural road
density today is about 90 m/km2 , barely equal that of India in 1951; a reasonable target density, based

Rural road densities also vary considerably within countries, being generally higher in areas with higher population densities
and productive natural resource endowments. In Kenya, for example, rural road density ranges from 400-500 mlkm2 to
less than 30 m/km2 (Riverson, Gaviria, and Thriscutt, 1991, p. 4).
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on Indian areas with comparable population densities would be 730 m/km2 (ibid.). Where rural roads
exist, they often are poorly maintained. Indeed, maintenance standards have deteriorated considerably
during the 1980s: 42 percent of unpaved roads in West Africa and 47 percent in East Africa were in poor
condition in 1988, compared with 28 percent and 44 percent, respectively, in 1984 (Carapetis, Levy and
Wolden, 1991a, p. 12).

9.5 The availability and reliability of transport services is frequently further compromised by
restrictive transport sector policies and trucking regulations. Transport monopolies, for example, are
often granted to parastatal companies or to well-connected individuals, and entry into the industry is often
restricted even where there are no monopolies. Inefficient procurement and distribution of motor fuels
by monopolistic parastatals is another impediment in a number of countries. Price controls on motor
fuels tend to reduce fuel availability in the countryside because they make it unprofitable to invest in
transporting and selling motor fuels in locations distant from the port cities.
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2 IMT refer to technology intermediate between walking and headloading on the one hand and motor vehicles on the other.

They cover a wide range: improved aids for human porterage (shoulderbars, yokes, backpacks), panniers and rigs for pack
animals, animal-drawn sleds and wheeled vehicles, wheelbarrows and handcarts, bi- and tricycles and trailers, etc.
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in much of Sub-Saharan Africa severely reduces the timeliness and quantities of agricultural inputs and
outputs moved to and from motorable roads, thus acting as a strong impediment to agricultural
productivity and growth (Riverson, Gaviria, and Thriscutt, 1991; Riverson and Carapetis, 1990). Rural
women in particular will benefit very considerably from such improvements -- with significant follow-on
benefits in terms of the various Nexus linkages.

9.9 Farmers need information about technical options and market opportunities. Improved
communications more generally are required, including not only transportation but also
telecommunications and access to electronic mass media. The latter also have significant potential for
reaching rural populations with health and educational information, including information concerning
family planning and the prevention of sexually transmitted diseases.

ri) Water Supply

9.10 The rural water supply situation constitutes another key constraint -- and an important link
in the Nexus. Less than 20 percent of Nigeria's rural population, for instance, have convenient access
to safe water. There is a direct link between safe potable water and the reduction of infant mortality, and
efforts to provide safe water and sanitation facilities have been motivated mainly by these and other direct
health considerations. Water-borne and water-related pathogens are major causes of seasonally or
permanently debilitating diseases which severely effect, inter alia, labor productivity, and often especially
during periods of peak demand for farm labor (such as land preparation and planting).

9.11 Women's stake in convenient access to safe water and sanitation facilities is particularly high,
given their almost exclusive responsibility for collecting, transporting, boiling and storing water for
drinking and cooking and for washing household effects and laundry, for disposing of waste water, and
for maintaining household sanitation standards and facilities. Women have to determine the water sources
that can be used for various purposes (for drinking, washing, cooking, watering domestic animals and
home gardens, and so on); collect, transport and store the water; and purify drinking water using simple
techniques and locally available materials (Dankelman and Davidson, 1988, p. 32). In rural Kenya, 89
percent of the women over age 14, but only 5 percent of the men, reported fetching water as one of their
normal tasks; the same percentages were reported for fetching fuelwood (Republic of Kenya, 1980).
Access to sufficient quantities of quality water is an increasingly more time-consuming problem for many
rural women. A study in Kirinyaga, Kenya, found that 70 percent of trips that involve carrying a load
are for fetching water (Kaira, 1982).

9.12 Assuming a daily requirement of, say, only 10 liters of water per person, a six-member
household needs 60 liters of water daily -- almost 22 tons of water each year. If a women carries 20
liters of water per trip (provided she has the appropriate vessels), this implies that she would have to
make three trips daily to the water source -- or have her daughter(s) help her with this chore. If the
water source is 20 minutes away from the home, about 2 hours daily will be needed to meet the
household's water needs. If young girls are responsible for fetching water, they carry smaller loads and,
hence, will need to go more often. The work load increases substantially if water also has to be brought
home for watering domestic animals and the home garden, brewing beer, processing cassava, making
mud bricks, or other production tasks requiring water. Additional trips to the water source, each with
considerable loads to be carried, are required for bathing small children and for washing laundry, pots
and kitchen utensils.

9.13 Drastic changes in the rural landscape brought about by deforestation, often exacerbated by
prolonged drought, have made water far more difficult to obtain. Springs and streams run dry for long
periods, and wells go dry as the water table recedes. The 1976-79 Integrated Rural Surveys of Kenya
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found that during the wet season 49 percent and during the dry season 56 percent of all rural households
were more than 1 km from their source of water; 14 and 23 percent, respectively, were more than 2 km
from their water source (Republic of Kenya, 1980). In some areas, water sources have become polluted
or contaminated: in parts of Zimbabwe, for example, women used to get water from wells in the fields
where they worked, but these have become contaminated by fertilizer (Nyoni, 1985, p. 55).
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(iii) Infrastructure and Environmental Conservation

9.15 Infrastructure development is a major determinant of the way people use land as well as of
the spatial allocation of people on land. Sound infrastructure policy is therefore a powerful instrument
in the two-pronged strategy to intensify agricultural production and to limit further destruction of forest
and pasture areas. The development of infrastructure tends to attract and retain people. The many
instances of colonists invading forests via abandoned logging roads provide a powerful illustration.
Conversely, the absence of infrastructure in areas that are environmentally delicate will tend to induce
people to stay out of those areas. Careful locational targeting of infrastructure development can guide
spontaneous population movement into environmentally robust/resilient areas with agricultural potential,
and into secondary towns and cities, and help keep migrants out of areas that should not be opened up
to farming.

9.16 Infrastructure development, and especially road construction, should be focused where the
potential for agricultural intensification is highest and/or where settlement is to be encouraged. It should
be avoided in forest areas which are to be conserved and in other environmentally fragile areas where
an influx of people will lead to environmental degradation and destruction. Concentrating infrastructure
development and thereby attracting/retaining people in areas of high production potential and keeping
them out of environmentally fragile areas also allows considerable efficiencies in investments and service
provision, since the per capita cost of infrastructure development and maintenance is inversely related to
population density.

B. Migration and Settlement Policy

9.17 Given the considerable agro-ecological diversity in most countries of Sub-Saharan Africa, the
development and adoption of suitable productivity-enhancing and environmentally appropriate agricultural
technology will of necessity have to be highly region- and even location-specific. This will, over time,
engender significant regional disparities in agricultural production and income growth. Governments will
need to resist the urge to correct for this by targeting scarce public resources to the lagging regions.
Allowing, facilitating and encouraging migration from the lagging to the thriving regions is the
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appropriate policy response. This is particularly important when the lagging regions are likely to be those
that have less agricultural potential and are environmentally more fragile.

9.18 In many areas, therefore, part of the solution to the problems of unsustainable agriculture and
environmental destruction will have to involve some movement of people. This is the case, for example,
in much of the Sahelo-Sudanian Zone where movement should be encouraged to the Sudano-Guinean
Zone further south as well as to areas within the Sahelo-Sudanian Zone itself that can still absorb more
people. Nigeria's "middle belt", for instance, remains relatively underpopulated, compared with the
country's northern and southern regions, and holds considerable untapped potential for agricultural
development. The same is true for much of Ghana's Brong-Ahafo and Northern Regions.3

9.19 Migration is multisectoral in nature and, in the context of rural Sub-Saharan Africa, closely
linked to the problems of rising population pressure, land tenure uncertainties, poor land use and
environmental resource degradation. Large scale migration within and between African countries is
inevitable in the future, given rapid population growth and the limited absorptive capacity in many rural
areas. Without strengthening tenurial arrangements to provide greater security, it will be as difficult to
channel migration and settle migrants as it will be to protect and improve their host environments. A
sound migration policy must consider the land-use rights of farmers, transhumant pastoralists and forest
dwellers. Migration can be used as a positive development tool -- if it is linked to a well conceived
settlement program. In many cases, migration can balance resource demand with resource availability.
Regional surveys of migration, both quantitative (who, how many, from where, and to where) and
qualitative (motivations and aspirations) should be carried out in the most sensitive areas of immigration.
Without land rights that are confirmed by both custom and law, migrants have no incentive to protect or
restore their land. Neither will the residents be able to protect themselves and their resource base from
incoming migrants (Falloux and Mukendi, 1988). This has happened in Cote d'Ivoire, for instance,
where massive unplanned immigration of Sahelian farmers into open-access forests has contributed to
rapid forest destruction, widespread land disputes, and a lack of incentives to conserve the land.

9.20 Redistributing population -- to reduce pressures on the environment on the one hand and to
accelerate the transition to intensive farming on the other -- requires identifying areas of high agricultural
and economic potential, improving infrastructure and services (roads, water supply, schools, health
facilities, markets) in these areas, and encouraging people to move to the high potential areas and into
rural towns and secondary cities. Governments should normally include population distribution as a part
of their policy to accommodate population growth. Spontaneous movement of people, in search of a
better livelihood, in pursuit of trade, and to find seasonal or permanent employment, has been occurring
for a long time, both within countries and across borders. Cross-border movement has helped to ease
population pressure in the areas from which people emigrate -- such as the Sahel or Rwanda. But such
movements have sometimes been restricted or reversed because of political and ethnic conflicts. Benefits
of population migration certainly accrue to the individual migrants and often to the communities from
which they migrate. There often also are significant economic benefits for the communities receiving the
migrants. The Sahelian farmers settling in Cote d'Ivoire have been a dynamic force for agricultural
growth. The benefits and costs need to be realistically assessed, and migration, though better anticipated
and prepared for, must be allowed to continue. Such movement of people is also consistent with African
aspirations to encourage and promote regional cooperation.

9.21 There are two main types of rural-rural migration: spontaneous and uncontrolled migration,
and government-sponsored organized migration and resettlement. Spontaneous migration involves no

a In both cases, as in other countries, ethnic diversity and land tenure issues help explain the uneven population distribution.
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direct costs to the public treasury. It is quick for the individuals who move, but in most cases takes place
gradually enough to preclude social and economic upheavals in the receiving areas. Unfortunately, it also
often tends to lead to poor land use practices, because migrants bring with them only the farming and
land use experiences and traditions from the area they left, and these are often inappropriate to their new
environment. This is particularly the case where settlers invade forest areas opened up by loggers (see
Chapter VIII). Organized migration, on the other hand, usually entails high costs and is characterized
by slow implementation.4 It, too, has often resulted in poor land use, as planning and implementing
agencies have tended to promote settlement, resource use and production patterns poorly matched to the
settlers' own needs, perceptions and capabilities.

9.22 The required strategy, therefore, lies somewhere between these two. It should channel, train
and support migrants, combining incentives for and controls over land use practices with the development
of sustainable and viable production systems. It makes far more sense for governments to promote and
support spontaneous migration and settlement than to undertake organized colonization schemes. It will
be essential to devise and implement enforceable land-use regulations to promote sustainable settlement.

C. An Appropriate Urbanization Policy

9.23 During the past three decades, the
urban population of Sub-Saharan Africa has been Urban as Percent of Total Population
growing roughly twice as fast as its total in Sub-Saharan Africa, 1960-1990
population. In a number of countries the rate of
urbanization has been considerably faster still. The
rate of urbanization has been especially high in
west, central and east Africa, comparatively more
modest in southern Africa (Montgomery and
Brown, 1990, p. 76). The very rapid growth of
cities is due not only to the persistent high fertility
rates still observed among urban women in Sub-
Saharan Africa, but in large part to the very high
rate of rural-urban migration. This "land-flight" is
caused in part by the strong urban bias inherent in
the economic and investment policies of almost all
countries of Sub-Saharan Africa.

9.24 In much of Sub-Saharan Africa, rural
out-migration involves predominantly young men
(Russell, Jacobsen and Stanley, 1990a). Where
policy has a heavy urban bias, this has been (Data for 41 countries of Sub-Saharan Africa)

particularly pronounced. As women, children and
the old stay behind, farm management is increasingly left to women who already have multiple and very
heavy responsibilities and work loads and who face far greater constraints in access to resources and
services than men (see Chapter V). Many rural areas are today characterized by severely imbalanced
gender ratios in their adult population, with women substantially outnumbering men. In addition, if the
migrants abandon resilient and productive areas in pursuit of urban employment and in response to anti-
agricultural policy biases, this has a negative impact on agricultural production and rural development
in the areas which they leave.

4 For a good analysis of migration in Rwanda, see Olson (1990).
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9.25 Experience throughout the world suggests that urban populations have grown and will
continue to grow much faster than rural populations -- even if governments were to pursue policies that
do not favor urban over rural dwellers (Cour, 1990). What is needed, therefore, is an urbanization and
urban development policy which also promotes agricultural development and preserves the integrity of
the environment.

9.26 Where government policy discourages agricultural production and encourages agricultural
imports to supply urban needs, there will be no positive impact of urbanization on agriculture. This has
tended to be the case in countries where urban development policy has focused heavily on the capital or
on a few dominant cities, inevitably more distant from rural hinterlands. Manifestations of such policy
and expenditure bias are the subsidization of the consumption of urban populations (often based on
imported food), preoccupation with large urban infrastructure projects, and focus of social expenditures
in a few cities. The political influence of growing, massed and vocal urban populations results in political
pressure to keep food prices low and to target public investments and services disproportionately to the
big cities. The result is the extraordinarily low level of public investment in rural roads, water, health,
and education observed in much of Sub-Saharan Africa. Where governments have effectively resisted
this pressure, the results have been positive for agricultural profitability and growth: Kenya, Togo and
Zimbabwe are cases in point.

9.27 Some countries have pursued policies that have led to the emergence of numerous and
geographically dispersed secondary cities and rural towns closely linked with their surrounding rural areas
(for example, Cameroon, Cote d'Ivoire, Kenya, Nigeria, Togo). They also have a few very large cities
(notably Abidjan, Nairobi, Lagos, Ibadan), but urbanization in these countries has also been characterized
by the development of many smaller cities and rural towns throughout much of the national territory.
This has had important positive effects on agriculture. These towns and cities have created non-
agricultural employment opportunities for some of the rural population, but this industrial and service
sector development has been much more closely linked to agriculture and to the needs of rural
populations. Cash remittances to home villages are an important source of financing of both consumption
and investment expenditures in rural areas. Urban growth creates expanding markets for farm products
and tends to lead to increased supply and availability of farm inputs and services. This can make
agriculture more profitable -- provided there are adequate transport links and marketing arrangements.
Where networks of rural towns and secondary cities exist, these links are far more direct, immediate and
efficient. Dispersed rural towns and secondary cities tend to be associated with far greater penetration
of rural areas with adequate transport links and marketing arrangements than are distant mega-cities. For
areas that are approaching the limits of sustainable agricultural land use under existing tenurial,
technological and climatic conditions, migration to these secondary towns and cities reduces the
population pressure and provides an important safety valve.

9.28 Considered in the context of the Nexus, urbanization is both a result and a cause of
environmental resource degradation. People leave rural areas when they can no longer make a living
there (or at least not year-round). Urban dwellers, especially the vast numbers of poor, require fuelwood
and food. Urbanization concentrates demand at specific locations. The heavy concentration of urban
populations in a single capital city (often a seaport, rather than in a central inland location) makes things
worse. Huge concentrations of people in a single location, coupled with high transport costs for
domestically produced supplies, tend to make it easier and cheaper to import food than to obtaining it
from domestic producers. Government policies in most of Sub-Saharan Africa tend to keep food and
fuelwood prices low, reducing incentives for intensification of local food and wood production. Food
imports, often sold at subsidized prices, further undermine the incentives for domestic producers.
Imports can also lead to major changes in consumer preferences that may diminish demand for local
products and be nutritionally undesirable. Fuelwood suppliers, responding to the dual opportunities
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presented by large concentrations of demand and virtually free access to the raw material base, mine the
forests and woodlands around the cities and along roads (see, for instance, Gorse and Steeds, 1987, p. 7).

9.29 Ensuring that urbanization promotes agricultural development and environmental resource
conservation requires economic policies that do not discriminate against rural areas (for instance through
discriminatory pricing, tax and investment promotion policies). It also requires a better balance between
rural and urban areas in public investments in social and physical infrastructure. The more rapid
agricultural growth that will occur in the absence of such discrimination is likely to have a positive impact
on the economies of Africa's cities and their inhabitants.

9.30 Greater focus on secondary cities and rural towns, in infrastructure investment and urban
development generally, and a reduced bias to invest in the mega-cities, will provide a beneficial rural-
urban link. Powerful synergies can be tapped here. The examples of Cameroon, Kenya and Togo show
that rapid urbanization tends to occur in secondary cities and rural towns (rather than in mega-cities) if
governments effectively implement policies to promote agricultural development and rural growth (Becker
and Morrison, 1988). Agricultural growth is an essential lever to stimulate non-agricultural investment
and growth as well as to influence population distribution. A recent analysis of farm-nonfarm linkages
in rural Sub-Saharan Africa found that each monetary unit of increased agricultural income generated an
additional increase of half a monetary unit in non-agricultural rural incomes; the direction of causality
was largely agricultural growth stimulating growth in services and manufacturing.5 This is less likely
to occur when biased policies retard or prevent the development of secondary towns and cities and instead
cut off rural areas and agriculture from the mega-city and make the latter more dependent on imports.
Sound urban policy is an important element to assure balanced urban and rural development, favoring
rural towns and secondary cities compared to mega-cities.

9.31 A sound urban development policy will involve relatively more public expenditure in
secondary towns and cities and less in the few large cities than has generally been the case to date. It
will require spatially well distributed infrastructure investment throughout the country (not merely in the
largest cities). Market-based petroleum pricing will be essential to promote the development of efficient
transport fuel distribution systems throughout each country. Small and medium-scale industry will ned
to be promoted -- through industrial extension as well as fiscal and credit policies. It will also require
considerable decentralization of decision making to local people and rural communities to avoid undue
dominance of the major cities and their populations in national political decision making. And there will
have to be greater community control over urban resources: given adequate financial resources and the
requisite technical and administrative assistance, local and community governments are far more likely
to create and maintain appropriately scaled and sited urban infrastructure facilities than are central
governments. Investment in urban development should be responsive to demand for such investment,
not driven by political considerations.

Of this additional rural income, only about 20 percent was attributable to production linkages, but about 80 percent to
consumption linkages. These strong consumption linkages are likely to have significant positive effects on the real incomes
of the rural poor - given the importance of female-dominated food processing and beverage production and of service and
manufacturing activities with low investment requirements. They are also likely to stirnulate production of fruits, vegetables
and meat and, thus, agricultural intensification and diversification into higher-value products, with positive effects for rural
income equity where, if, and as long as these commodities are produced by smallholders and pasturalists. The production
linkages of increased agricultural incomes on rural equity depend heavily on the respective rates of growth of demand for
agricultural wage labor and for purchased inputs, both of which are currently at very low levels (Haggblade and Hazell,
1988; Haggblade, Hazel and Brown, 1989).



X. MANAGING THE NATURAL RESOURCE BASE

A. Production versus Protection

10.1 The environmental issues that are linked to population and agriculture are primarily those
involved with soil, water and vegetation. There are, of course, many other environmental problems
facing Sub-Saharan Africa -- such as over-fishing in coastal waters, oil spills, dumping of hazardous
wastes, pollution from urban sewage and industrial waste, land devastation from surface mining, and so
forth. These problems are not, however, so closely related to rapid population growth and laggard
agricultural growth and therefore are not dealt with here.

10.2 Governments must be more determined in developing and implementing environmental
policies aimed at: (a) maintaining and restoring, in the face of increasing consumption demands, the soil,
water, pasture and forest vegetation on which agriculture will continue to be based, and (b) preserving
ecosystems and plant and animal species -- both as repositories of genetic diversity that may underlie
future production of many types of products, and as a national and global heritage. Solving the
population and agricultural aspects of the problem are crucial to curtailing degradation of the natural
environment. Agricultural intensification, farm forestry and fuelwood programs, and sensible land tenure
reform are critical factors, as discussed in Chapter VIII. However, moving from the present situation
of rapid deforestation, wetland conversion and land degradation to one of stabilizing the area under trees,
raising the efficiency of fuelwood use, preserving much of the remaining wilderness areas, and reversing
the degradation of soils will require an "affirmative action program" of considerable consequence. It will
need to comprise a number of elements beyond those discussed in Chapter VIm.

10.3 An essential first step is to determine which areas should and can be maintained as protected
areas, and which should be allowed to be developed for production (agricultural, forest, livestock,
fisheries). Criteria for selecting natural ecosystems for preservation and protection include:

* Biological importance, notably richness (diversity, numbers) and uniqueness of species and
complexity of the ecosystem: the greater the importance, the more important the need for full
protection.

* Provision of "environmental services," such as prevention of soil erosion or of destructive
flooding, recharge of aquifers, maintenance of river flow, provision of breeding grounds for
marine life: the greater the value of such services, the greater will be the importance of
protection.

* Importance for the survival of indigenous peoples and their livelihood systems, especially of
forest dwellers: where indigenous peoples depend for physical and/or cultural survival on an
area remaining undisturbed, the need for protection becomes imperative.

* Productive potential if converted to other uses such as cropping or livestock production: the
greater the productive potential under alternative uses, the less viable the decision to protect
fully.

* Current status, i.e., whether or not the ecosystem is already degraded or spatially constricted
to an extent where it is no longer stable and wildlife populations are no longer viable: the less
viable a particular ecosystem, the less viable would be a decision to protect it fully.
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* Likelihood of success of preservation -- which depends on the type and degree of present
threats (such as human population pressure) which reduce the likelihood of success versus the
potential for supporting non-exploitative economic activities (such as eco-tourism) which
increase the likelihood of success.

10.4 These criteria imply trade-offs. In many cases they will involve the need to make difficult
choices. If one basic objective is to limit the decline in Sub-Saharan Africa's total wilderness areas (from
their present extent of 27 percent of the total land area to not less than 23 percent), these criteria will
need to be applied with considerable stringency. Since natural resource systems, including forests, have
multiple uses, there can be no substitute for some form of planning. Land use plans should identify
conservation areas, parks, areas designated for sustainable logging, farming areas, pasture and range land,
as well as areas needed and suitable for human settlements and physical infrastructure. Agricultural
technology is location-specific in its applications, and land use plans therefore should identify, in broad
terms, the appropriate technologies. Land tenure issues and fuelwood problems also are location-specific
-- as are many of the cultural factors that help determine human fertility. Regional plans should define
these, with considerably more weight attached to resource conservation than in the past.

10.5 The widespread skepticism concerning the utility of such plans is based on the fact that most
past attempts at land use planning and regional planning have not worked well in Sub-Saharan Africa.
The reasons included often excessive complexity of such plans, lack of governmental capacity to prepare
and implement realistic plans, and frequent lack of incentives to cooperate for the people living in the
areas concerned. In most cases, and especially those concerning forest areas, land tenure issues
identification of appropriate agricultural technology in forest areas, participation of local people and of
the private sector, and provision of adequate incentives to cooperate for loggers, farmers, hunter-
gatherers, livestock owners and forest dwellers were neglected. Instead, nearly universally applied were
"engineering solutions", implemented by public sector agencies or donor-supported project management
units which sought to manage forest areas independently of people and of companies operating in the
forests. A different approach is necessary -- both for planning and management. It must greatly increase
the role of local people and the private sector in planning and implementation; it must be evolutionary
and adaptive, rather rigid; and it must be simpie to execute. If the role of governments is confined
primarily to providing the legislative backing and to planning and supervision, land use planning becomes
more manageable. And if assistance for carrying out these more limited functions is provided through
the collaborative mechanisms established for preparing National Environmental Action Plans (NEAPs)
and Tropical Forestry Action Plans (TFAPs), adopting this approach is a realistic strategy.

10.6 It is increasingly recognized that maintenance of protected areas requires the direct
involvement of the local and surrounding populations. It is unrealistic to expect local people to conserve
forest and wildlife resources unless such conservation provides them with clear benefits. The
exclusionary approach so often taken in protected areas in the past is neither workable nor sustainable
nor equitable. Governments cannot financially afford and effectively provide the degree of enforcement
fieeded. And the local people, frequently among the poorest, are left to bear the costs of restricted or
prohibited access to resources, exposure to marauding wildlife, and other disadvantages associated with
living on the edge of a closed off territory.

10.7 The local people therefore must be active participants in both planning and implementation
of land and resource use. This requires: (i) appropriate incentives and (ii) collaborative planning and
implementation of resource management plans. Incentives are far more likely than governmental
regulation, control and enforcement to be effective tools for inducing people to conserve essential stocks
of natural resources. The most important incentive to ensure resource conservation is clearly defined and
uncontested resource ownership: it entails the certainty that the yield or benefits derived from resources
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conserved will continue to accrue to the current owners/users and their descendants, but also that resource
degradation will be a cost directly borne by them. This is best accomplished by ensuring people's
ownership of the land and of the natural resources on that land -- or, where government ownership is to
continue, by providing legally binding and protected long-term userights.,. Under the right economic
conditions, this provides strong and direct incentives to conserve and to invest in resource conservation
or productivity enhancement. Conversely, loss of ownership or exclusive user rights, or ambiguities
concerning these, create incentives to exploit without regard to sustainability.

10.8 Appropriate resource management plans should be prepared in a collaborative manner -
involving the concerned communities, technically competent government agency staff and, where they
exist and enjoy the local people's confidence, grassroots organizations and NGOs. Participatory rural
appraisal (PRA) techniques provide very effective tools to do this.'

B. Forests

10.9 About 30 percent of Sub-Saharan Africa's land area are classified as forests or woodlands.
But only about 28 percent of this area is closed forest -- compared with about two thirds in Latin America

PRA techniques have been developed and refined in the 1980s, evolving from Rapid Rural Appraisal (RRA) techniques and
agroecosystem analyses, to ensure maximum involvement by the local populations in local land use planning (resource
inventory, problem diagnosis, resource use planning, action plan formulation, etc.). See, for instance, Chambers, 1991.
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and in Asia. About 34 percent are shrubland and 38 percent are savanna woodlands; both are multiple-
use resource systems, utilized for meeting local requirements for fuelwood and other tree and forest
products as well as for farming and forage.

10.10 As discussed in Chapter II, Sub-Saharan Africa's forest area is diminishing at a rate of about
3.7 million ha per annum, and the rate of decline is accelerating. The most important causes of
deforestation are conversion to farmland, infrastructure development in environmentally delicate areas,
timber extraction and commercial fuelwood harvesting. Growing and migrating human populations as
well as international demand for tropical timber drive these processes. Timber exports from Sub-Saharan
Africa amount to about US$700 million per year at present. Crop land is expanding at a rate of 1 million
ha annually. A number of agricultural development projects supported by external aid donors have
facilitated the conversion of forest and range lands into cropland.

10.11 The most important areas for action to stop the degradation of Sub-Saharan Africa's forest
resources lie outside the immediate purview of forestry sector policy. They are: (a) reducing population
growth, and (b) intensifying agricultural production at a rate which exceeds population growth, in order
to encourage sedentary agriculture and livestock raising and to discourage further invasion of the
remaining forests. Rapidly growing numbers of people, barely surviving in land-extensive agricultural
systems, have no option than to continue to invade and destroy forests. This points again to the complex
mutual dependency of agricultural and non-agricultural activities.

10.12 For the forests which remain, improved management for multiple uses will be vital. These
uses range from the provision of critical environmental services to the supply of timber and non-timber
products, and from tourism and recreational uses to mining. It is unrealistic to expect that all forests can
be conserved in their present state. For almost all of Sub-Saharan Africa's forests the issue is not
whether to use them or not to use them -- but how to use them. If people (and governments) feel that
there is little benefit from forests, they will continue to be mined for urgently needed export revenue or
converted into agricultural land.

10.13 To address these problems effectively, there is no alternative to planning, orchestrated by
governments. This can be done within Tropical Forestry Actions Plans (TFAPs), National Environmental
Action Plans (NEAPs) or simply forestry master plans. Each will involve some form of land use and
natural resource planning. Land use plans for forest areas should identify conservation areas, parks, areas
designated for sustainable logging, mining areas, farming and grazing areas, and areas designated for
infrastructure development. Farmers have encroached into most forest areas in Sub-Saharan Africa,
including into many government-managed "forest reserves". Removing and resettling these people would,
in most cases, entail social and economic costs of a magnitude that render this option generally
prohibitive. Even if farmers were to be expelled from areas they have invaded for farming, this would
not restore the affected areas to their previous forested state. Consequently, areas which have already
been largely converted to farm land should be formally relinquished for farming and farmers should be
provided with secure use rights. Areas allocated to industrial wood production should be carefully
managed in collaboration with logging companies (which should be compelled under their concession
agreements to log in a sustainable manner) and with local populations. Areas designated for protection
should be managed by government agencies in partnership with the local people. This will require giving
these people specific user rights in protected areas and involving them in management decisions.

10.14 A key to improving forest management will be the direct involvement of the local people in
both planning and execution of forest resource use plans. As noted above (para. 10.6), the most effective
manner to achieve this is to ensure their resource ownership or legally protected long-term use rights and
to prepare forest resource management plans in a truly collaborative manner. Where local communities
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own the forest, governments should assist them, through forest and extension services, to manage their
forests productively and sustainably.2 Sound forest management plans would allow some logging and
artisanal wood harvesting on a sustainable basis (specifying concession fees, taxes, etc.), provide for
essential infrastructure development, and identify areas suitable for crop and livestock production. Local
people would utilize the forest and woodland resources for fuelwood and artisanal forestry, for hunting
and for harvesting of non-wood forest products, the arable land for cropping, and the range and grazing
land for livestock production. Royalties paid by "outside" users would accrue to the local communities;
governments would share in such royalties through the tax system.

10.15 Where governments retain ownership of forests, the management will be more directly under
government control. But even there, management plans will need to be responsive to local people's needs
and should, therefore, be developed and implemented with their full participation. Local people will only
be induced to cooperate if they are given secure and exclusive user rights: hunting, fishing, collection
of non-timber forest products, some wood harvesting. They should also be given a significant share in
the royalties received from other users, such as logging concessionaires; the certainty of such long-term
sources of income will represent a significant benefit and an incentive to adhere to agreed use plans.

10.16 Governments will need to provide the essential policy and administrative framework:
publishing standard concession agreements, establishing and collecting taxes and stumpage fees, and
creating conservation areas, based on both land use plans and national forest policy parameters.
Implementation would be the responsibility of the local communities, with the requisite technical
assistance provided by government agencies and/or NGOs. As these communities acquire experience and
management acumen, the need for such outside assistance will decline and government support should
be commensurately withdrawn. As emphasized above, strong and lasting incentives (embodied in
resource ownership, user rights, revenue sharing, and the like) would need to be provided to ensure
appropriate local interest in such an approach to resource management.

10.17 Whether any kind of commercial logging is compatible with sustainable management of
primary humid forests is highly contentious. Although the evidence available at present may not be
sufficient to make a definitive and categorical statement, there is increasing support among experts for
entirely prohibiting logging in intact primary humid forests.3 Logging certainly should be stopped in
ecologically delicate and in enviromnentally important areas in humid and in savannah forests. There
should be no logging where it is not possible to log on a sustainable basis. In secondary forests (i.e.,
those consisting of regrowth where primary forests have been logged or otherwise significantly disturbed

2 Indeed, since government agencies throughout most of Sub-Saharan Africa are stretched far too thin to manage even those
forest resources that are legally under government ownership and control, and since in many cases local people and
communities continue to consider these resources to be rightfully theirs, governments should consider divesting many
(though not all) forest and range areas to local people. The traditional owner/user communities could obtain group title
to these resources.

3 Although considerable interest and optimism are often expressed with respect to sustainable exploitation of natural forests,
ITTO has estimated that only one fifth of one percent of the world's natural tropical forest areas are currently being
harvested on an ecologically sustainable basis (Goodland, 1991, p. 14; Poore et aL, 1989). Even logging systems based
on selective removal of certain species and age classes of trees may seriously disrupt the ecological balance of a tropical
moist forest and destroy a significant portion of the remaining vegetation during the process of extraction. Recovery of
the ecosystem can only be assured if the damaged area is very small and is surrounded by large areas of undamaged forest
that can serve as a reservoir of recolonizing species. Thus, even though the area may remain forested, any type of
commercial logging in a tropical moist forest may result in a fundamental and quite possibly irreversible degradation of
the original ecosystem. This is in contrast to the less diverse and more resilient temperate forests, which can be logged
productively on a sustainable basis.
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before), and on forest plantations and tree farms, logging must be undertaken in accordance with
sustainable management practices. These areas could, in many cases, be specifically designated and
managed as permanent sources of timber, pulpwood and woodfuels -- provided the private owners
(individuals or groups) agree. Logging companies unable to log in a sustainable manner should not be
given concessions and permits, even in secondary forests. This will require governmental regulation of
logging, even if it is undertaken on private land.

10.18 Loggers will have to improve their performance and show themselves to be responsible in
their logging activities. In order to induce this behavior, concession agreements providing for logging
company responsibilities as well as rights will be necessary. Payment of taxes should be the norm -
rather than tax evasion. Sustainable management of secondary growth forests and industrial plantations
would then become a more important aspect of the business of logging companies than mining of primary
forests. Even where governments choose to continue to allow logging in primary forests, management
of secondary growth should be strongly encouraged by levying much lower taxes on trees taken from
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replanted areas and industrial plantations than on trees harvested from primary forests. If international
prices for tropical wood rise as currently projected, the profitability of forest plantations will increase,
making such an approach even more feasible.

10.19 Where logging is still permitted in primary forests, it should be more heavily taxed -- through
area-based taxes levied on concessions. Part of the tax should be collected and retained by local
communities owning the forests or having user rights in them. Concession agreements should be
auctioned to the highest bidder. These measures would serve to return more of the benefit to the
community and, in effect, impose a charge on the companies for the resource (the forest) exploited.
Taxes should be high enough to reflect the economic and social value of the forest, including the
environmental services it provides, and the cost of rehabilitation if the public sector or the local
community undertakes that rehabilitation.

10.20 Governments will also need to develop the institutional and human capacity required to
manage protected areas and to monitor logging as well as the use of agricultural, pasture and fisheries
resources made available for local people's use in forest areas. This is important to ensure that protected
areas are in fact protected and that the areas made available for exploitation are used in a productive and
sustainable manner. An example of management for sustainability is increasing the availability of wood
products to keep pace with population growth -- ensuring, for example, that reforestation exceeds cutting.
This could be done by inducing local communities and individual land owners to set aside sufficient land
for wood production. The primary instrument to achieve this would be ensuring that price, tax and other
incentives make tree production and marketing profitable (and more profitable than other forms of land
use on land most suitable for tree production). This requires planning and management capacity in
government to help local populations manage natural resources. In parks and protected areas,
governments will need the capacity to manage resources directly and effectively.

10.21 On privately and communally held forest land, government forest services can also help local
land owners reforest degraded areas, by providing planning assistance, technical advice, training and
seedlings. But planting, maintenance and harvesting must be done by the resource owners, the people
themselves. NGOs can play an important role in assisting them. Forest services need to move away
from their present almost exclusive focus on direct management of forests -- which is all too often
coupled with an adversarial relationship with the people living around the forests -- and place far greater
emphasis on extension functions targeted at private and community-owned land. Forest research similarly
needs to pay greater attention to the issues faced in private and community management of forest
resources.

C. Natural Resource Management in Farming Areas

10.22 Since much farming takes place within forest areas, there is not always a clear distinction
between forest areas and farming areas. In large areas throughout Sub-Saharan Africa forests have been
almost totally replaced by farms. In these areas, the primary role of governments in natural resource
management should be effective planning of land and water resource use. Even in areas predominately
used for farming, land must still be allocated for various uses such as settlements, service and
infrastructure facilities, parks and forests, grazing and crop land, areas to be protected (watershed
headlands, wetlands, water bodies), and so forth. Land use planning will need to take into account the
important trade-offs between these various uses. Land use and management plans for farming areas
should be prepared in a collaborative manner, with the active participation of the local communities.
They will need to cover such issues as watershed management, locally appropriate improved farming and
livestock husbandry practices, farm tree planting, irrigation and drainage, domestic water supply and use,
and the location of physical infrastructure.
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10.23 Actual resource management and conservation in such areas will be almost entirely in the
hands of the local farmers and livestock owners.4 It will be essential to ensure tenurial security if there
is to be significant private investment in land conservation and productivity enhancement (see paras. 8.52-
8.54). The agricultural research and extension systems will be the major governmental instruments for
supporting farmers and private industry in managing the natural resources in farming areas.

D. Dryland and Range Areas

10.24 Many dryland and range areas will, like forest areas, require special protection. Actions in
the agricultural, livestock, infrastructure, land tenure and population spheres along the lines set out in
previous chapters will be necessary, but not sufficient. Since agricultural technology adapted to dryland
areas is so marginal, land tenure reform so exceedingly difficult to implement, and carrying capacity so
low, sustainable management of dryland areas will be very problematic.

10.25 Land use planning will be important, since there are trade-offs and potential conflicts here
as well between the traditionally predominating pastoralists, new settlers who are moving into the better
areas to farm, fuelwood gatherers, and the preservation of bio-diversity. Many pastoral areas contain
forests and wildlands. Resolving land disputes is an important aspect of the solution to these problems,
including that of ensuring adequate fuelwood supplies in drier areas. The management of rangeland by
local people, grouped into voluntary and self-governing associations, is the most effective tool for
managing these resource systems. But these associations must be provided undisputed ownership of, or
assured long-term user rights to, the land and the associated water and vegetation if they are to manage
them.

10.26 Two recent reviews of key issues in Sahelian dryland management highlighted a number of
essential concerns that should be observed in attempts to ensure sustainable management and development
(Nekby, 1990; Shanmugaratnam et al., 1992). These include the research and extension of appropriate
crop and livestock technologies which are both soil conserving and more profitable for farmers and
herdsmen, land tenure reform to eliminate open access, reduction of population growth through out-
migration, and promotion of non-agricultural rural industries to reduce the pressure on land. One of
these reviews (Nekby, 1990) also suggested a return to holistic and integrated planning and execution -
in effect, a return to the concept of integrated regional development based on land use plans that allocate
land for pasture, cropping, reserves and parks, fuelwood production, forests and other uses. Land
ownership would be allocated, including to traditional community or clan owners. Agricultural and
livestock technology would be developed to suit each particular agroclimatic situation. The technologies
would include considerable soil conservation measures. It is, at present, not possible to envisage an
alternative approach in dryland areas.

10.27 Local initiative and management need to be mobilized to manage range, pasture and dryland
areas -- in a manner similar to that outlined above for forest areas. Where traditional, community-based
authority still exists, group land titles or secure long-term user rights should be provided. As in the case
of forests and farmland, it is through the ownership of land and the associated natural resources, or at
least the assurance of secure long-term exclusive use rights, that local participation in sustainable resource
management can be mobilized and maintained. In better watered grazing areas, individual ownership of
livestock farms will be possible (although crop farming may prove to be a more remunerative use of land
and labor in many such situations), but this will be rarely feasible on drylands due to the patchy
availability of water and the need for seasonal livestock movement. But exclusion of others - i.e.,

4 The viability of this approach is demonstrated by the example of Machakos District in Kenya (see pars. 8.72-8.73).
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elimination of open-access conditions -- is essential. At the same time, local communities and individuals
need to be supported in planning and managing resource use, particularly in view of the increasing
limitations imposed on the geographic mobility of pastoralists' herds. The micro-project funds which
some donors have begun to establish are a suitable instrument to provide critically needed funding for
this purpose. Technical assistance should come through extension agents, knowledgeable about
conservation techniques.

E. Water

10.28 In large parts of Sub-Saharan Africa, water is the critical limiting resource, and conflicts over
competing uses are becoming evident. In some areas, groundwater reserves are being drawn down for
irrigation much faster than they can be replenished. Damming and diversion of rivers for irrigation or
hydro-power development have often created serious problems downstream. These include the spread
of water-borne and water-related diseases, intrusion of saltwater into groundwater aquifers in coastal
areas, destruction of riverine woodlands and of wetlands of importance as wildlife habitat, destruction
of downstream fisheries and of coastal wetlands critical for marine life and migratory birds, and coastal
erosion. Water pollution from domestic sources has become a major concern in many areas, particularly
around major cities, but also in countless rural areas where lack of safe potable water is the most serious
public health problem. In some regions, pollution from agrochemicals is emerging as a problem, as it
already is in other parts of the world.

10.29 With the primary exceptions of parts of coastal West Africa and the Congo/Zalre River basin
and adjoining parts of humid Central Africa, most of Sub-Saharan Africa is not endowed with abundant
water. Moreover, only a portion of total potentially available water is actually accessible and useable.
Geographical distribution of supplies, seasonal and annual variations in flows, topographic conditions and
evaporation losses drive a large wedge between potentially available and realistically accessible water.
Conflicting demands on water use and environmental considerations pose further constraints on the
utilization of water (Falkenmark and Suprapto, 1992, pp. 33-34). In Europe, water management
problems began to be encountered when water demand exceeded 20 percent of potential water availability
(Falkenmark, 1991, pp. 88-89). Water quality is an important consideration as well. Not all sources of
water are suitable for all uses, and water impurities and pollution can severely limit the range of uses to
which a particular source of water can be put.

10.30 Demand for water is rising rapidly, driven by population growth and economic development.
Except for the humid regions of Central and coastal West Africa noted above, almost all of Sub-Saharan
Africa will be facing water shortages or water scarcity early in the next century. In many of the arid
regions, this is already the case -- particularly during the dry season. WHO has suggested an average
of 30 liters per capita daily (or about 11 m3 per person annually) as the minimum needed to ensure
adequate hygiene for urban populations in developing countries. Industrial water requirements depend
very much on the size and type of industries; in industrialized countries, these requirements considerably
exceed household consumption, even though the latter surpass the WHO standard cited above five to ten
times. Agriculture is, and will continue to be, the largest consumer of water. In dry climates, the
photosynthesis process consumes about 1,000 m3 of water to produce one ton of biomass (Falkenmark
and Suprapto, 1992, p. 31). Depending on agro-ecological factors (crops grown, soil characteristics,
evapotranspiration rates, etc.) and on technical efficiency, feeding people by means of irrigated
agriculture requires anywhere from 500 to 2,500 m3 of water per capita per year. For many countries
in Sub-Saharan Africa, the water that can be utilized at reasonable cost with available technological means
will not be more than about 250 m3 per capita annually by the year 2025, and for some (such as Kenya,
Burundi, Rwanda, Malawi) it may be as little as half that amount. This has important implications for
the type of agricultural and overall economic development strategies these countries will need to pursue.
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It certainly underscores the urgency of initiating effective water resource monitoring and planning and
of maximizing efficiency in water use.5

10.31 The many different uses of water can be variably grouped, depending on the objective of the
analysis. One categorization distinguishes between consumptive, nonconsumptive and polluting uses
(Frederiksen, 1992, pp. 24-25). Another differentiates between withdrawal uses and instream uses.
Water used by households and industries and for watering livestock and irrigated crops represents
withdrawal uses. Instream uses include water flow for fisheries and wetlands, for maintaining
downstream water quality, for water transport, and for recreational uses. Power generation may involve
instream uses (for hydropower generation) or withdrawal uses (for cooling thermal and nuclear power
plants). While some instream uses are compatible with others, most demands for different water uses
compete with each other and, in situations of increasing water scarcity, imply important trade-offs and
potential conflicts.

10.32 This points to the urgent need for effective hydrological planning and for prudent demand
management which involves planning, regulation, technology and pricing. Demand management means
allocating among alternative uses, encouraging conservation, and protecting instream flow and water
quality. Market mechanisms alone will not be adequate: "... the nature of the resource makes it difficult
and in many cases impossible to establish efficient markets" (Frederick, 1993, p. 23). Well defined and
transferable property rights are usually missing and very difficult, if at all, to establish. The full benefits
and costs of a water transfer are not likely to be borne by the buyer and seller, because there are multiple
and important externalities. And rarely will there be multiple and competitive suppliers of water, since
the nature of the resource makes water supply a natural monopoly (ibid., pp. 24-25).

10.33 Water must be recognized as the critical and limiting resource it is. It must be carefully
allocated, beginning with the development of local and regional water use plans, and it must be protected
against pollution. Project-by-project and sector-by-sector planning for water uses (water and sewage
services, irrigation, flood control, hydropower, navigation, fisheries, industrial uses, and so forth) is
prone to lead to conflicting and inefficient investment decisions. In the absence of prices for water that
reflect its scarcity, planning must be based on natural hydrological units such as river basins to ensure
that the opportunity costs associated with different water uses are properly considered. Such planning
should be integrated with planning for land use and other activities that affect, and are affected by, water
development. Water management plans will need to assess water availability against likely demand
(taking into account anticipated population growth and urban/industrial development), develop options
for water supply (including costs), as well as options for demand management and conservation.

10.34 Given the frequent occurrence of drought, many water sources in semi-arid and arid parts of
Sub-Saharan Africa are very vulnerable to wide annual variations in flow volume and, hence, in supply.
In these regions, water use plans must allow adequate margins for safety and establish clear priorities
among competing uses. In many arid and semi-arid regions, water supply constraints will imply that
large-scale irrigation cannot be the primary priority in allocating water among different uses. Where this
is not recognized, capital investments designed to abstract surface or groundwater for irrigation and to

5 An effort has been underway since 1986 to establish the infornation base for sound water resource planning in Sub-Saharan
Africa. A number of multilateral and bilateral agencies (including the ADB, UNDP, UNDTCD, WMO, the World Bank,
the EEC, and France) are collaborating in a multi-year program, Sub-Saharan Africa hydrological Aessment, to assist
all SSA countries in creating or improving a sound hydrometric base for the purpose of planning and evaluating water
resource development programs and projects. This effort covers surface water resources, hydrometeorology, and
groundwater. Initial reports for a number of countries are available from the World Bank's Agriculture and Rural
Development Department.
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develop land for irrigated farming may later need to be abandoned as the requirements for human and
livestock use increase.6

10.35 Water resources frequently are shared among countries. This points to the importance of
close cooperation in planning for long-term water sharing if riparian disputes are to be avoided.

10.36 The economics of water supply are important. Many irrigation and water supply schemes
are excessively costly -- and uneconomic. Conservation efforts on currently used supplies or demand
management through more rational water charges can obviate expensive new investments in water supply,
especially for irrigation. Water user associations should be given much greater management responsibility
in operation and maintenance of water schemes, in rural potable water supply schemes as well as in
irrigation systems.

F. Common Elements

10.37 There are a number of common elements to the recommended strategies and approaches for
conserving and sustainably managing Africa's natural resources and lessons from the limited experience
to date:

(a) The overall policy and legal framework must be consistent with the conservation objective.
For example, local communities need to be authorized to participate in the management and
benefits of protected areas and the wildlife and other resources they contain. Resistance to
this concept remains strong in most of Sub-Saharan Africa, as governments generally believe
that benefits reaped from conservation areas should accrue to all citizens. Compromises will
have to be made. For example, taxes can be levied on local community receipts from
tourism, so that benefits may be shared more widely.

(b) Social and institutional factors constrain implementation of community-based conservation
strategies. The major problems are the general weakness of community organizations and
the vastly unequal distribution of authority between the national and local levels. Most local
communities in forest, range and wilderness areas are poorly organized and difficult to
organize. Outside assistance is nearly always necessary.

(c}iOnly in a small number of cases can protected areas be expected to generate sufficient
revenues from non-exploitative uses (such as eco-tourism) to provide significant local income
or to support significant rural development. In most cases, external financing will need to
be provided on a long-term basis. The national and international communities must
contribute to the cost of maintaining the national and global heritage represented by the areas
being protected.

(d) Creation of an institutional and management capacity in government is a difficult process.
This is rarely, if ever, the highest priority of governments; as a result, government agencies
charged with managing natural resources are usually neglected and financially strained.
Again, international assistance is essential.

6 Climate change is likely to have significant impact on water supplies and regional hydrological systems, particularly in
regions already facing water shortages. This makes prudent planning so much more important. Even relatively small
changes in precipitation and temperature can have significant effects on the volume and timing of runoff, especially in arid
and semi-arid regions (Frederick, 1993, p. 63).
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(e) In the absence of agricultural intensification outside the areas to be protected, conservation
efforts are bound to fail. Only rapid increases in output per unit of land will induce fast
growing populations to stay out of the remaining intact forests and other ecosystems that
should remain undisturbed.

10.38 Conservation of biodiversity depends directly upon preservation of natural habitats,
particularly tropical moist forests which contain the greatest diversity of species outside of certain marine
environments. Habitat destruction is the greatest cause of extinction of species overall. However, for
certain species which are acutely endangered by commercial exploitation, additional protection is needed
in the form of controls on harvesting and on international trade. Such controls can only be effective if
the governments of both "producing" and "consuming" countries are committed to enforcing them.7--

10.39 While better and more effectively protected area systems are essential, the single most
important factor to ensure the preservation of land-based natural ecosystems will be meeting the demand
for food, wood and other agricultural and forest products on a sustainable basis. Soil and water resources
must be protected by protecting important watersheds -- by maintaining natural forests and, where these
are already degraded, by re-planting or allowing natural regeneration to take place. The critical question
of meeting the needs for woodfuels and timber must be addressed from both the production and the
demand side. While commercial logging of remaining primary moist forests should be greatly reduced
(if not banned entirely), because the available evidence indicates that it cannot be sustainable, there must
be a major increase in resources for the sustainable production of fuelwood and construction wood. This
must come from farm forestry, as well as from industrial plantations and well-managed production forests
located in areas where the original forest system has already been substantially altered by logging. At
the same time, energy conservation must be promoted, both through economic policy measures (e.g.,
pricing) and through the development and extension of technical innovations.

10.40 The most important element is agricultural intensification outside the forests and wilderness
areas. Without agricultural intensification the forests and wilderness areas of Sub-Saharan Africa stand
little, if any, chance of survival in the longer run. The ultimate environmental collapse can be postponed
by reducing the rate of population growth. The preferred option combines maximum agricultural
intensification with sharply curtailing population growth and far more determined and effective
management of environmental resources.

7he Role of Governments

10.41 There are important functions to be fulfilled by government agencies, and there is an urgent
need to develop the requisite institutional and human capacity to undertake these. They include carrying
out resource inventories and mapping, preparing land use plans, managing protected areas, and
monitoring logging and the use of agricultural, pasture, wetland and fisheries resources (see also para.
10.20). Governments also need to develop the capacity to undertake environmental assessments of
development projects in order to avoid unacceptably negative environmental impact.

10.42 Governments should focus their direct management efforts on a much smaller share of the
total national land and forest resources -- i.e., those areas that provide public (and global) benefits and
goods. This will consist mainly of parks and other protected conservation areas where there are
important externalities that local populations cannot be expected to finance or otherwise support. Even
there, local participation will be necessary. The local people should be given incentives to conserve the
resource endowment of the protected area through the confirmation of exclusive hunting and gathering
rights, the provision of employment opportunities in the various support services required to manage
protected areas, and a share of any user fees that are collected from outsiders.
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10.43 NGOs can play important roles in assisting local people in managing natural resources.
Where they are ready and willing to assume this role, they should be given wide room to do so.

10.44 Governments should also intensify their efforts to provide effective and locally relevant
environmental education through the school system and through mass media. Agricultural extension staff
should similarly be utilized to spread awareness of environmental issues, and especially of soil, water and
tree conservation techniques, among rural populations.

10.45 A problem common to all natural resources
is that financial returns to conserva ion axe ofen lower iGIba Cot
than economic returns. Individuals and private o f Tpl otCs
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resource use Oogging fees, mining royalties) and debt-for,n; 'oe sw*aps. Alth'ough t
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should contain strategies for addressing all of the issues a god cndidaefor undig und h f'::
of the Nexus. The NEAP concept is multi-sectoral in _______u_i_____or__r __u _________

approach, and oriented to bottom-up participatory
planning and implementation. It provides a framework for integrating environmental concerns with social
and economic planning within a country. The objective is to identify priority areas and actions, develop
institutional awareness and processes and mobilize popular participation through an intensive consultation
process with NGOs and community representatives. Donor collaboration can also be effectively
mobilized in this manner.

10.47 A successful national approach to environmental concerns involves several important steps:

Establishing policies and legislation for resource conservation and environmental protection
that are integrated into the macroeconomic framework and, if possible, assessing the costs
of degradation. These were, for example, estimated to be between 5 and 15 percent of
annual GNP in Madagascar and more than 5 percent of GDP in Ghana.
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* Setting up the institutional framework, usually involving a ministerial or higher-level
environmental policy body, developing mechanisms for coordination between agencies,
building concern in these agencies, balancing private and public sector concerns,
decentralizing environmental management, and assuring continuous contact with local people.
The preparation of regional land use plans could be an important component. The basic
framework needed to guide the implementation of land tenure reform, forest policy reform
and other elements discussed above can also be included in NEAPs.
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10.48 NEAPs are intended to be evolutionary -- developing policies through field experience as well
as national-level analysis. They should lead to the empowerment of the non-governmental sector, not just
by providing funds for small-scale community activities through national environmental funds, but also
by drawing large numbers of village and district representatives into consultative forums. A non-
governmental advisory body was part of the institutional arrangements set up, for example, under the
Lesotho NEAP.

10.49 Considerable external support has been provided for the NEAP process, from bilateral and
multilateral agencies and NGOs (such as the World Wildlife Fund, the World Resources Institute, and
the International Institute for Environment and Developme.nt). Donor expertise is made available to the
countries undertaking NEAP preparation, and donor policies are coordinated in the process, with the
NEAP forming the basis for coordination. Where NEAPs have led to the preparation of national
environmental investment plans (as in Madagascar and Mauritius), donors have substantially
oversubscribed the programs. An NEAP can therefore become the major preparatory instrument for
addressing the issues discussed in this chapter.



XI. CONCLUSION

A. The Problem

11.1 The countries of Sub-Saharan Africa face three important challenges: (a) reducing the rate
of population growth, (b) safeguarding their natural resource base, and (c) making agriculture, as quickly
as possible, sufficiently productive to ensure rising standards of living for the rapidly increasing
population without further endangering the resource base available for this purpose. Because these three
challenges are closely interlocking, the ambitious indicative targets set out in Chapter VI are more likely
to be achieved if the actions suggested in each specific area are successful.

11.2 Rapid population growth, environmental degradation, and slow agricultural growth in Sub-
Saharan Africa are closely linked. The principal problem is that the technologies applied in shifting
cultivation and transhumant pastoralist systems, appropriate under low population density conditions on
Africa's fragile natural resource base, are environmentally damaging when practiced by rapidly increasing
populations. When population densities increase and shifting around on the land becomes impossible,
but farming practices do not change, soils degrade and forests are destroyed. Soil degradation and
deforestation constrain agricultural growth. Lagging agricultural growth perpetuates rural poverty and
food insecurity, which in turn impede the onset of the demographic transition to lower human fertility
rates.

11.3 Past efforts have, on the whole, failed to reverse the downward direction of the spiral that
is driven by the synergetic forces of this Nexus. The explanation, at least in part, appears to be that past
efforts have been pursued too narrowly along traditional sectoral lines - matching established institutional
arrangements and traditional academic disciplines -- while crucial cross-sectoral linkages and synergies
have been ignored. Environmental integrity and resource conservation are critical for sustainable long-
term growth of agriculture, and of the economy. But this will be very difficult to achieve if present rates
of population growth persist. Population growth is unlikely to decelerate unless there is more vigorous
growth of agriculture, and of the economies dependent on agriculture. At the same time, agricultural
growth based on traditional patterns of resource use and production technologies will be increasingly
constrained by rapid population growth and the degradation of the environmental resource base.

11.4 A key conclusion of this study is that far more emphasis needs to be placed on efforts
designed to promote effective demand for sustainable and environmentally benign farming technologies,
for family planning services, for resource conservation. Considerable emphasis has been placed in most
past sectoral development efforts on the supply side (efforts to develop and deliver technology and
services), while the need to generate demand has remained largely unrecognized - or at least poorly
served. The synergies inherent in the Nexus provide considerable potential for addressing the demand
side of these important problems.

11.5 There is low demand for small families, and there is inadequate supply of family planning
services. Both are keeping total fertility rates (TFRs) high. Low demand for small families is due to
cultural factors, high infant mortality, low education for girls, and limited family planning services.
More contentious is the impact of economic incentives. High demand for child labor may be created by
systems of shifting cultivation, severely constrained access by rural women to production inputs other
than child labor, additional demand for child labor as part of a survival strategy in the face of poor food
security and increasing degradation/depletion of soil and water resources. Demand for smaller families
is manifesting itself, however, where the density of population on cultivated land is high, infant mortality
is low, food security is high, and female school enrollment rates are high. Countries with these
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characteristics are entering the demographic transition, and family planning programs are likely to be
extremely effective there in responding to the strongly emerging demand for family planning services.

11.6 Forest degradation is stimulated by rapid population growth combined with shifting cultivation
(people moving into forests to farm), poorly regulated logging, and "open access" land tenure. "Open
access" occurs when there is no effective regulation of land use, either traditional or modem. This allows
farmers and others to exploit the land, and the resources on it, in a non-sustainable manner. Fuelwood
prices which are too low to cover replanting costs, are constraining fuelwood planting. Fuelwood prices
are low because it can be mined, nearly freely, from open access areas. Where there is open access,
trees can be cleared for farmland by migrant farmers.

11.7 Women's time is increasingly constrained in rural areas, as fuelwood and water become
scarce. Women walk further for water and fuelwood as a result. Women have difficulty maintaining
food output with less time available, contributing to food security problems.

11.8 Technological innovation which could permit traditional farming and livestock practices to
evolve in an environmentally sustainable manner, is not keeping up with the present rapid rate of
population growth. The present gap is enormous.

11.9 Lack of demand by farmers for new agricultural technology is as important as lack of supply
of appropriate technology, in explaining slow agricultural growth. Lack of demand is related to several
factors:

* Open access land tenure conditions are replacing traditional land tenure systems. In open
access, land occupation and use is temporary and there is no incentive for the farmer to invest
in farm intensification. Open access also reduces the incentive for farmers to conserve the
land (since it is not theirs).

* There is often a lack of capital and financial resources with which farmers (especially women)
can invest. This low income trap is operable in much of subsistence agriculture.

* Labor constraints on women often prevent them from adopting those technologies which are
labor intensive.

* In much of Sub-Saharan Africa poor agricultural and economic policies, combined with
currently low world prices for many agricultural products, have reduced the profitability of
farming and hence the incentive to intensify farming. They have often restricted farmers'
ability to participate fully in land management, marketing or price setting.

* Appropriate improved agricultural technology for farmers is often locally unavailable or
unknown; there can be no effective demand for what does not exist or is not known to exist.

B. Recommendations for Action

11.10 To correct the current disastrous trends, a set of mutually reinforcing actions need to be
undertaken by governments and donors. One of the most important will be to promote demand for
smaller families and for family planning (FP) services. This needs to be effected through determined
action in several areas -- notably expanding primary and secondary education for females, reducing infant
mortality, and providing culturally sensitive FP advice and services. Field surveys to identify the
determinants of fertility and attitudes to family planning will be essential. Population programs are being
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prepared in about half of the countries of Sub-Saharan Africa. Political commitment will be necessary
to implement them. Priority in establishing FP programs that emphasize increased supply should be given
to countries where demand for fewer children is emerging -- as a consequence of increasing population
density on cultivated land, improving female education, declining infant mortality rates, improved food
security and better conservation of environmental resources. Where these factors are not satisfactory,
demand for children will remain strong and will blunt the effectiveness of programs oriented towards
increasing the supply and accessibility of FP services.

11.11 Where AIDS is a serious concern, even in the absence of the elements that appear to spur the
onset of the demographic transition, high priority must be placed on providing appropriate information
and education regarding the prevention of sexually transmitted diseases as well as condoms through all
available channels, such as schools, health facilities, traditional health providers, FP programs,
pharmacies, NGOs, etc.

11.12 Strong efforts are also needed to create farmer demand for "environmentally sustainable"
agricultural technology. Means to accomplish this include expansion of appropriate research and
extension to farmers, the elimination of open-access land tenure systems, and agricultural policy which
makes agricultural intensification profitable (and reduces the relative profitability of shifting cultivation).
The priority development of rural roads and markets in areas designated for agricultural development will
be important in this regard. Agricultural research establishments must be developed to supply the
appropriate technology. The recent elaboration of Frameworks for Action under the auspices of the
Special Program for African Agricultural Research (SPAAR) merits strong support, as do related efforts
to improve other agricultural support services such as extension. Funding is not so much the problem
as is organization and management.

11.13 Agricultural services and education must serve women as much as men, to improve women's
farming practices, raise their productivity and incomes, and stimulate reduced demand for children.
Successful introduction of agro-forestry and fuelwood production on farms would significantly reduce
women's work burden in fuelwood gathering. Introduction of appropriate transport improvements and
stoves that save both fuel and time would also help. Improving rural water supply will save women's
time. It will also reduce infant mortality, thus reducing the demand for more children. Success in these
areas will free more of women's time for family management, agricultural production and other economic
activities.

11.14 Measures necessary to create a market for fuelwood should be pursued. Fuelwood prices
should reflect the scarcity value and replanting costs of trees. Higher prices would stimulate farmers and
entrepreneurs to plant trees. This will require land tenure reform to eliminate open access to free
fuelwood by farmers and entrepreneurs. It will also require extension advice to farmers on agro-forestry
and fuelwood plantations. Eliminating price and taxation disincentives to the marketing of kerosene and
other substitute fuels would stimulate the substitution of such fuels for woodfuels over time, particularly
in urban areas.

11.15 The rate of degradation and destruction of forests and wildlands can be reduced by determined
pursuit of agricultural intensification. This needs to be promoted through the measures indicated above,
the elimination of open-access land tenure situations, keeping infrastructure out of environmentally
sensitive areas, and more effective regulation and taxation of logging.

11.16 In each country, Environmental Action Plans should be prepared, and they should focus
heavily on agricultural and demographic causes of environmental degradation in rural areas. A key
instrument to be used in preparing solutions will be land use plans. These define the use, given various
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demands, to which various types of land are to be put (forest, protected areas, agriculture, settlements,
infrastructure, and so forth). A meaningful National Environmental Action Plan should be based on
careful analyses of the issues discussed here and should incorporate an action plan for governments,
affected communities and external aid agencies to address these issues and the linkages and synergies
among them. In most cases, the action plan will consist of changes to agricultural research, extension
and investment policy; increased focus on creating demand for family planning services and increased
resources for population policy; greater emphasis on fuelwood and industrial forestry plantations and
private tree farming; greater sensitivity to the environmental impact of all investments; more investment
in natural resource conservation and protection; and land tenure reform. The role of women must be
addressed far more effectively, notably in the areas of agricultural development, natural resource
management, and education.

11.17 Infrastructure development in rural areas, particularly roads and water supply, is important
for agricultural development and to focus population settlement outside of environmentally sensitive areas.
Keeping infrastructure out of environmentally sensitive areas is an important tool for conserving those
areas. Infrastructure investment in rural areas and in secondary towns merits considerably higher priority
than it has received in most countries in the past. Infrastructure development should be in response to
demand. This is likely to result in smaller-scale investments rather than massive engineering efforts
which have to date characterized much government and aid agency spending. Demand responsiveness
will be stimulated by more community and local control over infrastructure design and siting, by the use
of local private contractors, and by funding facilities constructed and maintained by the user communities
themselves.

11.18 Urban areas represent outlets for population increases, markets for agricultural products and
fuelwood, sources of manufactured inputs and consumer goods for farmers, and centers for the provision
of educational, health and other services. Urban development needs to be one component of land use
plans. Further, urban policy should be developed in part as a function of likely growth of the urban
population, linkages between urban and rural product and labor markets, communications needs in rural
areas and environmental constraints. Generally, policies which promote development of secondary cities
and rural towns, rather than of a few mega-cities, will be far more conducive to efficient, equitable and
sustainable rural development. This requires spatially well distributed public investment which is not
biased in favor of mega-cities, sound and substantial investment in infrastructure throughout each country
(rather than concentration in mega-cities). It further requires functioning markets and market-based
pricing for petroleum and other energy sources, avoidance of transport monopolies to increase the
likelihood that the entire country is adequately served by private transport providers, promotion (through
industrial extension, investment codes, credit facilities) of small and medium enterprises located in
secondary cities and rural towns, and decentralization of political decision making outside capital areas
to facilitate greater responsiveness to demand. These are not only crucial elements of sound urbanization
policy, but are important for rural development because well functioning secondary towns and cities are
more likely to provide services and markets for rural areas than are distant mega-cities which tend to be
heavily oriented to overseas suppliers.

11.19 Local communities need to be empowered to participate in all of the above. Without
participation, people will not demand smaller families, sustainable agricultural technologies, road
maintenance or forest conservation. Participation is more likely to result in development initiatives which
respond to felt needs rather than to short-term political imperatives and expediencies. People should
become managers of actions conceived in partnership with Governments.
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11.20 Multi-sectoral and cross-sectoral analysis is needed to resolve agricultural, population,
settlement and environmental problems -- because of the important linkages and synergy between them.
Environmental protection will be very difficult to achieve if present rates of population growth continue.
Population growth is unlikely to decelerate unless agriculture, and the economies dependent on
agriculture, grow more rapidly. Agriculture will be increasingly constrained by rapid population growth.
Settlement and urban development policies are important factors influencing population growth and
movement, agriculture and environmental resource use. In this regard, the analysis suggests that spatial
planning is desirable and that action plans covering the various sectors should be integrated at the regional
level. In particular, land use plans should be developed with a spatial and regional focus. These should
identify conservation areas, logging areas, farming areas, and locations for settlements and infrastructure
development. Appropriate farming technologies vary from one micro-agro-climatic zone to the next.
Infrastructure development is location-specific. Land tenure systems, fuelwood problems, gender
responsibilities in farming, and cultural factors affecting attitudes towards human fertility vary among
regions, and often from place to place, within the same country. There is therefore merit to developing
integrated action plans for regions within countries. Such plans would address the wide range of issues
and concerns applicable within that region -- appropriate land uses, demographic trends, likely migration
patterns, natural resource management, the development of transport and other infrastructure, agricultural
technology, land tenure reform and land ownership, fuelwood demand and supply, forestry development
and utilization, likely development of markets, towns and cities, and so forth.

11.21 Far greater community involvement in the preparation and the execution of these location-
specific plans will be essential. Communities and individuals must be given ownership of natural
resources as an incentive for them to manage and conserve these resources. Better planning, particularly
spatial planning, community and individual ownership of assets, and community management of
implementation are the main directions in which donors and governments must move.

11.22 Because such multi-sectoral action plans will be complex and difficult to implement, they
should in most cases not be implemented through integrated multi-component projects. Conservation and
land use plans specified by location would be one cluster of projects. Appropriate agricultural technology
for each micro-region could be developed and extended through national research and extension
programs, with regional implementing divisions. Regionally specific land tenure reform could be
implemented under national tenure reform programs. FP programs adapted to particular communities
would be implemented through national population and family planning programs. Urban and
infrastructure development will constitute separate projects. But there needs to be a sensible fit between
these separate projects and investments, given the synergies and complementarities between them.

11.23 Several other important recommendations emerge from this study concerning analytical work
that should precede the formulation of action plans and, particularly, of developmental interventions --
be they investment projects or institutional and policy reforms.

* Far greater attention needs to be paid to the social organization of production and
consumption, of decision-making and resource allocation, of access to resources and services.
These systems and structures can be very complex and often differ substantially among
communities (and certainly among countries) throughout Sub-Saharan Africa.

* This implies the need to use relevant "units of analysis". The casual and often indiscriminate
use, for example, of the "household", the "family" and the "family farm" may not be
appropriate if these terms are simply assumed to convey concepts of social and economic
arrangements familiar to 20th-century industrialized economies. Most African societies are
characterized by complex systems of resource-allocation and -pooling arrangements for both
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production and consumption purposes, based on lineage, kinship, gender and age-groups -
often with multiple overlaps. It is imperative to be cognizant of, and sensitive to, these and
to analyze the impact of development interventions on individuals in this context.

* Gender issues are critical, especially in terms of gender-specific divisions of responsibilities,
tasks, and budgets, as well as in terms of access to resources, information and markets.
Interventions and incentives do not necessarily work in the same direction or with the same
intensity for men and women.

* More input is needed from sociologists and anthropologists to understand socio-economic
systems and relationships. Social scientists should collaborate closely with agricultural
scientists and economists in researching farming systems, cultures and socio-economic
institutions into which new varieties and technologies are to be introduced. Agriculturalists
and economists in turn should receive special training to raise awareness of these issues.
Local expertise needs to be much more drawn upon to improve our understanding of how
things operate, why they operate this way, and what may work under these conditions.

* Extremely important is the need to take into account the risk perception of the local people -
their absolute requirement for ensuring survival in the short term even under worst-case
scenarios.

C. Status of Implementation

11.24 The above recommendations are broad and need adapting to each country's special
circumstances. In some countries, these ideas are already being pursued:

(a) Many countries in Sub-Saharan Africa are pursuing macro-economic and agricultural policy
reform programs designed in part to improve the profitability of agriculture; this will
stimulate the needed agricultural intensification. Other countries do not yet pursue policies
which would make agriculture profitable. Also, many donor countries maintain a
combination of import barriers and agricultural subsidies to assist their own farmers, and this
harms African producers of these commodities. These policies need to be changed.

(b) An increasing number of countries in Sub-Saharan Africa are now developing environmental
action plans. For these countries, implementation is the watchword. In the others, the
process should be launched. Donor support should be intensified.

(c) Agricultural research and extension systems in a number of countries are slowly shifting to
a greater focus on "sustainable" agricultural technology and responsiveness to varying farmer
demand. Collaborating within SPAAR, countries in the Sahel and SADCC regions are
planning the improvement of their agricultural research systems. Others should follow suit,
and donors should collaborate in implementing SPAAR's "Frameworks for Action".

(d) At least four Sub-Saharan African countries (Botswana, Kenya, Mauritius and Zimbabwe)
have, with considerable effort, succeeded in bringing down fertility rates. Much more needs
to be done here in all SSA countries, but these four provide relatively successful models.
Several others countries are now developing promising population and family planning
programs. Genuine and sustained political commitment will be essential. Donor support
should be channelled through the ongoing African Population Action Plans.
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(e) Improved health programs, including health education and the distribution of condoms, to
address the AIDS problem are starting up in several countries.

(f) The empowerment of local communities to manage development in each of the above areas
is now beginning to be accepted in some countries; it requires much more effort.

(g) Slow land tenure reform, inappropriate fuelwood pricing, and feeble rural infrastructure
programs are major weak points everywhere.

1 1.25 In many countries of Sub-S aharan Africa, major deficiencies remain to be addressed in rural
health care and education (and particularly female education), rural infrastructure, promoting greater
participation of local communities in development efforts, forest and conservation policy, land tenure
reform, sound urbanization policy, and effective family planning programs.

11.26 Several SSA countries are pursuing many of the policies suggested here. By bringing much
of this together, they are obtaining positive synergies between agricultural growth, environmental
protection and reduction in human fertility rates. Kenya, Zimbabwe, Botswana and Mauritius are
examples. They strongly suggest that the type of measures recommended here are likely to be effective.
Others, such as Ghana and Tanzania, are moving in the right direction.

D. Issues and Follow-Up

11.27 Many issues touched upon here require more focused and detailed research and analysis.
Among them are the following:

(a) There is a need for further research to ascertain the relative importance of the various factors
that influence human fertility decisions and trends. Gender-specific analysis is particularly
essential in this area.

(b) The expected impact of AIDS on population growth has been incorporated in the most recent
population projections used here. However, given the difficulty of predicting its impact, the



- 132 -

possible margin of error is considerable. More research is needed. Should AIDS turn out
to have even more devastating impact on demographics than currently anticipated, improved
health care, FP services and education focused on preventing sexually transmitted diseases
and increasing the use of condoms could become the single most important intervention to
be undertaken in Sub-Saharan Africa.

(c) More analysis is needed concerning the productivity potential of the environmentally benign
and "sustainable" agricultural technologies identified. The environmental effects of 'green
revolution" technologies also need careful study.

(d) Work is needed to determine and test the degree to which communities and community
groups will be conservation-minded if and when natural resource management is turned over
to them by governments.

(e) Urbanization and the urban-rural link are important determinants of key aspects of the
agriculture-population-environment Nexus. More research is required in this direction.

(f) There is some argument with the contention of this study that, although multi-sector planning
is necessary, multi-sectoral projects to implement such plans may be undesirable. Some
writers suggest that regional development plans could in many cases be implemented in an
integrated fashion. Although this makes conceptual sense, the disappointing past experience
with integrated rural development projects suggests that such programs are too complex to
be managed as integrated wholes. How best to implement integrated location-specific plans
through manageable components remains an issue to be explored.

(g) The equity impact of these recommendations needs further scrutiny. Reducing open access
to land, expanding the areas under protection, raising the price of woodfuels will have
negative effects on some of the poor. However, improved agricultural technology successful
family planning, better access to rural health and education facilities and services, improved
rural infrastructure, sound urban development will have positive impact on the poor.

11.28 The follow-up to this study has been launched. It includes the preparation of country-specific
population, agriculture and environment nexus studies in Cote d'Ivoire, Ethiopia, Malawi, Kenya's
Machakos District, Nigeria, Rwanda, and the Sahelian countries as a group. These studies will help firm
up the analytical framework and will be instrumental in adapting the analysis to the situation of specific
countries. The study was the most important input for a revised agricultural development strategy for
Sub-Saharan Africa recently prepared by the World Bank's Africa Region (Cleaver, 1993). Follow-up
also includes widespread incorporation of Nexus issues in environmental action plans and in investment
projects. Concurrent monitoring is underway regarding the progress of preparation and implementation
of national environmental action plans and of national population programs. The institutional locus for
the former is the "Club of Dublin", comprising representatives of African governments and donor
agencies. The institutional arrangement for deepening the population agenda for SSA and for monitoring
its progress is the African Population Advisory Committee, with similar membership. It is hoped that
a similar African Agricultural Advisory Committee, managed by prominent Africans, will also be
established.



Annex: Statistical Tests of Key Hypotheses

I. Pooled Cross-Country Time Series Analysis

A. Methodology

1. Statistical analysis was undertaken to test some of the hypotheses discussed in this study. The
statistical tests were imperfect because of lack of data and/or poor quality of some of the available data.
Reliable data on environmental resources and their degradation or destruction are particularly difficult
to obtain, but agricultural statistics are also often of limited reliability. Nevertheless, considerable effort
was devoted to collecting data and verifying their validity by comparing different sources.

2. This section describes the methodology and data used in the pooled cross-country time series
analysis referred to at the end of Chapters III and IV. Section II describes a separate analysis of the same
hypotheses, using a different data set with single observations for each variable for each country. These
two separate analyses were undertaken to determine how robust the results are.

3. In general the most complete data set currently available was used. Data are too voluminous
to be reproduced here, but the sources are listed. Data were collected for 41 countries in Sub-Saharan
Africa. (Cape Verde, the Comoros, Mauritius, Sao Tome and Principe, and the Seychelles were excluded
because of their special features as small islands.) The inclusion of countries in any specific statistical
test was based solely on the availability of data. The same is true for the length of the time series: the
largest common denominator of available data was used. There is a trade-off between the number of
countries that can be used and the length of the available time series. In some cases, several sets of
regression were conducted -- some with more countries and shorter time series, and vice versa. This
allows for additional insights in terms of analyzing the stability of results with changing samples.

4. Many of the relationships hypothesized and discussed in the study could not be analyzed -
either because data were not available, or because they simply cannot be investigated statistically using
aggregated data. In some cases independent variables, such as the role of women in society or the
influence of different land tenure systems, could not be quantified and therefore had to be excluded.
However, limited testing may establish the plausibility of several of the hypotheses.

5. The methodology used was pooling cross-sectional and time series data (panel data) and
estimating a fixed effects model. The fixed effects model allows for differences in the means of the
observed variables in different countries. This is particularly important, because there clearly are
differences among countries which cannot be explained by the independent variables considered.
However, the assumption is that the independent variables influence the dependent variable in the same
manner. Technically, this assumes that there is a common vector of slope coefficients. For example,
if there is an increase in primary education for women and a decreasing TFR (or vice versa), the result
would be a negative coefficient for female primary education.

B. Statistical Analysis to Explain Inter-Country Variations in Total Fertility Rates (TFRs)

6. The available data were used to test several of the findings from the country-level analysis
concerning the determinants of TFRs in Sub-Saharan Africa.' In general, first differences of the time

A list of all abbreviations used in the annex is provided at the end of the annex.
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series were used to minimize the problem of autocorrelation.2

7. Unfortunately not all data are available in time series form. Important factors like "use of
contraceptives" and "strength of family planning programs" therefore had to be excluded from the
analys.s. In the case of the latter, a purely cross-sectional estimation was attempted, but the results
appeared to be insignificant, presumably because the inter-country differences outweigh the influence of
the independent variables when no intra-country time series are used.

8. For the statistical test, TFRs are hypothesized to be related to the independent variables as
follows:

- positively to infant mortality (the higher the expected loss of infants, the more births per
woman to ensure a "sufficient" number of surviving children);

- negatively to food security (the greater the food security, the lower the need for children to
provide labor for food production since sufficient other factors of production are available);

- negatively to urbanization (the higher the degree of urbanization the lower the TFR);

- negatively to female school enrollment, both at the primary and the secondary level (better
educated women want and have fewer children);

- positively to the cultivable land per person (the more cultivable land per person, the greater
the need for family labor, or, in other words, the higher the marginal productivity of child
labor); and

- positively to the rate of deforestation (the higher the rate of deforestation, the greater the need
for child labor to help with wood gathering and water fetching).

9. Because important data were not available, a number of countries were excluded from the
analysis: Botswana (missing: area under permanent crops); Djibouti (missing: calories, area under
permanent and temporary crops, education); Equatorial Guinea (missing: calorie intake, education data
from 1984 onwards); The Gambia (missing: area under permanent crops); Lesotho (missing: area under
permanent crops and under forest); Namibia (missing: education); and Niger (missing: area under
permanent crops).

10. Lack of data on education constrained the length of the time series used. Education data were
not (continuously) available before 1970 or after 1989. In addition, depending on the length of the time
series considered, more countries had to be omitted because of missing education data for recent years.3

This lack of data had the additional effect of necessitating the use of a different sample depending on the
length of the time series -- providing some insight about the stability of the results with changing samples.

2 To determine the autocorrelation coefficient, a method similar to the Hildreth-Lu operation was used, which entails
maximizing the likelihood function by taking quasi-differences of the time series. The standard Hildreth-Lu command in
most statistical packages is not applicable for panel data, as it also takes quasi-differences for the country dummies. The
likelihood function was maximized at an autocorrelation coefficient (rho) close to one (at least 0.98, depending on which
dependent variables entered the regression), with results similar to using rho = 1, which is equivalent to using first
differences of the time series.

3 Missing were: 1989: Benin, Ethiopia, Guinea Bissau, Kenya, Malawi, Mauritania, Sierra Leone, Togo, Uganda, Zanbia;
1988-89: Gabon, Mozambique, Zaire; 1987-89: Liberia, Sudan; 1986-89: Cte d'lvoire, Somalia.
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11. The lag structure on the independent variables is to some extent arbitrary. Given the lack
of an underlying definite theory about the length of time which has to elapse until an independent variable
affects the TFR, a very simplistic lag structure was chosen: in all cases the independent variables were
lagged by one year.

Conclusions for Total Fertility Rates

12. Education. Both primary and secondary female education have a significant negative impact
on the TFR. The level of significance of these results is fairly high (from 0.7% to 3.3%). This
significance level, derived from the T statistic, indicates with a probability of between 99.3% and 96.7%
that the coefficient is not zero.4 These results confirm that the higher the level of female education, the
lower the total fertility rate.5

13. Calorie Intake. Calorie intake as percent of the minimal requirement is not significant at the
10% level. In addition, the sign of the coefficient is positive and not -- as had been expected -- negative.

14. Infant Mortality Rate. As hypothesized, the IMR is a significantly negatively correlated with
the TFR. The level of significance is very high, in all panels even at the 0.005 level, with very high t-
statistics.

15. Urbanization. The degree of urbanization has a negative impact on the TFR as hypothesized.
However, this result is not stable regarding the panel of data used. The coefficient is significant when
a panel with long time series (16, 17 and 18 years) is used (significance 0.4% to 6.4%). However, if
shorter time series are used, the coefficient turns insignificant.6 This supports findings of other studies
that the impact of urbanization in Sub-Saharan Africa on key determinants of the TFR has been slower
to materialize than in other regions, and short time series therefore do not pick up the long-term trend.
The case of Cote d'Ivoire is curious, in that certain specific features of the country (high immigration
from the Sahel countries, TFR substantially higher than average, urbanization higher than average) are
enough to change the coefficient from negative to positive when this country is included in the panel.

16. Cultivable Area. The hypothesis is confirmed that the TFR is higher the greater the
potentially cultivable area per person.! The coefficient on per capita cultivable area turned out to be
positive -- as hypothesized -- and highly significant.

17. Deforestation. If cultivated area per person (per capita land under annual and permanent
crops) instead of cultivable area is used in the regression, the coefficient on deforestation is highly
significant (at the 5 % level) and positive -- suggesting that the higher the rate of deforestation, the higher
the TFR. However, if cultivable area per capita (adding per capita forest area) is included in the
equation, the rate of deforestation turns insignificant (but still positive). This is probably because the two
variables are correlated and should not be included in the same equation.

4 In some cases different lag structures were investigated. For instance, for primary education a lag of 5 years leads to even
stronger results.

s Some studies suggest that the first three years of female education actually increase the TFR and that the TFR only declines
with further education. This hypothesis could not be tested because of lack of data.

6 Regressions were also run with different groups of countries, numbering from 27 to 32, and with a truncated tirne series
of only 15 years. Omitting three years was enough to lose the significance of the coefficient on urbanization.

7 The sum of the area under annual and permanent crops plus the area under forest, divided by the rural population.



Model: D1TFR = u*country dummies + ,l1 *D lEDlFF(-1) + #2*DIED2FF(-1) + fl3*CALPCT(-1) + #4*IMR(-1) +
#5*URBPCT(-I) + 06*DPlPCFOR(-1) + j37*PCCULTIVABLE(-1) + Error Term
All independent variables lagged by one year.

Variable: Primary Secondary Calorie Infant Degree of Deforestation Cultivable Adj. R2
Education Education Intake Mortality Urbanization Area
(Female) (Female) (Percent) Rate (Percent)

486 Observations negative negative positive positive negative positive positive 0.4315
27 countries, -2.30 -1.96 0.88 4.55 -2.90 1.17 2.01
18 years: 1972-89 [2.2%] [5.1%] [38.0%] [0.0%] [0.4%] [24.5%] [4.5%]

510 Observations negative negative positive positive negative positive positive 0.4536
30 countries, -2.34 -2.06 1.39 4.88 -2.42 1.25 [21.1%] 3.74
17 years: 1972-88 [1.9%] [4.0%] [16.6%] [0.0%] [1.6%] [0.0%]

512 Observations negative negative positive positive negative positive positive 0.4604
32 countries, -2.43 -2.07 1.14 4.69 -1.86 0.67 4.68
16 years: 1972-87 [1.5%] [3.9%] [25.6%] [0.0%] [6.4%] [50.4%] [0.0%]

495 Observations negative negative positive positive negative positive positive 0.4459
33 countries, -2.76 -2.10 1.12 4.61 -0.53 0.23 4.39
15 years: 1972-86 [0.6%] [3.6%] [26.5%] [0.0%] [59.5%] [82.0%] [0.0%]

510 Observations negative negative positive positive positive positive positive 0.4409
34 countries, -2.77 -2.03 1.33 4.64 1.87 0.24 3.93
15 years: 1972-86 [0.6%] [4.3%] [18.5%] [0.0%] [6.2%] [81.3%] [0.0%]

Note: Since the value of the coefficient cannot readily be interpreted, only sign, T-statistic, and level of significance (in square
brackets) are displayed. For more details see the appendix. Whenever coefficients were significant at the 10% level they are
underlined, when they were also significant at the 5% level they are also bold.

The following countries were included in the regressions: 27 countries: ago ben hvo bdi cmr caf tcd cog eth gha gin gnb ken mdg
mwi mli mrt nga rwa sen sle swz tza tgo uga zmb zwe; 30 countries: included also gab moz zar;
32 countries: included also lbr sdn; 33 countries: included also som; 34 countries: included also civ
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C. Variations in Crop Yields Among Countries

18. Many of the relationships hypothesized and discussed in this study cannot be investigated
statistically using aggregated data. Especially regrettable was the lack of time series data on fertilizer
used on specific food crops and of data on road density (also as a proxy for access to markets).
However, limited testing may establish the plausibility of several of the hypotheses:

- Countries with a policy environment more conducive to profitable market-oriented farming
should have higher crop yields than countries with less conducive policies.

- Crop yields should be higher where population is growing most rapidly relative to cultivated
land. People begin to intensify agriculture as cultivable area per person declines. Hence,
statistical analysis should show an inverse relationship between area cultivated per person and
crop yields (other things equal). However, the hypothesis of the study suggests that the rate
of growth in yields stimulated by declining availability of cultivable land per person will be
significantly lower than the rate of population growth.

- Schooling, especially at the primary level, of both men and women, should facilitate the
adoption of intensive farming techniques and therefore be associated with higher crop yields.

- Ceteris paribus, countries with more rapid degradation of their natural resource endowment,
as reflected in higher rates of deforestation, should have lower crop yields.

- Efforts to stimulate intensification (through the promotion of fertilizer use, for example) will
significantly accelerate the increase in crop yields beyond the rate stimulated by rising
population density alone. This should be observed as higher yields in countries with higher
intensities of fertilizer use (all other things equal). Unfortunately no data were available on
the use of fertilizer on specific crops.

Data Limitations

19. One major limitation of the data was the availability of information on drought. As droughts
affect crop yields, no matter how conducive all other factors are for generating high yields, the
observation period had to be limited to the decade of the 1980s for which drought data were available.

20. Another shortcoming was the availability of data indicating whether the policy environment
in a country is conducive to stimulating agricultural output or not. The cross-sectional technique used
in the study complicates matters. Using indices, which are more meaningful in a single-country study,
is not a good procedure in a cross sectional study,8 unless these indices can be scaled to a common
denominator. Thus, nominal protection coefficients (NPC) for traded food crops, as collected by Jaeger,
were used to measure the distorting effects of policy (Jaeger, 1992, p. 53). An NPC greater than 1
reflects a subsidy to producers, an NPC less than one indicates a tax on producers. This implies that the
natural log of the NPC (LNNPC) is positive if producers are subsidized and negative if they are taxed.
Thus, we would expect the coefficient on the LNNPC to be positive, reflecting that producers intensify
production under a favorable policy and diminish production under an unfavorable policy. Unfortunately,

8 The choice of the base year for constructing an index does not affect results when only one country enters the analysis, as
the only effect is a change of the magnitude of that single coefficient, not the sign nor the T-stat or the level of significance.
In a cross-sectional study, indexing per country (for instance, real producer price relative to a base year) leads to severe
problems as the mere choice of the base year affects all coefficients.
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NPCs were not available beyond 1987, and even until then not for all countries. Because the data set
for NPCs was limited, two sets of regressions were conducted. One included the NPC (thereby
restricting the number of observations which could be used and diminishing the statistical power of the
test), and one omitted the NPC. This procedure is problematic, because the omission of the NPC (if it
belongs into the estimated model) causes results to be biased. Results from these regressions should
therefore be interpreted with caution.

21. In all cases a lag of 5 years on both the NPC and primary education was used, in order to
take into account the "lead time" aspects of agricultural policy as well as of education. Choosing this
lag structure is, however, somewhat arbitrary. Unfortunately, the sample of usable observations was very
limited. In the cases of cereals, rice and cassava it comprised 10 countries, for maize and sorghum 9, and
for wheat only 6 countries.

Results

22. The table on the following page displays the results of the analysis.

- As expected, the coefficient on drought is negative and in all cases (except for rice)
significant at the 10% level or better.

- As hypothesized, the coefficient on the NPC is positive -- except for cassava, where it is
highly insignificant (65%). In the case of cereals and sorghum, it is significant at the 10%
level.

- As hypothesized, the coefficient on primary education is positive -- except for cassava and
maize, where it is highly insignificant (85% to 96%).9 In the cases of rice and sorghum,
it is significant at the 10% level.

- As hypothesized, the coefficient on per capita land under annual and permanent crops is
negative, except for cassava, where it is highly insignificant (86%). In the cases of rice and
maize, it is significant at the 10% level.

23. The results on cassava are strikingly different from all other results. Neither the NPC, nor
primary education, nor per capita farm size seem to affect cassava yields. Several of the specific features
of cassava might lead to these differences. Cassava is a subsistence crop and rarely traded on
international markets. It is therefore understandable that cassava yields are not influenced by agricultural
policy, as "measured" by the NPC. Also, cassava production is not necessarily from the same year as
it is planted, as cassava can be "stored" in the ground for up to two years.

24. In all but the cases mentioned above, the coefficients have the expected sign:

- Drought has a significant negative effect on agricultural output.'0

9 The apparent lack of impact of primary education on maize yields is somewhat surprising, given the importance of
education for rice and sorghum production.

10 Except for rice with a level of significance of only 14.8%. This might be due to the fact that much rice is grown with
irrigation and thus not as much affected by drought as other crops.
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Dependent Variables: Crop Yields. Small sample including NPC
Model: Yield (natural log) = c0*countries + #1*LNNPC(-5) + #2*LNED1MF(-5) +
#3*LNPCARCR(-l) + Error Term l

Dependent Drought Agricult. Primary Cultivated Adj. R2

Variable: Policy Education Area per Capita
Variable

Cereals -0.32 0.14 0.03 -0.30 0.8758
100 Observations (-7.01) (2.37) (0.23) (-1.01)
10 countries, [0.0%] [2.0%] [81.5%] [31.2%]
10 years: 1980-89 l

Rice -0.15 0.75 1.23 -1.11 0.6839
100 Observations (-1.46) (0.59) (3.88) (-1.72)
10 countries, [14.8%] [55.7%] [0.0%] [8.9%]
10 years: 1980-89 l

Cassava -0.14 -0.31 -0.78 0.06 0.8578
100 Observations (-2.56) (-0.46) (-0.05) (0.18)
10 countries, [1.2%] [64.8%] [96.4%] [86.1%]
10 years: 1980-89 l

Maize -0.23 0.11 -0.03 -0.85 0.8080
90 Observations (-4.14) (1.44) (-0.19) (-2.38)
9 countries, [0.0%] [15.4%] [84.8%] [2.0%]
10 years: 1980-89 _ l

Sorghum -0.30 0.17 0.43 -0.45 0.5813
90 Observations (-4.10) (1.73) (1.83) (-0.95)
9 countries, [0.0%] [8.8%] [7.1%] [34.3%]
10 years: 1980-89 l

Wheat -0.10 0.14 0.38 -0.30 0.9552
60 Observations (-1.91) (1.12) (0.25) (-0.08)
6 countries, [6.2%] [27%] [80.2%] [93.8%]
10 years: 1980-89 l 1 1 1

Note: Displayed are the value of the coefficient (which, except in the case of drought,
represents elasticity), the T-statistic (in parentheses), and the level of significance (in square
brackets). Whenever coefficients were significant at the 10% level they are underlined;
when they are also significant at the 5% level they are also bolded.

The following countries entered the regression:
10 countries (cereal, rice, cassava): civ gha lbr ken mdg rwa sdn tgo zmb zwe
9 countries (maize, sorghum): excluded lbr
6 countries (wheat): excluded also civ gha tgo
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- The NPC has a positive effect on yields (i.e., if producers are 'subsidized' by a favorable
agricultural policy, reflected by a NPC greater than 1, yields are increased and if producers
are 'taxed' yields are diminished). The level of significance is especially high in the case of
cereals. This is probably picking up some of the impact of higher fertilizer use, since higher
NPCs lead to more intensive agriculture."'

- Primary education has a positive impact on yields. The level of significance is especially
high in rice yields.

Conclusions for Crop Yields

25. Agricultural Policy. Conducive agricultural policy, represented by the proxy nominal
protection coefficient, shows a positive effect on agricultural yields (except for cassava). This
relationship is significant in the case of cereals generally and of sorghum. Producers respond to
incentives, largely by using higher levels of inputs, and therefore "taxirng" producers hampers agricultural
production. The interpretation of the coefficient -- if we take the case of cereals -- is, that a 1% increase
in the NPC is associated with an increase in cereal yields of 0.14%. This, given the quality of the data,
should be interpreted as an illustrative example rather than as an exact relationship, especially since the
assumption that the elasticity is constant along the entire production function seems to be far-fetched.

26. Cultivated Area. As hypothesized, area cultivated per person and crop yields were found to
be inversely related, if the special case of cassava is excluded. However, this relationship is only
significant in 2 cases: for rice and maize. It is interesting to note that in the case of rice, the inverse
relationship between crop yields and area cultivated is even greater than hypothesized. A decrease in the
area cultivated per person is more than offset by an increase in yields (a 1% decrease in cultivated area
leads to a 1. 11% increase in yields, thus augmenting total production). However, as noted above, this
result should be interpreted with caution. In all other cases however the coefficient is less than one, as
hypothesized.

27. Education. Primary education enhances agricultural productivity. The effect of increasing
yields is more likely to be attributable to an environment of learning and being open to new farming
techniques and opportunities. The interpretation of the results, taking the case of rice as an example, is
that a 1% increase in the primary gross enrollment ratio leads to a 1.23 % increase in rice yields.

28. Environmental Degradation. Percentage change in per capita forest area was tested for its
impact on yields and was found to be insignificant. This result does not necessarily imply that
environmental degradation does not influence crop yields. It might be due to the fact that either the
quality of the data on deforestation is not good enough or that deforestation is not good enough a proxy
to reflect all the complex and important impacts of environmental degradation.

29. Fertilizer Use. The use of fertilizer could not be effectively tested since fertilizer data were
available only in the form of total fertilizer use per country and not fertilizer used for specific crops. The
majority of fertilizer used is put on export crops Oike cotton, coffee, cocoa) and not only on a few cereal
crops. In addition, the effects of fertilizer use are captured to some extent in the coefficient for the NPC,
since fertilizer use will vary directly with relative input and output prices.

" Use of modern farm inputs is a function of the policy environment (and relative prices), farmer education, and input
availabiiity.
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Dependent Variables: Crop Yields. Extended sample without NPC.
Model: Yield (natural log) = a*countries + #1*LNEDlMF(-5) + ,B2*LNPCARCR(-1) +
[W3*DPlPCFOR(-j)I + Error Term

Dependent Drought Primary Cultivated Deforestation Adj. RF
Variable: Education Area per Capita

Cereals -0.19 0.32 0.09 0.8242
300 Observations (-6.02) (4.16) (0.43)
30 countries, [0.0%] [0.0%] [66.4%]
10 years: 1980-89

Rice -0.20 0.38 -1.31 0.7275
290 Observations (-2.93) (2.29) (-3.11)
29 countries, [0.4%] [2.3%] [0.2%]
10 years: 1980-89

Cassava 0.001 -0.06 0.13 0.44 0.8549
260 Observations (0.02) (-0.66) (0.55) (1.85)
26 countries, [98.1%] [50.8%] [58.4%] [6.6%]
10 years: 1980-89

Maize -0.19 0.09 -0.80 0.7656
300 Observations (-5.07) (1.05) (-0.34)
30 countries, [0.0%] [29.4%] [73.5%]
10 years: 1980-89

Sorghum -0.15 0.46 0.03 0.04 0.6770
270 Observations (-3.08) (3.84) (0.09) (2.11)
27 countries, [0.2%] [0.0%] [93.0%] [3.6%]
10 years: 1980-89

Wheat -0.02 0.25 -0.28 0.8576
190 Observations (-0.42) (2.15) (0.84)
19 countries, [67.6%] [3.3%] [40.0%]
10 years: 1980-89

Note: Displayed are the value of the coefficient (which, except in the case of drought,
represents elasticity), the T-statistic (in parentheses), and the level of significance (in square
brackets). Whenever coefficients are significant at the 10% level, they are underlined; when
they are also significant at the 5% level, they are also bolded.

The following countries were included in the regressions:
30 countries (cereal, maize): ago ben hvo bdi cmr caf tcd cog eth gab gha gin gnb ken mdg
mwi mli mrt moz nga rwa sen sle swz tza tgo uga zar zmb zwe;
29 countries (rice): excluded eth; 27 countries (sorghum): excluded ago cog gab;
26 countries (cassava): excluded eth gnb nrut swz; 19 cou.itries (wheat): excluded ben hvo caf
cog gab gha gin gnb sen sle
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Increasing the Sample Size by Omitting the Nominal Protection Coefricient (NPC)

30. Given the limited availability of data on the NPC, a second set of regressions were conducted
in order to see how increasing the sample size changes the results. However, the results have to be
interpreted with caution because of an omitted variable bias.'2 The expected results would be a higher
level of significance of the coefficients on the independent variables because of the larger sample, if the
relations proposed earlier hold. The results are displayed in the table on the following page.

31. The coefficient on drought remains negative (except for cassava where it is highly
insignificant and very close to zero) and in all cases, except for wheat, significant even at the 1% level.

32. With the increased sample size the result that primary education enhances agricultural
production appears even stronger. In four cases (cereals, rice, sorghum and wheat) the coefficient is
significant even at the 5% level; only in the case of cassava it is negative, but highly insignificant (50%).

33. The coefficient on per capita land under annual and permanent crops is significant only in the
case of rice, where it is negative as expected. For other crops it is highly insignificant (at least 50%).
Contrary to the hypothesis, the coefficient -- i.e., the elasticity - is greater than one, implying that a
decrease in the area cultivated per person is more than compensated by an increase in yields (a 1%
decrease in the cultivated area leads to a 1.31% increase in yields, thus augmenting total production).
However, as noted above, the result should be interpreted with caution.

34. In two cases, namely sorghum and cassava, the rate of deforestation turned out to be
significant, but not in the expected direction. The coefficient turned out to be positive, suggesting that
a higher rate of deforestation increases yields for sorghum and cassava. However, when a longer lag on
deforestation is used (for example 5 years) it ceases to be significant. In our case a lag of 1 year was
used, suggesting that right after deforestation the yields for sorghum and cassava increase, a result that
is, however, not sustainable. Deforestation may be significant in the case of sorghum and cassava
because they are often planted right after forest clearing and benefit from higher soil fertility. After 5
years, fertility declines and there is no yield benefit.

D. Variations in the Rate of Deforestation Among Countries

35. The analysis in chapter IV suggests that deforestation is related positively to population
pressure on cultivated area (the lower the cultivated area per person, the higher the rate of deforestation),
to the rate of population growth (the higher the rate of population growth, the higher the rate of
deforestation due to land clearing and fuelwood gathering), and with policies favorable to agriculture (the
more profitable agriculture and logging, the more rapid the clearing of forests). Deforestation is also
hypothesized to be positively related to drought. It is hypothesized to be negatively related to the use of
modern farm inputs such as fertilizer (the greater the use of modern farm inputs, the lower the need to
clear more forest land for farming). Open-access land tenure situations were also hypothesized to
stimulate deforestation, but this variable could not be quantified.

36. Policies favorable to agriculture. As for the crop yields, the nominal protection coefficient
(NPC) was used as a proxy for agricultural policy. Unfortunately, using the NPC limits the sample of
usable observations to 10 countries: Cote d'Ivoire, Ghana, Kenya, Liberia, Madagascar, Rwanda, Sudan,
Togo, Zambia, and Zimbabwe. Presumably due to the low power of a test with so few observations,

12 Especially in the case of cereals as a group and of sorghum, where the NPC was significant.
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none of the coefficients turned out to be significant. The coefficient on the log of the NPC was positive
supporting -- to some extent -- the hypothesis that a policy conducive to agriculture leads to more rapid
deforestation. However, the significance level was only 33.4%. Consequently, in further regressions
the NPC was omitted, which permitted inclusion of 36 countries in the analysis.

37. Per capita cultivated area. The hypothesis that population pressure on cultivated area (the
lower the cultivated area per person, the higher the rate of deforestation) increases the rate deforestation
could not be confirmed with the available data. In both the large and small sample (the latter including
the NPC), the coefficient is insignificant.

38. Rate of population growth. The hypothesis that the rate of population growth increases the
rate of deforestation (the higher the rate of population growth, the higher the rate of deforestation due
to land clearing and fuelwood gathering) could not be confirmed with the available data. In both samples
(with and without NPC) the coefficient is negative, contrary to the hypothesis, but in both cases it is
insignificant.

39. Drought. The hypothesis that drought increases the rate of deforestation was confirmed. In
both samples, the coefficient is positive. In the large sample (without NPC), it is highly significant
(1.5%).

40. Fertilizer Use. As hypothesized, the use of modern farm inputs such as fertilizer is negatively
related to the rate of deforestation. It suggests that intensifying agriculture would slow the rate of
deforestation.

Model: DPlFOAREA = a*country dummies + #l*LNNPC(-5) + I2*PCARCR + ,3*DPIPOP
+ ,4*DROUGHT + #5*FERTPARC + Error Term
The log of the nominal protection coefficient was lagged by 5 years.

Variable: Agricult. Cultivated Population Drought Fertilizer Adj.
Policy Area per Growth use per R2
Variable Capita Rate cultivated

Sample with NPC: 0.19 0.22 -0.20 0.33 -0.24 0.64
10 countries, (0.97) (0.13) (-0.81) (0.22) (-0.02) 18
10 years: 1980-89 [33.4%] [0.90%] [42.2%] [82.7 [99%]

Sample without NPC: -0.38 -0.14 -0.21 0.52
36 countries, (-0.31) (-1.07) (2.43) (-3.50) 53
10 years: 1980-89 [76%] [28.7%] [1.5%] [0.1%]

Note: Displayed are the coefficient, the T-statistic, and the level of significance (in square
brackets). Whenever coefficients are significant at the 5% level, they are underlined and bolded.

The following countries were included in the regressions:
10 countries: civ gha ken lbr mdg rwa sdn tgo zmb zwe;
36 countries: included also ago ben hvo bdi cmr caf tcd cog gnq eth gab gin gnb mwi mli mrt moz
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41. The following abbreviations were used:

TFR: Total Fertility Rate
IMR: Infant Mortality Rate
ED1FF: Female Primary Education: Gross Enrollment Ratio. It is the female primary school

enrollment as percentage of the female primary schooling population. Note that
gross enrollment ratios of more than 100% are possible, if women who are older or
younger than the schooling population attend school.

ED1MF: Primary Education (Male and Female): Gross Enrollment Ratio.
ED2FF: Female Secondary Education: Gross Enrollment Ratio.
ED2MF: Secondary Education (Male and Female): Gross Enrollment Ratio
CALPCT: Calorie intake as percent of the requirement (CALPCT=CALIN/CALREQ)
URBPCT: Percentage of Urban Population
CERE: Cereal Yield in thousands of hectograms per hectare
MAIZE: Maize Yield in thousands of hectograms per hectare
WHEAT: Wheat Yield in thousands of hectograms per hectare
RICE: Rice Yield in thousands of hectograms per hectare
SORGH: Sorghum Yield in thousands of hectograms per hectare
CASSA: Cassava Yield in thousands of hectograms per hectare
NPC: Nominal Protection Coefficient

The prefix PC denotes per capita rural population. Rural population was defined as non-urban
population; i.e., rural population equals total population of a country multiplied by (1 - percentage of
urban population)."3

PCARAB: Area under temporary crops (arable land) per capita rural population.
PCCROP: Area under permanent crops per capita rural population.
PCARCR: Sum of PCARAB and PCCROP.
PCFOR: Area under forest per capita rural population.
PCCULTIVABLE: Sum of PCARCR and PCFOR

In addition, the following general prefixes were used:
DI denotes a first difference of the time series; i.e., DIX equals variable X at time t minus X in the
previous year (at time t-1): DlX = X1-X,1.
DPI denotes the percentage change over the previous year; i.e., DP1X = ((X,-,X,)/X1)*100.
LN denotes the natural log of a variable; i.e., LNX is the natural log of variable X.

13 Thus, PCX = X/[(l-URBPCT)*Total Population].
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II. Simple Cross-Country Analysis

A. Methodology

42. Similar tests to those described above were undertaken on a second simpler data set consisting
of single observations on each variable for each of the 38 countries in Sub-Saharan Africa. The
hypotheses were tested by assuming that statistical associations in the variations in variables across
countries will similarly reflect associations between changes in these variables over time within
countries. If, for example, cereal yields are significantly higher in countries with less cultivated area
per capita, the assumption implied here is that a decline in cultivated area per capita in a given
country will provide a stimulus for farmers in that country to intensify their farming practices and
thereby increase crop yields. This assumption is not necessarily true. Cross-country data at a given
point in time are obviously not the same as data depicting developments in the same setting over a
long period of time. Moreover, a good explanatory model is not necessarily a good predictive model.
For these reasons, this second series of tests was useful for determining the degree to which the
results reported above are robust.

B. Variations in Total Population Fertility Rates Among Countries

43. The same tests as described in the pooled cross-country series analysis was run, with the
following results. The total fertility rate is the dependent variable, and the statistical method was
ordinary least square regression:

Independent Variable Coefficient T-statistic 2-Tail Significance Test

Constant 6.5 4.2 1%
Female primary school enrollment rate -0.005 0.9 37%
Cultivated ha per person (a) 0.16 (b) 0.6 53%
Infant mortality rate 0.01 2.0 6%
Calorie supply as % of requirement -0.02 1.2 25%
Deforestation rate 0.29 2.4 2%

Adjusted R squared = 0.4
F statistic = 5.5

(a) Converted to natural logarithm,
(b) Represents elasticity.

44. The coefficients are consistent with the hypothesis, but only infant mortality, the rate of
deforestation, and the constant term are statistically significant at the 90 percent level or better (i.e.,
with a two-tailed significance test of 10 percent or lower). The relatively poor fit of the equation and
some of the variables may be explained by the poor data, as well as the fact that there is considerably
more behind the explanation of TFRs than is explained here, such as age at first marriage for women,
cultural links between female fecundity and social status, and so forth.

45. Most interesting is the consistency of results with the pooled cross-country time series data
reported previously. In that test Infant mortality rate, deforestation, as well as female education,
cultivable area, and urbanization are significant, consistent with the hypothesis. In both analysis,
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calorie supply was insignificant. Urbanization was tested only in the pooled cross-country time series
analysis and was a significant explanatory variable. The pooled cross-country time series data
provide considerably better, and more interesting results.

C. Variations in Crop Yields Among Countries

46. A statistical relationship was tested with cereal yields (average over 1984-86) as the
dependent variable, using as independent variables: average cultivated area per person (average 1965-
1987), fertilizer use per ha in 1987/88 (fertilizer use remained fairly stable in the 1980s), the
percentage of the school-age population in primary school (average 1965-1987), the rate of
deforestation in the 1980s, and the general "appropriateness" of agricultural policy during the period
1980 to 1987. Except for the rate of deforestation and the dummy variable for policy
"appropriateness", the values for each variable were converted to their natural logarithm and a
regression equation was fit to these data; the coefficients reported below therefore represent
elasticities. Policy appropriateness is represented by a dummy variable having the value 1 for
countries where policy is judged to have been conducive to profitable agriculture, and 0 where it is
judged to have been inappropriate. Of the 38 countries considered, 24 were judged to have pursued
inappropriate policies, 14 appropriate; these judgements are highly subjective.

47. The equation is as follows, where the dependent variable is average cereal yields in 1984/86
(natural logarithm):

Independent Variable Coefficient T-statistic 2-Tail Significance Test

Constant 5.45 10.1 1%
Cultivated area (ha) per person (a) -0.33 (b) 2.5 2%
Fertilizer use per ha (a) 0.10 (b) 1.7 10%
Primary school enrollment rate (a) 0.17 (b) 1.2 24%
Deforestation rate -0.05 0.9 39%
Agricultural policy dummy 0.30 1.9 7%

Adjusted R squared = 0.45
F Statistic = 7.0

(a) Converted to natural logarithm.
(b) Represents elasticity.

48. The equation explains about 45 percent of the differences in cereal yields among the 38
countries. The unexplained portion of 55 percent is due to rainfall differences between countries,
differences in land tenure problems (as hypothesized in the text), differences in soil degradation and
soil fertility, and data problems. Each of the variables, except deforestation and primary school
enrollment, is statistically significant at the 90 percent level or better in explaining variations in cereal
yields across countries (i.e., a 10 percent probability or less that the coefficient is actually zero). The
results are consistent with those obtained from the pooled cross-country time series data.

The 2-tail test indicates the probability of the coefficient actuaUly being zero. In the present example, there is, thus, a
2 percent probability of there being no significant relationship between cultivated area per person and cereal yields.
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49. Consistent with the Boserup hypothesis, and with the hypotheses advanced in this study, the
lower the cultivated area per person, the higher are cereal yields, all other things being equal. The
statistical relationship is highly significant. This suggests that as more people squeeze onto cultivated
land, the pressure mounts for them to innovate and intensify production; it is true even when the use
of fertilizer and other modern inputs, the policy environment and primary school enrollment rates are
held constant. This reflects farmers' ability to respond to rising population density with simple
innovations.

50. But, also consistent with the hypotheses, the coefficient is less than 1. This suggests that a
3.1 percent annual decline in cultivated area per person (due to population growth at this rate) will
only stimulate people to intensify farming at a rate of about 1 percent per year -- i.e., much slower
than the rate of population growth itself. Without additional effort and support to promote more
rapid intensification of farming, people -- responding to population pressure alone - will be unable,
or unwilling, to raise crop yields fast enough. Historically, this is indeed what has happened. Crop
land expanded at a rate of somewhat less than 1 percent per annum, and yields increased on average
by slightly more than 1 percent per annum, giving an agricultural output growth of slightly less than
2 percent per year for Sub-Saharan Africa as a whole for the 1965-1990 period.

51. A increase of 1 percent in fertilizer use is associated with a 0.1 percent increase in cereal
yields. The coefficient is significant statistically. Since fertilizer use is extremely low in Sub-Saharan
Africa (averaging 85 grams per ha in 1987/88, compared to China, for example, where it is 2,360
g/ha), there is vast scope for increasing its use. This is also true for other modem tools and inputs
(such as seeds of higher-yielding varieties), with which fertilizer use is highly correlated. Fertilizer
use can therefore be considered a proxy for adoption of "modern" farming technology, and the
coefficient linking fertilizer use to cereal yields picks up the effect of the use of other modem inputs
as well. Growth rates of fertilizer use (and other modern inputs) of 10-15 percent per year during
the next decade are feasible. This would stimulate growth of cereal yields, according to this
equation, by between 1.0 and 1.5 percent per year.

52. A 1 percent increase in the proportion of primary school-age children enrolled in school is
associated with an 0.17 percent increase in cereal yields, although the statistical significance is below
the normal 90 percent threshold level. Similar tests using the more extensive pooled cross-country
time series data reported above, confirmed the significance of this variable. A more literate and
knowledgeable people make better farmers. A better educated population as a whole may have a
positive impact on farm productivity. This makes sense, since in most African countries the majority
of the adult population is either working in agriculture, in farm input supply, agricultural marketing
and processing, or in agricultural support services.

53. The dummy variable representing the adequacy of agricultural policy is statistically significant
in explaining cereal yield variation among countries. A better policy environment is associated with
higher yields, all other things being equal. The categorization of countries into those with acceptable
and unacceptable policies during 1980-1987 (to coincide with cereal yields in 1984-1986) is consistent
with the categorization by the World Bank; it is, however, highly subjective.

54. Consistent with the hypothesis, countries experiencing the most rapid deforestation have
lower cereal yields, all other things equal, but the statistical relationship is not significant. The rate
of deforestation is an instrument variable intended to reflect the rate of natural resource degradation
(soil, water, and forests) on land not yet directly within the farming cycle. The low degree of
statistical significance of the association between this indicator and cereal yields may be due to the
fact that deforestation itself is related to population density, population growth, fertilizer use,
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education levels, and agricultural policy, as indicated below. The impact of deforestation on cereal
yields is then picked up directly by these other variables. These results are exactly consistent with
those using the pooled cross-country time series data. However, the pooled data also showed the
explanatory power of drought.

D. Variations in the Rate of Deforestation Among Countries

55. The analysis in Chapter IV suggests that deforestation is related positively to population
pressure on cultivated area (the lower the cultivated area per person, the higher the rate of
deforestation), to the rate of population growth (the higher the rate of population growth, the higher
the rate of deforestation due to land clearing and fuelwood gathering), and with policies favorable to
agriculture (the more profitable agriculture and logging, the more rapid the clearing of forests). It
is negatively related with the use of modern farm inputs such as fertilizer (the greater the use of
modern farm inputs, the lower the need to clear more forest land for farming). Open access land
tenure situations were also hypothesized to stimulate deforestation, but this cannot be measured.

56. To test this hypothesis, regression analysis was undertaken with the rate of deforestation
1980-1988 as the dependent variable. Independent variables include the number of hectares cultivated
per person (average 1965-1987), fertilizer use per hectare (1987/88), the population growth rate
(1965-1990), and the agricultural policy dummy variable. The resulting equation is as follows:

Independent Variable Coefficient T-statistic 2-Tail Significance Test

Constant -0.54 0.41 69%
Cultivated ha per person (a) -0.60 (b) 1.50 15%
Fertilizer use per ha (a) -0.19 (b) 1.17 25%
Population growth rate 0.56 1.40 17%
Agricultural policy dummy 0.76 1.65 11 %

Adjusted R squared = 0.09
F statistic = 1.92

(a) Converted to natural logarithm.
(b) Represents elasticity.

57. None of the variables is statistically significant at the 90 percent level or above, in its
association with deforestation, although the agricultural policy dummy, cultivated hectares per person,
and population growth are close enough to suggest further testing. All of the coefficients have signs
consistent with the hypothesis. The overall equation does not explain well the variation among
countries in the rate of deforestation. Evidently, a number of other unquantifiable factors are at play,
such as the land tenure situation, climate, and logging policies. No doubt, the poverty of the data
also reduces the tightness of the fit.

58. The equation is primarily interesting as a comparison with the pooled cross-country time
series analysis which established the significant inverse relationship of deforestation and fertilizer use,
and the positive relationship of drought to deforestation. The relationship with agricultural policy
is not significant, but the sign in the two equations is as hypothesized.



Appendix I:
Data Used for the Pooled Cross-Country Time Series Analyses

The actual data are used are too voluminous to be reproduced here. Sources were as follows:

Total Population
Years: 1961-1989
Database: SOCIND
Measuring: Population in thousands
Indicator: POP
Definition: POP.

Interpolated estimates using annual and quinquennial estimates.
Sources: POP; (same as for the Total Fertility Rate).
Missing data: None (data are complete for the specified time series).

Urban Population
Years: 1961-1989
Database: SOCIND
Measuring: Urban population as percentage of total population
Indicator: POP URB_PCT
Definition: POP.URB.PCT.

Five-year and interpolated estimates of urban population as a percentage of the
total population.

Sources: POP; (same as for the Total Fertility Rate).
Missing data: None.

Total Fertility Rate
Years: 1961-1989
Database: SOCIND
Measuring: Total Fertility Rate
Indicator: POP_TFR
Definition: POP.TFR.

The average number of children that would be born alive to a woman during her
lifetime, if she were to bear children at each age in accordance with age-specific
fertility rates (see also note on Crude Birth Rate [POP.CBR.] -- The number of
births per 1000 population in a given year. Note that the data are a combination
of observed values based on censuses or surveys and interpolated and extrapolated
estimates based on projection models.)

Sources: POP; UN DIESA. Various Years.
Population and Vital Statistical Report; New York.
1980: Patterns of Urban and Rural Population Growth; New York.
1984: Recent Levels and Trends of Contraceptive Use as Assessed in 1983; New
York.
1989: Prospects of World Urbanization; New York.
1989: World Population Prospects: 1988; New York.
Mauldin, W. Parker, and Sheldon J. Segal. 1988. "Prevalence of Contraceptive
Use: Trends and Issues." Studies in Family Planning, Vol. 19, No. 6, pp. 335-
353.
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Demographic and Health Surveys, various countries.
World Bank Data.

Missing data: Mauritania (1988, 1989).
Senegal (1988, 1989).
Togo (1988, 1989).
Zimbabwe (1985, 1986)

Replaced: 1988: interpolated (Mauritania, Senegal, Togo).
1989: extracted from "African Development Indicators":
Mauritania = 6.8; Senegal = 6.5; Togo = 6.6.
1985: extracted from "African Development Indicators", Table XIII:
Zimbabwe = 5.9.
1986: interpolated (Zimbabwe).

Infant Mortality Rate
Years: 1961-1989
Database: SOCIND
Measuring: Infant Mortality Rate
Indicator: POP_IMR
Definition: POP.IMR.

The number of deaths of infants under one year of age per 1000 live births.
Sources: POP; (same as for Total Fertility Rate).
Missing data: Zimbabwe (1985 and 1986).
Replaced: 1985: extracted from "African Development Indicators."

1986: interpolated.

Male and Female Primary Schooling Population (UN Projections)
Years: 1965; 1970-1989
Database: UNESCOMS
Measuring: Schooling population in thousands
Indicator: 113001
Definition: UNESCOMS (Unesco Miscellaneous Statistics).

This presents demographic data in general as well as demographic data on the
student population (enrollment by age and sex and by level and by area of
specialization); and data on library collections, borrowers and employees.

Sources: The data are drawn primarily from official periodic reports to Unesco by its
Member States. For definitions, refer to Unesco, Statistical Yearbook.

Missing data: See computer printout.

Male and Female Secondary Schooling Population (UN Projections)
Years: 1965; 1970-1989
Database: UNESCOMS
Measuring: Schooling population in thousands
Indicator: 113002
Definition: UNESCOMS (Unesco Miscellaneous Statistics).

This file presents demographic data in general as well as demographic data on the
student population (enrollment by age and sex and by level and by area of
specialization); and data on library collections, borrowers and employees.
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Sources: The data are drawn primarily from official periodic reports to Unesco by its
Member States. For definitions, refer to Unesco, Statistical Yearbook.

Missing data: See computer printout.

Female Primary Schooling Population (UN Projections)
Years: 1965; 1970-1989
Database: UNESCOMS
Measuring: Schooling population in thousands
Indicator: 114001
Definition: UNESCOMS (Unesco Miscellaneous Statistics).

This file presents demographic data in general as well as demographic data on the
student population (enrollment by age and sex and by level and by area of
specialization); and data on library collections, borrowers and employees.

Sources: The data are drawn primarily from official periodic reports to Unesco by its
Member States. For definitions, refer to Unesco, Statistical Yearbook.

Missing data: See computer printout.

Female Secondary Schooling Population (UN Projections)
Years: 1965; 1970-1989
Database: UNESCOMS
Measuring: Schooling population in thousands
Indicator: 114002
Definition: UNESCOMS (Unesco Miscellaneous Statistics).

This presents demographic data in general as well as demographic data on the
student population (enrollment by age and sex and by level and by area of
specialization); and data on library collections, borrowers and employees.

Sources: The data are drawn primarily from official periodic reports to Unesco by its
Member States. For definitions, refer to Unesco, Statistical Yearbook.

Missing data: See computer printout.

Male and Female Primary Gross Enrollment Ratio
Years: 1965; 1970; 1975-1989
Database: SOCIND
Measuring: Gross primary school enrollment as percentage of total primary school age

population
Indicator: ED_GERI_MF
Definition: ED.GER1.

Gross enrollment by sex of all ages at the primary level as a percentage of school-
age children as defined by each country and reported to Unesco. Although many
countries consider primary school-age to be 6-11 years, others use different age
groups. Gross enrollment may be reported in excess of 100 percent if some
pupils are younger or older than the country's standard range of primary school.

Sources: ED; Unesco. 1988.
Compendium of Statistics on Illiteracy. Paris. Various Years.
Statistical Yearbook. Paris.

Missing data: See computer printout.
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Female Primary Gross Enrollment Ratio
Years: 1965; 1970; 1975-1989
Database: SOCIND
Measuring: Gross primary school enrollment as percentage of total primary school age

population
Indicator: ED GERI F
Definition: ED.GER1.

Gross enrollment by sex of all ages at the primary level as a percentage of school-
age children as defined by each country and reported to Unesco. Although many
countries consider primary school-age to be 6-11 years, others use different age
groups. Gross enrollment may be reported in excess of 100 percent if some
pupils are younger or older than the country's standard range of primary school.

Sources: ED; Unesco. 1988.
Compendium of Statistics on Illiteracy. Paris. Various Years.
Statistical Yearbook. Paris.

Missing data: See computer printout.

Male Primary School Enrollment - All Ages
Years: 1965; 1970-1989
Database: UNESCOED
Measuring: Enrollment in thousands
Indicator: 251010
Definition: UNESCOED (Unesco Education Statistics)

This file contains detailed information on numbers of enrolled students, graduates
and teachers by level and grade, sex, age and subject area, as well as similar
information on institutions.

Sources: The data are drawn primarily from official periodic reports to Unesco by its
Member States. For definitions, refer to Unesco, Statistical Yearbook.

Missing data: See computer printout.

Female Primary School Enrollment - All Ages
Years: 1965; 1970-1989
Database: UNESCOED
Measuring: Enrollment in thousands
Indicator: 251020
Definition: UNESCOED (Unesco Education Statistics)

This file contains detailed information on numbers of enrolled students, graduates
and teachers by level and grade, sex, age and subject area, as well as similar
information on institutions.

Sources: The data are drawn primarily from official periodic reports to Unesco by its
Member States. For definitions, refer to Unesco, Statistical Yearbook.

Missing data: See computer printout.

Male and Female Primary School Enrollment by Grade - Total
Years: 1965; 1970-1989
Database: UNESCOED
Measuring: Enrollment in thousands
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Indicator: 221100
Definition: UNESCOED (Unesco Education Statistics)

This file contains detailed information on numbers of enrolled students, graduates
and teachers by level and grade, sex, age and subject area, as well as similar
information on institutions.

Sources: The data are drawn primarily from official periodic reports to Unesco by its
Member States. For definitions, refer to Unesco, Statistical Yearbook.

Missing data: See computer printout.

Female Primary School Enrollment by Grade - Total
Years: 1965; 1970-1989
Database: UNESCOED
Measuring: Enrollment in thousands
Indicator: 221200
Definition: UNESCOED (Unesco Education Statistics)

This file contains detailed information on numbers of enrolled students, graduates
and teachers by level and grade, sex, age and subject area, as well as similar
information on institutions.

Sources: The data are drawn primarily from official periodic reports to Unesco by its
Member States. For definitions, refer to Unesco, Statistical Yearbook.

Missing data: See computer printout.

Male and Female Secondary Gross Enrollment Ratio
Years: 1965; 1970; 1975-1989
Database: SOCIND
Measuring: Gross enrollment in secondary school as percentage of age group
Indicator: ED GER2 MF
Definition: ED.GER2.

Computed in the same manner as the primary school enrollment ratio, and is
based on enrollment in all streams (general, vocational and teacher training). The
age group again varies but is usually between 12-17 years of age.

Sources: ED; Unesco. 1988.
Compendium of Statistics on Illiteracy. Paris. Various Years.
Statistical Yearbook. Paris.
Unesco data.

Female Secondary Gross Enrollment Ratio
Years: 1965; 1970; 1975-1989
Database: SOCIND
Measuring: Gross enrollment in secondary school as percentage of age group
Indicator: ED GER2 F
Definition: ED.GER2.

Computed in the same manner as the primary school enrollment ratio, and is
based on enrollment in all streams (general, vocational and teacher training). The
age group again varies but is usually between 12-17 years of age.

Sources: ED; Unesco. 1988. Compendium of Statistics on Illiteracy.
Various Years. Statistical Yearbook.
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Unesco data.

Male Secondary School Enrollment - All Ages
Years: 1965; 1970-1989
Database: UNESCOED
Measuring: Enrollment in thousands
Indicator: 252010
Definition: UNESCOED (Unesco Education Statistics)

This file contains detailed information on numbers of enrolled students, graduates
and teachers by level and grade, sex, age and subject area, as well as similar
information on institutions.

Sources: The data are drawn primarily from official periodic reports to Unesco by its
Member States. For definitions, refer to Unesco, Statistical Yearbook.

Missing data: See computer printout.

Female Secondary School Enrollment - All Ages
Years: 1965; 1970-1989
Database: UNESCOED
Measuring: Enrollment in thousands
Indicator: 252020
Definition: UNESCOED (Unesco Education Statistics)

This file contains detailed information on numbers of enrolled students, graduates
and teachers by level and grade, sex, age and subject area, as well as similar
information on institutions.

Sources: The data are drawn primarily from official periodic reports to Unesco by its
Member States. For definitions, refer to Unesco, Statistical Yearbook.

Missing data: See computer printout.

Male and Female Secondary Education - All Types
Years: 1965; 1970-1989
Database: UNESCOED
Measuring: Enrollment in thousands
Indicator: 230600
Definition: UNESCOED (Unesco Education Statistics)

This file contains detailed information on numbers of enrolled students, graduates
and teachers by level and grade, sex, age and subject area, as well as similar
information on institutions.

Sources: The data are drawn primarily from official periodic reports to Unesco by its
Member States. For definitions, refer to Unesco, Statistical Yearbook.

Missing data: See computer printout.

Female Secondary Education - All types
Years: 1965; 1970-1989
Database: UNESCOED
Measuring: Enrollment in thousands
Indicator: 230700
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Definition: UNESCOED (Unesco Education Statistics)
This file contains detailed information on numbers of enrolled students, graduates
and teachers by level and grade, sex, age and subject area, as well as similar
information on institutions.

Sources: The data are drawn primarily from official periodic reports to Unesco by its
Member States. For definitions, refer to Unesco, Statistical Yearbook.

Missing data: See computer printout.

Daily Calorie Intake
Years: 1961-1989
Database: SOCIND
Measuring: Daily calorie intake
Indicator: FOOD CALIN
Definition: FOOD.CALIN

The daily calorie supply per capita, computed from energy equivalent of net food
supplies in a country. Available supplies comprise domestic production, imports
less exports, and changes in stocks. Net supplies exclude animal feed, seeds for
use in agriculture and food lost due to processing.

Sources: FOOD; FAO data.
1983. Food Aid in Figures. December; Rome.

Missing data: Djibouti; Equatorial Guinea.

Daily Calorie Requirement
Years: 1970
Database: SOCIND
Measuring: Daily Calorie Requirement
Indicator: FOOD CALREQ
Definition: FOOD.CALREQ

The daily calorie requirement per capita refers to the calories needed to sustain a
person at normal levels of activity and health, taking into account age and sex
distributions, average body weights, and environmental temperatures. The
estimates are from FAO and are available for 1977 only.

Sources: FOOD; FAO data.
1983. Food Aid in Figures. December; Rome.

Missing data: Djibouti; Equatorial Guinea.

Total Agricultural Area
Years: 1961-1989
Database: SOCIND
Measuring: Area in thousands of square kilometers
Indicator: AREA_AGR
Definition: AREA.AGR.

The sum of arable land, land under permanent crops, and permanent meadows
and pasture land.

Sources: AREA: FAO data.
Missing data: None.
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Arable Land
Years: 1961-1989
Database: SOCIND
Measuring: Area in thousands of square kilometers
Indicator: AREA_AR
Definition: AREA.AR

Represents land under temporary crops, temporary meadows for mowing or
pasture, land under marker and kitchen gardens, and land temporarily fallow or
lying idle.

Sources: AREA: FAO data.
Missing data: Djibouti.

Permanent Cropland Area
Years: 1961-1989
Database: SOCIND
Measuring: Area in thousands of square kilometers
Indicator: AREA_CP
Definition: AREA. CP.

Represents land cultivated with crops that occupy the land for long periods and
need not be replanted after each harvest, such as cocoa, rubber; it includes land
under shrubs, fruit trees, nut trees and vines, but excludes land under trees grown
for wood or timber.

Sources: AREA: FAO data.
Missing data: Botswana; Djibouti; The Gambia; Niger.

Area Under Forest
Years: 1961-1989
Database: SOCIND
Measuring: Area in thousands of square kilometers
Indicator: AREA FOREST
Definition: AREA.FOREST.

Represents land under natural or planted stands of trees, whether productive or
not, including land from which forests have been cleared but that will be
reforested in the foreseeable future.

Sources: AREA: FAO data.
Missing data: Lesotho.

Consumption of Fertilizers
Years: 1961-1989
Database: FAOFERT
Measuring: CONSUMPTION VOLUME IN METRIC TONS
Definition: FAOFERT contains information on fertilizers, pesticides and land use. Note that

the fertilizer data are generally in fertilizer years, with 1984/85 appearing under
the year 1984.

Indicator: FERTILIZR_POTASH (Consumption of Potash Fertilizers).
FERTILIZR_NITROG (Consumption of Nitrogenous Fertilizers).
FERTILIZR_PHOSPHAT (Consumption of Phosphate Fertilizers).
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Sources: FAO Fertilizer Yearbook. Various Years. Rome.
(Note: According to the explanatory notes of the FAO Fertilizer Yearbook, blanks
or "NA" indicate none or negligible quantities.)

Missing data: Namibia.

Crop Yields
Years: 1961-1989
Database: FAOPROD
Measuring: Thousands of hectogram/hectare
Definition: FAOPROD covers data on domestic production and international trade.
Indicator: MAIZEYIELD VOL (Maize Yield).

WHEATYIELD_VOL (Wheat Yield).
RICE_PADDYYIELD_VOL (Rice Paddy Yield).
SORGHYIELD VOL (Sorghum Yield).

Sources: FAO Production Yearbook. Various Years. Rome.

Nominal Protection Coefficient
Years: 1970-1987
Database: William K. Jaeger, "The Effects of Economic Policies on African Agriculture,"

World Bank Discussion Paper 147, pg. 53.
Indicator: NPC (Nominal Protection Coefficient for Traded Food Crops)
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Appendix II:
Data Used for the Simple Cross-Country Analyses

The data used in this statistical analysis are reproduced in the tables on the following pages. Each
variable is identified with a code, given below, along with a definition of the variable and the source
of the data used. The data in the statistical tables at the end of the book are the most recent available,
in May 1993. The data used in the statistical analysis pre-dated this.

POPG Population growth rate, annual average 1965-1990: World Bank (1991c) and the 1991
revision of World Bank demographic estimates and projections.

TOTFR Total fertility rate 1985-1989: World Bank (1991c) and 1991 revision of World Bank
demographic estimates and projections.

INFM Infant mortality per 1000 live births, 1965-1990 average: World Bank (1991c).

PRISC Primary school enrollment, percentage of age group, average 1965-1987: World Bank
(1991c).

PRIF Primary school enrollment of females, average 1965-1988, percentage of age group:
World Bank (1991c).

FDSEC Average daily calorie intake per capita, 1988: World Bank (1991c).

CAL% Average daily calorie supply per capita as percentage of minimum requirement, 1988.

POL Agricultural policy appropriateness 1980-1987 (dummy variable); based on judgement by
World Bank staff (1 = appropriate policy, 0 = inappropriate policy).

DEFORS Average annual rate of deforestation in the 1980s: World Bank (1989d).

WILDLS Total percentage wilderness destruction, 1900 to present: WRI/IIED (1988).

PCLD65 Per capita arable land actually cultivated, 1965, ha/person: Table 17.

PCLD87 Per capita arable land actually cultivated, 1987, ha/person: Table 17.

PCLDA Average per capita arable land actually cultivated, 1965-1987, ha/person: Table 17.

FERT Intensity of fertilizer use, 100 g/ha, 1987/89: World Bank (1991c).

CERY Cereal yields, kg/ha, 1984-1986: FAO Production Series.

MZ Maize yields, hundred kg/ha, 1989: FAO Production Series.

RIC Rice yields, hundred kg/ha, 1989: FAO Production Series.

SOR Sorghum yields, hundred kg/ha, 1989: FAO Production Series.

CAS Cassava yields, hundred kg/ha, 1989: FAO Production Series.
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FDSEC CAL% POL PCLDA

Benin 2184.000 95.00000 1.000000 0.500000
Burkina Paso 2139.000 90.00000 0.000000 0.450000
Burundi 2343.000 101.0000 1.000000 0.300000
CAR 1949.000 86.00000 0.000000 0.850000
Chad 1717.000 72.00000 0.000000 0.750000
Ethiopia 1749.000 75.00000 0.000000 0.400000.
The Gambia 2517.000 106.0000 1.000000 0.250000
Ghana 1759.000 76.00000 0.000000 0.250000
Guinea 1776.000 77.00000 0.000000 0.300000
Guinea Bissau 2186.000 95.00000 0.000000 0.450000
Kenya 2068.000 89.00000 1.000000 0.150000
Lesotho 2303.000 101.0000 0.000000 0.300000
Liberia 2381.000 103.0000 1.000000 0.250000
Madagascar 2440.000 107.0000 0.000000 0.350000
Malavi 2310.000 100.0000 1.000000 0.400000
Mali 2073.000 88.00000 0.000000 0.350000
Mauritania 2322.000 101.0000 0.000000 0.150000
Niger 2432.000 103.0000 0.000000 0.550000
Nigeria 2149.000 91.00000 0.000000 0.400000
Rwanda 1830.000 79.00000 1.000000 0.200000
Sierra Leone 1854.000 81.00000 1.000000 0.550000
Somalia 2138.000 93.00000 0.000000 0.250000
Sudan 2208.000 94.00000 0.000000 0.700000
Tanzania 2192.000 94.00000 0.000000 0.250000
Togo 2207.000 96.00000 1.000000 0.550000
Uganda 2344.000 101.0000 0.000000 0.500000
Zaire 2163.000 97.00000 0.000000 0.250000
Zambia 2026.000 97.00000 0.000000 1.000000
Angola 1880.000 80.00000 0.000000 0.500000
Botswana 2201.000 95.00000 0.000000 1.550000
Cameroon 2028.000 87.00000 1.000000 0.800000
Congo 2619.000 118.0000 0.000000 0.450000
RCI 2562.000 111.0000 1.000000 0.450000
Gabon 2521.000 108.0000 0.000000 0.400000
Mauritius 2748.000 121.0000 1.000000 0.100000
Senegal 2350.000 99.00000, 0.000000 0.950000
Swaziland 2578.000 111.0000 1.000000 0.300000
Zimbabwe 2132.000 89.00000 1.000000 0.400000
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obs DEFORS WILDLS FERT PRIF

Benin 1 1.700000 60.00000 49.00000 32.00000
Burkina Faso 2 1.700000 80.00000 57.00000 16.00000
Burundi 3 2.700000 86.00000 20.00000 33.00000
CAR 4 0.200000 56.00000 4.000000 40.00000
Chad 5 0.600000 76.00000 17.00000 21.00000
Ethiopia 6 0.300000 70.00000 39.00000 17.00000
The Gambia 7 2.400000 89.00000 40.00000 NA
Ghana 8 0.800000 80.00000 38.00000 62.00000
Guinea 9 0.800000 70.00000 6.000000 19.00000
Guinea Bissau 10 2.700000 78.00000 6.000000 NA
Kenya 11 1.700000 48.00000 421.0000 66.00000
Lesotho 12 2.500000 68.00000 125.0000 119.0000
Liberia 13 2.300000 87.00000 94.00000 23.00000
Madagascar 14 1.200000 75.00000 21.00000 77.00000
Malavi 15 3.500000 57.00000 203.0000 49.00000
Mali 16 0.500000 79.00000 59.00000 17.00000
Mauritania 17 2.400000 81.00000 55.00000 25.00000
Niger 18 2.600000 77.00000 8.000000 14.00000
Nigeria 19 2.700000 75.00000 94.00000 36.00000
Rwanda 20 2.300000 87.00000 20.00000 55.00000
Sierra Leone 21 0.300000 85.00000 22.00000 31.00000
Somalia 22 0.100000 41.00000 40.00000 9.000000
Sudan 23 0.200000 70.00000 40.00000 21.00000
Tanzania 24 0.300000 43.00000 92.00000 46.00000
Togo 25 0.700000 66.00000 76.00000 55.00000
Uganda 26 0.800000 78.00000 2.000000 36.00000
Zaire 27 0.200000 55.00000 15.00000 55.00000
Zambia 28 0.300000 29.00000 183.0000 69.00000
Angola 29 0.200000 39.00000 29.00000 26.00000
Botswana 30 0.100000 56.00000 7.000000 95.00000
Cameroon 31 0.400000 59.00000 71.00000 89.00000
Congo 32 0.100000 49.00000 25.00000 94.00000
RCI 33 5.200000 79.00000 90.00000 41.00000
Gabon 34 0.100000 35.00000 46.00000 122.0000
Mauritius 35 0.000000 95.00000 3075.000 101.0000
Senegal 36 0.500000 82.00000 40.00000 39.00000
Swaziland 37 0.000000 56.00000 125.0000 34.00000
Zimbabwe 38 0.400000 56.00000 505.0000 109.0000

______ _____ _____ _____ ______ _____ _____ _____ _____
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mm mmR -
obs CERY MZ R1C SOR CAS

Benin 1 825.0000 9.500000 12.90000 7.900000 83.20000
Burkina Faso 2 690.0000 11.60000 20.50000 7.200000 53.30000
Burundi 3 1101.000 11.20000 35.00000 12.40000 114.5000
CAR 4 513.0000 10.30000 14.00000 11.10000 32.90000
Chad 5 531.0000 4.600000 28.50000 5.800000 45.80000

Ethiopia 6 1081.000 17.80000 NA 11.50000 NA
The Gambia 7 1207.000 13.80000 14.30000 10.40000 30.00000
Ghana 8 969.0000 13.20000 10.30000 8.600000 80.20000

Guinea 9 728.0000 11.50000 9.000000 14.20000 50.00000
Guinea Bissau 10 848.0000 8.000000 13.70000 5.800000 NA
Kenya 11 1611.000 18.80000 44.20000 9.800000 95.40000
Lesotho 12 683.0000 7.500000 NA 5.600000 NA
Liberia 13 1302.000 NA 11.90000 NA 80.00000
Madagascar 14 1731.000 10.60000 20.80000 6.000000 66.50000
Malawi 15 1162.000 11.90000 17.90000 6.700000 21.30000
Mali 16 807.0000 12.90000 15.40000 9.400000 91.30000
Mauritania 17 431.0000 6.700000 40.30000 7.600000 NA
Niger 18 366.0000 16.00000 22.60000 3.000000 76.40000
Nigeria 19 1121.000 10.70000 20.00000 10.90000 126.9000
Rwanda 20 1289.000 11.80000 26.70000 9.500000 72.00000
Sierra Leone 21 1431.000 7.100000 13.00000 23.80000 33.10000
Somalia 22 725.0000 10.40000 31.00000 5.300000 104.7000
Sudan 23 508.0000 5.700000 10.00000 4.000000 15.00000
Tanzania 24 1109.000 16.00000 16.30000 9.800000 90.00000
Togo 25 865.0000 10.70000 14.20000 7.800000 74.30000
Uganda 26 949.0000 10.00000 11.10000 14.40000 73.50000
Zaire 27 851.0000 9.000000 9.100000 9.100000 73.80000
Zambia 28 1747.000 20.60000 9.300000 7.100000 36.00000
Angola 29 461.0000 2.900000 10.00000 NA 38.40000
Botswana 30 178.0000 3.000000 NA 4.100000 NA
Cameroon 31 935.0000 10.20000 52.80000 11.90000 25.50000
Congo 32 622.0000 9.100000 2.500000 NA 72.60000
RCI 33 981.0000 6.900000 12.00000 6.600000 56.50000

Gabon 34 1481.000 17.10000 20.00000 NA 61.10000
Mauritius 35 3200.000 36.60000 40.00000 NA 150.0000
Senegal 36 709.0000 14.10000 21.20000 9.700000 36.50000
Swaziland 37 1528.000 16.90000 75.00000 8.000000 NA
Zimbabwe 38 1468.000 16.20000 28.00000 5.100000 39.10000

ma asss_.____^_,,__.. incas._,, sam amasems 5 sm amss asflaam
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POPG INFM PRISC TOTFR

Benin 3.000000 139.0000 49.00000 6.400000
Burkina Faso 2.500000 164.0000 22.00000 6.500000
Burundi 2.600000 106.0000 47.00000 6.800000
CAR 2.500000 133.0000 61.00000 5.800000
Chad 2.300000 155.0000 43.00000 6.000000
Ethiopia 3.000000 148.0000 24.00000 7.500000
The Gambia 3.100000 168.0000 48.00000 6.500000
Ghana 2.900000 102.0000 70.00000 6.300000
Guinea 2.200000 168.0000 30.00000 6.500000
Guinea Bissau 2.300000 168.0000 43.00000 6.000000
Kenya 3.700000 90.00000 75.00000 6.900000
Lesotho 2.600000 119.0000 104.0000 5.700000
Liberia 3.100000 132.0000 38.00000 6.400000
Madagascar 2.800000 159.0000 93.00000 6.500000
Malawi 3.200000 174.0000 55.00000 7.600000
Mali 2.400000 187.0000 23.00000 7.000000
Mauritania 2.500000 150.0000 33.00000 6.800000
Niger 3.000000 155.0000 20.00000 7.100000
Nigeria 3.000000 138.0000 55.00000 6.600000
Rwanda 3.200000 129.0000 60.00000 8.300000
Sierra Leone 2.300000 179.0000 44.00000 6.500000
Somalia 2.900000 146.0000 13.00000 6.800000
Sudan 2.900000 132.0000 39.00000 6.300000
Tanzania 3.500000 120.0000 49.00000 7.100000
Togo 3.400000 121.0000 78.00000 6.700000
Uganda 3.200000 109.0000 69.00000 7.300000
Zaire 3.000000 117.0000 73.00000 6.100000
Zambia 3.500000 98.00000 75.00000 6.700000
Angola 2.700000 131.0000 66.00000 6.500000
Botswana 3.300000 75.00000 90.00000 4.800000
Cameroon 3.100000 116.0000 102.0000 6.500000
Congo 3.200000 116.0000 114.0000 6.600000
RCI 4.100000 121.0000 65.00000 7.300000
Gabon 3.400000 125.0000 130.0000 5.700000
Mauritius 1.200000 43.00000 104.0000 1.900000
Senegal 3.000000 123.0000 50.00000 6.500000
Svazilamnd 3.200000 131.0000 92.00000 6.400000
Zimbabwe 3.200000 74.00000 123.0000 5.000000
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obs PCLD87 PCLD65

Benin 1 0.400000 0.600000
Burkina Faso 2 0.400000 0.500000
Burundi 3 0.300000 0.300000
CAR 4 0.700000 1.000000

Chad 5 0.600000 0.900000
Ethiopia 6 0.300000 0.500000
The Gambia 7 0.200000 0.300000
Ghana 8 0.200000 0.300000
Guinea 9 0.200000 0.400000
Guinea Bissau 10 0.400000 0.500000
Kenya 11 0.100000 0.200000
Lesotho 12 0.200000 0.400000
Liberia 13 0.200000 0.300000
Madagascar 14 0.300000 0.400000
Malawi 15 0.300000 0.500000
Hali 16 0.300000 0.400000
Mauritania 17 0.100000 0.200000
Niger 18 0.500000 0.600000
Nigeria 19 0.300000 0.500000
Rwanda 20 0.200000 0.200000
Sierra Leone 21 0.500000 0.600000
Somalia 22 0.200000 0.300000
Sudan 23 0.500000 0.900000
Tanzania 24 0.200000 0.300000
TogO 25 0.400000 0.700000
Uganda 26 0.400000 0.600000
Zaire 27 0.200000 0.300000
Zambia 28 0.700000 1.300000
Angola 29 0.400000 0.600000
Botswana 30 1.200000 1.900000
Cameroon 31 0.600000 1.000000
Congo 32 0.300000 0.600000
RCI 33 0.300000 0.600000
Gabon 34 0.400000 0.400000
Mauritius 35 0.100000 0.100000
Senegal 36 0.800000 1.100000
Swaziland 37 0.200000 0.400000
Zimbabwe 38 0.300000 0.500000
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Table 1: Basic indicators

Primary
Population Area GNP per Life Sc-hool Adult

Country (millions) (thous. sq. capita Expectancy enrollment illteracy (age
kmn) (US$) (years) (percentage) 15+)

of age group)

Mid-1990 1990 1965 1990 1965 1989 1990

Sub-Saharmn Africa 495.2 340 43 51 44 69 50

Angola 10.0 1,247 .. 35 46 39 94 58
Benin 4.7 113 360 42 50 34 65 77
Botswana 1.3 582 2,040 48 67 65 ill 26
Burkina Faso 9.0 274 330 38 48 12) 35 82
Burundi 5.4 28 210 44 47 26 71 50
Cameroon 11.7 475 960 46 57 94 101 46
Cape Verde . ..

Central African Rep. 3.0 623 390 40 49 56 64 62
Chad 5.7 1,284 190 46 47 34 57 70
Comoros . .. ..

Congo 2.3 342 1,010 49 53 114 .. 43
Cote d'Ivoire 11.9 322 750 42 55 60 .. 46
Djibouti . .. ..

Equatorial Guinea . .. ..

Ethiopia 51.2 1,222 120 43 48 11 38
Gabon 1.1 268 3,330 42 53 134 .. 39
Gambia, The . .. ..

Ghana 14.9 239 390 48 55 69 75 40
Guinea 5.7 246 440 35 43 31 34 76
Guinea-Bissau . .. ..

Kenya 24.2 580 370 48 59 54 94 31
Lesotho 1.8 30 530 48 56 94 110
Liberia 2.6 1ill. 44 54 41 .. 61
Madagascar 11.7 587 230 43 51 65 92 20
Malawi 8.5 118 200 39 46 44 67
Mali 8.5 1,240 270 38 48 24 23 68
Mauritania 2.0 1,026 500 37 47 13 51 66
Mauritius 1.1 2 2,250 61 70 101 103
Mozambique 15.7 802 80 38 47 37 68 67
Niger 7.7 1,267 310 37 45 11 28 72
Nigeria 115.5 924 290 42 52 32 70 49
Rwanda 7.1 26 310 49 48 53 69 50
Sao Tome and Principe . .. ..

Senegal 7.4 197 710 41 47 40 58 62
Seychelles . .. ..

Sierra Leone 4.1 72 240 33 42 29 53 79
Somalia 7.8 638 120 38 48 10 .. 76
Sudan 25.1 2,506 .. 40 50 29 .. 73
Swaziland . .. ..

Tanzania 24.5 945 110 43 48 32 63
Togo 3.6 57 410 42 54 55 103 57
Uganda 16.3 236 220 45 47 67 77 52
Zaire 37.3 2,345 220 43 52 70 78 28
Zambia 8. 1 753 420 44 50 53 95 27
Zimbabwe 9.8 391 640 48 61 110 125 33

India 849.5 3,288 350 45 59 74 98 52
China 1,133.7 9,561 370 53 70 89 135 27

Note: Excludes Namibia, South Africa, Reunion, Ascension, St. Helena, and Tristan da Cunha.
Source: World Bank, World Indicat.ors, 1992.
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Table 2: Sub-.Saharan Africa: population growtlt rates and ferdlity rates

Average Annual Growth of Population (percent)

Total Fertilty
Projectet 1990. Rate I/

Country 196580 1980-90 2000 I/ 1965 1990

Sub-Sahara Africa 2.7 3.1 3.0 6.6 6.5

Angola 2.8 2.5 3.0 6.4 6.S
Boeni 2.7 3.2 2.9 6.8 6.3
Botswana 3.5 3.4 2.S 6.9 4.7
Burkina Faso 2.1 2.6 2.9 6.4 6.5
Burundi 1.9 2.8 3.1 6.4 6.S
Carneroon 2.7 3.2 2.9 5.2 5.8
Cape Verde 1.6 2.4 2.8 - -
CAR 1.9 2.7 2.5 4.5 5.8
Chad 2.0 2.4 2.7 6.0 6.0
Comoros 2.2 3.5 - - -
Congo 2.8 3.5 3.3 5.7 6.6
Coto d'lvoire 4.1 4.0 3.5 7.4 6.7
Djibouti - 3.3 - - -

Eq. Guinea 1.7 1.9 2.3 -
Ethiopia 2.7 2.9 3.4 5.8 7.5
Gabon 3.6 3.9 2.8 4.1 5.7
Ihe Gambia 3.0 3.3 3.1 - -
Ghana 2.2 3.4 3.0 6.8 6.2
Guinea 1.5 2.4 2.8 5.9 6.5
Guinea-Bisu 2.9 1.9 - -

Kenya 3.6 3.8 3.5 8.0 6.5
Lesotho 2.3 2.7 2.6 5.8 5.6
Liberia 3.0 3.2 2.6 - -

Madagascar 2.5 2.8 2.8 6.6 6.3
Malawi 2.9 3.4 3.4 7.8 7.6
Mali 2.1 2.4 3.0 6.5 7.1
Mauritania 2.3 2.6 2.8 6.5 6.8
Mauritius 1.6 1.0 0.9 4.8 1.9
Mozanbique 2.5 2.7 3.0 6.8 6.4
Niger 2.6 3.5 3.3 7.1 7.2
Nigeria 2.5 3.3 2.8 6.9 6.0
Rwanda 3.3 3.3 3.9 7.5 8.3
Sao Tome & Principe 2.1 2.7 - -

Senegal 2.9 3.0 3.1 6.4 6.5
Seychelles 1.9 0.7 1.0 - -
Sierra Leone 2.0 2.4 2.6 6.4 6.5
Somalia 2.7 3.0 3.1 6.7 6.8
Sudan 2.8 3.1 2.8 6.7 6.3
Swaziland 2.S 3.3 3.5
Tanzania 3.3 3.5 3.1 6.6 6.6
Togo 3.0 3.5 3.2 6.5 6.6
Uganda 2.9 3.2 3.3 7.0 7.3
Zaire 2.8 3.1 3.0 6.0 6.2
Zambia 3.0 3.9 3.1 6.6 6.7
Zimbabwe 3.1 3.7 2.4 8.0 4.9

India 2.3 2.2 2.0 6.2 4.0
China 2.1 1.4 1.7 6.4 2.5

1/ Projections are based on present trends. Hence the alight decline in growth rato results only from the
slightly declining trend in a few countries. Tho projwctions include the position impact of HV. They
do not include the impact of more successful populaetion program.

2/ Total fertility rate (TFR) is the average number of children who would be born alive to a womrn (or
group of women) during her lifetino if she were to pas through her childbearing yeam confirming to
the age-specific fertility rates of a given year.
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Table 3: crude bki and death rate, Infant and chd mortalky rate, 1965 and 1990

Child mortality
Crude birth Crude death Infant mortaliy (under age 5)

Coutr rate per 1,000 nte per 1,000 per 1,000 per 1,000
populato populatio De births Dve births

1965 1990 1965 1990 1965 1990 1965 1990

Sub,Sabaran Afria 48 46 23 16 157 107

Angola 49 47 29 19 130 312 209
Benin 49 46 23 is 166 113 261 154
Botswan 53 35 19 6 112 38 160 '43
Burkina Faso 48 47 26 18 193 134 320 193
Burundi 47 49 24 18 142 107 237 98
Cameroun 40 41 20 12 143 88 230 118
Cape Verde 176 47
Central African Rep. 34 42 24 16 157 101 270 152
Chad 45 44 28 18 183 125 302 201
Comoros 193 124
Congo 42 48 18 15 129 116 184 165
Cote d'lvoue 52 45 22 12 149 95 260 140
Djibouti 183
Equatorial Guin.a 291 193
Ethiopia 43 51 20 is 165 132 273 186
Gabon 31 42 22 1S 153 97 250 149
Gambia 350 221
Ghana 47 44 18 13 120 85 197 129
Guinea 46 48 29 21 191 138 321 219
Guinea-Bissau 291 227
Kenya 52 45 20 10 112 67 179 96
Lesotho 42 40 18 12 142 93 194 127
Liberia 46 44 20 14 176 136 282 174
Madagascar 47 45 22 15 201 116 153 164
Malawi 56 54 26 20 200 147 347 235
Mali 50 50 27 19 207 166 363 220
Mauritania 47 4t 26 19 178 122 281 196
Mauritius 36 17 a 6 65 21 93 23
Mozambique 49 46 27 18 179 137 294 194
Niger 48 51 29 20 180 128 296 207
Nigeria 51 43 23 14 162 98 290 152
Rwanda 52 54 17 18 141 120 237 188
Sao Tome and Principe 47
Senegal 47 45 23 17 160 81 290 110
Seychelles 7 21
Sierra Leone 48 47 31 22 208 147 385 231
Somalia 50 48 26 18 165 126 273 204
Sudan 47 44 24 1S 160 102 263 160
Swaziland 220 140
Tanzania 49 48 23 1S 138 11S 228 138
Togo 50 48 22 14 153 88 238 134
Uganda 49 51 19 19 119 117 197 149
Zaire 47 45 21 14 141 94 232 140
Zambia 49 49 20 15 121 82 192 109
Zinbabwe 55 37 17 3 103 49 165 50

India 45 30 20 11 150 92 239 113
China 38 22 10 7 90 29 113 2

Source: World Bank, World Deavlopment Indicators, 1992



Table 4. Sub-Saharan Africa: population estimates and
projections based on targeted decline of 50 percent in
total fertility rate by 2030

Population size Htypot hetical size Annual populat ion growth Assumfed year
(mit.on of stat Donary (oecent Total fertifity rate of reaching

population, Net Reproduct n
Country 1980 1990 2020 2030 (millons) 1990-95 2020-25 2025-30 1990-95 2020-25 2025-2030 Rate = I'

Sub-Sahatan Africe5 350.8 494.4 1.169.1 1.470.8 3.040 3.02 2.24 1.99 6.24 3.60 3.10 2055

Angola 7.1 10.0 23.9 30.4 69 2.35 2.54 2.22 6.56 4.34 3.59 2045
Sortin ~~~3.4 4.7 1%.3 12.1 21 3.92 %.s.¶ 1.59 5.99 3.00 2.53 2035

loiwatt . 1.3 2.3 2.6 4 2.79 1.37 1.24 4.33 2.07 2.06 2015
BurkimaFaso 6.1 9.0 20.6 25.6 52 2.82 2.33 1.96 6.50 3.95 3.20 2045
Dussn" 4.1 5.5 13.0 13.1 33 3.05 2.39 2.28 6.80 3.74 3.50 204S
Cameoan 8.4 11.9 29.6 36.'4 75 3.06 2.43 2.02 6.24 3.67 2.91 2040
Cape Veide .. 0.4 0.7 0.9 t2.815 1.61 1.52 4.66 2.17 2.07 2025
CasWAlAincanRep. 2.3 3.0 6.2 7.3 1 3 2.56 1.81 1.S7 5.54 3.10 2.59 203S
chad 4.5 5.7 12.2 14.9 30 2.56 2.16 1.36 6.3 3.7% 3.09 2040

comorm ~~~~~0.5 1.2 1.4 3 3.40 2.33 1.81 6.49 3.43 2.65 .2035

Congo. PPeolsflp. 1.6 2.3 5.9 7.5 Ii7 3.21 2.12 2.23 6.40 4.17 3.24 2045
C6te divoite 8.3 12.2 32.9 41.2 95 3.69 2.65 2.16 7.01 4.17 3.24 204S
Djhoat .. 041 1.0 1.2 2 3.20 2.11 1.76 6.60 3.54 2.90 2040
IquNW uwGwta .. 0.4 0.7 0.9 1 2.24 1.63 1.43 5.50 3.01 2.61 2035
101iopia 31.1 50.5 134.5 180.9 474 3.17 2.98 2.65 7.SO 4.95 4.20 2050
Gabon .. 1.1 2.6 3.2 7 2.64 2.46 2.01 5.71 4.06 3.15 2045
G-ambia. The .. 0.9 2.0 2.5 5 2.90 2.40 2.14 6.50 4.46 3.80 2045
Ghana 11.7 14.9 32.4 37.7 67 2.98 1.86 1.43 5.89 2.92 2.27 2030
Ginea 5.4 S.7 12.3 16.6 34 2.50 2.36 2.16 6.50 4.46 3.80 2045
Guk,ea4insaa . 1.0 1.9 2.3 4 2.06 1.94 1.69 6.00 3.96 3.37 .2040 

Kenp ~~~~15.9 24.1 56.4 78.7 113 3.40 1.85 2.04 6.32 2.58 2.80 2040 -
temoth 1.3 1.8 3.4 3.9 6 2.59 1.54 1.26 5.29 2.52 2.12 2025 F

Ubvia ~~~1.9 2.5 5.4 6.6 11 2.71 1.82 1.56 5.99 2.98 2.49 2035 G
Madagxarc 8.7 1 1.5 22.7 31.0 42 2.60 1.52 1.46 5.59 2.69 2.42 2030 0
MAIIan 6.1 55 22.9 30.2 79 3.49 2.94 2.63 7.60 5.05 4.30 2050
Mali 7.0 8.5 20.8 26.9 63 2.88 2.73 2.41 7.06 4.62 3.87 2050
Maoomiaa 1.5 2.0 4.7 6.2 1 4 2.64 2.57 2.48 6.50 4.46 4.10 2050
Mauritus .. 1.1 1.3 1.4 2 0.81 0.45 0.48 1.75 2.01 2.05 2030
lmicmbiqu 12.1 15.8 36.9 45.4 93 3.06 2.33 1.95 6.52 3.90 3.13 2040
Mam"a" 1.3 2.9 3.4 6 2.94 1.70 1.43 5.58 2.59 2.20 2030
lwig 5.3 7.7 20.7 27.8 83 3.14 3.07 2.84 7.19 5.32 4.65 2055
NW"eti 84.7 117.2 271.7 324.0 622 3.06 2.09 1.70 6.25 3.30 2.62 2035
Uewnion .. 0.6 0.3 0.9 1 1.50 0.82 0.75 2.16 2.05 2.04 1995
hvAWda 5.2 7.1 20.0 28.2 7 1 3.85 3.03 2.83 8.00 4.94 439 205S
SlciTolomand imcape .. 0.1 0.2 0.3 IS2.5 1.36 1.19 4.74 211 2.06 2025
Seneal 5.7 7.4 18.1 22.7 48 3.13 2.48 2.09 6.50 3.95 3.20 204S
Sey.chlls . 0.1 0.1 0.1 i .06 0.96 0.90 2.83 2,09 2.07 2005
S.s,at.eo 3.5 4.1 9.1 11.4 25 2.51 2.38 2.13 6.50 4.46~ 3.80 2045
Sonmaa 3.9 6.3 14.9 18.8 41 2.96 2.412 2.13 6.77 4.22 3.47 204S
Usudn 18.7 25.1 52.3 61.7 l0S 2.74 1.82 1.S5 6.01 3.13 2.62 2035
swallodw. 0.8 1.8 2.2 4 3.15 1.97 1.67 S.99 2.97 2.49 2035
Tanmuar 18.7 24.9 63.6 86.9 189 3.31 2.33 2.55 6.40 3.56 4.03 2050
logo 2.5 3.6 5.5 10.2 19 3.23 2.12 1.74 6.29 3.23 2.61 .2035

Uganda 12.6 17.4 44.8 56.8 129 3.49 2.65 2.22 7.30 4.24 3.40 2045
Zaire 28.3 35.6 79.0 93.3 175 2.91 1.97 1.65 5.80 3.18 2.6 2035

zmvfta ~~~5.8 8.1 21.2 26.4 57 3.47 2.56, 2.10 6.46 3.8.4 3.02 2040
lmbdabwe 7.4 9.8 18.4 20.9 29 2.38 1.3) 1.25 4.55 2.07 2.06 2015

South AlAC 29.3 35.9 61.6 68.8 96 2.33 1.16 1.09 4.08 2.08 2.06 2020

kw" ~~~~673.2 849.7y 1286.8 1.412.I 1.820 1.82 0.97 0.87 3.74 2.1S 2.12 2015
Chin.a 976.7 1.122.0 1.5124 1.6144 1.839 1.37 0.70 0.61 2.28 2.08 2.08 2000

. ndKcate les tIhAn 500.000. b tgtKkusg South Africa.
a. Poectaton assuinm that a SO peecent declmine 31w toth t"lhty iteA fromn the 1985 leWe wi be attained c. keen when the Net Itepeodclion Kate (NW4e teaches oe, the age sbucIwe is suh that the nunibe of
ducai 2025-30. Theme peoletions assume that the pace of decli neu the tutwe wiN be signiticantly htigher womewn in. of yes to ente.. thei ctsldbeaing yeat give sme to tota biflhwemceedusg the tota m,nbee of
ftan has hitheto been obserooed. death, the populaae. theeote. evwKedmcge a. otafuhe consNdecable peiod befa.. eachhwg it

hypothetical tlaleinac leve. AN counlies ame pieocued So toah stationary popublen nea t he end gAl the
22d century.
SoLme.' wotld B&An. 8peksacy 1991 ItetlW of dernographsic esthtals and peproreis.
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Table 5. Sub-Saharan Africa: required contraceptive
prevalence rates for achieving population projections in
Table 4.

Estimated contraceptive
prevalence rates

(percent I

Country 1990 2020 2025 2030

Angola 4.0 30.9 34.9 38.8
Botswana 35.8 63.5 68.1 72.8
Burkina Faso 7.0 36.2 41.0 45.7
Burundi 12.5 46.9 52.1 57.2
Cameroon 7.9 42.4 47.6 52.6
Chad 6.1 35.2 39.9 44.4
Cote d'lvoire 7.8 41.7 46.8 51.7
Ethiopia 4.6 27.6 31.9 36.4
Ghana 16.8 53.8 59.7 65.7
Guinea 7.4 48.7 55.2 61.6
Kenya 28.1 63.6 72.1 78.8
Libena 11.3 49.8 56.5 63.4
Madagascar 6.7 49.2 56.3 63.4
Malawm 4.9 30.7 34.6 38.5
Mali 7.0 29.6 33.4 37.2
Mozambique 4.6 36.4 41.2 45.8
Niger 5.0 24.1 27.2 30.1
Nigeria 9.2 49.5 56.0 62.4
Rwanda 13.5 39.7 44.4 49.1
Senegal 14.2 42.0 46.5 50.9
Somalia 5.7 33.4 38.3 43.2
Sudan 10.6 47.8 54.2 60.7
Tanzania 11.9 47.6 53.1 58.5
Togo 36.9 63.3 67.2 71.0
Uganda 7.2 40 1 45.7 51.4
Zaire 5.3 41 4 47.8 54.5
Zambia 8.2 41.7 47.6 53.5
Zimbabwe 45.8 72.8 77.3 81.9

All Sub-Saharan African countrits 10.8 45.3 50.5 55.5

India 37.7 64.2 61.4 64.8
China 81.2 85.0 82.6 82.8

a. The estimated contraceptive prevalence rates (CPR) were derived by applying Bongaarts'
model to available country-specific information including data on CPR, contraceptive mix, and
proportion married, with assumptions on likely changes. (For countries without such informa-
tion, proxy data from countries with a similar socio-cultural background were ubilized.) The CPR
estimates refer to the percentage of women aged 14-49 using contraception (both modern and
traditional). For India and China, they refer to married women aged 15-44. Countries in the
above table are selected on the basis of the size of population (over 5 million) and/or availability
of Demographic and Health Surveys information, Phase I (Oct. 1984-Sept. 1989).
Source: World Bank Estimates: Demographic and Health Surveys of Resource DevelopmenV
Macro System, Inc., Columbia, MD.
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Table 6. Demand for contraception and its components among currently married women
Demand for contraception Unmet needs Current use Pe.rcent of demand satisfted

For For For For For For For For
Countries Total spacing limiting Total spacing limiting Total spacing limiting Total spacing limiting

Sub-Saharan Africa
Botswana 61.6 38.6 23.0 26.9 19.4 7.4 33.0 17.9 15.1 53.6 46.4 65.7
Burundi 33.8 23.5 10.3 25.1 17.7 7.4 8.7 5.8 2.9 25.8 24.7 28.2
Ghana 48.1 34.2 13.9 35.2 26.2 9.0 12.9 8.0 4.9 26.8 23.4 35.3
Kenya 64.9 31.0 33.9 38.0 22.4 15.5 26.9 8.6 18.3 41.5 27.7 54.0
Ubera 39.3 23.4 15.8 32.8 19.8 13.0 6.4 3.6 2.9 16.4 15.4 18.4
Mal 27.6 21.2 6.4 22.9 17.2 5.7 4.7 4.0 0.7 17.0 18.9 1p.9
Togo 52.2 36.4 15.8 40.1 28.5 11.7 12.1 8.0 4.1 23.2 22.0 25.9
Uganda 32.1 22.0 10.1 27.2 19.9 7.3 4.9 2.1 2.8 15.2 9.5 27.7
Zimbabwe 64.8 37.6 27.2 21.7 10.1 11.6 43.1 27.5 15.6 66.5 73.1 57.4

North Africa
Egypt 64.8 16.5 48.3 25.2 10.1 15.0 37.8 5.9 31.9 58.4 35.8 66.0
Morocco 60.8 26.4 34.4 22.1 12.5 9.6 35.9 12.7 23.2 59.1 48.1 67.4
Tunisia 71.1 24.9 46.2 19.7 10.6 9.1 49.8 13.5 36.3 70.0 54.2 78.6

Asi
Indonesia 64.7 28.5 36.1 16.0 10.1 6.0 47.8 17.8 29.9 73.8 62.5 82.8
Sr Lanka 73.9 21.5 54.4 12.3 7.2 5.1 61.7 13.1 48.6 81.3 60.9 89.3
Thailand 77.1 21.8 55.3 11.1 5.6 5.5 65.5 15.9 49.6 85.0 72.9 89.7

Latin Amercan
and the Caribean

Bolivia 69.8 17.5 52.3 35.7 9.5 26.2 30.3 6.5 23.8 43.4 37.1 45.5
Brazil 81.1 24.2 56.9 12.8 4.8 8.0 66.2 17.9 48.3 81.6 74.0 84.9
Colombia 80.9 22.1 58.9 13.5 5.1 8.3 64.8 15.4 49.4 80.1 69.7 83.9
Dominican Rep. 71.2 20.8 50.4 19.4 10.0 9.4 49.8 9.6 40.1 69.9 46.2 79.6
Ecuador 70.8 23.8 47.0 24.2 10.8 13.4 44.3 11.6 32.7 62.5 48.7 69.6
Guatemala 53.4 22.1 31.4 29.4 16.4 13.0 23.2 5.1 18.1 43.3 23.1 57.6
Mexico 79.0 25.9 53.1 24.1 11.0 13.1 52.7 13.5 39.2 66.7 52.1 73.8
Peru 77.8 21.7 56.1 27.7 8.1 19.6 45.8 11.2 34.6 58.8 51.6 61.7
El Salvador 73.8 22.3 51.5 26.0 13.9 12.1 47.3 8.1 39.2 64.1 36.3 76.1
Trinidad and Tobago 71.1 28.6 42.5 16.1 8.3 7.9 52.7 18.9 33.8 74.2 66.1 79.5

Note: AJI figures except the last column with selected countries are percent of currently married women. Total demand indudes method failures,
current use, and unmet need. Unmet needs indude non-use among women who would like to regulate their fertility. Percent of demand
satsfied is the proportion of current use to total demand.
Source: Charles F. Westoff, and Luis H. Ochoa. 1991. Unmet Need and the Demand for Family Planning. DHS Comparative Studies No. 5,
Columbia, MD: Institute for Resource Development.
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Table 7. Developing countries by strength of family
planning programs, 1989

Very weak
Strong Moderate Weak or none

1 Bangladesh Algeria Afghanistan Argentina
2 Botswana Chile Angola * hutan
3 China Colombia Benin' Cambokia
4 El Salvador Costa Rica 801ivia Chad *
5 India Cuba Brazil Gabon'
6 Indonesia Dominican Rep. Burkina Faso * Iraq
7 Korea, Rep. Ecuador Burundi' C6te d'lvoire
8 Mexico Egypt Cameroon Kuwait
9 Sn Lanka Ghana * Central African Rep. Lao, PDR

10 Taiwan Guatemala Congo I Liberiab
11 Thailand Guyana Ethiopia * tibya
12 Tunisia Honduras Guinea * Malawi'
13 Vietnam Iran Guinea-Bissau Myanmar
14 Jamaica Haiti Namibia
15 Kenya * Jordan Oman
16 Korea, POR Lesotho Saudi Arab
17 Lebanon Madagascar* Somnlia'
18 Malaysia Mali * Sudan'
19 Maurtius* Mauritania' U.A.E.
20 Morocco Mozambique'
21 Nepal Niger' 
22 Pakistan Nigeria'
23 Panama Papua New Guinea
24 Peru Paraguay
25 Philippines Rwanda*
26 South Africa Senegal'
27 Singapore Sierra Leone'
28 Trin. & Tobago Syria
29 Venezuela Tanzania'
30 Zambia I Togo '
31 Zimbabwe ' Turkey
32 Uganda *

33 Uruguay
34 Yemen
35 Zaire'

Average score 53
Maximum possible score 120

Note: Program effort scores were divided into four groups: strong: 80+; moderate: 55-79;
weak: 25-54; very weak or none: 0-24.
* Sub-Saharan Alrican countries
Source: W. Parker Mauldin and John A. Ross. 'Family Planning Programs: Efforts and Results,
1982-1989' (1991).
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Table S. Total fertility rates, desired number of children, infant and child
mortality rates, and contraceptive prevalence rates

prelence Ntesj%of cmrentl
Desked number of mwvred womenP

chbw

OHS otal meA, hfat Chd Currenty a
swrvey fertt Meo,n women morta morty wing any moder

Country year rateSb allwomen in union rate, rate me thodo method

Botswana 1988 4.7 4.7 5.4 37 53 33 32
Burundi 1987 6.5 5.3 5.5 75 152 7 1
Ghana 1988 6.1 5.3 5.5 77 155 13 S
Kenya 1989 6.5 4.4 4.8 60 89 27 18
Libena 1986 6.4 6.0 6.5 144 220 6 6
Mali 1987 6.9 6.9 6.9 108 250 3 1
Nigeria 1990 5.7 .. .. 87 192 6 4
Nigeria-Ondo State 1986/87 5.7 5.7 6.1 56 108 6 4
Senegal 1986 62 6.8 7.2 86 191 5 2
Sudan 1989/90 4.6 .. .. 70 123 9 6
Togo 1988 6.1 5.3 5.6 81 158 12 3
Uganda 19889 7.2 6.5 6.8 101 180 5 3
Zimbabwe 1988/89 5.3 4.9 5.4 53 75, 43 36

a. Women aged 15-49.
b. Based on 3 years preceding the survey: women aged 15 -44.
c. Based on 5 years preceding the survey: per thousand.
d. Children under 5 years of age.
e. Excluding prdonged sexual abstinence.
f. Excluding periodic abstinence, withdrawal, and 'other methods.
Source: Demographic and Health Surveys, Institute of Resource Development/Macro International. Columbia, Maryland.
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Table 9. Sub-Saharan Africa: performance of the agricutural sector

Agricultural GDP Agriculture's
average anuual percentage

growth (pement) share in GDP

Country 196540 190-90 I/ 1965 1990 1

Sub-Saharan Africa 2.0 2.1 40 32

Angola .. -0.5 .. 13
Benin .. 3.6 59 37
Botswana 9.7 -4.0 34 3
Burkina Faso .. 3.3 37 32
Burundi 6.6 3.1 .. 56
Cameroon 4.2 1.6 33 27
Cape Verde
Central African Rep. 2.1 2.2 46 42
Chad -0.3 2.7 42 38
Comoros
Congo 3.1 3.6 19 13
Cote d'lvoire 3.3 1.0 47 47
Djibouti
Equatorial Guinea ..

Ethiopia 1.2 -0.1 58 41
Gabon .. .. 26 9
Gambia, Thc .. 7.1
Ghana 1.6 1.0 44 48
Guinea .. .. .. 28
Guinca-Bissau .. 5.7
Kenya 5.0 3.3 35 28
Lesotho .. -0.7 65 24
Liberxi .. .. 27
Madagascar .. 2.4 25 33
Malawi 4.1 2.0 50 33
Mali 2.8 2.3 65 46
Mauritania -2.0 0.7 32 26
Mauritius .. 2.6 16 12
Mozambique .. 1.3 .. 65
Niger -3.4 .. 68 36
Nigeria 1.7 3.3 55 36
Rwanda .. -1.5 75 38
Sao Tome and Principe .. -1.3
Senegal 1.4 3.1 25 21
Seychelles .. -2.9
Sierra Leone 3.9 2.6 34 32
Somalia .. 3.3 71 65
Sudan 2.9 2.7 54
Swaziland .. 3.9
Tanzania 1.6 4.1 46 59
Togo 1.9 5.7 45 33
Uganda 1.2 2.5 52 67
Zaire .. 2.5 20 30
Zambia 2.2 3.7 14 17
Zimbabwe .. 2.4 18 3

India 2.5 3.1 44 31
China 2.8 6.1 38 27

-I 1980-1988 for the Gambia, Seychelles, Swaziland, Guinea Bisau, Liberia, Sao Tome & Principe, Sudan.
2 . 1988 for Comoros, The Gambia, Guinea Bissau, Sao Tome & Principe, Sudan, Cape Verde. Seychelles, Swaziland

Source: World Development Indicators 1992, Board Draft, March 2, 1992. World Bank



Table 10. Subs-Sdar Afria: food swurity

Population fcing Perecage of Avrage aupply as Average sana Index of per capits
food inacuuity population facing Pet capita daily caloce percetage of minimum ceeal inVogt food producti

Cou1r (millioas) foad inecurky suply (caloes) requiremena i/ (thousands of on) (1979491-100)

Avempg
1930i32 198041 1965 19S6-9 19SS 1974 1990 1964-66 988490

Su9-SalaraaAfuica 9S 23 2,074 2,027 S 7 4,209 7,B3 94

Angola 1,907 1,742 74 149 272 127 a1
Benn IS 2,019 2,115 92 * 126 94 112
BDoa 2,025 2,251 97 21 87 134 I3I
BDukiaPase 2 32 1.,2 2,002 4 99 145 113 114
Buuadi 1 26 2,131 2,320 100 7 17 100 92
Casser 1 9 2,011 2,142 92 * 1 39 89 39
Cap Verde 2,500 107 - 163

conral AfioaRep. t 29 2,055 1,965 *7 7 37 94 91
aad 2 54 2,395 1.121 76 37 36 124 a5

C_aoma. 2,059 8Be 114
Cngo 0 27 2.260 2.519 114 34 94 110 94
Cote d'oir I a 2,352 2.405 104 172 502 73 101
Djilbmi
EqaMnWia ..............

Ethiopia 15 46 1.853 1,6t4 72 IIS 687 3 84
Goa0 7 1,955 2,398 103 24 57 110 34
Gama,Th 0 19 2,339 9S 152
Gbaa 4 36 1,937 2.167 94 177 337 120 97
Guina 2,137 2,007 87 63 210 106 87
Gia..Bissa 2,437 106 140 ..
rrya 6 37 2,206 2,016 87 15 ISS 119 106
Lesotho - 2,049 2,275 300 48 97 120 36
Lamib i 1 30 2,153 2,344 101 42 70 95 84
M"figa 3 13 2,447 2,174 95 114 383 105 g
Malawi 1 24 2,259 2,057 89 17 115 87 83
Mali 3 35 1,933 2,114 90 281 61 100 97
Maur_ania 0 25 1,903 2,465 107 116 85 143 36
M u 0 9 2,269 2.690 1 13 60 210 III 100
M pombiqu 6 49 1,712 1,604 68 62 416 132 81
Nirg 2 23 1,996 2,321 9S 155 86 105 71
Nieci 14 17 2,1S5 2,033 BS 339 502 125 106
R _OU& 1 24 1,856 1,S17 73 3 21 7n 77
Sao Tom daad cipDe. 2,529 I 0O
Seneal 1 21 2,372 2,162 91 341 534 156 102
Seychelles - 2,117 91
Sier n a 1 23 2,014 1,813 79 72 146 99 39
Somasi 2 50 1,713 1,781 77 42 194 144 94
Sudmn 3 to 1,938 1,981 34 125 1S6 S9 71
Swaziad .. .. . . 2,554 110 .. .. 68
Taazaa 7 35 1,831 2,1t6 94 431 73 87 8S
Togo 1 29 2,454 2,110 92 6 III Ila 3
Uganda 6 2,361 2,034 S8 36 7 110 95
zaim 12 42 2,1S7 2,079 93 343 336 110 97
Zambia 3 48 2,072 2,028 S7 93 100 93 103
ZiAm .. .. 2,075 2,193 92 56 U3 96 94

EJ AvWy per capita daily cloidc vmpply da for 1986-1989divided by rquiremenaedaliabd by th WHO for eah omsiuy.
Nole Po"d y died cmto _ fod for eanaive ss eahy liTfc Tbh m da i ccc quemeno nthtch d ag n of an vageheahy person.ecauhed by df Wodd Helt'h h0an o of eeh couny. 1 bak

no m . lx of ood pofucIon, alkupoda,per cabpitaaInies pl 1965: Wo Deelpna sldicaIon 3992, cexo for u -Diam. The Ga, Com. SeaTome ad Pi , Cpce Verde,Shlea. Swazi for wbich theaw
te.Wodd Ban. Sub-SabaaA1cs: Cri to Sinbka bd blef rowdsh 1939.PercapitacalorisuppIyl936.393;African Dvcloonreti I392; Wood BlUNDPp. 322.



- 175 -

Table 11. Sub-Saharan Africa: crop yields

Cereals Roots and tubers

Percentage Percentage
change change

kg/ha compared to kg/a compared to
Country 1984-86 1964-66 1984-86 1964-66

Sub-Saharan Africa

Angola 461 -47 14,088 22
Benin 825 54 8,241 34
Botswana 178 -52 5,385 35
Burkina Faso 690 33 6,568 96
Burundi 1,101 12 7,538 -3
Cameroon 935 18 2,455 10
Cape Verde 551 -11 3,007 -27
Central African Rep. 513 -31 3,882 10
Chad 531 -13 5,182 14
Comoros 1,116 -15 3,259 -4
Congo 622 -43 6,457 31
Cote d'Ivoire 981 23 6,282 70
Djibouti
Equatorial Guinea 2,395 -33
Ethiopia 1,081 39 2,827 -7
Gabon 1,481 -6 6,393 0
Gambia, The 1,207 1S 3,000 -32
Ghana 969 7 8,641 5
Guinea 728 -10 7,089 -5
Guinca-Bissa 848 19 6,154 0
Kenya 1,611 31 8,929 21
Lesotho 683 -12 15,000 3
Liberia 1,302 107 4,014 -3
Madagascar 1,731 1 5,926 -7
Malawi 1,162 24 4,231 -13
Mali 807 3 9,240 12
Mauritania 431 20 1,903 -24
Mauritius 3,200 59 25,939 108
Mozambique 660 -29 5,783 20
Niger 366 -30 8,877 10
Nigeria 1,121 67 11,260 43
Rwanda 1,289 2 7,780 42
Sao Tome and Principe ..

Senegal 709 24 4,232 2
Seychelles
Sierra Leone 1,431 8 3,425 -6
Somalia 725 47 10,792 8
Sudan 508 -27 3,408 -1
Swaziland 1,528 225 1,815 -53
Tanzania 1,109 41 11,075 109
Togo 865 83 10,498 -12
Uganda 949 5 6,432 64
Zaire 851 24 7,016 4
Zambia 1,747 106 3,687 13
Zimbabwe 1,460 63 4,907 22

India 1,S90 76 14,268 61
China 3,891 122 15,614 81

Souce: Word Back, World Dgvda,maatRepot 1991
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Table 12: Sub-Saharan Afrec: growth rates of cereal and major export crop yidds

Average Annual Percentage Growth

Country Cereals Major Export Crop

1975-80 19808S 1986-MR 1975-80 198045 1986-MR

Angola (maize,coffec) -6.1 -4.5 -6.9 -21.4 -19.7 -14.3

Benin (maize, cotton) 1.2 3.8 7.0 -2.0 13.6 -0.8

Botswana (maize, n.a.) -28.7 -11.9 -16.2
Burkina Faso (maize, cotton) 7.4 -1.9 7.7 5.5 7.3 -5.3

Burundi (maize, coffee) -1.3 0.6 -0.8 4.2 9.6 -1.3

Cameroon (maize, coffee) -7.3 0.3 4.0 2.8 0.6 -10.3

CAR (maize, coffee) -2.4 16.9 -4.6 -1.0 1.6 4.4

Chad (sorghum, cotton) -0.8 -1.8 0.0 2.0 6.9 -4.8

Congo (maize, coffee) 3.7 -4.5 7.4 18.7 1.0 16.2

Cote d'lvoire (maize, coffee) 6.3 1.8 -1.2 -6.5 -10.8 -8.4

Eq. Guinea (cassava, coffee) -0.4 -1.7 -0.3 0.8 1.4 0.0

Ethiopia (maize, coffee) -2.5 -5.1 1.2 3.7 1.0 3.2

Gabon (maize, coffee) 4.1 -3.0 7.6 1.6 9.9 2.9

The Gambia (maize, cotton) 11.8 3.0 -3.1 .. -5.5 0.6

Ghana (maize, cocoa) -2.9 -0.5 5.9 -3.6 -1.0 11.2

Guinea (maize, coffee) -3.3 2.4 -0.1 -0.1 -3.7 -2.2
Guinea-Bissau (maize, groundnuts) -1.2 3.6 -11.4 -3.5 5.1 2.5

Kenya (maize, coffee) -7.2 4.0 -1.3 3.9 -5.9 -0.6

Lesotho (maize, wheat) 11.4 -4.6 6.3 3.8 -12.3 3.5

Liberia (rice, coffee) 0.5 0.0 -1.0 7.5 3.9 -23.2

Madagascar (rice, coffee) -1.4 1.5 3.3 -1.7 -1.1 0.6

Malawi (maize, tea) 3.5 -0.1 4.3 1.6 1.1 1.8

Mali (maize, cotton) 12.9 2.9 5.2 1.2 2.6 -3.1

Mauritania (maize, rice) 11.6 -9.6 -4.2 -2.1 7.0 -1.6

Mauritius (potatoes, sugarcane) 1.7 8.7 0.3 1.1 2.1 -3.7

Mozambique (maize, cotton) 4.7 -2.7 0.0 1.3 -7.4 -11.8

Namibia (maize, wheat) -0.9 0.6 2.9 0.0 4.3 -5.3

Niger (sorghum, groundnuts) 6.3 -10.2 -0.2 28.7 -11.5 9.2

Nigeria (maize, cocoa) -1.3 -5.2 1.5 -4.5 -6.7 15.9
Rwanda (maize, coffee) 1.4 0.5 0.4 3.3 2.2 7.9

Senegal (maize, cotton) -6.5 9.7 6.4 -3.7 -1.4 7.6

Sierra Leone (rice, coffee) -3.8 2.5 -4.3 13.7 -11.2 -17.8

Somalia (maize, bananas) -1.41 8.5 -6.7 1.0 -0.1 -0.8

Sudan (sorghum, cotton) -2.7 -9.1 -4.8 -4.5 20.0 5.3

Swaziland (maize, cotton) -3.6 -0.8 7.7 6.4 -1.5 0.0
Tanzania (maize, coffee) 1.0 1.1 9.7 -1.8 -0.4 -8.3

Togo (maize, coffee) -0.8 -1.5 20.9 -5.7 -13.1 4.6
Uganda (maize, coffee) 1.1 -3.1 2.7 -8.3 4.9 10.2

Zaire (maize, coffee) 2.1 1.0 2.4 -4.3 -0.2 0.4
Zambia (maize, cotton) 3.3 0.9 3.9 -5.4 11.5 -2.5

Zimbabwe (maize, cotton) -6.0 -1.5 1.1 0.8 3.3 -15.0

MR: Most Recent Year

Source: UNDP/World Bank Africa Development Indicators, 1992.
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Table 13. Sub-Saharan Africa: agriculural cxporb - value and volume

Average Annual Percemtage Growth

Country Value Volume

197540 1980-8 1986-MR 1975-80 198085 1986-MR

Sub-Sahara Africa 9.6 - 2.4 - 3.1 - 0.8 - 2.9 -2.5

Angola - 2.4 -13.0 -36.5 -19.1 -14.2 -12.3
Benin 12.9 17.6 5.4 1.6 5.9 2.8
Botiwana 3.2 0.8 3.5 -10.0 10.4 -28.0
Burkina Paso 10.9 - 5.1 17.5 - 0.8 - 8.1 0.9
Burundi 13.2 9.5 -15.9 -14.4 10.0 10.2
Cameroon 17.7 - 5.2 - 1.2 - 1.2 0.0 1.5
Cape Verde 43.5 -23.3 18.6 -12.0 - 6.7 -11.5
CAR 13.2 - 0.9 -5.0 - 5.6 - 0.3 1.8
Chad 14.2 6.1 9.0 3.2 - 6.6 - 4.2
Comoro 9.7 0.9 - 5.9 - 1.6 8.5 -32.3
Congo 6.6 4.1 - 3.5 -24.8 34.2 1.6
Cote d'Ivoire 19.9 1.5 - 8.6 2.3 3.6 - 4.0
Eq. Guinea 2.5 8.7 -16.4 - 7.2 7.7 4.4
Ethiopia 13.7 - 2.9 -11.2 -14.5 8.1 11.2
Gabon 48.9 -10.0 -19.3 13.5 - 3.0 -11.5
The Gambia - 9.1 - 1.6 3.1 -11.6 - 3.6 23.2
Ghana 7.2 -10.6 - 7.4 - 13.4 - 5.1 8.6
Guinea 13.3 -10.4 0.2 3.4 - 8.2 - 1.3
Guinea-Bissau 7.8 8.1 11.5 0.6 0.2 - 3.8
Kenya 15.2 1.7 - 4.6 1.8 0.5 - 1.7
Lesotho 12.2 4.2 16.2 - 3.8 - 5.6 -56.9
Liberia 21.4 - 2.5 - 5.0 0.9 2.3 - 2.5
Madagascar 9.8 - 6.1 -10.4 - 5.5 - 3.4 1.6
Malawi 13.5 0.7 10.0 11.3 5.0 -11.7
Mali 20.7 - 2.1 9.6 13.0 - 0.5 - 6.0
Mauritania 15.9 - 3.9 1.5 0.1 - 6.7 - 6.0
Mauritius 4.5 - 4.8 4.9 4.4 - 0.7 1.7
Mozambique 7.0 -26.7 - 1.1 - 6.8 -23.9 17.0
Namibia 7.9 - 3.8 9.5 - - 2.1 10.0
Niger 18.6 - 6.6 - 7.2 5.5 - 3.3 -14.0
Nigeria 3.2 - 6.1 - 7.4 - 3.5 -17.2 1.8
Rwanda 10.3 1.6 -11.4 -19.7 6.0 - 0.3
Sao Tome & Principe 24.7 -14.8 -10.4 6.2 -12.5 - 3.1
Senegal -12.4 6.7 22.0 -18.1 - 3.0 33.2
SeycheLes 13.4 -14.9 -19.4 - 4.7 - 7.9 -37.2
Sierra Leone 18.7 - 1.7 -24.2 - 7.3 - 2.4 - 0.4
Somalia 11.2 -14.3 - 7.8 6.4 - 10.6 - 21.7
Sudan 4.2 - 4.1 13.4 6.6 - 6.9 24.2
Swaziland 14.0 -12.7 6.2 - 7.0 2.3 - 8.0
Tanzania 4.2 -10.0 - 3.1 - 4.6 -10.4 7.0
Togo 18.3 1.3 - 4.8 0.9 0.6 - 8.9
Uganda 4.8 5.1 -18.8 -15.3 8.2 2.1
Zaire 0.3 2.8 -19.3 - 6.5 - 2.7 -12.6
Zambia - 2.6 4.9 2.7 -18.7 31.0 -31.6
Zimbabwe 2.4 - 1.2 8.3 -11.8 3.6 -10.7

MR: Most Recent Year

Source: UNDP/World Bank; African Development Indicators, 1992
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Table 14. Sub-Saharan Africa: producer price sbares

Ratio of Official Producers Price to International Reference Price

Average

197S/79 19808S 1986-MR

Angola Coffee .22 .45 .96
Benin Cotton Lint .45 .41 .54
Botswana Groundnut - .61 -
Burkina Faso Cotton .42 .34 .56
Burundi Coffee .51 .60 .60
Cameroon Cotton .42 .37 .40
CAR Coffee .29 .18 .34
Chad Cotton .75 .51 .54
Comoros Vanilla .43 .32 .42
Congo Coffee .21 .26 1.09
Cote d'Ivoire Cocoa Beans .40 .51 .79
Eq. Guinea Cocoa - .79 .90
Ethiopia Coffee .45 .39 .42
Gabon Cocoa .57 .49 .63
The Gambia Groundnut .54 .62 .71
Ghana Cocoa .30 .87 .25
Guinea Palm Kennels 1.08 .86 .62
Guinea-Bissau Groundnut .63 .51 .34
Kenya Coffee .82 .88 .95
Lesotho Wheat - 1.40 1.26
Liberia Coffee .42 .64 .79
Madagascar Coffee .40 .29 .38
Malawi Groundnut .47 .65 1.01
Mali Cotton .34 .39 .50
Mauritius Sugar .90 .61 .52
Mozambique Tea .64 .56 .33
Niger Cotton .35 .45 1.13
Nigeria Cocoa .53 1.12 .49
Rwanda Coffee .58 .89 .81
Sao Tome & Principe Cocoa .36 .99
Senegal Groundnut .42 .42 .81
Sierra Leone Cocoa .47 .66 .42
Somalia Bananas - .43 .33
Sudan Groundnut .55 .40 .96
Swaziland Cotton .46 .29 .27
Tanzania Coffee .39 .55 .36
Togo Coffee .24 .31 .54
Uganda Coffee .13 .22 .14
Zaire Coffee .18 .45
Zambia Tobacco .75 .87 .36
Zimbabwe Tobacco .66 .62 .58

MR: Most Recent Year

Source: UNDP, World Bank, African Development Indicators, 1992 (Table 8-2)
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Table 15. Sub-Saharan Africa: Irrigation and fertilizer use

Perctage of Fertilizer
Irrigated land I consumption

Country (100gha) k/

1985-87 1970-71 1989-90

Sub-Saharan Africa 4 33 89

Angola 0 33 74
Benin 0 36 18
Botswana 0 1S 7
Burkina Faso 0 3 58
Burundi 5 5 35
Cameroon 0 34 41
Cape Verde 5
Central African Rep. 12 4
Chad 0 7 1S
Comoros 0
Congo 1 525 32
Cote D lvoire 2 74 113
Djibouti
Equatorial Guinea
Ethiopia 1 4 70
Gabon 27
Gambia, The 7
Ghana 0 11 31
Guinea 4 44 11
Guinea-Bissau
Kenya 2 238 481
Lesotho 10 144
Liberia 1 63 107
Madagascar 28 61 36
Malawi 1 52 227
Mali 9 31 54
Mauritania 6 11 116
Mauritius 16 2095 3302
Mozambique 3 22 8
Niger 1 1 8
Nigeria 3 2 121
Rwanda 0 3 14
Sao Tome and Principe
Senegal 3 17 55
ScycheDes
Siefra Leone 2 17 3
Somalia 12; 27 26
Sudan 1S 28 39
Swaziland 38
Tanzania 3 31 93
Togo 0 3 83
Uganda 0 14 1
Zaire 0 6 10
Zambia 0 73 166
Zimbabwe 7 446 604

India 26 137 687
China 44 410 2619

A/ Irrigated land As percentage of -able and pcrmanent crop land; World Rcources Institute.
b/ Fertilizer consumption in terms of hundreds of grams of plant nutrients per hectare of arable

land; World Bank, World Indicutors 1992.



Table 16. SubSahara. Africa: land

Land use as a percentage of total and Wilderness Area as
Total land area percent of toUtl land

Country Cropland Pasture Forest Other (000 ha) area r /

1965 1980 1987 1965 1980 19S7 1965 1980 1987 1965 1980 1987 1987 1985

Sub-Saharan Afrka 6 7 7 27 27 27 33 31 30 34 35 36 2,15S,466 21

Angola 3 3 3 23 23 23 44 43 43 30 31 31 124,670 26
Benin 13 16 17 4 4 4 44 36 33 39 44 47 11,062 IS
Botawana 2 2 2 74 78 7S 2 2 2 23 IS IS 56,673 63
Burkha Fso a 10 I1 37 37 37 30 26 25 26 27 27 27,380 3
Burundi 39 51 52 24 35 36 2 2 3 35 11 10 2,565 0
Carnroon 12 15 I5 19 IS la 59 55 53 10 12 14 46,540 3
Cape Vcrde 10 10 10 6 6 6 0 0 0 84 14 S4 403 42
CenralAfricanRep. 3 3 3 5 5 5 5S 5g SS 34 34 34 62,291 39
Chad 2 3 3 36 36 36 12 11 10 50 53 51 125,920 52
Comora 38 41 44 7 7 7 16 16 16 39 37 34 223
Congo 2 2 2 29 29 29 64 63 62 5 6 7 34,150 16
Cote dlvoire 8 10 I1 9 9 9 60 31 20 22 50 59 31,100 0
Djiboouti 9 9 9 0 0 0 9 91 91 2,3138 35
Equatorial Guie 1 * 8 4 4 4 46 46 46 42 42 42 2,805 0
Ehhiopia 11 13 13 42 41 41 27 26 25 20 21 22 110,100 22
Gabon 1 2 2 20 la IS 78 71 78 2 2 2 25,767
GaCibia,Tec 13 16 17 9 9 9 30 22 17 48 54 57 1,000 0
Ghana 12 12 12 16 35 i5 43 38 36 31 35 37 23,002 0
Guina 6 6 6 12 12 12 49 43 41 33 38 41 24,586 0
Guinea-Biaau 9 10 12 38 31 31 39 38 38 13 13 12 2,812 0 1
Kenya 3 4 4 7 7 7 1 7 6 12 13 83 56,697 25
Lcaotho 13 10 11 73 66 66 s5 24 24 3,035 s0
Liocri 4 4 4 2 2 2 22 22 22 72 72 72 9,632 17 0
Madgascaer 4 5 5 58 So 58 31 27 25 7 9 11 58,154 2 0
Malawi 21 25 25 20 20 20 54 54 46 5 2 9 9,408 10 I
Mali 1 2 2 25 25 25 * 7 7 66 67 67 122,019 49
Mauritania 0 0 0 31 38 38 s5 15 Is 47 47 47 102,522 74
Mauritiu 51 58 58 4 4 4 34 31 31 12 7 7 185 11
MozAnbiquc 3 4 4 56 56 56 22 20 19 Is 20 21 78,409 9
Niger 2 3 3 a a 7 3 2 2 87 87 aS 126,670 53
Nigeri 32 33 34 21 23 23 23 18 16 24 26 27 91,077 2
Rwanda 26 41 45 34 19 16 23 21 20 17 20 19 2,495 0
Sao Tomc & Principe 35 38 39 1 1 1 64 61 60 96
Senegal 23 27 27 30 30 30 35 31 31 12 12 12 19,253
Scycbelse 19 19 22 19 19 19 63 63 59 27 0

Siefs Lcone 20 25 25 31 31 31 30 30 29 19 IS IS 7,162 0
Somalia I I 1 46 46 46 16 IS 14 37 38 38 62,734 24
Sudan 5 5 5 24 24 24 24 21 20 47 51 51 237,600 40
Swziand 8 11 30 78 64 68 8 6 6 6 19 16 1,720 0

Tanaia 4 6 6 40 40 40 51 49 48 5 6 7 88,604 10
Togo 20 26 26 4 4 4 45 31 25 31 39 45 5,439 0
Ugana 24 21 34 25 25 25 32 30 29 19 16 13 19,955 4
zaIre 3 3 3 4 4 4 10 78 77 13 15 16 226,760 6
Zambia 7 7 7 47 47 47 42 40 39 4 6 6 74,072 24
Zimbabwe 5 7 7 13 13 13 52 52 52 30 29 29 38,667 1

India 55 57 5 4 20 22 20 17 297,319 20
China 11 I1 31 31 12 14 46 44 932,641 20

p/ Refcrs only to areas larger than 4,000 square kilometers. Wilderness area is defuned as land left in its natural sate without any transformalion by human acion. These areas may parly include
fores, pasture and other lands u classified by FAO

Source: FAO; and the World Resource Institute and International Institute for Environment and Development (in collaboration with UN Environment Programme).
World Resourec 1988-89, 1988.
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Table 17. Sub-Saharan Africa: per capita arable land

Per capita arable land area
(hectares)

Country 1965 1980 1987 1990 2000 j/

Sub-Saharan Africa 0.5 0.4 0.3 0.29 0.22

Angola 0.6 0.5 0.4 0.36 0.28
Benin 0.6 0.5 0.4 0.40 0.30
Botswana 1.9 1.5 1.2 1.06 0.70
Burkina Faso 0.5 0.4 0.4 0.40 0.25
Burundi 0.3 0.3 0.3 0.24 0.18
Cameroon 1.0 0.8 0.6 0.59 0.43
Cape Verde 0.2 0.1 0.1 0.11 0.08
Central African Rep. 1.0 0.9 0.7 0.66 0.48
Chad 0.9 0.7 0.6 0.56 0.51
Comoros 0.4 0.3 0.2 0.18 0.15
Congo 0.6 0.4 0.3 0.07 0.22
Cote d'lvoire 0.6 0.4 0.3 0.31 0.20
Djibouti .. ..

Equatorial Guinea 0.8 0.7 0.6 0.65 0.51
Ethiopia 0.5 0.4 0.3 0.28 0.20
Gabon 0.4 0.6 0.4 0.39 0.35
Gambia, The 0.3 0.2 0.2 0.21 0.15
Ghana 0.3 0.3 0.2 0.18 0.14
Guinea 0.4 0.3 0.2 0.13 0.20
Guinea-Bissau 0.5 0.4 0.4 0.35 0.28
Kenya 0.2 0.1 0.1 0.10 0.07
Lesotho 0.4 0.2 0.2 0.18 0.15
Liberia 0.3 0.2 0.2 0.14 0.12
Madagascar 0.4 0.3 0.3 0.26 0.20
Malawi 0.5 0.4 0.3 0.28 0.19
Mali 0.4 0.3 0.3 0.23 0.21
Mauritania 0.2 0.1 0.1 0.10 0.00
Mauritius 0.1 0.1 0.1 0.10 0.09
Mozambique 0.3 0.3 0.2 0.20 0.15
Niger 0.6 0.6 0.5 0.47 0.36
Nigeria 0.5 0.4 0.3 0.29 0.19
Rwanda 0.2 0.2 0.2 0.16 0.11
Sao Tome and Principe 0.5 0.4 0.3 0.3 0.23
Senegal 1.1 0.9 0.8 0.71 0.51
Seychelles 0.1 0.1 0.1 0.10 0.08
Sierra Leone 0.6 0.5 0.5 0.43 0.33
Somalia 0.3 0.2 0.2 0.14 0.07
Sudan 0.9 0.7 0.5 0.50 0.36
Swaziland 0.4 0.3 0.2 0.21 0.16
Tanzania 0.3 0.3 0.2 0.19 0.14
Togo 0.7 0.6 0.4 0.41 0.28
Uganda 0.6 0.4 0.4 0.36 0.28
Zaire 0.3 0.2 0.2 0.22 0.14
Zambia 1.3 0.9 0.7 0.62 0.45
Zirnbabwe 0.5 0.4 0.3 0.29 0.21

India 0.3 .. 0.2 .. 0.16
China 0.6 .. 0.4 .. 0.32

a/ 1987 arable land areas have been divided by the projected population of the year 2000.

Source: FAO; World Bank, WDR 1991.
1990: World Resources Institute
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Table 18. Sub-Saharan Africa: forest area and deforestation

Deforestation, 1980s

Country Forest and Thousand Reforeatation,
Woodland 1980 Percent per hectares per 1980s (thousand

(thousand year year hectares per
hectares) year)

Sub-Saharan Africa 678,900 0.6 3,764 229

Angola 53,600 0.2 94 4
Benin 3,867 1.7 67 0
Botswana 32,560 0.1 20
Burkina Faso 4,735 1.7 80 3
Burundi 41 2.7 1 3
Carneroon 22,300 0.8 190 2
Cape Verde .. .. .. 0
Central African Rep. 35,890 0.2 55
Chad 13,500 0.6 80 0
Comoros 16 3.1 1 0
Congo .. 0.1 22 0
Cote d'lvoire 9,834 5.2 510 8
Djibouti 106
Equatorial Guinea 1,295 0.2 3
Ethiopia 27,150 0.3 88 13
Gabon 20,575 0.1 15 1
Gambia, The 215 2.4 5 0
Ghana 8,693 0.8 72 3
Guinea 10,650 0.8 86 0
Guinea-Bissau 2,105 2.7 57 0
Kenya 2,360 1.7 39 13
Lesotho .- .. .. 0
Liberia 2,040 2.3 46 3
Madagascar 13,200 1.2 156 IS
Malawi 4,271 3.5 150 1
Mali 7,250 0.5 36 1
Mauritania 554 2.4 13 0
Mauritius 3 3.3 0 0
Mozambique 15,435 0.8 120 67 5
Niger 2,550 2.6 400 5 3
Nigeria 14,750 2.7 .. 32
Rwanda 230 2.3 50 4
Sao Tome and Principe ..
Senegal 11,045 0.5 6 4
SeycheUes .. .. 14
Sierra Leone 2,055 0.3 504 0
Somalia 9,050 0.1 0 2
Sudan 47,650 1.1 130 12 17
Swaziland 74 ,. 50 7
Tanzania 42,040 0.3 370 70 11
Togo 1,684 0.7 80 1
Uganda 6,015 0.8 2
ZaTre 177,590 0.2 1
Zambia 29,510 0.2 3
Zirnbabwe 19,820 0.4 6

Source: World Rerources Inadtute; Drft data from African Indicator Project; March 1991,
Table 13 deforeaion and reforeatation.
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Table 19. Sub-Sabaran Africa: fuelwood supply and demand

Fuelwood supply demand balance
(mili;on cubic meters)

Country 1980 2000

Sub-Sabaras A'rita

Angola
Benin 17.6 8.9
Botswana 25.6 23.9
Burkina Faso -2.6 -11.2
Burundi -3.2 -7.0
Cameroon 72.6 59.6
Cape Vcrde
Central African Rep. 111.5 105.6
Chad -1.2 -9.8
Comoros
Congo 46.4 43.2
Coto d'Ivoire 43.9 14.4
Djibouti
Equatorial Guinea 4.6 4.0
Ethiopia 4.4 -30.8
Gabon 42.8 40.9
Gambia, The -0.6 -1.5
Ghana 29.3 13.8
Guinea 38.6 29.6
Guinea-Bissau 4.8 1.1
Kenya -4.5 -58.4
Lesotho
Liberia 11.1 -4.4
Madagascar 5.2 4.4
Malawi -3.1 -13.1
Mali 0.4 -5.0
Mauritania 3.8 3.8
Mauritius
Mozambique 16.8 0.3
Niger -0.9 -5.5
Nigeria 57.5 -89.6
Rwanda -5.5 -16.0
Sao Tome and Principe
Senegal 0.3 -4.4
Seychelles
Sierra Leone 5.0 -1.5
Somalia 11.1 6.5
Sudan 6.1 -39.5
Swaziland -0.5 -1.3
Tanzania -5.1 -74.0
Togo 10.3 13.1
Uganda -18.7 -57.3
Zaire 388.2 327.9
Zambia 15.2 5.4
Zimbabwe 2.8 -12.2

l/ Fuelwood supply-demand balance derted as increa in stock of fuelwood in the year
minus total utilization of fuelwood in that yea.

Source :FAO
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Table 20. Sub-Saharan Afria: wildlife habitat loss In afrotropkcul nations, 1986

Original wildlife Amount
habitat remaining
1000 (squar Loss

(squsae kilometers) 1000 (percent)
Country lilometrs

Angola 1,246.7 760.9 39
Benin 115.8 46.3 60
Botswana 585.4 257.6 56
Burkina Faso 273.S 54.8 80
Burundi 25.7 3.6 86
Cameroon 469.4 192.4 59
Central African Rep. 623.0 274.1 56
Chad 720.8 173.0 76
Congo 342.0 174.4 49
Cote d'lvore 318.0 66.8 79
Djibouti 21.8 11.1 49
Equatorial Guinea 26.0 12.8 51
Ethiopia 1,101.8 10.3 70
Gabon 267.0 173.6 35
Gambia, The 11.3 1.2 89
Ghana 230.0 46.0 80
Guinea 245.9 73.8 70
Guinea-Bissau 36.1 8.0 78
Kenya 569.5 296.1 48
Lesotho 30.4 9.8 68
Liberia 111.4 14.4 87
Madagascar 595.2 148.9 75
Malawi 94.1 40.4 57
Mali 754.1 158.3 79
Mauritania 388.6 73.9 81
Mozambique 783.2 36.8 57
Niger 566.6 127.9 77
Nigeria 919.8 230.0 75
Rwanda 25.1 3.2 87
Senegal 196.2 35.3 82
Sierra Leone 71.7 10.8 85
Somalia 637.7 376.2 41
Sudan 1,703.0 S11.0 70
Swaziland 17.4 7.7 56
Tanzania 886.2 505.1 43
Togo 56.0 19.0 66
Uganda 193.7 42.7 78
Zaire 2,335.9 1,051.1 55
Zambia 752.6 534.3 29
Zimbabwe 390.2 171.7 56

Total 18,737.4 6,765.3 64

Namibia 823.2 444.5 46
South Africa 1,236.5 531.7 57

Notc: Habitat is a place or type of site where a plant or animal naturally or normally lives and grows. The Afrotropical
realm is defined as all of the continent south of the Sahar Desert, including the island of Madagascar. Therefore, data for
Mauritania, Mali, Niger, Chad, and Sudan cover only pazu of these countries. Comoros, Seychelles, Sao Tome and
Prncipe, Mauritius, Rodrigues, Reunion, and the exteme southeastern corner of Egypt are not included.

Source: World Resource Iutitute and Intratioral Institute for Environment and Development (in collaboration with UN
Environment Programme), World Resources 1988-89, 1988.
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Table 21: Sub%Shara Afrki: droughts

(SIGNIFICANT RAINFALL SHORTAGE AT END OF
PERIOD: D)

1979/80 198418 198/90

Angola - - -
Benin -
Botuwana - D
Burkina Faso - D
Burundi - D
Cameroon
Cape Verde - D
CAR - D -
Chad - D
Congo
Cote d'lvoire
Eq. Guinea
Ethiopia D D D
Gabon
The Gambia - D
Ghana - D
Guinea -

Guinea-Bissau
Kenya - D
Lesotho - - -
Liberia -
Madagascar -
Malawi D
Mali - D
Mauritania - D
Mauritius
Mozambique
Namibia -
Niger - D D
Nigeria -
Rwanda - D
Sao Tome & Principe -
Senegal D D
Sierra Leone
Somalia
Sudan - D D
Swaziland - . -
Tanzania - D
Togo - - -
Uganda
Zaire
Zambia - D
Zimbabwe D

Source: UNDP, World Bank, African Development Indicators, 1992.
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Table 22. Sl erosdon in sted countrin of Sub-Saha Africa, 197046

Amount of
Amount of ersion

Afeted aa s erosion (metic tons
Location p rcentag of (metic tons per hecam Year of

(and extnt) Nations a per year) per year) eatnae

Burdna Fao Centrl plteau NA NA 5-35 1970r

Ethiopia a) Total Cropland (12 million ha) 10 500 million 42 1966

b) Centrl highland pltu
(47 million ha) 43 1.6 million 0.03 1970.

Kenya Njemps Flats NA NA 138 mid-1980s

Tugpn Plteau NA NA 72 md-1980.

Lesotho Grazing and croplands (2.7 million ha) 8S 18.5 million 7 NA

Madagascar a) Mostly cropland (45.9 milLion ha) 79 NA 25-250 1970s

b) Hig centrl plteau NA 12-40 million 25-250 1980.

Niger Small watenhed (11.700 ha) 0.01 468,000 40 NA

Nigeia A) Imo Stae (900,000 ha) 1 13 million 14.4 1974

b) Jos Plateau NA 6 million NA 1975

c) Anemoa NA 10-IS million NA 1975

Zimbabwe Area with modermt to sevene eosion 0.8 1S million S0 1979
(304,000 ha)

NA indkit not vailable.

Source: World Rmources lstitut and Inteatioal lnstit for the Environimt and Conervation.
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Table 23. Exteot of soil dqradatiou'ia umjr retios of the world, early 1980s

Total Poductive dryland types

productive drylands Rangelands Rainied croplands rrigted lands

Area Area AMe AMe
(million Percent (m(iion Prc (Milion Permcnt (million Percent
hecares) degrmded hectarea) degrded hectars degraded heces) degie

Totl 3,2U7 87 2,5S6 62 570 60 131 30

SudawoSahelian Afica 473 88 380 90 90 S0 3 30
Southem Africa 304 g0 250 80 52 S0 2 30
Mcditerm n Africa lOt 83 80 aS 20 75 1 40
Wetmn Asia 142 82 116 85 18 S5 8 40
Southern Asia' 359 70 150 as 150 70 S9 35
USSRin Asia 298 S5 2S0 60 40 30 8 25
Chin snd Mongolia 31S 69 300 70 5 60 10 30
Austrlla 491 23 450 22 39 30 2 19
Medikemnn Europe 76 39 30 30 40 32 6 25
South America nd Mexico 293 71 250 72 31 77 12 33
NonhAmeria 405 40 300 42 S 5 39 20 20

Sac ns u Nasa EavmmnPotamTe_ ~m~. duaiihc wi , hs_ h_ whdndh whh etm deids whih a c,ama
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Table 24. Results of financial and economic analyses of various land resource management technologies
(Nigeria land resources management study)

Annual Financial av4aoivsiuts Economic anaois mutts Coner-
yield decline vation

Yield dase case' Degraded cae Sae casfe fraded case enefin as
increment Without With % of totw

Problem(s) benefit' proect project IRR IOR IRR IRR benefits'
Zone/technoogy addressed (percent) (percent) (percent) (percent) 6:Cratio pwcent) 8:Cratio (percent) B:Cratio (percent) B:Cratio (aeient)

Very hurmid zone:
Vetiver grass contour hedges Sheet erosion;

incipient gullying 5 3 1 20.5 1.20 50.0 2.53 15.7 1.37 40.4 2.91 70
Fanya Juu contour bunds Sheet erosion:

incipient gullying 5 3 1 8.5 0.77 30.6 1.68 23.1 1.91 48.2 4.06 59
Stone-faced terracing Sheet erosion6

incipient gul1ying 5 3 1 -11.1 0.37 7.5 0.76 11.5 1.16 34.4 2.42 94
Wave Bedding Gullying - - - 11.4 0.73 12.6 0.83 13.2 1.82 13.6 1.87 90
Improvd acioa ster Doeclning fertility 0 - - - 1.4S - 1.12 - 1.81 - 1.40 92
AJleycropping Declining fertilty 20 5 2 17.7 1.06 14.7 1.00 9.5 1.05 4.2 0.94 45

Sub-humid zone:
Animaltraction Decliningfertility 5 2 1 16.6 1.06 24.2 1.39 14.2 1.34 22.0 1.79 17
Fodder banks Declining fertility 40 2 - 25.3 1.33 23.7 1.27 10.6 1.07 5.8 0.97 11
Grazing reserveimprovement Overgrazing 33 2 - 7.9 0.80 23.5 1.25 -0.2 0.68 8.3 1.04 100

Plateau zone:
Community woodlots Woodland

degradation - - - 14.5 0.95 - - 8.0 1.06 8.5 1.11 76

Dry sub-humid zone:
Tree shdterbelts Wind erosion 20 2 1 11.5 0.75 18.7 1.31 7.6 1.01 11.6 1.39 75
Vetiwvehedgeshelterbets Windrerosion 10 2 1 29.8 1.32 71.6 2.14 11.0 1.10 38.0 1.92 77
Farm lorestry Wind eroson;

declining fertility:
woodland
degradation 10 2 1 15.0 1.00 16.6 0.12 12.5 1.67 14.2 1.96 S

Private woodlots Woodland
deradation - - - 10.5 0.65 - - 4.5 0.76 4.9 0.79 76

Indigenous rock bunds Sheet erosion:
incipient gutlying 25 2 1 24.2 1.17 66.6 1.84 64.8 2.09 165.2 3.04 57
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a. Yield increment benefits were based on the following

Vetiver grass contour hedges Wiggins (1981) in an analysis of similar slopes and rainfall conditions in El Salvador
Fanya Juu contour bunds allowed for a 1% yield increment to accoUnt for retention of fertilizer and seeds once
Stone-faced terracing project is in place; a somewhat higher figure was judged appropnate for southeastern

Nigeria.

Improved acioa system No yield increment is assumed as the improved system is meant to produce an extra
crop one year in four

Alley cropping IITA studies over the years have demonstrated yield improvements for maize in excess
of 40% under alley cropping (Ngambelu and Wilson, 1984; Ngambeki, 1985). For
cassava under southeastern Nigerian conditions. Kang et al. (1989) report yields of I S
to 20 t/ha on alley farmed areas compared to 14 t/ha on traditional plots with no
fertilizer Alley farm yields vary according to whether prunings are or are not applied
with or without fertilizer, and depending on the tree species planted in the
hedgerows. Because of the early stage of reserach, a conservative 20% yield gain was
assumed

Animal traction There is considerable debate concerning yield gains under animal traction. Pingali et
al. (1987) review a large number of studies and conclude the yield impact is minimal.
especially when observing an individual farmer converting to animal traction from the
hoe without an improvement in the quality of tillage. As a result, only a minimal yield
improvement of 5% was assumed here.

Fodder bank ILCA researchers have demonstrated large yield gains for maize planted in rotation
with stylo-based fodder banks. Mohamed Saleem et al. (1985) report a doubling of
yields on fodder banks compared to yields on lands fallowed for many years. Tarawali
et al. (11987) report an 85% increase for test plots in the sub-humid zone. A
conservative figure of 40% was assumed here.

Grazing reserve Bincan (1988) assumes that a program of grazing reserve improvements could raise
carrying capacity from one TW per 8 ha to one per 6 ha, for an increase of 33%; this
assumption is adopted here.

Tree sheterbelt Yield increments are taken from Anderson (1987), who extensively reviews the
Vetiver hedge shelterbett literature on shelterbelt effects Since vetiver hedges have not been studied greatly, a
Farm forestry conservative figure of 10% was adopted

Indigenous rock bunds OXFAM's project in Burkina Faso demonstrated yield gains from 9%h to 40%.
depending on rainfall conditions (Younger and Bonkoungou, 1989). For Nigeria. a
figure of 2 5% was assumed, but rainfall conditions will be important in determining
ultimate yield benefits.

b. Annual yield decline figures were derived as follows:

Vetiver grass contour hedges Using soil loss-yield relationships developed by al (1987) for a 15% slope in southern
Fanya Juu contour bunds Nigeria, yield loss per year would be 3.5% (assuming a beta value of 0 04 to account
Stone-faced terracing for cassava being relatively tolerant of soil loss); on a 5% slope (lo imitate project

conditions), yield loss per year would be approximately I %.

Alley cropping Higging and Antoine (in preparation) report mnaize and yam yield reductions of about
SO% over I S years and 6 years, respectively, in southern Nigeria on continuously
cropped fields Cassava's yield decline is slower than yam, with 5% selected as an
arbitrary figure.

Animal traction Based on Higging and Antoine (maize yield decline), but since some fallowing is
assumed to exist, the yield decline without the improvement is taken as somewhat
lower Manuring and better ridging is assumed to reduce annual yield decline by one
half under animal traction, while yield decline is assumed to be fully arrested with
fodder banks.

Grazing reserve An arbitrary decline of 2% per year under existing conditions is assumed.

Tree sheiterbelt Annual decline without improvement is taken from Anderson (1987), but an
Vetiver hedge sheiterbelt allowance of some continued decline (1% per year) is made here, although not
Farm forestry by Anderson.

Indigenous rock bunds Figures used are arbitrary and are meant to take account of declining fertility due to
shortened fallows and to wind erosion, as well as sheet erosion effects

C. Assumes average yields. cropping intensity and yield declines as indicated.
d. Assumes yields at 75% of average, cropping intensity doubled and yield decline at 50% of above indicated value
(except wave bedding, where no yield loss is considered, and alley cropping, where intensity is already 100%).
e. Measured as the value of the potential food imports displaced by yield benefits plus fuelwood benefit Wtotal
benefits.

Source: Nigeria: Land Resources Management Study (Volume 11l, Annex 7), FAOiWorld Bank Cooperative
Programme. Rome, 4 April, 1991
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