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Foreword

Over the past thirty years, most of Sub-Saharan Africa has seen rapid
population growth, poor agricultural performance, and increasing en-
vironmental degradation. Why do these problems seem so intractable?
Are they connected? Do they reinforce each other? If so, what are the
critical links? Reversing the Spiral tests the hypothesis that these phenom-
ena are strongly interrelated. The finding- that this nexus is very much
at work in Sub-Saharan Africa - tells us that the design of development
efforts must come to reflect this reality.

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.
Traditional systems and practices, well suited to people's survival needs
when population densities were low, were able to evolve in response to
slowpopulation growth. Butwith the acceleration of population growth
in the 1950s, traditional ways came under increasing strain resulting in
the triad of problems addressed here.

Solutions are complex. Effective responses have notbeen forthcoming
from international and donor communities, except on a very limited
scale in a few places. This study assesses successful and failed intervent-
tions. With that base it recommends concrete and implementable strat-
egies to intensify agriculture, increase demand for smaller families,
reform land tenure practices, conserve the environrment, and address the
special problems of women. An important message is the need for
Africans themselves to lead the process and for empowered farmers to
manage their own development

Understanding that the major African dilemma described in this book
resulted from a nexus of problems enables a nexus of solutions. The hope
isthatthe message of ReversingtheSpiral-bystimiuatingand informing
policies and investments of governments, NGos, and donors and by
engaging African leadership- will effect the recovery of food security,
natural resources, and health in Africa.
. Several country-specific population, agriculture, and environment
nexus studies have been initiated to deepen this work and are referred
to in thiisbook The Supplement to ReversingtheSpiral,a detailedstatistical

ix
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analysis supporting the argument of the book, has been published as a
companion to this volume. Inputs to the study came from World Bank
staff, the FAO, the Caisse Franqaise de D5veloppement, the French
govemment's Ministry of Cooperation, USAID, the Swedish Interna-
tional Development Authority, the German Kfw, the British ODA, IFPRI,
SPAAR, the World Wildlife Fund, the World Resources Institute, the
Global Coalition for Africa, and a large number of African officials and
academics.

E. V. K. Jaycox
Vice President, Africa Region

The World Bank
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Introduction

Over tie past thirty years, most of Sub-Saharan Africa (SSA) has expei-
enced very rapid population growt,, sluggih agricultural growth, and
severe environmental degradation. Inceasig concem over these vex-
ing problems and the apparent failure of past efforts to revers these
trends led the authors to take a fresh look at the available research
findings and operational experence. The objective was not to compile
and address all of the agriculturl, environmental, and demographic
issues facing Africa or simply to juxtapose these three sets of problems.
It was to gain abetter understandingof theimderlyingcauses and to test
the hypothesis that these three phenomena are interlinked in a strongly
synergistic and mutually reinforcing manner.

The need to survive-individuallyand asaspecies-affectshuman
fertility decisions. It also determines peoples interactions with their
environment, because they derive their livelihood and ensure their
survival from the natural resources available and accessible to them.
Rural livelihood syems inSAare esstially ag lural, and agricul-
tuie is the main link between people and their environment Through
agricultural activities people seek to husband the available soil, water,
and biological resources so as to "harvest" a livelihood for themselves.
Such harvesting should be limited to the yield sustanable from the
available stock ofresources inperpetuitysoas to ensurehuman survival
over successive generations. Improvements in technology can incease
the sustainable yields or reduce the resource stock required. Population
growth should thus be matched or surpassed by productivity increases
so as to safeguard the dynamic equilbrium between the stock of re-
sources and the human population depending on it for survival Over
the past thirty years, this has not been the case in most of Sub-Saharan
Africa.

This study's findings confirm the hypothesis of strong synergies and
causality chains linking rapid population growth, degradation of the

1



2 REVERSING THE SPIRAL

envumonmental resource base, and poor agricultural production perfor-
mance. Traditional African crop and livestock production methods,
traditional methods of obtaining woodfuels and building materials,
traditional land tenure systems and land use arrangements, and tradi-
tional gender roles in rural production and household maintenance
systems were well suited to survival needs on a fragile environmental
resource endowment when population densities were low and popula-
tions growing slowly. But the persistence of these traditional arrange-
ments and practices, under severe stress from rapid population growth
in the past thrty to forty years, is causing severe degradation of natural
resources which, in tum, contributes further to agricultural stagnation.

Rapidpopulationgrowthis the principal factorthathas triggered and
continues to stimulate the downward spirad in environmental resource
degradation,contributing to agriculturalstagnationand, intu, imped-
ing the onset of the demographic transition. The traditional land use,
agricultural production, wood harvesting, and gender-specific labor
allocatiom practices have not evolved and adapted rapidly enough on
most of the continent to the dramatically intensifying pressure of more
people on finite stocks of natural resources.

Many other factors also have a detrimental impact on agriculture and
theenvironmentTheseindudecivllwars,poorruralinfrastructure,lack
of private investment in agricultural marketing and processing, and
ineffective agultl support serices. Inapproprate prce, exchange
rate, and fiscaipoliciespursuedbymanygovernmentshavereduLcedthe
profitability and increased the risk of market-oriented agriculture, pre-
vented significant gains in agrculturl productivity, and contributed to
the persistence of rural poverty.

A necessary condition for overcoming the problems of agricultural
stagnation and envirounental degradationwll be, therefore, appropn-
ate policy improvemerts along the lines suggested in the 1989 World
Barnk report on Sub-Saharan Africa's longer-term development pros-
pects (World Bank 1989d). These policy changes will be instrumental in
making intensive and market-oriented agrculture profitable - thus
facilitating tihe economic growth in rural areas necessary to create an
economic surplus usable for environmental resource conservation and
to provide the economic basis for the demographic transition to lower
population fertilty rates. That this can occur has been demonstrated m
a few places in Africa that pursued good economic and agricultural
policy, invested in agriculture and natural resource conservation, and
provided complementary supporting services to the rural population.
This study provides evidence forboth the causes of the problem and its
solution.
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The Three Basic Concerns

Population Growth

Sub-Saharan Africa lags behind other regions in its demographic transi-
tion. The total fertility rate (TrR) - 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 twenty-five 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 forty-tree years in 1965 to
fifty-one years at present, population growth has accelerated from an
average of 2.7 percent per annum for 1965-1980 to about 3.0 percent per
year at present Recent surveys appear to signal, however, that several
countries-notably, BotsWana, Kenya, and Zimbabwe-are ata critical
demographic turning point This study discusses the factors that have
contributed to the beginning of the demographic transition in these
countries.

Agricultural Perjormance

Agriculturl production in Sub-Saharan Africa increased at about 2.0
percent per annum between 1965 and 1980 and at about 1.8 percent
annually during the 1980s (Table A-9). Average per capita food produc-
tion has declined in many counties, 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 ianwhat teyneed-has beenwidening.
The average African consumes only about 87 percent of the cal'vies
needed for a healthy and productive life (Table A-10). But as with
population growth, a few African countries are doing much better, with
agicultural growth rates in the 3.0 to 4.5 percent per annum range in
recent years (Nigeria, Botswana, Kenya, Tanzania, Burldna Faso, and
Benin). The policies of these countries help show the way forward.

Enrironmental Degrdation

Sub-Saharan Afdca's forest cover, estimated at 679 million ha in 1980,
has been diminishing at a rate of about 2.9 million ha per annum, and
the rate of deforestation has been increasing (Table A-19). As much as
half of SSA's farmland is affected by soil degradation and erosion, and
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up to 80 percentofitspasture and range areas showsigns ofdegradation.
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 ramifall and hydrolog-
ical systems. The widespread destruction of vegetative cover has been a
major factor in prolonging the period of below long-term average rain-
fal in the Sahe in the l970s and 1980s. It also is a major cause of the rapid
increase in the accumulation of carbon dioxide (C02) and nitrous oxide
(N2O), two greenhouse gases, in the atmosphere.Massivebiomassbun-
ing in Sub-Saharan Afica (savanna buning and slash-and-bum farm-
ing) contrbutes vast quantities of CO2 and other trace gases to the global
atmosphere. Add deposition is higher in the Congo Basin and in C6te
d'Ivoire than in the Amazon or in the eastem Urnted States and is largely
caused by direct emissions from biomass burning and by subsequent
photcchemical reactions in the resulting smoke and gas plumes. Tropi-
cal forests are considerably more sensitive than temperate forests to
foliar damage from acid rain. Soil fertility is reduced through progres-
sive acidification. Add deposition also poses a serious risk to amphibi-
ansandinsectsthathaveaquaticlifecyclestages;theriskextendsfurther
to plants that depend on such insects for pollination.

Unlike the situation of population growth and agriculture, there are
few environmental succes stories in Africa, although there remainlarge
parts of Central Africa that are little touched. In looking dosely, how-
ever, places can be found, such as Machakos District in Kenya, where
environmental improvements have occurred along with rapidly ex-
pandingpopulatiorLGoodagriculturland economicpolicy,andinvest-
ment in social services and infasucture are found to be the crtical
ingredients to such success (English and others 1993; Tffen and others
1994). These positive experiences form tfhe empirical basis for an action
program to overcome the downward spiral elsewhere, which is dis-
cussedbelow.

Key Elements of the 'Nexus"

Shzfting Cultivation and Trans!hmWlt Pastoraism

Shifting or long-faIlow cultivation and transhumant pastoralism have
been appropriate under conditions of slow population growth, abun-
dant land, limited capital, and linited technical know-how. The ecolog-
ical and economic systems were in equilibriuim 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
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growth and decay. For field croppin& this typically involved farming a
piece of land for two to four years, then leaving it fallow for as long as
fifteen to twenty-fi ve years. Herders' mobility generally involved a far
greatter geographic range, but a far shorter temporal cyyde, dictated by
the seasonal availability of water and forage.

As long as land was abundant, more land could be gradually brought
into the farming cycle to accommodate the slowly growing populations.
Where populaton density increased slowly, the traditional extensive
agricultural production systems gradually evolved into more izeensive,
and eventually permanent, systems which induded soil conservation,
fertility management, various forms of agroforestry, and the integration
of livestockinto farmingsystms.Thishashappened,forinstance, in the
Eastern African highlands, in Rwanda, and in the more densely settled
areas of norther Nigeria.

But in most of Sub-Saharan Africa the scope for further expansion of
croplandhasdrasticallynarrowed. Largeareasofforests,wetlands,river
valley bottoms, and grassland savarma have already been converted to
farmlandL This can be seen particularly in most of West Africa and in
traditionalgrazingareas of easterandsoutherAfica.C Onaverage,per
capita aable land actuaLy cultivated declned from O.5 ha per person i
1965 to slightly less than 0.3 ha/person in 1990 (Table A-18). In many
areas, rural people are increasingly compelled to remain on the same
parcel of land, yet they cotinue to use their traditional production
technques. Soil fertility and structure deteiorate 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 fanrmer and the associated soil degradation have greatly outpaced
the countervailing innovation and adjustment by farmers. When farm-
ing is no longer viable, people migrate to establish new farms on land
previously not used for fming - in semiarid areas and in tropical
forests where soil and climatic conditions are poorly suited to annual
cropping- Mgrants bring with them the knowledge of only those farm-
irig techniques they practiced in the areas they left, and these are often
detrimental to their new environmaent

In some countries, land continues to be more abundant in relation to
currentpopulation. But in some of these land-abundant countries, much
of the land is under tropical forests which need to be preserved. In most
of Africa, rapid population growth is pushing settlers to extend fanning
and grazing into areas that are agroecologically unsuited to these forms
of land use.

One of the conditions that stimulated Asian armers to adopt "green
revolution" tehinology - the abundance of labor relative to cultivable
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land- is increasingly emerging in parts of SSA (see, for uistance, Pingali
and others 1987, Lele and Stone 1989). But institutions and individuals
have not been able to adapt quickly enough in the face of very rapid
population growth. Slow technological innovationbecause of ineffective
agricultural research and extension systems is only part of the reasorL
The poor transport infrastructure throughout most of SSA severely
blunts farmers' incentives to switch from subsistence to market produc-
tion and from extesive to intensive faming. Inappropriate agricultural
marketing and pricing as well as fiscal and exchange rate policies have
reduced the profitability of market-oriented agriculture, prevented sig-
nificant gains in agricultural productivity, and contributed to the persis-
tence of rural poverty. Poorly conceived and implemented agricu
prcjects have not helped. The lack of agriculhural intensification in most
of Africa has meant that expanding rural populations must depend on
inaeasing the cropped area, to the detriment in many cases of nahtra
resource sustainability.

WomenWs Time and Their Role in Agriculture and Rural Production Systems

The widespread prevalence of gender-specific (gender-sequential
and/or gender-segregated) roles and responsibilities in nrral produc-
tion systems may be a major factor contnrbuting to agriculturl stagna-

-tion and environmental degradation and even to the persistence of high
fertilityrates. Inmanyareas, womenhave pmaryor soleresponsibility
for food crop production, and they usually manage separate fields for
this purpose. Women also tend to have significant obligations concern-
inglabor to be performed on men's fields and with postharvest process-
ingactivities.

Given women's triple roles - child bearing/rearing, family and
household maintenance, and production/income-eaning activities -
the pressures on their time continue to intensify. With increasing defor-
estation,combinedwithgrowingpopulations requiringmorefuelwood,
fuelwood has become scarcer. Women must walk farther to fetch it -
orreducethenumberofhotmealsprepared. Increasingpopulationsput
greater pressure on available water resources, while environmental
degradation reduces the availability and acessibility of water. Women
must walk farther to fetch water, and get their daughters to help them.
Throughout much of rumral Sub-Saharan Africa, women also are the
primary: jeans of porterage. In the absence of adequate rral transport
infrastructure and of means of transport other than human porterage,
women spend substantial time headloading not only water and fuel-
wood, but farm produce and other commodities to and from their
home&
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As growing numbers of men leave the farms to work in towns and
cties, women are increasingly ting on primary responsibility for farm
operations - while their recourse to adult male labor is diminisliing.
About 70 percent of Congo's firms are today managed by women, for
example, and in Ghana more farmers are women than men. Moreover,
the expansion of higher-input cash cropping under male control tends
toincreasedemandsonfemalelaborfortraditionalfemaleactivitiessuch
as weeding and harvesting. In Zambia, women in farm households
headed by males contribute more hours daily than men to farm work
(8.5 hours versus 7.4 hours) and nonagricultural tasks (5 hours versus
1.1 hours). At the same time, women are traditionally confronted with
severe restrictions on access to land and capitaL These restrictive
attitudes persist and today are reflected in limited access to extension
advice; to productive land; to institutional credit; and to inproved
production, processin& and tansport techriology. In Botswana, a 1984
study found women contributing almost 70 percent of the value of crop
production, but receiving the benefit of less than 15 percent of national
agricultural outlays. These constaints, combined with intensifying
pressures on women's time, severely impede productivity im-
provements and intensification of women's farming operations. Most
women farmers have little choice but to continue practicng traditional
low-input, low-productivity farming which, with sharply shortened
fallow periods, is neither environmentally sustable nor viable in
terms of longer-term agricultural productivity. The severe pressure on
women's time also retards progress in cash crop production controlled
by men that depends on significant female labor ipuat at critical times

Te heavy pressure on women's time also has implications for infant
and child welfare and, hence, infant and child mortality - with signifi-
cant repercussions on fertility aspirations and attitudes toward family
planning~ More contentious is the hypothesis that tie multiple work
burdens and the heavy time pressure on women may be a contributing
causal element behind the persistent high population fertility rates.
Additional labor is often the only factor of production that women can
easily add, or are able or even compelled to add, in order to meet their
multiple and increasing production and household management re-
sponsibilities. The combination of traditional attitudes and constraints
with greatly inreasing worldoads of women may thus be part of the
explanation for the continuing extraordinarily high ferdlity rate in SSA,

now about 6.5 children per woman on average (compared to less than 4
in other developing countries).

There are, of course, many ohier factors that contibute to these high
fertility rates. Traditional attitudes that favor nrumerous offsprin& par-
ticularly sons, play an important part Polygamy and the widespread
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practice of women marrying considerably older men are both nhenom-
ena that tend to increase women's economic and social dependency on
sons and, hence, their willingness to bear many children. High infant
and child mortality rates, resulting, among other things, from poor
nutrition and poor matemal and child health care, are potent induce-
ments to maintaining high fertility rates. The r;lative importance of
these and other factors has not been established, and may never be.
Nevertheless, the severe and increasing pressure on women's time and
the significant gender-based constraints facedby women in their pursuit
of both traditional and nontraditional farming activities may be prevent-
ing;t c emergence of women's demand for fewer children and thereby
contribute to the persistence of high fertility rates.

Land Tenure Systems

Customary land tenure systems provide considerable security of tenure
on land brought into the farming cycle (learing, cropping, fallowing,
reclearing) through customary rules of community land ownership and
allocation of use rights to members of the community. Inmost cases, the
tenurial security ernoyed by members of the community is sufficient to
induce investment in land. Outsiders, or strangers (ie., nonmembers of
the community) may obtain use rights of various types, but in many
cares with considerably less long-term security. As long as populations
increased only slowly and the demand for land use rights by mnigrants
from other communities remained modest, traditional systems were
able to accommodate the emerging need to move towards de facto
permanence of land rights assigned to community members (Magrath
1989; Migot-Adholla and othes 1991).

There are, however, other aspects of traditional land tenure systems
thathavenotadjustedrapidlyenoughto changingeconomicconditions.
In most traditional systems, for instance, the individual users' ability to
transfer land use rights is subject to significant constraints - due to
customary norms and/or the absence of effective administrative and
legal mechanisms. Tree tenure arrangements are often distinctly sepa-
rate from land use rights pertaining to the cultivation of annual crops
and can result in serious conflict. Much common property land -

forests, wetlands, and range lands - has become de facto open-access
land andhas been converted to farnin& often with sigrdficant 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 cropland has created major constraints on the
mobility of herders, withnegatve iImplications for envircrmnentalinteg-
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rity. Increasing population pressure and agroenvirounmental 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.

Most govenmments and external aid agencies have mistakenly be-
lieved that traditional tenure systems provide inadequate tenurial secu-
rity and that these systems are not conducive to the introduction of
modem agricultural technology and market-oriented agriculture. They
also witnessed the erosion in customary laws and practices regulating
land use that occurred as a result of significant rur-al-rural migration,
changes in social values and customs, and ambiguities created by the
overlaying of "modem" land administration systems over tracditional
ones. In many instances, this led to the emergence of de facto open-access
systems that are not conducive to resource conservation or to private
investment in soil fertlity maintenance and land improvement

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 customaryowner-occupants. The result hasbeen reduced, ratherhian
improved, tenurial security. In most cases, this has accelerabed the
breakdown in customary land management and the creation of open-
access conditions, espedally in forest and range areas. In open-access
conditions, settlement and exploitation by anyone are permitted a-nd
environmental degradation Is invariably rapid. Where governments
allocated individual land titles - as in Kenya, Zimbabwe, and Cote
d'Ivoire-tiis generlyignoredthepriorexistenceof customarytenure
arrangements, and more often tan 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. Thlis has skewed land distribution and intensified the
exploitation of land resources for private short-term gain.

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 Ied to the appearance of concentric
rings of deforestation. Fuelwood has generally been considered a free
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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 will be no incentive to plant trees for fuel-
wood production until transport costs to urban markets become high
enough to justify periurban 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), ate more costly to obtain and not available
in open-access conditions, and are therefore not replacing woodfuels in
significant quantities.

Commercial logging has significantly contributed to deforestation.
Although directly responsible for no more thar. 20 percent of forest
destruction inSSA as a whole, it has been considerably more destructive
in some countries, such as Cbte d'Lvoire. Moreover, logging usually
leads to a second phase of forest destruction: logging roads provide
access forsettlerswhoaccelerate andexpandtheprocessof deforestation
that the loggers have begun. Logging concessions rarely take into ac-
count the traditional land and forest use rights of forest dwellers. These
rights, once eroded, are disregarded by new settlers penetrating along
the logging roads.

The degradation and destruction of forests and woodlands accelerate
soil degradation and erosion, eliminate wildlife habitat, lead to loss of
biodiversity, and have severe implications for local and regional cli-
mates and hydrological regimes. Deteriorating climatic and hydrologi-
cal conditions negatively affect agriculture. The worsening fuelwood
situation forces women and children to walk farther 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 SSA,
the economic utility of dung and c:op residues is far greater when they
are used to maintain soil fertility. People also must walk farther and/or
pay more for building materials and the many important nonwood
forest products they depend upon for medicinal purposes, home con-
sumption, and tr'tditional crafts and industries. For forest dwelling
people, forest destruction threatens not only their lifestyles and liveli-
hood systems, but their very survivaL

Population Growth Revisited: Feedback from the Nexus

Agricultural stagnation and environmental degradation probably in-
hibit the demographic transition because they retard economic develop-
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ment, which is the driving force behind this transition. The extraordi-
narily high fertility rates prevailing in Sub-Saharan Africa are the result
of many factors. The fundamental problem is low demand for smaUller
families. In many societies, becoming a parent is a precondition for
becoming a socially recognized adult Fertility enhances female and
male status, while infertility can result in severe anxiety and,particllarly
for women, can be socially and economically devastating. Such wide-
spread phenomena as polygyny and women marrying considerably
older men tend to increase women's eventual economic and social
dependence on sons and hence their willW ess to bear many children.

Infantandchildnutrition and mortality are affected byiteavailability
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, there is a negative impact on
infant and child mortality and hence a 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, there are
strong negative repercussions for their Larility preferences and their
ability to make knowledgeable decisions about family planning once
they reach childbearing age.

The preference for many children is also linked to economic consider-
ations. In many communal land tenure systems, the amount of land
allotted for fanning to a family by the community (through its head or
its chefde terre) is a function of the family's ability to clear and cultivate
land. With hired labor in most settings being rare (although labor
pooling for certain tasks is not uncommon), it is family size or, more
correctly, family labor that determines land allotment This is also true
in open-access ystems where the size of holding equals land cleared and
cultivated. This counteracts efforts to simulate demand for fewer chil-
dren. Moreover, aslongas there is (orisperceived tobe) as yetunfarmed
and unrclaimed land available, there is no incentive for individuals to
manage their land more intensively or to limit their family size so they
can bequeath a viable farm to their offpring.

Elements of an Action Plan

Thle appropriate policy response and action program to address these
problems are not easily brought into focus. Many of the most im-
mediately attractive remedies have been tried and have failed. For
example, individual land titling - intended to clarify resource owner-
ship, prevent further degradation of common property regimes into de
facto open-access situations, and improve tenurial security -has been
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tried in several countries and has been beset by significant problems.
Similarly, efforts to introduce "modernm agricultunal tecnology in the
form of higher-yielding varieties, chemical ferdlizer, and farm mechani-
zation have not metwiti 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 successful in most SSA

countries.
Enough is known already to incorporate the recommendations made

here in projects and policy. The nain actions that can be defined are as
follows:

* Promote demand for smaller families and family planning based
on cultural and agricultural/economuc incentives, raffier than sim-
ply on the supply of family planning services.

* Create farmer demand for "sustainable" agricultural technology,
partly through appropriate research and extension, partly by the
eliminaton of open-access land tenure conditions, partly by
the policy-created artificial scarcity of farmland, and necessarily
through agricultural policy reform of the kdnd identified in Sub-
Shaz Aic From Cris to Sustaiable Growth (World Bank 1989d),
which wil make farming less rsky and more profitable.

* Pursue measures necessary to create a market for fuelwood. This
will require mainly land tenure reform, extension advice on
agroforestry, and fuelwood plantations.

* Ensure tat agrservices and education serve women, in
orderto stinulatereduced demandforchildren,improvewomen's
faring practies, and reduce the work burden in water and fuel-
wood gathering. This wil save women's time for family manage-
ment and foodproduction and nonagiculturalincome-generaing
activities.

* Reduce forest and wildland degradation by land tenure reform,
agricultural intensification, inrstructure policy, migrationpolicy,
and population policy.

* Create environmental action plans to focus on agricultural and
population causes of environmental degradation.

* Formulate urbanpolicies that have links to population, agriculture,
and the environment (as safety valves for population increase and
market generators for agriculture and fuelwood products).
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* Make greater use of spatial plans incorporatins the above elements
for specific localities.

* Encourage community and individual management of im-
plementation. This is crucial and can be induced by affirming
community and individual ownership of land and water resources
and stimulated by fiscal and pricing incentives, allocation of public
funds for community initiatives, adjustment of external assistance
in support of local action, reorientation of public support services
to back local initiatives, and training of community leaders.

Several SSA countries have begun to implement various elements of
this action plan. Over twenty national environmental action plans are
under preparation. Macroeconomic and agricultural policy reforms are
underway in over half the African countries, although with mixed
success. Afewcountrieshave successfulfamilyplanningprograms, and
others are developing promising programs. Agricultural research and
extension systems are begirning to place more weight on "sustainable"
technology and responsiveness to varying farmer demand. A very few
countries have brought much of this togeffier and obtained positive
synergies between agricultural growth, environmental protection, and
reduction in fertility rates. Kenya, Uganda, Tanzania, Botswana, and
Mauritius are examples. Others, such as Ghana and Zimbabwe, are
moving in the right direction. Major deficencies remain in rural health
care and education (particularly female education), rural infrastructure,
particpation of local communities in development efforts, forest and
conservationpolyr,landtenurereform,urbanizationpollcy,andfamily
planingprgrms.

Condusions

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.
Partof the explanation appears tobe thattheseeffortshavebeenpursued
too narrowly along traditional sectoral Ines - matching established
institutional arrangements and traditional academic discplines-while
crucial cross-sectoral linkages and synergies have been ignored. At the
same time, primary emphasis in most sectoral development efforts has
generallybeen placed on the supply side, i.e., on efforts to develop and
deliver technology and services. Far more emphasis needs to be given
to promoting effective demand for environmentally benign technologies
that intensify farming, for family planning services, and for resource
conservation. The synergies inherent in the nexus provide considerabIe
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potential in this regard. Addressing these issues requres appropriate
aoss-sectoral analysis and the development of action programs that
cover the linkages and synergies among sectors. These programs should
focus on price incentives, trade and fiscal policies, public investments,
and asset ownership (such as land) as tools to promote susinable
resource management To facilitate efficient implementatior, action
should, however, be defined within single sectors.

Inanalyficalworkthatshouldprecede the formulationof actionplans
and developmental interventions, far greater attention needs to be paid
to the socal organization of production and consumption, of
decisionmalkng and resource allocation, and of access to resources and
services These systems and structures can be very complex and often
difer substantially among communites. This implies the need to use
relevant "units of analysis." Terms such as "household," the "family,"
and the "family farm" may not be appropriate if they are simply taken
to convey concepts of social and economic arrangements familiar to
twentieth-centry industrial economis. Many soceties are character-
ized by complex resource allocation and pooling arrangements for both
production and consumption purposes, based on lineage, kXiship, gen-
der, and age groups. It is imperative to be cognizant of these arrange-
ments, to analyze the impact of development interventions on
individuals in this context, and to design development efforts such that
traditional groups can implement and nge them. Gender issues are
particulalv crtical, especialy in terms of gender-specific divisions of
responsIb-ities, tasks, and budgets, as well as in terms of access to
resources, information, and markets. Interventions and inentives do
notnecessariy work in the same direction orwith the same intensity for
men and women.

Work in Progress and Follow-Up

To help answer some of the questions that remain and to adapt the
analysis to the situation of specific countries, a follow-up to this study
wasbeguninl993.Itinldudedthepreparationof"nexs studiesinC8te
d'Ivoire, Ethiopia, Malawi, N-igeia, Rwanda, and the Sahelian countries
as a group. These studies confinn the findings of the general study but
prvide evidence of variation in the way in which the various factors
interact In addition, concurrent monitoring is underway regarding the
progress of preparation and implementation of national environmental
action plans and of national population programs. The mechani for
the former is the "Club of Dublin," consisting of representatives of
African govemments and donor agencies. The institutional mechanism



INTRODUCTlON 15

for deepening the population agenda for Sub-Saharan Africa and for
monitoring its progress is the African Population Advisory Committee,
wit similar membership. It is hitended that a similar African Agricul-
tural Advisory Committee, managed by prominent Africans, will also
be established. Fnally, the donors have agreed to focus on nexus issues
as partof thedonorcoordinationeffortentidedthe"SpecialProgramfor
Aftica.`



2
Agricultural Stagnation and
Environmental Degradation

Agricultural Stagnation, Population
Growth, and Food Security

Over the past twenty-five years, agriculturalproductioninSub-Saharan
Africa roseby only about2.0 percent a year while aggregate population
growth averaged about 2.8 percent per year (Iables A-2 and A-9) 1 Per
capita food production has declined in most countries of the continent
(Table A-10). Cereal imports increased by 39 percent per year between
1974 and 1990, food aid by 7.0 percent per year. 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 them-
selves, and average iood consumption per capita decined during the
1970s and 1980s in seventeen of the thirty-six SSA countries for which
data are available (Table A-10)3 In years of poor harvests the numbers
affected have been muchlarger. Severe food shortages were exceptional
in the 1960s, but are no longer so. Famines in several countries in the
1980s were graphic indications of natural calamity, as well as of civil
disruption,intheregionr Onaverage,officiallyestimatedpercapitafood
intake in Sub-Saharan Africa in the late 1980s, at 2,027 calories per day,
was below the 1965 level and signficandy lower than in other parts of
thedevelopi-ngworld.Theaverageinlndia,forexample,is2,238calories
daily per person. The average African consumes only about 87 percent
of the calories needed for a healthy and productive life.

The available data show no acceleration of aggregate agricultural
growth in the 1980s. It has, in fact, been slightly below the longer-term
average of 2.0 percent a year recorded for the past three decades (Table
AT9). (It was higher than 2.0 percent in the 1960s and much lower in the
1970s.) This poor performance is also evident in the decline of agricul-

16
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tural export earnings. Export volumes and values have dedined for
almost all SSA countries from 1980 to 1990 (Table A-13), with volume
declining at 2.7 percent per year on average. There are notable excep-
tions. Exports of tea and horticultural products from Kenya, cocoa from
C8te d'Ivoire, and cotton from several West African countries have
grown substantially in volume. But the success stories are few.

Projections, based on present trends, are disturbing. Aggregate pop-
ulation growth has accelerated to over 3.1 peroent a year (Table A-2).
Projections based on current trends in fertility and mortality rates (in-
cluding the impact of AIDS) indicate only a slight deceleration in aggre-
gate population growth through the year 2000. The total fertility, rate
(Tm) for Sub-Saharan Africa as a whole has declined only marginally
from 6.6 from in 1965 to 6.4 at present (Table A-2). By contrast, the
average TM for all the world's low-income countries declined from 6.3
hi 1965 to 4.0 in 1987. During the same period, the crude death rate in
Sub-Saharan Africa fell from 23 to 16 (Table A-3). In countries with a
high incidence of :'xrs, death rates will rise, but nowhere is population
growth expected to fall below 2 percent per annum by the year 2000,
even under worst case Abr- scenarios currently considered plausible?
UnIess effortstoreducemFRssucceed (ormorftlityratesrse dramatically
due to currently unanticipated AIDS developments), population growth
rates will dedine very lttle.

Table 6.1 (p. 99) shows the implications of these trends for Sub-
Saharan Africa's future food gap. In 1990, Sub-Saharan Africa's 474
million people produced about 90 million metric tons of maize equiva-
lent 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-SaharanAfrica'spopulationwilltotal aboutl,184milion and
its food productionwil reach about 163 mnllion tons of maize equivalent
in 2020. Even with no change in average per capita consumption, aggre-
gate requirements will be about 250 miion tons. The 87 million ton food
gap would be almost nine 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 million and 7 nillion tons of cereals
per year in the 1980s and could not conceivably inaease sufficiently to
fill this gap. Without significant per capita growth in agricultural pro-
duction it is difficult to imagine sufficient overall economic growth that
would generate the resources needed to finance food imports of this
magnitude - or, for that matter, to maintain educational and health
services and ifrastructure facilities.

These disturbing trends will notcontinue indefinitely. What is at issue
is how they will eventuially be overcome. Will the strong synergies and
the dynamics of these trends lead to human and environmental degra-
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dation and ultimately to widespread starvation? Or will these trends be
overcome trough voluntary, but determined, action to reduce popula-
tion growth and promote sustainable agricultural development and
growth?

Tne Deteriorating Natural Resource Base
and Ecological Environment

Much of Sub-Saharan Africa's nahtral resource base and ecological
environment is deteriorating, If present trends continue, this deteriora-
tion will accelerate. The mostpressing problem is the high rate of loss of
vegetativecover-mainly theresultof deforestationandthe conversion
of savanna to cropland -which in tur leads to loss of soil ferdlity and
soil erosion. Global and regional climatic changes and 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 dlimatic changes.

Deforestation

In much of Sub-Saharan Africa, deforestation is amajor problem-with
significant locai, national, and global consequences. Forests provide a
multitude of products and serve many.functions, induding 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 646 million hectres
of forests andwoodlands inSub-Saharan Africa. A 1980 FAO/UNEPstuldy
estimated that 3.7 million hectares of tropical Africa's forests and open
woodlands were being cleared each year by farmers and loggers (Lanly
1982). More recent estimates suggest that dose to 2.9 million hectares
were lost each year during the 198Os (Table A-19), mainly through
conversion to farm land,but therate of deforestationmaybeaccelerating
as the aggregate area still under forests continues to shrink Reforesta-
tion during the 1980s amounted to 133,000 hectares per year, only about
5 percent of the area lost each year to deforestation (Table A-19).

Aggregate data obviously obscure important differences among re-
gions and countries. Deforestation has been particularly rapid in West
Afica, with East Africa and southem Africa also sufferng substantial
losses in forest cover. Large tracts of tropical forest still remain, espe-
cially in Zaire, Gabon, Congo, the Central African Republic, and Cam-
eroon. It would take many years for Central Africa's forests to be
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completely destroyed, but the process has started. In most of East Africa
and southern Africa, as well as in the West African coastal countries, the
process is far advanced.

Degradation and destruction of forests have a severe impact on wild-
life habitat and biodiversity, with potentially irreversile losses of ani-
mal and plant life. The World Conservation Union (ruCN) and the World
Resources Enstitute (WRY) estimate tat 64 percent of original wildlife
habitat in Sub-Saharan Africa has already been lost (Table A-22). The
main causes are deforestation, conversion of wfldlands to agricultural
uses, and other human activity. Excessive harvesting, poaching, and
iLegal trade also take a heavy toll on many species. Degradation of
tropical moist forests has a particularly negative impact on biodiversity
by destroying plant and animal life that may exist nowhere else in the
world.

As forests and woodlands are destroyed, people must walk farther or
pay more for fuelwood, construction materials, and other forest prod-
ucts. Woodfuels are the staple source of household energy in Africa, and
many agroprocessing and rural artsanal and semi-industial activities
also use woodfuels.4 Fuelwood defiits are severe in the Sahel in the
savarma regions of West, Central and East Africa and in the arid areas
of southern Africa (Table A-21). They impose particular hardships on

Box 2-1 The Threat to African Wldlife

The World Resources Institute (w) has compiled estimates of the number
of thueatened species in Afia (win 1992304-309). Examples include the
followmng (see also Tables A-23 and A-24):

* Eighteen of the 226 known speciks of mammals in C6te dIvoire are
threatened with exinction, and seventy of the 3,660 known plant
species are rare and threatened;

* ZafrehasthemostknownspeciesofmammalsinAfrica,andtwenty-
two of these 409 are threatened;

* Ffy-tree of Madagakars O5 knowamammal speces and twenty-
eight ofits 250 known species of birds are threatened;

* In Chad, eighteen of the 131 known speces of mammals are threat-
ened;

* In Kenya, fifteen of the 314 known mammal speies are threatened,
and 144 of the 6,500 known species of plants are rare and threatened;
and

* Of SouthAfrica's roughly 23,000 plantspecies, 1,145 arelisted as rare
and threatened.
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women who are usually responsible for household fuel provision. As
fuetwood 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 fertlity.

The loss of future wood for the forest industry wil be another import-
ant cost of continuing deforestation. In the period 1985-1987, the six
largest African timber exporters (Cameroon, Congo, Cte d'lvoire,
Gabon, Ghana, and Laberia) exported US$500-600 million worth of
Fimber annually. Without significant afforestation, the potential for fiu-
ture export eaings willbe lost as forests disappear-

Forests also provide a wide variety of nonwood products for local
populations. Many are used particularlyby women to meet subsistence
needs or to generate cash income, and various wild plant and animal
foodsources areesperiallyimportantintimesof stress (FAO 1989; 1990a).
A recent FAO publication lists ninety-four different forest and farm tree
foods as being commonly used in West Afica (FAO 1990a:102-103);
thirty forest species are listed as being commonly used for fodder (FAO

1990a:113). Women often possess much specalized knowledge in this
regard Molnar and Schreber 1989); in Sierra Leone, women listed
tirty-one different products they gather from bushes and trees near
their vilLages (Hoskins 1989:43). Traditional medicine throughout Sub-
Saharan Africa is highly dependent on a variety of forest plantsY As
forests are degraded and destroyed, these resources are no longer avail-
able and/or accessible to the local populations.

Deforestationalso has aparticularlysevereimpat onforestdwellers,
such as the pygmies, threatening not orly their traditiona lifestyles, but
their very survival (Bailey, Bahuchet and Hewlett 1992; Dyson 1992;
Peterson 1992; Wnterbottom 1992).

-Box 2-2 Nonwood Forest Products Gathered by Women
in Brakna, Maurtania

Tfhe wide variety of nonwe . fmoes products utilized by wome is
lllustated by the arid region a., Brakna in Mauntania:

* Foods and IivstockfJC&e Gums, fuits, leaves and grasses, chemicals
from plants for preservingbutter, couscous seasoning, a wild grain
(aze) used as animal feed;

* Medicie, cosmetics, dyes, etc.: Medicinal plnts, henma and pods for
cosmetic purposes, incense plants;

* Utensils, handicrfts, etc. Fronds, grasses, dyes, leadter tannis, floor
mats (Smale 1985).
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Soil Degradation and Erosion

Much of Sub-Saharan Africa is highly vulnerable to soil degradation and
erosion. Such land degradation is often, more dramatically but some-
what loosely, referred to as 'desertification': the process of sustained
deterioration of the biological productivity of land. It is manifested in
such phenomena as soil erosion, soil structure deterioration, compac-
tion, reduction in organic matter and nutrient content, and salinization.
The vulnerability of much of Sub-Saharan Africa to land degradation is
due to factors such as soil characteristics, intense soil drying in the dry
seasons, severely erosive seasonal raifall in many areas, wind erosion
in drier areas, and low-resource farming with inadequate soil conserva-
-tion measures. The Soil Reference and Information Centre in
Wagenngen, Netherands, has recently published estimates of the ex-
tent and severity of land degradadon in Africa. Its data indicate that
about 321 million hectares (14A percent of the total vegetated land
surface) are moderately, severely, or extremely degraded and a furhier
174 million hectares are lightly degraded (Oldeman and others 1990)f6
Most of this is in the West African Sahelo-Sudanian Zone, in Sudan,
Ethiopia, Somalia, and Kenya, as well as in souther Africa, but parts of
many other countries (such as the northem areas of many West African
coastal countries) are also affected.

Sizeable areas used for cropping in low-rainfall regions are subject to
soil degradation and soil fertiity loss. Topsoil losses even on gently
sloping cropland have been reporied to range from 25 tons to 250 tons
per hectare annually from Niger to Madagascar and from Ethiopia to

Box 2-3 Soil Erosion and Degradationu The Data Problem

Despite their pervasiveness, the extent and impact of the degradation,
erosion, and desertification of Africa's soils are not easy to assess. Reliable
data on which to base national, regional, and confinental estimates are
scarce. Soil erosion rates are difficult to calculate, and published data on
degradationand erosionarehighlylocation-specific andoftenof doubtful
reliability,because of poormeasurement techniques. Ihey are also subject
to considerable misinterpretation, especially wheh field data are extrapo-
lated to develop aggregate estimates for entire watersheds, regions, or
counties. Moreover, mc'st research on the relationship between soil deg-
radatdonand erosionand soil productivitybasbeencarried outintemper-
ate zones (notably the United States), but there are vast differences in this
relationship throughout the world as also in the resilience of land systems
and the rate of new soil formation (Sedder 1987; Stocking 1987).
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Zimbabwe (Table A-26). These rates translate into losses of between
2 rum and 2 cm of topsoil annually. Moreover, 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 sixty years of the current century averaged about
1.4 t/ha/year; twenty to thirty years ago it was 10.5 t/ha/year; and
during the past two decades it has averaged 22A t/ha/year (Stocking
1987:56-57).

The agronomic relevance of such data is difficult to assess, however,
without information on new soil formation and total topsoil remaining.
Topsoil depth should be at least 15 cm for most annual plants, with an
additional 35 cm of subsoil beneath to provide sufficient rooting depth
(but optimalrooting depthobviously differs among crops). Intemperate
climates the natural rate of soil formation on nonagrcultural land is
aboutO[8 mmperyear, butit maybe three times this much in the humid
tropics (Seckder 1987:91); these rates are likely to be higher on well-
managed and lower on poorly managed farm land. Nevertheless, given
the poor fertility characteristics of most African soils and the prevailing
low-input famning practices, topsoil losses in the middle and upper
ranges of the magnitudes reported will cause rapid productivity
declines.

Soil erosion is usually accompanied by other aspects of soil degrada-
tion, such as deteriorating soil structure, reduced moisture retention
capadty, soil nutrient depletion, and reduction in soil fauna and flora.
A major study undertken in the late 1970s estimated that, with un-
checked soil degradation and erosion and no change in farming technol-
ogy, the productivity of land in Afica would dedline at an average rate
of 1 percent per year between 1975 and 2000 (Higgins and others
1982:23-25). In Zimbabwe, nitrogen and phosphorus losses attnbutable
to erosion on arable land were estimated to be about three times the
amount of fertilizer usedin the 1984/85 crop year; compensating for this
nutrient loss hirough fertilizer applications would have cost US$1,500
million - or US$35 per hectare of arable land (FAO 1990b).

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 tilage, and are
usually too heavy for hoe cultivation or traditional plows. Access to
more efficient agricultural technology (machinery for land preparation,
drainage to prevent waterloggin, etc.) has made it increasinglypossible
for land-hungry farmers to extend cultivation into these areas - but
with often deleterious consequences for riverine ecosystems and for
pastoralists (see below).



AGRICULTURAL STAGNATON AND ENVIRONMENTAL DEGRADATION 23

Box 2-4 Extent and Economic Cost of Soil Erosion in Mali

Soil erosion on cultivated land in Mali has been estimated to range from a
low of I t/ha/year in the arid north to a high of 31 t/ha/year in parts of
the more densely settled and intensively cultivated south of the country.
Given the enormous difficulties involved in quantifying the effect of soil
degradation and soil loss on farm productivity, the researchers had to
work with a range of values for the critical parameters that define this link.
The associated crop yield reductions were estimated to range between 2
and 10percentperyearforthecountryas awhole.Thepresentvalue (using
conservative parameters of a ten-year time horizon and a 10 percent
discount rate) of current and future net farm income forgone as a result of
one year's soil loss was estimated to fall between 4 and 16 percent of
agrcultural GOP (Bishop and Alen 1989).

Rangeland Degradation and Desertifcation

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 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
t'he same time, the extent and quality of the rangeland declined. Culti-
vators 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 theirherds were
increasingly forced to more marginal landwhichis rapidly degradedby
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 mutes during the dry
season, thus forcing tiem to remahi on degrading rangelands and
around permanent water points. Restrictions or the movement of pas-
toralists across national boundaries have had similar effects.

The issue is not simply one of too many animals relative to the
available grazing areas. Long periods of below-nonnal 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, raher 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,
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causing rapid deterioration. Desertification has tended to spread out-
ward from these areas of excessive and prolonged animal concentration.

Water Resource Depletion and Degradationi

In large parts of Sub-Saharan Africa, water is the critical limaiting
resource, not merely in terms of agricultural production, but in the
broader context of the population-agriculture-environment nexus as
such. "Accelerating water scarcity may well influence the time of popu-
lation stabilization - for example, by significantly influencing birth
rates, death rates, migration patterns, or all of these variables" (Falken-
mark 1991:81). Unfortunately, many countries do not yet have adequate
basic data to assess their water availabilityl7but 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 twenty-five years. A recent
macrolevel assessment suggests that ten countries in Sub-Saharan Africa
wil face severe water stress situations by the tum 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 Mauritani,a, Senegal, The Gambia, Burkina Faso,
Togo, Benin, Nigeria, Ethiopia, Uganda, Tanzania, and Mozambique
(Falkenmark 1991:83-85).

Rivers, streams, lakes, swamps, and coastal waters are important
resources. They provide critical economic goods and services and per-
form vital ecological functions They need. to be protected andprudently
utilized, but many are seriously affected by sedimentation, siltation,
agrochemical 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 par-
ticularly poor in this respect. The causes include soil erosion, deforesta-
tion, destruction of protective shoreline vegetation, indiscriminate
drainage, encroachment for farming, poorly conceived irrigation devel-
opment, and lack of environmental regulations and enforcement on
industrial activities. Many irrigation and hydropower schemes that
involve damming and diverting rivers have adversely affected the flora
and fauna of the downstream floodplains, the wildlife and livestock
carrying capacty of the floodplain grasslands, the extent and productiv-
ity of wetlands and riverine forests, and the productivity and sus-
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tainability of downstream fishing and of farming based on traditional
recession irrigation. Large impoundments also imply large evapo.:ation
losses. Other problems include coastal erosion, saltwater intrusion into
aquifera 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 irn-
gation schemes where water remains standing in fields and canals.

Groundwater resources have also come under pressure, especaly in
the and and semiarid regions. In some areas, groundwater reserves are
being drawn down for irrigation much faster than they can be replen-
ished. Deforestation, soi degradation and erosion, andpooron-farmsoil
and water management all increase surface runoff (causingerosion) and
reduce the amount of rainfall that infiltrates the soil and eventually
percolates into underground aquifers. Prolonged periods of below-av-
erage rainfall and unusually frequent and severe droughts hay -, of
course, greatly exacerbated this problem (Table A-25).

Drinking water in rural areas is the most pressing concemr, but water
scarcity is also a severe constraint on livestock and home garden pro-
duction in many parts of arid and semiarid Africa and even in many
subhumid regions. During the dry season, rivers, streams and springs
in many areas of Sub-Saharan Afica run dry, and women oftenhave to
go very far to obtain meager quantifies of water, which is often of very
poor quality. As groundwater tables recede due to reduced rainfall and
reduced rain infiltration into the soil and into subsurface aquifers, wells
dry up and must be dug deeper or abandoned.

Environmental Degradatiot; and Climatic Change

The consequences of environmental degradation are profound. Most
alarming is the possible negative impact on rainfall, although direct
causality is difficult to establish. Extensive meteorological monitoring
and research suggestincreasing aridity throughout the Cahel during the
1970sand1980s. Figure2-1,whichdepictsannualrainfalldeviationfrom
the 1900-1987 long-term average, is telling. It shows that the Sahel has
always experienced wide variations in annual rainfall, but also that
rainfal has been consistently and significantly below the long-tnrm
average every year from 1970 to 1987 (Jayne, Day, and Dregne 1989).
Therehavealsobeensignficantdeclinesinaverage rainfallinthe coastal
countries along the Gulf of Guinea and in eastern Africa.8

Cimatologists' hypotheses to explain rainfall decline in Sub-Saharan
Africa's drier regions include long-term climatic cycles as well as
changes in ocean surface temperatures and in wind pattems over Africa
brought on by changes in global atmospheric temperatures. The causes
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Figure 2-1 Departures in Rnfall from the Long-Term Ave uage
for the Sahel Zone, 1900-1987
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of Sahelian droughtmay stillbepoorlyunderstood,but abroad consen-
sus is emerging that they are related to large-scale patterns of atmo-
spheric circulation - specfically to the reduced northward extension
over Africa of the InterTropical Convergence Zone (rrcz), the band of
wet weather that surrounds the globe where the trade winds from the
southeem and northern hemispheres converge (Odhiambo 1991:79)-
These rrcz extensions, in turn, are affected by cyclical changes in ocean
surface temperatures.

There is inreasing agreement that land surface changes - which
include changes in albedo, evapotranspiration, soil moisture, surface
temperature and roughness, and dust generation - can prolong and
intensify Sahelian drought by reinforcing the atmospheric conditions
which initially reduce rainfall (Nicholsonl 1989:53,-!S Evidence is accu-
mulating which strongly suggests that the widespread and severe
changes inland surfacedcaracteristics inWestandCenixalAfricacaused
by human activity have disrupted the nonnal ycyle of the rr extension
over Sahelian Afica, causing the prolonged decline in rainfall from the
long-termaverage.
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Box 2-5 Is the Sahara Expanding Southward?

Satellite imagery now allows scientists to monitor the latitudinal move-
ment of the southern edges of the Sahara (and of the other North African
deserts contiguous with it), running from southem Mauritania to mid-
Sudan. These data are available only since 1980, sothat longer-term trends
cannotbe inferred from themi. The Sahara expandedsouthward in the first
four years for which these dab are available (1980 to 1984), when there
was a serious drought As a result, it was about 1.3 milion kma (or 15
percent) larger in 1984, when the drought was most severe, than in 1980.
Although rainfal since 1984 has remained significantly below the mean
for 1900-1987, it has not again been Ls low as in 1984 The Sahara has
thereforereceded insizefromits l984peak,butnotback towhatitcovered
in 1980 (Tucker and others 1991).

Changesinthelandsurfacearepartlycausedbyreducedrainfallitself,
but human activity, notably defcr±estation and removal of vegetative
cover on rangeland and cropland, has a considerable impact If the
massive generation of smoke and atmospheric gases caused by biomass
buning is considered, as it should be, as an additional change in "sur-
face" conditions over much of West Afica, it is difficult not to conclude
that growing human populations have an impact on climatic change.
Indeed, there is increasing concern about the effect of biomass burning
of the enormous scale represented by African forest and grassland fires
on the behavior and properties of clouds?

Tropical forests are extremely important for recycling water between
the Barths surface and the atmosphere, and their disappearance has
serious consequences for regional and global climate. They are highly
efficent in returning rainwater to the atmosphere in the form of water
vapor, which forms new clouds and leads to subsequent rainfalL
Rainforest regions thls store enornous quantities of water not only in
the soil and biomass, but also in the atmosphere above tlheL When
tropical forests disappear, water runs off quiddy and much of it flows
into the sea. This not only affects local and regional hydrological cycles,
but also has potentially serious effects on dcimate. An important mech-
anism for the redistribution of heat is the atmosphere's ability to store
energy in the form of watervapor and to release ths 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 temper-
atures and to changes Žt the vertical distribution of heat (Andreae and
Goldammer 1992:88).
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Deforestation is also a major cause of the rapid inaease in the accu-
mulation in the atmosphere of carbon dioxide (CO2) and nitrous oxide
(N2O), two of the heat-trapping greenhouse gases that cause global
warming (MacNeil and others 1991:11-13). Deforestation has been es-
timated to account for about one-quarter of worldwide net CO2 enis-
sions into the atmosphere (Andreae 1991:276); the remainder comes
from the combustion of fossil fuels (most of which occurs, of course, in
the industialized countries of the northern hemisphere, in the countries
of the former Soviet Union, and in China).

Burriing of forests and grasslands causes enormous atmospheric pol-
lution with both regional and global implications. Burning of biomass
(forests, grsslands, agricultural wastes, fuelwood, etc.) worldwide is
responsible for about one-third of global emnissions 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 frombiomass burning than any other
region of the world (Andreae 199l:272; Andreae and Goldammer
1992:82). The destruction of tropicalrainforests throughburntingdirectly
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 (rangig from 5 tons to 50
tons of dry matter per hectare). About 31 percent of annual burning of
tropical forest biornass worldwide occurs in Africa, 46 percent in South
and Central America and 22 percent in Asia (Andreae 1991:272-273).

About 90 percent ofbiomass buring in Africa is accounted for by the
annual dry-season buring of savanna and grasslands - to dear 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 con-
tnrbute significantly to the greenhouse effect, because the COz 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 buring 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 Cote dIvoire 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 add 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
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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 leavos.
This risk extends furither to the many plants that depend on such insects
for pollination. There is also an effect of soil degradation through pro-
gressive acidification and associated problems such as leaching of alu-
minum, manganese and other cations, interference with nitrogen
cycling, and the disturbance of microbial processes in the soil (Andreae
and Goldamnmer 1992:88489).

Environmentl Degradation and Agricultural Stagnation

Soil degradationanderosion (excepting the oftendramaticgully erosion
thatoccurswheresurfacerunoffis concentrated) areinsidiousprocesses,
not readily apparent to farmers until the effects are severe and irrevers-
ible with the means traditionally available. They deplete the soil of

nutrients,dininish itsmoistureretentioncapacityr,andreducethe depth
of the rooting zone for annual crops. These effects exacerbate the impact
of drought Farmers and pastoralists in the semiarid regions of Sub-
Saharan Africa have always had to cope with drought, and they relied
on effective adjustment mechan. But when drought extnds over
several successive years, as was the case inthe 1970s and early 1980s, the
problems become extemely serious.

The problems were compounded by the fact that the main traditional
coping and adjustment mechanisms - shifting cultivation with long-
duration fallows, and pastorals' mobility - had become severely
constraied. In the Sahel, for instance, rainfall during the 1950s and
1960s, when populatidns began to grow rapidly, was well above the
long-term average almost every year. As a result, cultivation had been
expanded into trafditioral rangelands, malingboth cultivators and pas-
toralists more vulnerable to drought Range and pasture areas were
reduced in size and the mobility of transhumant pastoralists was in-
creasingly restricted. At the same time, a growingshare of total cropland
was in marginal areas, and changes in farming practices (for example,
shorter fallows, reduction of multivariety seeding and intercropping,
displacementoftraditional drought-tolerantvarieties) renderedfarmers
increasingly more vulnerable to climatic risk (as well as to plant pests
and diseases).

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. Avail-
able data on average cereal and root crop yields show decreases in many
countries - despite significant investments in agriculture (Tables A-11
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and A-1f). Site-specifc information confirms the problem in mny
countries?1° The data suggest that environmental degradation, acceler-
atedbypopulationpressures,ispartof the cause of Sub-SaharanAfrica's
slow rate of agriculthual and economic development - through its
negative impact on sod fertility, rainfall, water availability, and the
supply of fuelwood and other forest products. Exacerbating this are a
frequently poor agricultural policy environment, low use of productiv-
ity-erhancng agricultural inputs, and the generally low productivity of
rural labor-attrbutable in large measure to low health and nutritional
status and low educational attainment levels of the rural population.

Notes

l.Staffstialinfomationonagdculturalperformance,asonmostotheraspcts
of social and economic development, is difficult to obtain and tends to be of poor
quality.This studydraws onwhatis generallyconsideredtobe thebestavailable
statistical information (see the Staiistcal Appendix for data and sourcs).

- The data onwhichestimates offoodavaiabilityandconsumptionarebased
(such as crop acreage, yields, livestock production, processing and storage
losse) are of poor quality in most African countries. Inceasingly, it is also
recognized that noncultivated plants and T bushmeat" contribute far more to
Many Africans' diets,particularlyin poorcrop years, hianhasbeen capued in
official statstics. Nevertheless, few observers are as skeptical of the general
picture of serious food deficits as Svedberg (1991).

3. Demographic modeling of the potential impact of Amsis extremely difcult
Some simulations suggest that As may reduce the population growth rate of
ssAas awholeby as much as 05 to 1.0 percentage points in the early decades of
the 21st century - through drastically higher mortality rates. But higher mor-
aity rates may delay fertility decines.
t. uNDP?World Bank (1992),Tables 14-8 through 14-1, provides country-spe-

cific data on energy consumption, includig consumption of fuelwood.
5. The InterAfrican Conmittee on Medicinal Plants and African Tropical

MedicneandtheScientific,TechnicalandResearchCommission of theoAuhave
publishedapharmacopeiaofAfuicanmedinalplantsofprovenefficacy,Afian
Phamacopeia (1985), and several African countries have esblshed research
Xistitutes focusing on traditional medicine and the sources and effects of the
active ingredients in medicines admtered by traditional healers (Dejonqg
1991).

6. wRi/t ED estimates are even higher, suggesting that more than 80 percent of
Sub-Saharan Africa's productive drylands, some 660 million hectares, are af-
fected by "desertfication" (Table A-27).

7. The Sub-Saharan Africa HydralogicalAssesment attempts to meet tis needby
assisting counties to develop a reliable hydrological database (see Chapter 10,
note1).

8. In C6te d'lvoire, where deforestation has been the most rapid, mean annual
rainfall declined signifntly during the 1970s and 1980s (World Bank 1989a).
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Rainfall in Senegal decreased by 2.2 percent a year in the 1970s and 1980s, and
there was a sharp decrease in rainfall in northem Nigeria and Cameroon (Lele
1989c; Lele and Stone 1989). Rainfall also declined dramatically throughout
Ethiopia during that period (World Bank 1987a).

9. Cloud droplets form aLound aerosol particles, called cloud condensation
nuclei (CCN). Biomass burning generates and releases into the atmosphere vast
amountsofpyrogenc aerosolparticles,whicharevery effectiveasccNT hemore
CCN in the atmosphere, the more droplets form, resulting in smaller droplet size
with a given amount of available water. Clouds composed of smaller droplets
are lighter in color, reflect more sunlight back into space, and are less likely to
produce rain. Smcedouds are a majorregulatory and control mechanismfor the
Earths heatbalance, large-scale modifications in cloud properties have a strong
impact on gobal cimate The inreasing abundance of cCN is, thereore, lily
to have potentially critical impact on precipitation effiiency - compounding
ihe changes in hydrologicalcycles in the tropics caused by land surface changes
such as deforestation (Andreae and Goldammer 1992:8748).

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

The Lagging Demographic Transition

Sub-Saharan Africa lags behind other regions in its demographic transi-
tiorL The total fertilityrate (TFR) forssA asawholehas remained virtualy
unchanged at about 6.4 to 6.6 for the past twenty-five years (Table A-2).
This is significantly higher than in other countries with similar levels of
income, life expectancy, female education, and contraceptive preva-
lence.I n a number of countries of Sub-Saharan Africa fertility in facthas
risen (in large part due to significant success in treating diseases that
cause infertility), while it has declined elsewhere in the developing
world-

Recent statistics, colleced through nationally representative sample
surveys carried outbetween 1986 and 1989 under the Demographic and
Healtih Surveys (DBS) Program,1 appear to signal however, that several
countries are at ornearacriticaI demographic turning point (Table A-8) 2
In Botsana, the T fel from 6.9 in the mid-1960s to 4.7 in 1989, and in
Zimbabwe it dropped from 8.0 to 5.3 over the same perioi In Kenya,
thie T declined from 82 in 1977/78 to 7.7 in 1984 and to 6.5 in 1989
(KelleyandNobbe1990G33.).Encouraging, too, are thedatafromMiigeria
which indlicate amTm of 5.7 in 1990, compared with 6.9 in 1965. In C6te
d'Ivoire, Ghana, Mozambique, and Sudan, fertlity also appears to have
begun a secular decline (rable A-2).3

Life expectanc m Sub-Saharan Aficahas risen from an average of 43
years in 1965 to 5i years in 1990 Crable A-1). In eighteen countries,
average life expecancy 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 a year for 1965-1980 to about 3.1 percent a year at
present (Table A-2) And, given the age structure of SSA populations, the
momentum forcontinuedgrowth is ahreadybuiltin. EveniftheFRwere
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.

32
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Figure 3-1 Total Population of Sub-Saharan Africa, 1960-1990
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The high fertility rates, and the marriage, reproductive, and contra-
ceptive behavior pattems that underlie these, arise in part from the fact
that most women live in rural areas and have little or no education, few
opportunities outside their traditional roles, and limited legal rights.
Chldbeang enhances their status, and most women marry and begi
having children earlv and continue to have them throughout their
fecund years. But the comparative lack of urbanization and education
does not explain everything: data available from the World Fertility
Survey (wFS) for 1978-1982 indicate that urban and rural, educated and
uneducated women in Sub-Saharan Africa have andcwant more children
than their counterparts elsewhere.4

Women in Sub-Saharan Africa marry early: WFS data for the early
1980s show that, on average, 40 percent of all women aged 15-19 and 75
percent of those age 20-24 were or had been married (Cochrane and
Farid 1989). Early female marriage increases the number offecund years
a women spends in union and therefore tends to exert upward pressure
on the TEE Even urban women in Sub-Saharan Africa marry earlier than
rural women in North Africa and Asia (Cochrane and Farid 1989).

Contraceptive use in Sub-Saharan Africa is far below that in other
regions (Tables A-5 and A-6). It is associated primarily with the desire
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Box 3-1 Population Projections for Sub-Sahara Africa

RecentWorld Bank projections assume that the TERfor Sub-Saharan Africa
'induding South Africa) will decline from 6.5 percent in the period 1985-
1990 to about3.Z5 percentby 2030. This implies average annual population
growth rates of just over 3 percent in the 1990s, 2.9 percent in the following
decade, and dlose to 2.6 percent in the decade thereafter. In this scenaio,
the SSA population would exceed 1,000 million by the year 2012 By the
turm of the present century, SSA would be second only to Asia in terms of
total popuIation. Aggregate population growth will remain above 2 per-
cent per year at least until 2025, by which time the population of Sub-
Saharan Africa, at 1,378 million, would be 2.6 times that of today. The net
reproduction rate (NRR) will decline to 1 only by 2060. And Sub-Saharan
Africa would reach a hypothetical stationary population of over 3,100
million only some time after the year 2150 (Stephens and others 1991).

for child spacing and only secondarily with the wish to limit family size
(Table A-6). Use of efficient contraceptive methods generally increases
with urbanization' Low contraceptive use is due inpart to poor knowl-
edge. There are wide differences among countries, but on average, only
about half of all women in SSA had, by the early 1980s, heard of a way
(either efficient or inefficient) to preventpregnancy. Thiscompared with
rates of 85 to 95 percent in other regions (Cochirane and Farid 1989). By
the late 1980s, the DiS surveys showed measurable increases in the
percentage of women who had knowledge of modern contraceptive
methods: in ten of the twelve 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 modem contraceptive method
(the exceptions were Mali and Nigeria, with only 29 percent and 41
percent, respectively). The DHS data on contraceptive prevalence rates
(C1's) indicate, however, the difficult task ahead: only between 1 and 6
percent of these married women were currently using a modem contra-
ceptive method, and the percentage of married women using any con-
traceptive method ranged only between 3 and 13 percent. Th"
exceptions, with significantly higher CrRs, are Botswana, Kenya, and
Zimbabwe (Table A-B).

Amnong all groups of women, desired fertility is far higher in Sub-
Saharan Afdca dtan 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 (although urban residence has not yet become a
strong fertility depressant - the rural-urban differentials being smaller
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Box 3-2 Contraceptive Prevalence Among Women:
Sub-Saharan Africa vs. Other Regions

Data for the early 1980s indicate that the percentage of women in Sub-
Saharan Africa who had "ever used" any contraceptive methods varied
widely- from 2 percent in Mauritania to 74 percent in CMte dIvoire. The
average for the ten SSA countres covered in the World Fertility Survey
(WFS) was 26 percent, compared with 40 percent in both North Africa and
Asia and 62 percent in Latin America. The regional comparison revealed
far greater differences when only "efficient" methods were considered
orny 6 percent of women inrsSA had ever used these, compared with 32 to
50 percent of women in offier regions.

Based on reported "current users," contraceptive prevalence inSSA was
vey low indeed, ofboth effcient and inefficidtmethods. In six ofe tetssA
countries surveyed, fewer hian 1 percent of all women were current users
of moden metods. The difference between "currently using" and "ever
used" was much greater in SSA than elsewhere, probably reflecting the
comparativly mucEhgreateruse in ssA of contraceptive practices forb!idt
spacing, rather d-an for linuinrg family sie(Cochrane and Farid 1989).

irn SSA than in other regions); and (c) educated women want far fewer
children tian do uneducated ones.

In Sub-Sahardn Africa, as elsewhere,women's educationaffects fertil-
ity preferences, use of modern contraceptive methods, and fertilty.
Cochrane and Farid found that:

* There are considerable differences in desired family size among
countries (see also Table A-8), butwith increasing maternal educa-
tionthereisbothadeclineanda dearconvergenceacrosscountries.

* Currentuse of anycontraceptive method -,as only4percent among
the least educated (compared with 19 to 34 percent in otier re-
gions), but 19 percent among the most educated (compared with
43 to 56 percent in the other regions).

* Although current use of contraceptive practices among the most
educated women in Sub-Saharan Africa was only about the same
as among the least educated in North Africa and well below the
least educated in Asia and Latin America, even this low rate was
suffident to lower the TFR to about5 for women withseven or more
years of schooling.

Fertility rises with a few years of schooling, but then declines (as in
other regions). But the tffect of maternal education on fertility has been
less pronounced, to date, in Sub-S4haran Africa than elsewhere.
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The very high infant and child mortality rates (Table A-3) prevent
achieving desired, or target, fertility levels - and this helps explain the
low cPRs (Tables A-S and A-6). Contraceptive use increases as the
number of lvingchildren increases. Although infant and child mortality
have declined over the past two decades (in some countries substan-
tially), they remain much higher than in other regions (albeit with
considerable differences among countries).6 Higher child survival rates
reduce the need to replace children who have died or to have more
children to insure against the likelihood of future deaths. Infant mortal-
ity rates are well below the SSA average of 107 in Botswana (36), Kenya
(67),andZimbabwe (48).The sameistrueforchildmortalityrates, wh.ere
the SSA average is 177: Botswana (40), Kenya (105), and Zimbabwe (57).
In eachof thesecountries, theTERhasbegun to show a decline, signalling
the onset of the demographic transition (Table A-S).

hifant mortality is highest in rural areas, and children born to young
mothers are at greater risk ifant mortalty is also higher for fit-bom
children and for thoseborn seventh orlater. Children's survival chances
are greater if the interval from the previous pregnancy is longer (mater-
n-al attrition, lower risk of low birth weight, maternal attention). Infant
and child mortality decrease consistently with the mothers' education.
Urban-rural differences in infant and child mortality are significant and
somewhat larger in Sub-Saharan Africa than in other regions.

Prolonged and near universal breastfeeding has been the main factor
keepingfertilitybelowabiologicalmaximuminmostssA countres. The
duration of breastfeeding is generally shorter in urban tian in rral
areas, but it does not decline as rapidly with mother's educational levels
as in other regions. The most educated women in Sub-Saharan Africa
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 spacng - and thereby maternal health, infant health, and
fertility. In this respect, postpartum infecundity is far more important in
Sub-Saharan Africa than elsewhere, accounting for 59 percent of the
reduction in fertility from the biological maximumn On average, fertility
in SSA is only 67 percent of what it would be in the absence of breast-
feeding-

Nevertheless, fertility patterns do not seem to be fully explained by
the proximate determinants of marnrage, postpartum infecundity
(breastfeeding), andcontraceptiveuseAbortion,sterility,subfecundity,
and 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 understnd current levels
and probable future trends (Codhrane and Farid 1989).
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Figure 3-2 Infant Mortality Rate, 1960-1990
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Note: For 42 countries in Sub-Saharan Africa.

Fertility and Agriculture: Part of the Nexus?

Fertilityishighestin ruralareas-reflectingeconomic andsociocultural
factors which affect fertility aspirations. Traditional lineage and kInship
systems, gender roles, and intergenerational relations contain strong
pronatalist forces, and women's fertility usually is a major determinant
of their status. Extended families, where the costs of high fertility are
only partly borne by the couple making the fertility decision,-tend to
encourage high fertility. In most of rural SSA, labor is not readily avail-
able for hire and must be mobilized from within the household or
through social or kinship arrangements specific to the community. For
men, polygamy (or polygyny) is a widely practiced way of securing the
labor of women and their children - but even women may welcome
co-wives as co-workers (e.g., Netting 1993:89). Polygamous men gener-
ally have more children than monogamous men, while women in po-
lygamous marriages tend to have fewer children than those in
monogamous marriages (Bongaarts and others 1990:135-136).

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
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prevalent in polygamous unions where each woman 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 children is
often the only means of securing adequate labor to cope with theirmany
responsibilities. (In many communities, women try to ease their peak
labor constraints by participating in various forms of kinship- or com-
munity-based work group and labor exchange arrangements.) As water
and woodfuels become more scarce and the time required to obtain ther
increases, the need increases for children -to help with the mothers'
growing workload associated with these survival activities. Child labor
is also increasingly needed to compensate for declining male labor in
foodcrop production, particularlyin poor families thatcannot hirewage
labor. This may contribute to the persistence of high fertility rates! In
much of SSA, men and women cultivate different crops on separate plots,
and women's farming systems depend heavily an female and child
labor. Most women marry at an early age and often considerably older
men. Coupled with the highrates of divorce/separation and the fact that
in most African societies women can gain 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 tur to when husbands leave or die. The desired number of children
is considerably higher among mral 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 a role in agricul-
ture as in Sub-Saharan Africa.

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 Afica-isprimarily determnnedby the abilityto mobilize
labor. Inmostcases, 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.

Amnong groups with matrilineal descent and inheritance traditions,
further complications may arise because land use rights are not passed
on from fathers to their chldren, 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 childre
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on the other. It also weakens men's incentives to invest in maintaining
the fertility of the land they farm.8 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 cildren so
as to increase the number of future claimants to land resources who
belong to their lineage.

The implication derived from the above is that most rumral Africans
attach high economic value to having large numbers of children. Larger
families appear to fare better economically than small families. Chldren
contribute labor in cropping, livestock tending, fishing, water and fuel-
wood fetching, and child 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 iifant, child, and overall mortality rates and high
food insecurity. Maintaining high fertlity is the rational response of
people who seek to ensure adequate family labor and the survival of
children who would support 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 (instead
of the womanes family providing a dowry) reflects this reality where
womenarewantedfortheirlaborand theiraabilitytobearmanydhildrerL.
Early female marriage, common in Africa, also increases the prospects
for multiple dhildbirths. 

Various other trends also tend to keep the Tms high. As forest re-
sources, water availability, and soil fertility dedline, farmers and pasto-
ralists 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 with more seasonal or full-time off-fam em-
ployment Hence, agricultural stagnation and environmental degrada-
tion, in resource-poor situations characteristic of most of Sub-Saharan
Africa, provide an economic incentive - and often a survival strategy
- to maintain large familiest These factors also provide an incentive to
keep children out of school to work on the parental farm or with the
family's livestock.

This situation is exacerbated by the specific and important responsi-
bilities 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 (Chapter 5). As soil fertirty
declines and distances to fuelwood and water sources increase, many
rural women are faced with the situation that the only resource that can
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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 agrcultural stagnation and to the persistence of
high rates of population growth.

These hypotheses are consistent with statistical tests (see the Appen-
dix to Chapter 3) which show that, other tiings being equal, TsRS are
highest in those SSA countdes that have the most cultivated land per
capita. Simiarly, TFRs are highest in countries with the highest infant
mortality rates, lowest level of female education, lowest urbanization,
and greatestdegree of land degradation. This suggests that demand for
child:en as well as TmRs will decline over time - even without an active
population policy - as population density on cultivated land increases,
and. if female school enrollment rates rise, infant mortality ded&nes,
urbanization increases, and environmental degradation is minimized.

However, changes in these determinants of the 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 fertlity ratesbut for which
data are not available. Cultural elements appear to be very important
Commenting on the findings obtained from the analysis of the WFS data
coUlected 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 objec-
tively ascertinable development indicators' (Gille 1985:279). These
cultural determinants are likely to change only slowly, evet though
many of tLe factors that help shape culture are changing. Fertlity rates
will decline, but only slowly, and only if infant mortality dedlines and
environmental degradation is arrested. But progress in these two critical
areas is occurring too slowly to compensate for the enormous difference
between the current rates of growth of population and of agricultural
production.

Nonetheless, rising populationpressure on cultivated land, declining
infant mortality rates and improvements in female education are stim-
ulating demand for family planning services. Much of this demand
remains, at present, unmet (Table A-6).
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Notes

1. The DHS Program, a foblow-up to the World Fertility Survey (wEs), is a
nine-year program to assist developing countres in implementing fifty-nine
demographic and health surveys.

2. The Tn has declined most dramatically in Mauritius, falling from 4B in the
mid-1960s to 1.9 by 1990 (Table A-2).

3. Detailed analysis of the DHS data is still in progress, and this study could
tiereforenotyetdraw fullyon the infornation collectd under the DHsPrograinL
Note also that the data in Table A-2, which represent dte "best estimates"
currently available in the World Banlks demographic statistical data base, do not
in all cases fully reflect the mast recent survey findings obtained under the DHS
ProgranL

4. Under the wrs, national surveys were undertaken in the late 1970s and early
1980s. Using these data, Cochrarre and Farid (1989) carried out a comparative
analysistoascertainsimizaitiesanddifferencesinfertlitrandunderlyingcausal
factors between SSA and offier regions; when they undertook this study, WFS data
were available for ten SSA countries.

S. Interestingly, when efficient and inefficient methods were considered to-
gether, 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 fertlity ontrol, such as breastfeeding might have been abandoned in the
course of modernization, while modem methods were not yet adopted widely
enough to offset this. This explanationis frequentlygivenfor the small differen-
tals in fertility across socioeconomic groups, but the available data on
breastfeeding practices in Sub-Saharan Africa do not support this conjecture.
Breastfeeing does not decline rapidlywith increasing education (Cochrane and
Farid 1989).

6. The differential is higher in the case of child mortality, due to high mortality
in the second and thlird 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 A-3).

7. This is suggested, though not necessarly proved, by the stafstcal analysis
summarized in the Appendix to Chapter 3.

8. Among the matilineal Akan inGhana, for example, itis frequently observed
thatason employedinanurbanjobisveryreluctanttohaveremittanceshesends
to his father invested in improving the fahers firm ventures because these
investments will, upon the father's death, benefit the son's maternal uncles or
cousins, rather than himself.
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Appendix to Chapter 3

Statistical Analysis to Explain Intercountry Variations in Total
Fertilirty Rates

The available data, for thirty-eight countries, were used to test a number
of the country-level findings concerning the determinants of high mT A
first set of tests was undertaken using cross-country data, looking at
relationshipsinthevariationofvariablesacrosscounties.Theresultswere
consistent with the analysis presented in Chapter 3, but questions re-
mained concering the robustness of the results and the statistical fit A
second set of tests was therefore carried out on a much larger set of data
which included both time series and cross-country data. he results are
reported here, along with any differencs with the findings from the first
set of tests. The results ofboth sets of tests are highly consistent (The data
and the medtodology used are discussed in the Supplement to this volume)

For these tests, FRs are hypothesized to be related to the independent
variables as follows: positivelyto infantmortality(thehighertheexpected
loss of infants, the more births are desired to ensure sufficient survivors);
negatively to female school enrollment (better educated women want
fewer children); negatively to food security (the greater the food securty,
the lower the need for children to provide farm labor); positively to
cultivableland per person (the more cultivated landper person, the greater
the need for fEmily labor to work it); positively to the rate of deforestation
(thehigherthe rate of deforestation, the greater theneed for child laborto
help fetchwoodandwater); andnegativelyto urbanition(urbanization
lowers the Ta).

These hypotheses are tested by means of statistical regression with the
Ta as the dependent variable. The independent variables are all lagged
oneyear.Thelag stnictureis arbitrary; severalweretried,but thestatistical
fit did notimprove- The Supplement presents results of tests for combina-
tions of different couries 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 coeffcient to be readily interpreted, it is not reported.

2-Tai
Independent Si#*ance
Variables Coefficient t-statisc Test

lnfantmortalityrate positive 4.6-49 0.0%
Female school enroment rate negative 23-2.8 0.6-2.2%
Calorie supply as % of requirement positive 0.9-14 17-38%
Hecres cultivated perperson positive 2.0-47 0.0-4.5%
Rate of deforestation positive 0.2-13 21-82%
Degree of urbanization negative L9-Z9 0.4-64%

Adjusted R squared 0.44 to 0.46
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The coefficients for female school enrollment, area cultivated per per-
son, ifant mnortality, and the degree of urbanization are statistically
significant at above the 90 percent level, with a 2-tailsigrificance test of 10
percent or less. (The 2-tail significance test indicates the probability of the
coefficient actuallybeing zero. Hence, a 2-tail test of 22 percent for the rate
of female school enrollment indicates a 2.2 percent probability that the
coefficient is zero - or a 97.8 percent probabiliy 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 forcalorie supplyhas the wrong sign and is gnificant

In the tests with single-year cross-country data, the rtsuts were essen-
tially the same, except that deforestation was also significantly related to
the TM, and the coefficient for calorie supply was positive, as hypothe-
sized, but insignificant

These findings suggest that the TFR is lower as female primary school
enrollment is higher. Thegreaterthearea cultivatedperperson,the higher
dhenTFR Thehigher the infantmortalyrate, thehigher the Tn Thegreater
the rate of urbanization, the lower the TM The positive associatin be-
tween the rate of deforestation and the hM has ambiguous significance.
This may be because the rate of deforestation is a poor proxy for the rate
of degradation of the rurl environment whih indludes soil and water
degradation. Or the hypothesis itself maybe incorrect If further analysis
establishes the significance of tis relationship, it suggests that greater
demand for child latbor is assocaied with enviromnental deterioration
(more labor needed to obtain wood and water and to produce food as the
productivity of farm land decines due to deforestation).The relationship
betweennuttionandthenTRisevenmoreambiguous, andthehypothesis
could not be supported statistically. At very low levels of nutridtion, im-
proving calorie intake may increase fertility and, hence, the TM Or there
may be no relationship. Better data are needed to resolve this.
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The Nexus of Population

Growth, Agricultural Stagnation,
and Environmental Degradation

The Main Linkages

The preceding chapter cted evidence suggesting that agricultural stag-
nation and envirounmental degradation, combined with customary land
tenure systems and the traditional roles of rumral women, may contribute
to maintaining high fertility rates. These systems and practices appear
to create demand for child labor as a means t ewsure family survivaL
The difficulties faced in analyzing these relationships are rooted in the
multiplicity of factors that affect the rate of population growth, environ-
mental degradation, and thepace anddirection of agriculturl develop-
ment in Sub-Saharan Africa In addtion, there are important variations
across countries. This chapter pursues the analysis of multiple and
synergetic links between rapid population growth, poor agricultural
performance, and envirormental degradation. The role of women in
ruralproduction systems, a major link in this nexus, is discussed sepa-
rately inChapter 5.

The complexity of these linkages and the seeming ambiguity of the
analysis result primarily from.Boserup's finding that agricultural inten-
sification occurs as population density on agriculural land inreases
(Boserup 1965). Others have published more recent material confirming
the applicability of the Boserup hypothesis to many developing country
situations, including in Sub-Saharan Africa (for example, Binswager
and Pingali 1984, 1988; Pingali, Bigot and Binswanger 1987; Lele and
Stone 1989). It should not be surprising that this phenomenon has been
observed so widely. Farmers are unlikely to have an incentive to inten-
sify their agriculturalproduction (Le, to generate more output per unit
land area) unless there is a constraint on land. If there is no land
constraint, and land is free or very cheap, it makes sense from the

44
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Box 4-1 Ukara Island, Lake ViLctoria (Tanzania):
Agricultural Intensification under Population Pressure

Anextremeexampleofagriculturalintensification underpopulationpres-
sure is that of Ukara island in Lake Victoria. Faced with considerable
population pressure and soils of low fertlity, the island's inhabitants, the
Kara (or Wakara), had developed, prior to European contactr a highly
refined intensive farming system, which included erosion control, crop
rotation with intercropping and green manuring with legumes, fodder
cultivation, stabling of cattle, and fertilzing of fields (firmyard manure,
leaf manure, household ash). The tenure system was based on private
property, with inheritance and sale of land. The system has, however,
reached its limits. The island's population has numbered about 16,000
sincethebegiingof thecen ury;populationdensityisabout500perkn2,
and the average fanidyholdingamounts to 1 hectare of arable land. There
has been little, if any, population growth, whereas there has been substan-
tial population growth in the rest of the Lake area where shifting cultiva-
tion is stil practiced. Excess population moves to the mainland, where
labor-intensive techniques are quickly abandoned because the rehtns to
labor axe fa higher with the exteasive s ystems still possibIe on the nii-
land (Ludwig 1968; Kocher 1973, Ruthenberg 1980:15G 160; Netting
1993:52-53).

farmer's perspective to extend the use of land and minimize the use of
other inputs, including capital and labor. Shifting cultivation and pasto-
rl livestock raising are perhaps the best illustrations of this situation.
They have predominated in most of Sub-Saharan Africa.

Consistent with Boserup's findings, tiese customary extensive farm-
ing and livestock systems change when populations become more
dense. This can be seen in the Kenya 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 scarcty 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.

Traditional crop production and animal husbandry methods, tradi-
tional land tenure systems and land use practices, traditional methods
of obtaining woodfuels and building materals, and traditional respon-
sibilities of women in rural production and household maintenance
worked well and could evolve slowly when population densities were
low and populations werc grownmg only slowly. The hypothesis is that
rapidly increasing population pressure in the past twenty to thirty years
has, in most of Sub-Saharan Africa, overwhelmed the only slowly evolv-
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Box4-2 The Kofar inNigeria:
Extensive Farming When the Land Frontier Opens

The Kofyar initially lived as subsistence farmers on the Jos Plateau in
north-centralNigeria.Aspopulationdensityon theescarpmentincreased,
they intensified their farming system, with increasing reliance on
agroforestry, terracing, and manuring. When population growth on the
plateau outpaced the ability of their farming system to sustain the in-
creasednumbers, theKofyarobtainedprmssiofromtribes in thel3enue
River plains to dear low-land forests and farm there The migrants aban-
doned the intensive farming techniques they had praciced on the plateau
andadoptedinsteadanextensiveforest-fallowfningsystemfocused on
cash cropping and market-oriented anial production. The subsistence
farms on thejos Plateau hadaveraged about 15 acres,while thenew farms
in the cleared forests were4 to 5 times that size (Netting1968; Stone 1984).
However, over a period of about thirty years, aspodulation density in the
newly developed lowlands increaset the settlers gradually intensified
their farming methods again (Netting 1993).

ing rural traditions of farming, livestock raising, fuciwood provision,
land allocation and utilition, and gender-specific responsibilities in
household tenance and rural production systems. This has led to
an accelerated degradationi of natural resources. And this in tum has
contributed to the low rate of growth of agricultue. In those few places
where agncultral intensification has occurred most rapidly, there has
been very little, if any, degradation of natural resources.

The complexity of these multiple interrelationships is further in-
creased by interaction with the economic policy envirunent character-
izing many African countries since the mid-1960s. Exchange rate, tax,
trade, and agricaltural price policies in many African countries have
often combined to render agriculture unprofitable. The mechanisms for
developing and tnsmitting improved agricultural technology are se-
verely inadequate throughout Sub-Saharn Afica. Excessive govern-
ment 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
famer-managed cooperatives, nor to market freely 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 degra-
dation, these policy constraints must be overcome. The World Banks
1989 long-tennperspectivestudyonSub-SaharanAfrica suggestedhow
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this mightbe done (World Bank 1989d).Reversingthe Spiral contends that
measures will also be needed to overcome the constraints imposed by
increasingpopulationpressure ontraditionalcultivation,fuelprovision,
and tenure systems, and by the roles customarily assigned to women in
rural societies. Appropriate policy reforms will make the more rapid
evolution of these traditional systems easier.

Traditional Crop Cultivation
and livestock Husbandry Methods

For centuries, shifting cultivation and transhumant pastoralism have
been, ui;der the prevailing agroecological conditions and factor endow-
ments, appropriate systems for people throughout most of Sub-Saharan
Africa to derive their livelihood, in a sustanable manner, from the
natural resource endowment of their environment The ecological and
economic systems were in equilibrium. The key to maintaining this
equilibrinum was mobility. People shifted to a diffeent 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. Forfieldcropping in forest- and bush-fallow systems,
this typically involved cultivationperiods of two to four years, land then
being left fallow for as long as fifteen to twenty-five years. Transhumant
herders' mobility generally involved a far greater geographic range, but
a far shorter temporal cyde- They would move their herds on extended
maigratory 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.

These mobile systems of shifting and long-llow cultivation and
pastoral tanshumance were suitable because of lowpopulation density,
abundant land, limited capital and technology, and often difficult
agrodimatic conditions. As long as population growth was slow and
land was available, the additional people could be accommodated by
gradually taking more land into the farming cycle and establishing new
settlements on previously uncropped land. Adjustments, micluding
7radual intensificationof farming, were made as andwhen theybecame
necessary, but the pace of adjustment required was slow because popu-
lation growth was slow. Intercropping in Rwanda, for example, was an
indigenous adaptation of this type, necessitated because shiftng culti-
vation became increasingly constrained by rising population density.

In the absence of sufficiently rapid and widespread technological
change, population growth has led to the expansion of the area under
cultivation. This has involved mainly the conversion of large areas of
forests, wetlands, river valley bottoms, and grassland savanna to crop-
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Box 4-3 Land Requirements for Chitemene Cultivation
in Zambia

Thesuitability of land forchtitemenecultivationin Zambia depends, among
other tings, on the density of woody vegetation available for cutting and
on the land's regeneration capabilty. At the present levels of fram tech-
nology and productivity, a person completely dependent on chitemene
requires for survival one hectare under cultivation each year (Stolen
1983:31-32; Vedeld 198398-100). If 50 percent of the land in an area is
suitable for chitemee and the regeneration cycle is twenty-five years, the
aggregate land requirement for long-term ecological sustainability of the
system is 50 ha per person. In a vlage of 200 people,requiring a total area
of 100 knr to sustain chitemene farming, individual fields would be as far
as 5.1 km from the village - assuming the village land forms a perfect
circle and the village is located in its center.

This simple arithmetic also shows that traditional farming and land
use practices, coDmbied with constraints on the time people can afford to
spend walking to and from their fields each day, linits the size of farm
settlements. Some people eventually migrate to establish new villages in
virgin forest land once the situation in their home vilage becomes too
difficult

land. Since 1965, the area farmed in SSA has increased by over 21 million
hectares (Table A-17). Much ofthis has takenplace on ecologically fragile
and agriculturally marginal land, which is not suitable for sustained
fgar g and eventually abandoned in art advanced state of degradation.
Forestedlandhasdedlinedbyabout65millionhectaressince 965 (Table
A-17). But land available to expand cultivationhas become increasingly
scarce in most of Sub-Saharan Africa, drastically narrowing the scope
for further expansionL Most faming systems inSSA are, in fact, not land
surplus systems,butland-extensivesystems (Eicherl9S4a:455). Overthe
past twenty-five years, crop acreage has 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 de-
clined from 0.5 hectares per person in 1965 to OA ha/person in 1980 and
to less than 03 ha/person in 1990. For comparison, betweeL 1965 and
1990 crop acreagedeclinedfromrO.6ha/personto OAha/personinChina
and from 03 ha/person to 02 ha/person in India (Table A-18).

Because of agroclimatic and soil characteristics, the potential produc-
tive land endowment per capita in most of Sub-Saharan Africa is even
poorer than these simple acreage statistcs suggest. Niger, for example,
is more densely populated than India or Bangladesh if account is tak
of the extremely poor quality of its agricultural resource endowment
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Figure 4-1 Population Pressure on Cropland in Sub-Saharan Africa,
1961-1987
(total and rural populaton per hectare of cropland)
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Nigeria and Senegal are more densely populated than the Philippines.
And Mali, Burldna Faso, and The Gambia are twice as densely settled as
Indonesia (Binswanger and Pingali 1987; Matlon 1990).

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
periodsarenotsufficientlylonganymoretorestoresoilfertity.Ineas-
ingly, farmers are compelled to remain on the same parcel of land -yet
they change their farming methods only very slowly.

These people face a critical dilemma: a cental element of their tradi-
tionalfarmingsystem-the ability to shiftaround on theland-isbeing
elminated by population pressure, yet they continue to use the other
elements of their customary production systems. Where fallow periods
are too short, or nonexistent, and where traditional cultivation tech-
niques continue to be used, soil fertility deteriorates and soils are not
coserved. Wind and water erosion, soil nutrient depletion, acdity, and
deteriorating soil structure become common and increasingly severe As
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a result, crop yields decline, forcing farmers to expand production along
the already receding land frontier. This expansion occurs first witiin the
vicnity of their settlements - on more steeply sloping land and in
nearby forest, wetland and range areas. As this option becomes increas-
ingly limited, people migrate to establish new farms, often in semiarid
areas and in tropical forests where soil and dlimatic conditions are poorly
suited to the cultivation of annual crops and yields are therefore low.
The migrants bring with them the 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 techriques, this indigenous adjustment has
almnst everywhere been too slow to keep pace with population growth
in the past two to three decades.

Good pasture land is diminishing as the most productive tracts are
converted to cultivation. The mobility of pastoralsts' herds is further
reduced as settlers increasingly cultivate bottomlands previously avail-
able f ) herders during their dry seson migration. The concentration of
inc .g numbers of livestock on smaller areas destroys pasture veg-
etation, further reducing their carrying capacity and contributing to
range degradation and eventual desertfication (Gorse and Steeds 1987;
Falloux and Mukendi 1988; Nelson 1988).

Diminishing forest and woodland resources provide less fuelwood
and other forestproducts, many of which are of considerableimportance
forrurallivelihoodandsurvivalsystems.Similarly,surfaceandground-
water resources are increasinly affected by the drastic alterations in
land uses and vegetative cover. The effects of the worsening fuelwood
and waterscarcityaremostdirectlyfeltbysome of themostvulnerable:
women and children. More time and effort are required to obtain these
vital commodities. Or people must manage with less of them One
consequence of reducedwoodfuelsupplies is the increasinguse of dung
and crop by-products as fuels. This reduces their availability as farming
system inputs to maintain soil fertiity. Similar effects result from dimin-
ished availability of, and access to, water for household and home
garden use: health and sanitation standards deteriorate, and home gar-
den productivity declines.

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 land
appears to be more abundant in relation to their current populations
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 raifall, and preserve the humxid climate on which its tropical
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agriculture is based, much of this area should notbe cultivated. hstead,
the humid forests need to be preserved. This land has notbeen cultivated
so far because it is poorly suited to cultivation (exceptpossibly of certain
tree crops). SoiUs in Africa's rain forest zones are typicaly low in nutri-
entsandofhigh acidity. Yet even in these more land-abundantcountries,
the problem that is the focus of this study can already be observed. ANn
expanding population depending on agriculture and livestock is mov-
ing into the tropical forest areas, extending crop production and grazing
into areas tat are agroecologically unsuited to these forms of land use.

No analysis is available that quantifies the impact of environmental
degradation caused by more people practicing traditional shifting culti-
vation 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 earlier. There appears to be little doubt,
however, tat these policy deficiencies have slowed the evolution of
ancestral systems into systems more sustainablewithhigherpopulation
density. (A statistical test of this hypothesis is summarized in the Ap-
pendix to Chapter 4.)

Land and Tree Tenure Systems and the Nexus

Critics of traditional tenure systems in Sub-Saharan Africa argue that
these constrain agriculturl productivit y and cause environmental deg-
radation - because land resources are not privately owned, but are
either common property of a community, dan, or ethnic group or are
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 cannotbe certain that other users wi similarly limit thfeirs.
Lackdng secure property rights, individuals are dissuaded from adopt-
ing long-term conservation, investment and production strategies.
There are two possi'ble solutions, it is argued, to this problem: (a) estab-
Lshing firm rules, with enforceable sanctions, which limit individual use
of the resource for the common good; or (b) individualization/privatiza-
tion of resource ownership and tenure, and registration of individual
titles. In the critics' view, rapidly rising Fopulation 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.

Opponents of tenure individualization focus on its alleged nega:ive
impact on land distribution and social equity. Evaluations of tenure
reform in Kenya and Botswana are cited as showing that individualiza-
tion cE land tenure has led to Iand grabbing, concentration of land
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Box 4-4 Examples of Indigenous Land Tenure Systems

In The Gambia, each village has an identifiable land area that is adminis-
tered by the village headman. Any compound can clear unclaimed land
outside the village jurLsdiction and claim it for the village. Land is passed
on through the male lineage. Women obtain land for farming mainly from
their husbands, but also receive some from their parents. Men cultivate
groundnut, millet, and sorghum; women grow rice and vegetables. Maize
is grownby both men and womerL Women help with millet and sorghum
harvesting and are beging to grow some groundnuts. Seasonal mi-
grants from other parts of the country or from Senegal (strangefarmers) can
obtain land for cropping in return for working several days each week on
the fields of the compound head; they return to their own villages at the
end of the cropping season (Norem and others 1988:303-304).

In Tanzania, land was traditionally controlled and allocated by patriar-
chal clan leaders to heads of households or extended fanmilies. Today, all
land is owned by the state, and the "Village Act' requires that each
member of the vilage, male or female, be assigned separate plots to
cultivate specific crops that are designated in the village bylaws. It is
reported tobe widespread practice for land to be allocated to male house-
hold heads, who in turn assign plots to their wives, sons, and daughters.
Often, vestiges of thie traditional system remain, and the original users,
usuallymales, retainsome rihtover land evenif itis currently lying fallow
(Mtoi 1988:346).

Among the Bemba in Zambia, landholdings are semipermanent Local
chiefs alocate land acording to farmers' ability to cultivate (dependent
especially on the availability of draft power). Tenure is based, thus, on
custonmary rights allocated by local chiefs and secured through clearing
and continuous use of particular plots. Land use rights are passed on
through the matrilineal kinship system. Farm sizes are large, averaging
close to 100 hectres, but only about 5 percent of the farm is actually
cultivated at any given time under the land-extensive traditional faming
system (Hudgens 1988373-3F7; Sutherland 1988389-406).

ownership, de facto expropriation of women, landlessness, and increas-
mig marginalization.

Reality is far more complex. There is a wide diversity of farming
systems inSub-Saharan Africa, determined by differences in population
density, agroecological conditions, sociopolitical organization, lineage
and descent definitions, inheritance and residence patterns, agricultural
technology, 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
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them. Most define land rights, particularly ownership rights, for groups.
Individual or family use rights rest on customs recognizedby 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 and others 1991; Net-
ting 1993:157-164). There is, thus, gradual institutional change in re-
sponse to rising population pressure, and dtis change accompanies and
facilitates the evolution and intensification of agricultural production.

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 of land may be vested
with differentindividuals or groups. Pastoralists and sedentary farmers
maycoexist on the same land, with farmers having cultivationrights 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 armual crops
may be quite distinct and vested in different individuals or groups (see
below).

Where, under customary tenure systems, usufruct rights are acquired
simply by clearing land, the incentive has been strong for settlers to
move into previously uncultivated forest or savanna areas and to dear
the land quickly in order to strengthen their daims and weaken those of
other potential (even current) users. In Mal, for instance, many farmers
plow far more land than they intend to crop in order to establish and
probecttheirlanduse rightsforte future. (Plowingwithoutestablishing
crops renders the land even more vulnerable to erosion than if it were
cropped.) Even under government-sponsored land development
schemes, the ability to clear, rather than to develop, the land is often a
key determinant of eligibility. This extends cultivation to marginal
lands, is environmentally detrimental, and imposes costs on the previ-
ous users - often pastoralists or traditional forest dwellers.

As fallow periods shorten or valley bottoms are taken under cultiva-
tion, land rights of farmers tend to takeprecedence over those of herders,
who are then forced to remain on more marginal and more rapidly
degradi,ag rangeiand. Where sedentary farmers and transhumant herd-
ers 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 compelled to keep their
herds increasingly on pasture land alone. As a result soil fertility de-
cdines more rapidly on such rangeland (Gorse and Steeds 1987; Stocking
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Box 4-5 Land Tenure and Gender Roles in Farm Production
among the Fula and Mandinga in Guinea-Bissau

Among the Fula and Mandinga in Guinea-Bissau, land is comununally
owned by the resident clans of the vitlage and is allocated by the male clan
elders to the individual compounds. The male compound heads then
allocate land to the individuals within their compounds. Use rights can be
granted on a collective or individual basis. Men and women, married or
not, can obtain use rights to individual plots and have the right to dispose
of the harvest from these.

Collective fields remain under the control of the compound head, who
is responsible for maintairnig the collective granary, and work on collec-
five fields has priority over work on individual plots.

Grasslands around the settlements are farmed exclusively by men, in a
grass-fallow rotation of four-to-eight-year cycles, with sorghum, millet,
fonio, cassava, groundnuts, and cotton. Male collectve fields must be
planted with subsistence crops (millet, sorghum) for home consumption.
Male cash crops (groundnuts, cotton, cassava) are grown only on males'
individual plots. Upland forest areas are used, with men and women
working together, in long-cycle slash-and-bum shifting cultivation to
grow upland rice, millet, maize, and tubers.

River valley land with sufficient moisture is utilized and controlled
exclusively by women; theymake all planting decisions and have the right
to distribute and/or sell the product from their individual fields. Female
collective and individual fields are always located in the valley bottoms
andare used forricecultivation.The clans' senior women allocate thisland
to the individual compounds, and the serior woman of each compound is
responsible for the compound's collective fields and allocates individual
plots to the compound's women. The senior women also hold the rights
to the oil palms in the valley bottoms.

All women receive from the village elders rights to water and land for
gardens where they grow vegetables; they have the right to dispose of the
produce of their garderL

Some men grow cassava, cocoyam (taro), maize, sweet potato, and
beans in their own gardens (Lifton 1991:1-19).

1987; Falloux and Mukendi 1988; Nelson 1988; Mortimore 1989a and
1989b).

In many customary tenure systems, land for farming is assigned to
eligible claimants on the basis of their ability to dear 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 or her rights to the plot. Because land is becoming
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scarce, shortened failows may iso be caused by someone else moving
in too soon after the previous cultivator has left the plot to natural
regeneration.

Understanding the complexities of local tenure systems is especially
important for comprehending the incentive system that applies to
agroforestry activities. It also often helps explain deforestation. Tree
tenure may be distinctly different from land tenure! One person or
group may have rights to the land, while others have rights to the trees
onit, or to certainproducts from certain trees at certain times. Innorthem
Sudan,forinstance,a tree and its fruits maybelonginshares to the owner
of the land, the person who proviided the seedling, and the owner of the
waterwheel that irrigates the land (Gregersen and others 1989:156). In
some systems, treeclearingmaybe the onlyway to establish uncontested
usufructrights forcultivation. Elsewhere, treeplantingmayberegarded
as laying claim to land. In many areas, diverse arrangements concemrng
rights in trees are common and of considerable relevance to those
deciding whether to plant trees - and which trees.

Tree tenure issues are particularly critical where deforestation is se-
vere and the fuelwood crisis pressing, but also where tree crops have
potential for environmentally sustainable and profitable agricultural
development. In some countries, because all forest land is owned by the
stJate, people may fear that if they plant trees their land will revert to the
g- verenment In parts of the Sahel, people have been unwilling to plant
certain trees because these are on the forest department's protected list,

Box 4~-6 Tree Tenure Rights

Tenure rights in to trees comprise a variety of specific rights, primarily
those of creation (ie., planting), use, and disposaL

* Use rights include: (a) gathering rights - for example, the right to
gather or lop dead branches for fuelwood, to gatier things growing
on a tree (such as fumgus or insects), or to gather tree products from
under the tree, such as fallen leaves or fruit; (b) use of the standing
tree-such as hanging honey barrels in it; (c) cutting parts or all of
a living tree- forlivestock fodder orbuildingmaterial, for instance;
(d) harvesting produce.

* Disposal rights comprise the right (a) to destroy (by uprooting or
felling individual frees) or to dear a section of forest; (b) to lend; (c) to
lease, mortgage, or pledge; (d) to bequeath; and (e) to sell (Gregersen
and others 1989:155-157).
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and to cut or prune them would require going through tedious proce-
dures to prove they own the land and planted the trees and to obtain
cutting permits (Timberlake 1986).

A recent study in Ghana, Kenya, and Rwanda found that customary
land tenure systems do not appear to be insecure (Migot-Adholla and
others 1991). Many farmers enjoy transfer rights on their lands - al-
though these rights may be subject to approval by famiy or lineage
members. Women's tenurial security is generally far less certain than
that of men (see Chapter 5), but the opposite may be the case in some
matrilineal-matrilocal societies. To the extent that the social system
sanctions transactions in land, such transactions are sufficiently recog-
nized. Traditional tenure systems continue to evolve, and many have
over time accommodated increasing degrees of individual ownership
and management controL Rapidpopulation growth and growing com-
mercialization of agriculture increasingly necessitate investing in land
management and improvement, hastening the individualization of land
rights (Migot-AdholUa and others 1989).? I many cases, private rights
to land have become virtually exclusive, although they fall short of
outright ownership. Other members of the community may have sec-
ondary concurrent or sequential rights that permit, for instance, fuel-
wood coUection or livestock grazing. Inheritance has emerged as the
most significant form of acquisition of agricultural land in traditional
rual society, and rights to such land are very secure; nevertheless,
security of tenure is strengthened by continuous occupation and culti-
vation. Restrictions onthe sale of inheritable land may stillapply in some
systems (as in the northern Mossi Plateau inBureinaFaso), 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 and northern Nigeria).
Purchases are becoming an increasingly important means of acquiring
land. This is occurring in Kenya, with its history of land registration and
government intervention ir land matters, but also in Ghana and
Rwanda, where governments have been less active in providing and
enforcing a weli-defined legal framework for land transactions (Migot-
Adholla and others 1989).

Problems arise as traditional tenure systems begin to impose con-
staints on evolving agicultural production systems and on the adop-
tion of tecnological change. Unfortunately, most African governments
and external aid agencies have mistakenly believed that traditional
community ownership of land did not provide adequate tenurial secu-
rity, and that it discouraged investment in the lan& This perception
arose largely from failure to understand fully the intricacies of custom-
ary tenure systems with their emphasis on various user rights and the
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often subtle, but important, differences among different communities'
arrangements. A particularly important aspect of most, if not all, ances-
tral African land tenure systems - the concept of the inalienability of
land- has been widelyregarded as an obstacle to agricultural develop-
ment: land markets did not readily develop, and individual land own-
ership was difficult to estabEsh as collateral for institutional credit. (Of
course, smallholders anywhere in the world are extremly reluctant to
mortgage, and hence risk losing, their land.)

There has also been an erosion and breakdown in customary laws and
rules governing sustainable use and management of land and other
common property resources. This has occurred under the pressure of
rapid population growth and has been exacerbated by large-scale mi-
gration in many countries and by changing social values and customs.
Increasing commercialization of agriculture has induced changes in land
use, farming systems, and cropping patters. Inappropriate pricing
signals arising from govemment interference in input and output mar-
kets have often hastened such changes into unsustainable directions.
And central authorities have frequently undermied the capability of
local decisionmaking bodies to manage their natural resource environ-
ment by imposing tight controls over local organizations, removing
authority to cental agencies. and creating new organizations that com-
pete or conflictwith traditional ones (Blailde and Brookfield 1987; Gorse
and Steeds 1987). In many areas, resources that were under effective
communal management have, as a result, been converted into de facto
open-access resources (eg., Nekby 1990).

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 allocatilig other land to private investors, political elites, and
publicprojects.Thishasreduced,notincreased,tenurialsecurity.Envest-
ing in the land becomes risky for farmers, since govemments can and do
reallocate land to serve "national purposes." In many cases this acceler-
ates the breakdown of customary land management systems and emer-
gence of open-access conditions in which exploitation by anyone is
permtted.

In much of the West African Sahelo-Sudanian Zone, for instance,
pastureandevencroplandsareoftentreatedas afreegoodundercurrent
policies Wellshavebeensunktopermitaccess toostensiblyunexploited
or underexploited 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 manage-
ment responsibilities (Gorse and Steeds 1987). In most countries, forest
land has been taken over by governments, overriding the rights of
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Box 4-7 Common Property vs. Open-Access Regimes

There is much misunderstanding of the difference between common prop-
erty and open-access regimes Open-access resources are at great risk of
over-exploitation, since they lack dearly defined ownership and use rights
assignations aswellas effective management Commonpropertysystems,
by contrast, are well-structured arrangements in which group size is
known and enforced, management rules axe developed, incentives exist
forco-ownerstoadhere to theaccepted arrangements, and sanctionswork
to ensure compliance. There is a set of areements within the community
over the rights to use of communal land resources by various members
and/or subgroups of the community and by strangers, even in sparsely
settled areas. Communal land really means not so much communally
managed land, but land to which members of the community have rights,
while outsiders do not or only under specifc and tightly prescribed
conditions (Repetto and Holmes 1983; Blaikie and Brookfield 1987;
Brodey and Cernea 1989; Barnes 1990a).

indigenous populations. Though nominaly controlled, these "pro-
tected" or "reserved" forests have become virtually open-access re-
sources for large- and small-scale exploitation, because the responsible
agences have not been able to provide effective management

Open-accesssystems,found especiallyin forestandrangeareas, 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 cor'servation or to investment in
land. This problem was resolved in Europe largdy by the allocation of
land to individual owners who then had an incentive to invest in it,
develop it, and conserve it.

As noted earlier, there may be a further problem in open-access
systems, which may also be a problem of customary tenure systems. In
most of rural Sub-Saharan Africa, access to nonfamily labor is limited.
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 pooling of labor for certain tasks,
sometimes among gender and age mates within a vilage, more often
among members of a larger kinship group. Granting access to land for
farming to members of a community on the basis of their ability to
cultivate it may therefore be a disicentive to control human fertility,
because theabilitytocultivatelandisgenerallydeterinedby the ability
to mobilize family labor (e.g., Amankwah 1989:21). Field studies report
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this to be an important incentive to increase family size through poly-
gamy and pressure on women to bear many children.

The "solution" often proposed to overcome these various problems is
the allocation of individual land titles, through large-scale titling pro-
grams. But the experience with such progms has been poor. Individ-
ualized land titding in Kenya and Botswana has facilitated land grabbing,
concentration of ownership, and concomitant landlessness. In Nigeria,
large tracts for which members of the political and economic elite
obtained occupancy certificates under the provisions of the 1978 Land
Use Act have been rapidly cleared of vegetation with motorized equip-
ment so as to preclude any possibility of smallholders remaining or
becoming active on such land; this has been an effective way of elimi-
nating potential contestants to land claimed under the provisions of the
Act,but it has also been extremely abusive of the environment. Such land
grabbinghadbeenpracticedbyEuropeancolonists, andsome of the new
elites have used the same methods.

However, the problems in Kenya, Botswana, and Nigeria may be
associated more with the problem of transition from traditional to
modern tenure systems. The rights of customary land and tree owners
were largely disregarded, and members of the poltical and economic
elite too easily manipulated the legal and administrative systems to
wrest land from its traditional owners. However, once obtained, mdi-
vidual land ownership does provide an incentive to develop and main-
tain the land. This can be witnessed in the intensive sustainable farming
practiced bysmaIlholdersin theKenyan highlands,byprivatelandown-
ers in Zimbabwe and Botswana, and on tree crop plantations in C8te
d'Ivoire.

To avoid the problems associated with an unduly rapid move to
private individual titling, or the even greater problems of nationaling
land ownership, it will be prudent to establish legal recognition and.
protection of customary tenure systems, combined with an effective and
ransparentmechanism to provide individual or group titles on demand

and only with the agreement of the traditional landowners and users
(such as pastoralists). Only a demand-driven process of individual land
titling will be possible and advisable. However, as tradifional land
tenure systems break down, and to resolve existing problems in open-
access systems, land titlingwilUbenecessary for agriculturalgrowth,soil
conservafon, and forest protection.

Deforestation, Fuelwood, and the Nexus

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

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 agroprocessing and rural
artsanal and semi-industrial activities (such as fish smoking, tobacco
curing shea nutprocessing, pottery, brick maling, smnithies, distilleries,
beer brewing) also use considerable quantities of woodfuels. In Malawi,
100 kg of firewood are used to cure 3-12 kg of tobacco; in C6te d'lvoire,
100 kg of wood are used to smoke 66 kg of fish (Dankelman and
Davidson 1988). In many countries, woodfuels are used in industrial
production as well (tanneries, cigarette and match production, brewer-
ies; tea factories). In the early 1980s, wood accounted for over three-
fourths of total energy supply in thirteen of SSA's sixteen least developed
countres (deMontembert and Clement 1983). In urban areas, charcoal
is partly replacing wood-

ine fuelwood problem is a function primarily of population density
and of agroclimatic 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 defcits. Populations facing "acute scarcity' were defined as those in
areas where energy requirements could not be met even by taing wood
onanonsustanablebasisorbymakinguseof animalwaste Populations
facingafuelwood "deficit" are thoseinareas where fuelneedsweremet
by taling wood on a nonsustainable basis. The most vulnerable areas
include theaxidandseiaridzonessouthof the Sahara aswellas eastern
and southeastem Africa and the islands and mountainous regions.
Fuelwood deficits were identified in the savanna regions of West, Cen-
tral, and East Afica. The number of people affectedby fuelwood short-
ages, already Large, is expected to increase steadily:

* The aridregionsfacethe mostsevereproblem-with thewoodfuel
scarcity, rather than food production capability, imposing the more
stringent limit on the land's carrying capacity.

* In the more densely populated savanna zone, only 25 to 50 percent
of total fuelwood needs can be met from armual regrowth; condi-
tions for tree regrowth are generally favorable, but rapid popula-
tion growth is causing problems.
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* 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 densi-
ties, 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 exceUent conditions
for tree growth, and tree plantations are widespread. Fuelwood
supply is adequate, but this will change in the near future, espe-
cialy around the large and rapidly growing urban concentrations.

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

In 1980, eleven countries faced negative fuelwood supply-demand
balances: Burkina Faso, Burundi, Chad, The Gambia, Keya, Malawi,
Niger, Rwanda, Swaziland, Tanzania, and Uganda (Table A-21). 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 ofther fuels is not liely or possible in the short to
medium term, population growth translates almost directly into a
growthindemand forwoodfuels (exceptto theextentthatfuelefficency
is improved). Yet continued reliance on woodfuels is clearly threatened
in many regions by unsustaiable exploitation.

Over time, urbanization will facilitate a switch to nonwood fuels, but
urban Africa still depends veryheavily 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 cties 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
thanruralfuelwood gathering,mainlybecauseofinappropriatepolices.
Rapid urban growth has led to intense cutting of wood on a large scale
aroundcitiesandalongmajorroads.Wo.)disbroughtfromconsiderable
distances, charcoal from even fartier, and there are steadily widening
rings of deforestation arourd cities such as Ouagadougou, Dakar, and
Niamey. Woodfuels are supplied to major cities in eastern Africa such
as Mogadishu from as far as 500 km away.

Transport costs and trade margins account for most of the cost to
urban consumers, and the cost of trucking woodfuiels to urban markets
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is the main determinant of the distance from which woodfuels are
brought. Where motor fuels are priced well below world market levels,
as in Nigeria, the effect is to extend drastically the distances over whih
trucking of woodfuels to urban centers is profitable, and the impact even
on distant forest resources is particularly severe. Woodfuel prices to
"producers" (usually collectors or exploiters of forest resources, rather
than actual producers) tend to be extremely low, often as low as 5 to 6
percent of the urban consumer price. This provides no incentive to
produce fuelwood commercially. Given the wide spread between the
stumpage price and the consumer price, higher stumpage fees, provid-
ing incentives for more-efficient harvesting and for fuelwood produc-
lion, would have little impact on urban consumer prices (Barnes 1990a).

The commercialization of the urban fuelwood and charcoal economy
has imcreased the utility of rural fuelwood sources: under subsistence
conditions, local fuelwood resources were used only to meet local de-
mand, but these resources can now also be exploited for sale outside.
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 contract to commercial
traders, is an obvious example.

As studies in Botswana, Malawi, Nigeria, and Tanzania have con-
firned, woodfuel demand first increases with rsing income and later
declines with increasing substitution of kerosene, liquefied petroleum
gas (LPG), and electricity. he 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 alterative sources. It also depends on pricing policies
and supply security at the corsumer level (Barnes 1990a). To the extent
that slow economic growth and rapid population growth prevent sig-
nificant increases in average per capita incomes, demand for woodfuels
will continue to increase about as rapidly as population growth. More-
over, 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 nonwood fuels.

The brunt of the fuelwood crisis falls on women: they must manage
household energy needs through fuel collection, preparation, and use.
Men do not usually involve themselves in fuel provision for the house-
hold under subsistence conditions, but there are exceptions (..s amo,ng
the Muslim Hausa); they usually take over only when the fuel economy
becomes commercialized. Chldrernincreasinglyhaveto help theirmoth-
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ers with this task. Girls in particular have to help in fuelwood fetdhing,
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 fromschool to help them
gather fueL Women (and children) have to walkincreasingly farther and
take more time to collect fuelwood. In parts of Sudan, the time needed
to fetch fuelwood increased more than fourfold between the mid-1970s
and the mid-1980s (Agarwal 1986). This time is diverted from other
pressing tasks - including timely crop planting and weeding (thus
depressing crop yields) and childcare (which is increasingly entrusted
to school-age girls kept at home). When fuelwood sources were more
abundant, fuel gatiering could often be combined with other activities,
such as walkdng home from school or from the market or field. With
increasing scarcity, fewer sources, and longer distances, the loads carried
become larger and heavier, more time is required, and the opportunity
to combinie wood fetching with other tasks is reduced.

Women very rarely have access to any labor-saving technology for
their task - tansport aids or efficient tools for cutting or felling. They
carry heavy loads to reduce the number of tips required to provide fuel
for their household (and often their nonfann income-eanrning 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 kcm, often over difficult terrain-
Carrying such heavy loads damages the spine, causing difficulties din-
mgpregnancy and childbirth, uses up substantial energy, and is a cause
of frequent accdents.

Fuel scarcity leads to changes in nutritional pattems, especially to
fewer meals being cooked or meals being cooked less well (Timberlake
1986:34). En 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 1988:71). Fuel shortages also
induce shifts to foods that require less energy to cook, but mnay be
nutritionally inferior. Women in Burkina Paso refused to use soybeans
because of thelongcooking time and greaterfuel requirement compared
with the traditional cowpeas (Hoskins 1979) - until they were taught
to ferment the beans into soybean cake, which reduced the heating lime
from as much as twelve hours to one (Tinker 1987). Switdhing to raw or
partially cooked food or to cold leftovers is becoming more common
(Dankelman and Davidson 1988:71). The shortages of fuelwood, of food
and of women's time comnbine into a serious nutritional and health
problent Partal cooking can cause significant health problems. Water
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purification requires boiling - not possible without fuel and time. Hot
water to wash dishes, utensils, laundry, and children maybe out of the
question (Dankelnan and Davidson 1988:71-72). The impact of nutri-
tion and health problems on labor availability and prolLictivity for
farming and other income-generating activities is, of course, neative.

The intensifying fuelwood shortage has another important negative
effect on rural womerL Many of their nonfarm income-earning activities
require fuelwood: food processing, beer brewin& fish smoking, pottery
maldng, etc. Fuelwood scarcity therefore severely lmits their opportu-
nities to supplement their income through such activities. This is an
increasingly critical issue in view of the widespread gender-separation
of budgetsandwomen'salmostexclusiveresponsibilityforchldrearing
(see Chapter 5).

Eventually, women have little choice but to switch to other fuels.
Interfuel substitution in rural Sub-Saharan Africa usually means a
switch to less efEicient fuels - mostcommonly to crop by-products 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, and so on. Cooking
may take longer and require even more fuel than before.

Using crop by-products and dung as fuel also has significantnegative
effects on soil fertility, water rettition crop yields, andsoil degradation
and erosion. This is increasingly happening, for example, in areas such
as theEthiopianhighlands andthenorthernpartof theSahelo-Sudanian
Zone. In Ethiopia, an active urban market for animal dung has devel-
oped where fuelwood resources have become depleted (Anderson and
Fishwick 1984). The irnportance of agricultural wastes and dung for
fertility management in farming systems is particularly critical as fal-
lows are shortened and recycling of crop waste and dung is essential in
the move towards agricultural intensification. Under the agroecological
conditions of much of Sub-Saharan Africa, this is extremely important
organic matter is quikldy mineralized in the absence of shading tree
canopies, and nutrients are leached rapidly from most soils. One study
estmated that dung used as fuel in Ethiopia in 1983 would have in-
creased the country's cereal output by 1-1.5 million tons if it had been
used as fertilizer instead (Newcombe 1989:132).

There are many causes for the fuelwood problem, including the
traditions ofits useand the absence of alternativefuels. Themajorreason
for the lack of success in introducing alternative fuels is that wood has
beenregardedinmostof Sub-SaharanAfricaasafreegood.,takenlargely
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
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despite its increasing scarcty. 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 tb-e environmental
costs of heavy fuelwood extraction. Alternative energy sources, such as
kerosene, LPG, and electricity are costly; their cost more closely reflects
their scarcity value since they are not obtainable from open-access
sources. Despite dwindling forests and wood supplies, other fuels are
not substituted in significant quantities, because the price of fuelwood
is lower than that of altemative fuels. Investments in kerosene, LPG, and
electricity supply systems must be made more efficient to make them
more price competitive with fuelwood. Fuetwood prices, conversely,
need to be increased. Chapter 8 suggests how tiis maybe accomplished.

Logging

Commercial logging also takes a heavy toll - in large part because of
inappropriate logging policies and practices. Commercial logging by
itself is responsible for only about 10 to 20 percent of forest destruction
in Sub-Saharan Africa, but ithas been considerably more destructive in
some countries, such as Cote dIvoire. It is, in fact, probably not so much
the quantity logged butrather the procedures used thatis the chief cause
of forest destruction.

Logging practices are rarely :monitored or controlled, and abusive
logging practices are sc common that they have become the norm
(Repetto 1988a; Spears 1988). Replanting is rare, because there is neither
an incentive nor a requirement to do it. Concession agreements usually
requfire 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 sustainaWble long-
term multicycle production. Logging concessions are often awarded as
a formofpoliticalpatronage and abandoned once mined. Stumpage fees
tend to be very low, further encouraging extensive and destructive
logging (Grut, Gray and Egli 1991). In some cas&s, governments subsi-
dize logging through tax and duty exemp tions and through governmen-
tal financing of roads and infrastructure in forests. Subsidies provided
to wood processingindustries have the same effect Areas closer to ports
appear to be most abused, with high twansport costs being probably the
most important factor protecting inland forests against logging in parts
of Central Africa.

There is widespread agreement that logging in tropical forests, as now
practiced, is not consistent with the sustainability of rain forest ecosys-
tems. It has been argued that logging itself, if properly undertaken, need
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not necessarily destroy the forests. However, recent surveys suggest that
there are no sustained-yield forest management systems pmcticed on
any sizeable scale in West and Central Africa. (Coodland 1991:14; Besong
and Wencelius 1992). Even selective logging for certain species and/or
trees of certain size disrupts these fragile ecosystems with their multi-
tudc of highly specialized life forms and of intricate multiple symbiotic
telationships so severely that they will not survive intact. Although less
directly linked to the nexus, population growth wiEl stimnulate more
logging, with its significantly negative impact on the environment
Through the environmental impact may come declines in rainfall, in-
creases in water runoff and, hence, declines in agricultural yields (see
Chapter 2).

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
rpidly take over logged-over forest areas, dear the remaining vegeta-
tion, and convert the land to agricultural uses - usually at very low
levels of productivity. This accelerates and expands the process of
deforestation begun byte logging companies. Logging concessionaires
ordinarily acquire rights to log from governments, ignoring the long-
standing customary land and forest rights of forest dwellers. These
rights, once eroded, are not respected by new settlers penetrating along
the logging roads.

In virtually all countries of Sub-Saharan Africa, the institutions
charged with managing and pro tecting national forest resources tend to
be very weak. Forest guards andrangers 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 compa-
nies, deal with poachers, assist forest dwellers, and prevent encroach-
ment 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 capacty to plan,
to levy taxes, to undertake land use surveys, or to deal with land use
disputes in forests (Besong and WencXlius 1992).

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 nontimber products and the environmental services it
provides disappear with it. ne forest is disRppearing fast.
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Notes

1. In Sudan, for example, the parastatal Mechanized Fanning Corporatica has
been awarding fifteen-year leases only to people who dear 85 percent of their
;asigned holdings in three years (Southgate 1990).

2. See Raintree (1987) for a number of detailed tree tenure studies in Sub-
Saharan Africa.

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

Appendix to Chapter 4

Statistical Analysis to Explain Intercountry Variations in Crop
Yields

As in the case of the analysis of total feriity rates, two independei t
statistical investigations were undertaken to explain the cause of variatio. t
in yields per hectare of various crops, between countries and over time.
(Both are desaibed more fully in the Supplement) Unfortunately, some
of the relationships discussed in Chapter 4 could not be investigated due
to lack of suitable data. However, limited testing may establish the plau-
sibility of the hypotheses:

* Inddence of drought will significantly affect crop yields.
* Crop yields should be higher w.here population is growing most

rapidly relative to cultivated land. People begin to intensify agricul-
tureas cultivable area perperson declines. Hence, statisfical analysis
should show an inverse relationship -betwveen area cultivated per
person and crop yields (all other things being equal). However, the
rate of growth in yields stimulated by declining availability of culti-
vable land per person wfll be significantly lower than the rate of
populationgrowth.

* Efforts to stimulate intensification (use of ferfilizer, for example) will
significantly accelerate the increase in crop yields beyond the growth
rate stimulated by rising population density alone. This should be
observed as higher yield growth rates in countries using more fertil-
izer (all other things being equal).

. 1-~~~~~~~~~~~~I
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* Primary school education, of males and females, should facilitate
famer adoption of intensive farming; techniques and therefore be
associated with higher crop yields.

* Countres with more rapid degradation of their natural resource
endowment,asreflected inhigher ratesof deforestation, should have
lower crop yields, other things being equaL

* Countries with a policy environmentmore accommodating for prof-
itable market-oriented fanning should have higher crop yields than
countries with less conducive policies.

Pooled Cross-Country Time Series Analysis

The pooled cross-country time series analysis investigated the determi-
nants of crop yidds for cereals as a whole, as well as separately for rice,
maize, sorghum, wheat, and cassava. The independent variables were
drought, the nombial protection coefficient (representing the adequacy of
agrnulturalpolicy),primaryeducation,andcultivatedareapercapita.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 agricultumalpolicy environment

In summary, the following results were obtained (see the Supplement
for details):

* Crop yields are negatively related to drought the coefficient on
drought is negative for all aops and in all cases except for rice
significant at the 10 percent level (this is ffie 2-tail significance test,
meaning that there is a 90 percent probability tat the coefficent is
different from zero).

* Crop yields are positively related to good agricultural prie policy-
the coefficient on the nominal protection coefficent is positive and
in the case of cereals and sorghum sigrnficant at the 10 percent leveL
It shows no impact on cassava yields, however, this makes sense
because cassava is a subsistence crop which is least affected by price
policy.

o Crop yields are positively related to primary education: the coeffi-
cient 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 percent level

* As hypothesized, yields are higher as the availability of cultivated
land per capita declines: the coefficient on per capita land under
annual and permanent crops is negative, o pt for cassava where it
is highly insignificant. In the cases of rice and maize, it is significant
at the 10 percent leveL This means that for the crops which are most
commercialized, the smaller the land holdings, the higher the yield
(other things being equal).
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* The resuIts for cassava are strikngly different from those for the
cereal crops. Neitier the nominal protection coefficient, nor primary
education, nor per capita farm size affect cassava yields. Cassava is
a subsistence crop and rarely traded onintemationalmarkets.

Single-Observation Cross-CountryAalysis

A separate analysis was undertaken of the causes for variations in crop
yields using a different data set with single observations for each country.
The main drawback of this approach is that it eiminates the time dimen-
sion from the analysis and that there are fewer observations. On the other
hand, it allows a larger number of independent variables to be included.
This analysis tested the statstical relationship between cereal yields (av-
erages for 1984-1986) as the dependent variable, using as independent
variables:cultivated areaperperson (averagel965-1987),fertiizeruse per
hectare in 1987/88 (fertilizer use remained fairly stable in the 1980s),
percentage of the school-age population in primary sciool (average 1965-
1987), the rate of deforesta in the 1980s, and the general "appropriate-
nese of agricultural policy during the period 1980 to 1987. 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 appro-
priateness 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
thirty-eight countries considered, twenty-four were judged to have pur-
sued inapproprate policies, fourteen 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 tenuresituationcouIdnotbe quantified and thereforewerenottested
in their impact on yields.

The equation, with the dependent variable being average cereal yields
in 1984/86 (nabural logarithm), is as follows:

Independent 2-Tail Sgi-
Variable Coefficient t-sistic fimce Test

Constant 5.45b 10.1 1%-
Cultivated ha per persona -0X3 2%
Fertilizer useper baa0.1 1.7 10%
Primary schoolenrollmentrate' O.1i 1.2 24%
Deforestationrate -0.05 0.9 39%
Agricultural policy dummy 0.30 1.9 7%

Adjusted R squared = 0.45
F Statistic = 7.0

a. Converte to natural logariOmL
b. Represetselasctidy
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The equation explains about 45 percent of the differences in cereal yields
among the tiirty-eight countries; this is not as good as the pooled time
series cross-country equation.

Consistent with the hypotheses and with the results from the pooled
time series cross-country data, the smaller the cultivated area per person,
the higher are cereal yields, all other things being equaL The coefficient
(03) is identical using the two sets of data. The statistical relationship is
higblysignificant,witha t-statisticof 25, andwith a 2-tailsignificance test
of 2 percent (indicating only a 2 percent probability that the coefficient is
actually zero). It suggests that the pressure to intensify farming mounts
with increasing population density on cultivated land; itis true even when
the use of fertilizer and other modem inputs, the policy environment and
primary school enrollment rates are held constant This reflects farmers'
ability to respond to rising population density with simple tedhnological
innovations. But, also consistentwith the hypotheses, the coefficient is less
than 1, suggesting that a decline in cultivated area per person (due to
population growth) will only stimuate people to intensi farming at a
rate of about one-third that of population growth itself. Historically, this
is what happened. Cropland expanded at a rate of less han 1 percent per
year, and yields increased on average by slightly more tan I per year,
giving an agricultunal output growth of only about 2 percent per year for
SSA as a whole for the 1965-1990 period.

Al percentincrease infertlizernesityisassocatedwith a 0.l percent
increase incerealyields.Thecoeffidentissignificant statistically (2-tail test
of 10 percent, indicating a 90 percent probabflity that the coefficient is not
zero). Since ferfilizer use is extremey low in ssA (averaging 85 grams per
ha in 1987/88, compared to China, for example, where it is 2,3 g/ha),
there is vastscope for'mcreasingits use. Thisis also truefor ohermodern
tools and inputs, with which fertilizer use is highly correlated; given this
conrlation, the fertiizervariable also picks up the effect of the use of other
modern inputs. 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 1.0-1.5
percent per year.

Alpercentincreaseintheshareofprimaryschool-agechildrenenrolled
in school is associated with an 0.17 percent increase in cereal yields. The
statistical relationsip is weak, but when added to the evidence cted in
the text and the sgnificance of this variable in the pooled cross-country
time series tests, it suggests that better overall educational attanment has
a positive impact or farm productivity. This makes sense, since in most
SSAcoumtries the majorityoftheadultpopulationworksinagricultureand
associated activities.

The dummy variable representing agricultural policy adequacy is sta-
tistically significant in explaining cereal yield variation among countries.
A better policy environment is assocated withn higher yields, all other
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tiings being equaL This is consistent with the pooled cross-country time
series analysis showing tie significance of the nominal protection co-
efficient

Consistent with the hypothesis, countries experiencing the most rapid
deforestationhave lower cerealyields, all other thingsbeing equaL Butthe
statistical relationship shows no significance The problem may be that
deforestation is endogenous. The staistical tests sumnarizdin BoK4A.2
suggest that deforestation itself is related to population density on culti-
vated land, intensity of fertilizer use, and agricultural policy. Therefore,
when assessing the determinants of crop yields across counties, these
other factors already pick up the impact of deforestation, us leaving
deforestation as such with a coefficent not significantly different frm
zero.

The above analysis also suggests the plausiblity (tough not the likeli-
hood) of adtieving4percent peryear average growth of agriculture inSSA.
This could occur from: more lab or use per hectare facilitatedby continued
populationgrowth (causingalpercentincrease inannual outputgrowth);
l5.percentannualyieldgrowthattrlbutabletoal5percentannualincrease
intheuse offerdizer(andofothermodemninputs);andante of expansion
inthe cropped area of 0.5 percentper year. This gives a total output growth
rate of 335 percent per year. An increase in the number of countries with
appropriate agricultral policy and with primary school enrollment in-
creasing at2 percent per year should suffice to provide the additional 0.5
percent arinual growth rate required to reach the postulated aggregate
growth target HEowever, in the long run, as populati growth slows, the
scope for policy improvement narrows, and firther expansion of cropped
areabecomeslessfeasible,sustainiig4percentannualgrowthwillbecome
moredifEcult Itwill dependincreasinglyongreateruseofmodem inputs
anct equipmnent, geneticimpments in crAps and lvestock, and im-
provements in people's educational athiinen Hence te imnportance of
improved agricultural xesearch and extensicon and of general education.

A p peunx conthia nue thefif ig pae
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Statistical Analysis to Explain Intercountry Variations
in the Rate of Deforestation

The analysis in Chapter 4 suggests that deforestation is related positively
to population pressure on cultivated land (the smaller the cultivated area
per person, the higher the rate of defrestation), the rate of population
growth (the higher population growth rate, the higher the rate of defores-
tationdue to land dearing and fuelwood provision), andpolicies favorable
to agriculture (the moreprofitable agriculture and logging, the more rapid
the dearing of forests). It is negatively related to the use of modern brm
inputs such as fertlizer (the greater the use of modem farm inputs, the
lower the need to clear more land for faing). Open-access land tenure
situations were also hypothesized to stimulate deforestation, but this
cannot be quantfied -

To test these hypothses, regression analysis was undertaken with the
rate of deforestation as the dependent variable. Two separate data sets
were used, as desabedfor the analysis of crop yields (see the Supplement
for details).

The nominal protection coefficient has no statstically significant rela-
tionship with deforestation, contrary to the hypothesis.

Using the data set with single observations per country, the dummy
variable distinguising countnes with good agricultural policy (the van-
able has a value of 1) from those having poor policy (value 0) is nearly
significant (2-tai test of 11 percent, or significance at the 89 percent level).
The coefficient is positive, as hypothesized.The reslt is therefore ambig-
uous. Evenifpooragriculturalpolicywere toreducetherate of conversion
of forest to cropland, it would not be appropriate to pursue poor agricul-
tural polircy to conserve forest resources, because the objective of acceler-
ating agricultural growth wil override that of reducing the rate of
deforestation in every country. However, this finding does suggest the
need for mitigating actions to retard deforestation when agricultural pol-
icy is good. Land use planning will be important in this context

The hypothesis that population pressure on cultivated area increases
the rate of deforestation could notbe confirmed. In the pooled cross-coun-
try time series analysis, the relationship is not statistically significant. in
the simple cross-country sample, this variable had the expected negatrve
coeffident (the smaller the cultivated area per person, the higher the rate
of dleforestation), but the significance level was very marginal (2-tail
significance test of 15 percent). The result is therefore ambiguous and
unconfirmed.

Drought proved to increase the rate of deforestation significantly.
As hypothesized, the use of modem farm inputs such as fertilizer is

negatively related to the rate of deforestation. inten ing agriculure
slowstherateof deforestation.Thisislhkytobethemostimportantpolicy
available to deal with thiis pro olerm



5
The Role of Women in Rural

Production Systems

A cental aspect of the population-agriculture-environment nexus is the
role of women:

D Bearing and rearing children, women directly influence both the
size and the quality of the future stock of human resources.

- As household managers, women are the prmary managers and
users of a variety of natural resources, most notably fuelwood and
water.

* As -farmers, women are responsible for a very substantial share of
food crop production and a variety of other agricultural activities,
and their decisions and activities have a direct bearing on soil
fertility and erosion, waterinfiltrationand retention, and waste and
by-productrecycling.

Women's triple onsibiliy- childbearing and child rearing,
household management, and production activities (most ural women
in Sub-Saharan Africa also pursue nonfarm production and income-
eaming activities) - and the increasing pressures on their time and
energy have important consequences forhuman resource development,
agricultural productivity, and environmental sustability. As heir
agricultural worildoad grow, women face rising pressures in their role
as household managers, and their c} ldbearing and childcare burden
remains as heavy as ever. Legal, insltutional, and tehnical develop-
ments have added futher constaints on women (such as land titling,
access to credit and extension, research orientation). The promotiorn of
cash crops, mechanization, extension, and formal credit systems have
mainly been directed at men. As men tum to nonfarm employment,
women increasingly become the actual managers of the family farm. In
many areas, 50 percent or more of all farms are managed by women -
yet traditional and legal constraints remain severe. Puelwood and water
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are becoming increasingly scarce, and more time is required to obtain
them. (These pressures, coupled with women's often inferior health,
education, and nutritional status, also render women poorly equipped
to take advantage of emerging and better income-earning opportunities
outside agriculturea) The intensifying time constraintmeans thatwomen
either reduce the time spent on certain tasks or depend increasingly on
the labor of their children. This may be one of the factors explaining the
persistence of high fertility rates.

Effortstointensify agriculture,conservenaturalresources,andreduce
population growth will therefore have to be focused to a significant
extent on women. These efforts will have to aim primarily 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 educa-
tional standards and skills.

The Female-Headed Household Syndrome

The female-headed household (Fwn) is a widespread and increasing
phenomenon in many parts of Sub-Saharan ASrica_ It has always been
common in societies that practice polygyny and spousal separation of
residences, or in which divorce has been easy and frequenL In some
regions, where long-term or seasonal male out-migration is particularly
prev2lent,l female-headed households account for 50 percent or more of
total rural households. This also means that an increasing number of
smaRlholder fams are managed by women.

The concept of the female-headed household is often misuderstood
or misinterpreted. It is not a static concept, but a life-cyce 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 out-migration, 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,
ormigration.Theyare acommon andeconomicallyandsociallyimport-
ant reality with far-reaching mlications for development policy. Tle
great majority of women in Sub-Saharan Africa who reach adulthood
are lkely at one or more times throughout their adult lives to head a
household that is without a resident adultmale. One important implica-
tio- is that all women must be reached with development assistnce
interventions

Female-headed households differ from male-headed households
(MHEs) mrjst importantly in that most of them lack ready access to adult
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Box 5-1 Women in Kenyan Smallholder Farming

According to the 1979 census, 33 percent of all rural smaUlholder house-
holds in Kenya were headed by women, with the highest percentages in
Nyanzxa, Eastern, Westem, and Central provinces. Data from Kakamega
and Machakos districts show thateven thesehigh percentages do not fully
represent the extent of de facto female-headed households. Surveys report
that55 and47percent, respectively, of the famrs in these areaswere in fact
managed by women. SmalMholder farm production is ineasingly the
responsibility of women. An estimated 96 percent of rural women work
on the family farm; women provide three-fourths of the labor on
smallholdings and actually manage about two-fifths of these
smallholdings (World Bank 1989b).

A village survey in central Kenya found husbands absent in 70 percent
of the households surveyed and the wives cultivating the entire holdng.
in the other 30 percentof households the wives cultivated their own plots
within the holdin& Inthe majorityof cases, women made thedecisions o
crops to be grown and input purchases and use. Credit decisions were
takenby te husbands or by both spouses jointly (Due 1988).

male lahor. They are also usually 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
Lherconstraints and thelack ofaccessto draft animals, farmmachinery,
and hired labor. Capital may or may not be a constraint, depending on
the incidence, amount, and timing of renittances from absenLhusbands
orotherrelatives-3FormostFiis, access tovaious publicsectorservices
is also severely limited, especially in the case of extension, institutional
credit, and services delivered through formal cooperatives.

The differences between female- and male-headed households in
access to key resources and markets have been wel documented in case
studies from Zambia, where the ownersiup of oxen is dosely correlated
to farm size, productivity, and profitability. In Lusaka Province, MHHs
are far more likely 3tan nuis to own oxen; hence, the area that can be
cultivated is larger in male-headed households. MHHs also have better
access to other support services. In the Western Province, male-headed
households are sic dimes as likely as female-headed households to have
oxen. The introduction of oxen into farming and of cash-earning oppor-
tunities have both essentiay been imited to men, leading t significant
differencesbetween male- and female-headed households -a "femini-
zation of poverty" (Suterland 1988).
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The Gender Division. of Rural Labor and Farming Systems

Women are estimated to provide between 50 and 80 percent of all
agricultural and agroprocessing labor in most countries of Sub-Saharan
Africa - prompting Ester Boserup to write of Africa as 'the region of
female firming par excellence" (Boserup 1970). But this fact remains
obscured by poor statistical data and flawed peroeptios on the part of
most policy makers. This has been called the 'invisible women" syn-
drome.

The data problem is partly the result of inadequate definitions of
"farm work" and partly due to flawed data-gathering procedures (such
as unrepresentative reference time periods, wrong choice of respon-
dents, etc.). In Malawi, as elsewhere in Sub-Saharan Africa, agricultural
tasks are assigned by gender and are sensitive to seasonal variatiorL A
1970 ILO estimate reported 40 percent of the agricultural labor force to
be women, but the 1972 Census, with orly a one-week reference period,
reported merely 12 percent of the labor force to be fpmale; the 1977
Census, using a one-year reference period, reported 51.6 percent of the
agricutural labor force to be women (Doorenbos and others 1988).

The gap between perceptions and reality regarding women's farm
work is often very wide. In Zambia, women in male-headed farm
householdswere found, to the surprise of male researchers, to contribute
more time daily thLan the men to fiam work (85 hours vs. 7.4 hours) as
well as to nonagricultural tasks (5.0 hours vs. 1.1 hulirs) (Due 1988).

The gender division of labor (in farm and nonfarm pmduction, pro-
cessmg, marketing, household maintenance, subsistence and survival
activities, child rearing, etc.), its determinants, and changes over time are
important for agriculhural and poverty alleviation policies. This divion
of labor varies widely among cultures. It is also determined by charac-
terstics of the household3 the individual, the farming sstem, the local
natural resource base, the comntinity, and the national economic and
political system. Gender roles and responsibilities may undergo sea-
sonal variations, due to farm production requirements, for example, or
to seasonal male out-migration (Dixon-Mueller 1985:119-123). Gender
roles in farming systems also change over tine, in response to cultural,
technological, political, commercial, ecological, demographic, and other
factors.

Gender divisions of labor have inplications, for instance, as regards
thepromotionofvariouscrops,subsidization of certaininputs,targeting
of research and extWnsion, pricing land tenure policies, etc. Shifts in
cropping pattems will have different effects on labor required by gen-
ders. Control over returns affects incentives to work Social norms need
to be ascertained and considered to avoid mistaes. Three-fifths of
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respondents to a survey in Botswana considered selling crops (but not
cattle) a job for women only; extension, credit, transport, and marketing
interventions for crops would thereforeneed to focus on women to make
sense (Dixon-Mueller 1985). In the eastern Uluguru Mountains of Tan-
zania, male involvem.ent in such activities as fetching water and fuel-
wood or preparing meals is out of the question (Mtoi 1988:349); efforts
to address the water and fuelwood problemis in this region would
therfore need to be directed at women.

The organization of farm labor and production responsibilities varies
widely, but tends to be highly gender-specific. In some regions, men and
women farm fields jointly, usually ir. a gender-sequential mode, but
sometimes side by side. In other areas, a substantial portion of agricul-
tural activities is gender-segregated: women grow their own crops on
separate plots - but they are also required to work on the plots and
crops owned/managed by their husbands. In much of Sub-Saharan
Africa, men and women tarm separate fields and grow different crops.
Labor may be allocated by crop, by task, or both - men performing
certain tasks on women's fields and women performing others on men's
fields. Insome areas, menmayworkfields communallywithothermen,
or gender-based work parties carry out certain tasksjointly. Hired labor
is important in some areas and for certain activities. Labor sharing is
common in some regions., usually withiin lineages or communities and
often along gender-specific lines.I Te introduction of commercial crops
(which may be food crops intended for commercial marketing) or the
commerciaization of traditional crops often leads to changes in gender
specificity of farming activities andresponsibilities. Mentend to talke on
themarket-orientedproduction,leavingwomento cpewithproviding
for the family's subsistece needs.

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 faming systems
operating side by side. Details vary considerably among regions and
sociocultural groups, but in most of these dualistic systems, and where
markets have developed for farm products, women tend to be respon-
sible for the production of food Cropsf or .ome consumption, while men
more often produce explicitly for the market This has often been
couched in the simple dichotomy: cash crops = men s crops, food crops
= women's crops. In this extreme simplicity, this statementis clearlynot
valid. Although industril and export crops often tend to be the domain
of men, men also engage in substantial food production where food
crops have good markets or where custom places the responsbility for
producing the main staple on men. Where farming is generally subsis-
tence oriented, men often produce the main staple on their fields (usually
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Box 5-2 The Gender Division of Farm Labor

Among the Gulmantche in norten 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 began to take up
groundnut cultivation only in the 1970s when cotton cultivation became
less remunerative (Hemmings-Gapihan 1982).

In the forest zone of southern Ghana, men used to clear land and fell
frees; women planted, weeded, harvese, transported, and processed the
crops. With the introduction of cocoa, men moved into pure ash cropping
leaving food crop cultivation for home consumption largely to women.
Without male help, women often could no longer grow yams, the tradi-
tional staple, and switched to cassava, which requires less labor and can
be left in the ground for up to two years to be harvested when needed.
Today, most women grow plantains, maize, cocoyam, cassava, andcvege-
tables; they also help the men, especially in headIoading farm produce
(Dey 1984b; Date-Bah 1985214-216).

Farming systemsresearchinldlosa, Tanzania, showed women contrib-
uting about half the labor on major crops and mnore than that on minor
crops and on all other household tasks. Women were partcularly active
in planting (56 percent), weeding and iniuiing (52 percent), and harvest-
ing (58 percent); they also contributed significantly to activAies widely
assumed to be maIe domains, such as land preparation (46 percent).
Women's labor input was particularly high in rice (67 percent) and beans
(59 percent), foDowed by maize (48 percent), sorghum (40 percent), sun-
flower (39 percent), and cotton (39 percent). Mendominated themarketing
of all crops, except of rice where womerns contribution was 50 percent

u 1988).
In Zambia's LuapilaProvince, thelabordivisioninfarmingvaries with

the faming systeaL In semipermanent fields, men prepare nmounds for
cassava and ridges for maize, while women plant, weed, and harvest In
ciWtenenefields,men(usuallysons-in-law)lopbranches,whilewomenpile
and bum them, seed, and harvest Men dominate decisionmaking for cash
crops, women are responsilble for food crops (Sutherland 1988).

with considerable labor input from the women), while women grow a
variety of supplemental food crops. Conversely, women do not neces-
sarily limit their production activies to subsistence crops. Where mar-
ketoutletsexistand social customspermit, they notonlysellpart of their
surplus (even if it is a temporary one and they have to purciase supplies
in the market when the quantity stored at home is depleted), but they
also produce a variety of "minor' crops for sale to pay for other house-
hold necessities.
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Box 5-3 Womens Rights to Land in Some East African
Tenure Systems

In Kenya, women traditionally did not inherit land, but their rights to use
land belonging to a male relative were assured. roday, unless the land is
rogistered in their own name, women's land use rights are threatened by
land commercialization. Except in some areas with matrilineal traditions,
women make up a minuscule percmtage of registered landholders. Property
rights after divorce or husband's death differ considerably among tribes,
and customary laws are upheld in courts Among the Luo, Kisii, and Masai,
widows or divorced women may have to return to their native families,
because wives have no property of their own. Kkuyu women a:- entitled
to property acquired before marriage and to some share of property
acquired withioint effort during marriage (Ventura-Dias 1985:172-173).

In the rice faming systems of Madagascar, the household is the basic
unit of production and consumption, but men and women have differen-
tialaccess to resources and complementary laborroles. Traditionally, men
controlled the usufruct rights to most land. These were inherited by their
sans; daughters could inherit use Lights if there was enough land. With
rising population pressure, control overland has become tighter and more
individualized, with rights alin to cwnership although these may not be
officially registered. Women do not generally have independent land
rights, but grow food and cash crops on land allocated to them by their
husbands. However, women may acquire direct ownership or usufruct
rights in four ways: a women may purchase land; on divorce a womanhas
the right to one-third of any land bought during the marriage by the
household (even though the husband may have cnntrolled the funds and
negotbated the purchase); widows may use their young sons' land to
provide for their children; and widows and divorcees sometimes farm on
a sharecropping basis (Dey 1984b).

In the matrllneal-matilocal communities in Malawi's Zomba District,
women's tenurial security is very high, while that of men is low. Women
tend to live in the settlements of their birth They obtain plots from their
motharsorgrandmaothersorfromthevillage headmanwho hasthe. formal
right to allocate and reallocate lad (a right inaeasingly rendered moot by
the nonavailability of vacant land). Women do not lose their land after
divorce, separtion, or widowhood (Hirschmann and Vaughan 1983:89).

The male and female farming systems differ in many important re-
spects. They have different primary objectives and distinctly different
resource endowments. They face different incentiLve systems and differ-
ent 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
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Box 5-4 Women's Rights to Land in Somf! West African
Tenure Systems

In Ghana, despite significant differences among ethnic groups, land gen-
erilly belongs to the commurity and use rights are held by the lineage.
Any member of the linertge, male or female, may occupy unappropriated
communal land and thereby acquire usufruct rights to that land. For most
practical purposes, this approximates ownership. In practice, lineage
members seeldng land to farm ask the lineage head to assign them a piece
of land. Discrimination againstwomen in tiis allocation process is widely
reported fewer women obtain land; women often getless ferdle land; and
women obtain snaller parcels. On low-fertility land, women can only
grow cassava instead of yams, and with smaller holdings they cannot
rotate among plots and mustfarm the same plot every year. Some women
also farm on land they obtain as gifts from husbands or parents. In some
patrilineal groups, such as the Krobo, women usually have no access to
lineage land, unless they are ut:rnarried, live in their partal home, and
cultivate landaUllocated to themby their fathers. Agricultural commercial-
izationhas led to increasing commercialization of land, and land sales are
now taldng place. Various types of tenances are the other major form of
rurallandalienation(Date-Bahl985221-222;seealsoMigot-Adhollahand
others 1989,1991).

Land ownership in Sierra Leone is communaL Womien have access to
communal land,butland clearingand plowingare too difficultforwomen
who canot afford hiring tractors or wage labor to do this work. They
therefore work mainly onland owned bytheirhusbands or other male kin
oras laborexs on oierfarm forpaymentincash orlkind.Menand women
cooperate in farming: women are mainly active in planting, weeding and
harvesting men in land learing and iiling. Women also cultvate home
gardens and grow groundnuts and cassava on abandoned nce fields;
surplus production is sold. Theysometimes grow cottonwhich they spin;
the men sell the yarn or weave it for themselves or for the women. Rice IS
the m,aistaple, andrice processingis the wome's responsibility (Stevens
1985&285-286).

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 all have implications for
women's productivity, time and resource use, status, and fertiity deci-
sions, as wel as for household-levl food security and dild welfare.

A major difference between the two farming systems concerns access
to land. Where women have specific and gender-segregated crop pro-
duction responsibilities (as distinct from participation in farming activ-
itiescontrolledbymen),theyrequireaccessb-tospecficanddistinct'plots,
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and women's rights to land assume special importance. Although there
are a number of exceptions, particularlyin matrilinealcommunities with
matrilocal residence systems (e.g., Hirschmann and Vaughan 1983:89),
women's tenurial security is usually far weaker than that of men. More-
over, as men expand the scale of their farm operations in response to
market incentives and by making more use of improved technology,
they often reserve the better land for themselves, pushing women to
marginal land. Krou women living near the Tai Forest in C6te d'Ivoire
had to leave their own fields because of expanding coconut and oil palm
plantations and increasing immigration of new settlers from the Sahel.
They were forced to move into the forest where they farmed clearings
left by loggers. In these areas, soils were not suitable for the cultivation
of armual crops, and farming caused environmental damage (Bamba
1985).

Access to labor is another problem. Women's fuming systems depend
very heavily on female and child labor. Adult male labor may be avail-
able from husbands or other male relatives, but usually only for very
limited and speific tasks. Inmany communities, womentry to ease their
peak labor constraints by partcipating in various forms of kinship- or
community-based work group arrangements and labor exchanges. But
in most settings, women's only resource to meet their production obli-
gations in the face of multiple other demands on their time is their own
labor and that of their children. This may contribute to the maintenance
of high fertility rates.

For female-headed households, limited access to male labor is a par-
ticularly 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 leawing, 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 dear light secondary bush,
fallow periods are also being reduced (Dey 1984b). In both cases, the
result is accelerated degradation of such plots.

Another example of labor constraint faced byFHHs is the deterioration
of the 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
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capability of the available and accessible resource base (Vedeld 1983:98-
99). Moreover, the long distances between village and fields and the
risingpressureonwomen's time are forcingpeople to shortendrastically
the fallow period on their fields, cutting it from the traditional twenty-
five years to as little as ten years (St0len 1983:32-33). Although millet is
preferred in the diet in Zambia, the nutritionally inferior cassava has
increasingly replaced it as the main staple because millet production is
constrainedbylaborscarcity. Millet isnow used mainly forbrewingbeer
to generate cash income. Most people's nshima now consists of about 70
percent cassava meal and 30 percent millet meal.

Among the Balanta Brassa in Guinea-Bissau, the growing outmigra-
tion of men has similar effects. Women face ever more direct responsi-
bility for the traditional irrigated rice cultivation in saltwater swamps
(bolanhas), but increasingly lack access to sufficient adult male labor to
maintain the complex dike and canal systems that form the basis of this
production system. At the same time, changes in hydrology, due to
prolonged drought and upstream dam construction, are increasing the
salinity and reducing productivity in the bolanhas. As a result, the
pressure on upland areas is rising, with negative consequences for the
environment and the sustainability of the traditional firming systems
(Lifton 1991).

Box 5-5 Gender, Farm Labor, and Market Access

In a village study in Cameroon, menwere found to work an average of 32
hours per week, women over 64 hours per week. Domestic tasks took up
31 hrs/wkfor women, 4 hrs/wk for merL Farm workaveraged 12 hrs/wk
for men and 26 hrs/wk for women. Men worked mainly on cocoa, but
some also grew bananas and plantains for sale. Women produced mostly
food crops, for home consumption and for sale - food sales being their
ulainsource of cash income. Men engaged in a farwider range of nonfinn-
ing activities tan women, although trading in food, drinks, and cigarettes
was a frequent secondary activity for women. Men's hourly retums from
nonfarm activities were considerably higher thanwomen's hourly returns
from food aop production. Men helped their wives with some land
dearing actvities; women had to work on theirhusbands' plots when they
were asked to do so.

When a road was opened through their village, women responded by
more than doubling theirtime spenton growing foodcrops formarketing.
Men responded by growing more bananas and plantains for sale to whole-
salers and spending less time helping their wives grow food crops (Henn
1985).



THE ROLE OF WOMEN IN RURAL PRODUCTION SYSTEMS 83

Box 5-6 Chitemene Farming in Zambia

In the chitemene farning system of the Bemba in Zambia's Northern
Province, crops are grown on deared forest plots fertilized with ash
obtained byburning treebranchescollectedfromanareafiveto eighttimes
the size of the cultivated field. Millet, groundnuts, and sorghum are grown
for tiree years; then the plot is abandoned to regenerate. Men lop and fell
trees and tum the soil. Men and women share in scaring birds away,
harvesting, and building storage facilities. Women turn the soil, plant,
weed,scare birds, harvest,andcarrytheproduce home.Theyals cultivate
pumpkins, sweet potatoes, and groundnuts. Men hunt, fish, and engage
in interregional trade. Male out-migration became significant during the
colonial era and caused gradual changes in the farming system. Since
womencould noteasilylop trees, ashfertlizationwasreduced; where they
tried to maintain the system, they cutcdown entire trees, but this inhibited
regeneration. Cassava was introduced in the 1950s afteralocustattackhad
caused severe food shortages. Traditionally, women had access to land,
but wihi the rising emphasis on cash cropping of maize, cotton, sunflower,
tobacco, and groundnuts, men increasingly used the better land them-
selves and became less willing to allot good land to women for food
cropping. Maize 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
sold. Sweet potatoes are no longer grown in significant amounts. Neihier
is sorghum, due to the time-consuming task of scaring birds away. Male
out-migrationcontinues and is still significant. The use of oxen. has helped
make up for declining male labor availability,but does not reduce the time
needed for sowing, weeding, and harvesting, which are women's tasks
(Tembo and Phiri 1988).

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 increas-
ing 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 timev
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 sometimes other women in their
village or kinship group) to provide the needed labor.

In most SSA tarming systems, women also provide significant labor
input on the mer's fields. Polygamy allows men to comnand more labor
(that of wives and children) and thereby extend their farm size. Under
most customary tenure systems, land is assigned on the basis of ability
to cultivate. Hence, more wives increase the capability to cultivate and
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the amount of land that canbe controlled. In fact, women often welcome
an additional wife, because the husband is no longer solely dependent
onasinglewife andbecause a co-wife facilitates othermethods ofcoping
with survival needs. As men expand their farming operations, their
demands on women's labor (for planting, weeding, harvesting, crop
transporting and processing) increase.

Project interventions have often exacerbated the problem for women.
Under a project in Cameroon, for example, men obtained land, water,
seeds, and training to produce rice; women, on the other hand, were
expected to carry out their traditional tasks in the men's rice fields in
addition to cultivating sorghum on their own plots for family subsis-
tence (Dankelman and Davidson 1988:13). A project among the TIv in
central Nigeria had similarly assyimetrical impact on men's and
women's worldoads and incomes. Project design assumed the operation
of a joint-family farm - although men and women traditionally have
distinct labor roles and control of specific crops: men control millet, rice,
benniseed, and melons; women yam, cassava, maize, sorghum, and
cowpeas. Intended to raise productivity for all food and cash crops, the
project had an uneven impact on male and female labor requirements.
Annual agricultural labor input increased by 17 percent for women,
compared with 6 percent for men. Moreover, male labor requirements
were distributed more evenly throughout the year, while much of the
additional need for female labor was concentrated in October-Decem-
ber, adding a new major labor bottleneck. The gender-specificity of
farming responsibilities and income control also meant that serious
conflicts arose for both men and women at times of peak labor demand
-tradeoffs having to be considered between worldng on one's own
crops or on those controlled by the other gender (Burfisher and Horen-
stein 1985).

The Separation of Budgets

In most Sub-Saharan societies, men and women also maintain separate
budgets, and there are intricate, but well-established conventions con-
cerning their respective sources of income and the responsibilities that
are to be met from such income. Husbands and wives may sell to each
other, even lend to each other at considerable interest rates. The support
men are obliged to provide to wives (and children) varies considerably
among communities. So does the importance of the immediate and
extended family and of the household and compound as resource pools
and as production and consumption units.

In most cases, women depend heavily on their own, independent
(cash or kind) income sources, from farming and nonfarm activities, to
meet their responsibilities. This has major implications in terms of the
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Box 5-7 Gender Roles among the Balanta Brassa in Guinea-Bissau

The farmning system of the Balanta Brassa is based on irrigated rice culti-
vation in salt water bolanhas (swamp paddies), supplemented with upland
cultivation of foodgrains, cassava, groundnuts, beans, and fruit trees,

especially cashew. The men are responsible for providing rice, the main
staple. Women are obliged to provide labor on their husbands' bolanhas
and the ingredients for the sauce that is eaten with the rce.

Land is owned by the patrilineage, and its male head allocates land to
the compounds. The male compound head determines the allocation of
land to collective and individual uses. Men have collective and individual
bolanhas and control the output from both. They also control most upland
fields (Lugars) which theyprepare and seed; thewomen help with weeding
and harvesting. Men carry out all the land preparation on fields intended
for subsistence crops. They prepare the bolanhas, often utilizing age-group
work teams. Young men, in work groups, clear new land and build the
ridges. Maintaining dices and caals, regulating the water flow, and
desalinating the bolanhas with rainwater are done by adult males. Rice
nurseries are prepared by each individual family: men prepare the land,
women seed. Women are responsible for transplanting (men often help),
weeding (men and particularly children will help), winnowing the
threshed rice, and carying it to the village Rice harvesting and threshing
are done by younger menL

Most men give their wives small bo m has in the swamps' fringes as well
as Lugars to grow crops of their own. Women also have vegetable gardens.
They cultivate these plots with the help of their daughters and foster
daughters. For ridging, they may obtain the help of their husband or
mobilize a work group by providing rice and other compensation.

Rice produced on the husband's bohnhas is owned by him, but the bulk
is consumed by the family. Some is given in compensation for labor
provided to the wives (for sale), some is traded for tobacco or other
consumergoods, and any surplus is used to invest in livestock, preferably
cattlt By contrast, crops from the women's fields and gardens are their
personalproperty and maybe sold by them. Women also produce ceram-
ics,soap,palmoilandwine,salt,aswellasdried,salted,andsmokedfish.
They collect cashew nuts and produce cashew wine for the market, catch
shrimp and small fish, and colect molluscs. They earn income from
trading and the sale of cashew wine, palm oil, fish, vegetables, and rice.

Spousalincomes arenotpooled,andwomencandisposeoftheirincome
as they please. It is notunusual for women to have more disposable income
than their husbands. Husbands are responsible for the survival of the
family and, except in times of abundance, all products from the mert's
fields are kept for home use. Women's obligations are alinost completely
met through their labor on male fields. Women use their income primarily
for their own and their childrns personal needs, to compensate work
parties, and to pay for ceremonies (Lifton 1991).
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Box 5-8 Budget Separation in Different Communities
in Guinea-Bissau

Among the Fula and Mandinga in Guinea-Bissau, men are responsible for
ensuring an adequate supply of staple food for the family. The women are
entitled to the produce and income from their own fields; they use it
primarily to meet their own and their children's personal needs as well as
to meet social obligations, but the husbands may take part of it. Among
the Balanta Brassa, the men are responsible for filling the communal
granary as well, women being required to provide labor to theirhusbands
as well as the condiments that are eaten with the daily rice. Women, in fact,
often have considerably more disposable income than the men, derived
from farming and from artisanal and trading activities, and are free to
decide upon its utilization. Papel women also have quite specific respon-
sibilities concerning their financialand materialcontribution to household
maintenance and consumption expenses. Husbands have some control
over the utilization of their wives' income, which is derived mainly from
the sale of agrcultural produce, fish, and cashew and palm wine (Lftn
1991).

incentives faced by men and women with respect to investing labor
and/or capital in specific firming activities or other ventures (indluding
soil conservationandfuelwoodproduction). ResearchfromKenyahigh-
lights this: "In female-headed households, weeding raised maize yields
byS6percentwhileinmale-headedhouseholds,yieldsincreasedbyonly
15 percent-. .where womencontrolled the crop and the income from tat
crop, they did have the incentive to provide the necessary labor input
for weeding which resulted in significant increases in yields" (Horen-
stein 1989:13). Case studies abound documenting intrafanuily conflicts
over the allocation of women's labor between fields and crops consid-
ered to be under their own control and those controlledby men.

Given the separation of farming systems and budgets, the benefits of
improved tedhnology and productivity in male farming do not always
translate into improved welfare for women and children Men often
spend their additional income on further inputs for their own produc-
tion activities or on personal consumption. In the Banfora region of
Burkina Faso (as among the Mandinga in The Gambia and Senegal),
women spend a significanty higher proportion of their income on food,
medicine, clothin& and scool fees for their dhildren than do men. Men
spend relatively large amounts for bicycles, beer, or additional wives
(Dey 1984a:64). It is not uncommon for children's nutrition to deterio-
rate while watches, radios, and bicycles are acquired by the adult male
household members (A Carr 1985:125). With women responsible pri-
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Box 5-9 Gender Separation of Budgets among the Wolof
in Senegal

A Wolof man is responsible for providinghis wife with housingand a bed,
a hoe and sidcle, and new articles of clothing on the feast of Tabash, as well
as for the payment of taxes and the main part of the bride-wealth. for his
sons. In addition, he buys salt and the rope and bucket for drawing water.

The woman is responsible for providing the herbs and relishes when it
is her turn to cook, firewood, and about one-sixth of the bride-wealth of
her sons. She also buys the pulley for drawing water and the medicines
used by herself and her daughters.

A substantial part of household expenses is, thus, not bome by the
women -nor are new expenses always their responsibility. For example,
grain threshing is paid by the men, while grinding mills are paid for by
the women. The cost of modem medicine is shared between husband and
wife- the women lookingafter themselves and the girls, themen looking
after the boys. However, medicines used by very young dhildren are
always bought by the women.

Nevertheless, women's household expenses are increasing. Due to ris-
ingpoptulationpressure, the area cultivatedhas increasedand many useful
trees and plants have disappeared or now only grow far away from the
vilage. Many women now have to buy herbs and relishes they formerly
gathered in the bush. They also buy ingredients not formerly sold in the
shops (such as dried fish, tomato paste, onions, and sugar). Women buy
soap and matchdes (in earlier times soap was made at home and the fire
was left burning continuously). The Wolof woman also purchases house-
hold articles.Today, these are increasinglyrnumerous andindudenot orly
handicrafts, but also imported items such as plates and glasses. Even if
these articles are initially bought with the husband's brideprice, it is the
wife who pays for replacements.

Simlar arrangements for sharing household expenses have been re-
ported amongSenegal'sHausa, Mandinga,Bambara, and Fulani(Venema
1986:90-91).

marily for family food and maintenance, men often reduce their contri-
bution to family and child maintenance costs (food, fuel, clothing, med-
ical expenses, soap, etc) as women's incomes rise (Henn 1988). A study
of two villages in Malawi found the nutritional status of women and
particularly of children to be 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 men's
tobacco production contributed to lower food crop production and
reduced the time women had available for cooking. The income gener-
ated from tobacco production was not used to purchase more food to
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compensate for women's lower food production (Engberg and others
1988:99-100).

Where men and women have dearly defined complementary roles in
providing for the family, men often have no obligation to take over any
of their wives' responsibilities even when the wives may have become
unable to fulfi these themselves. If lwomen 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, butte family, especially children, suffer
nutritional levels fall, deanliness and personal hygiene may be affected
(women spend a relatively large proportion of their money on soap),
clothing may be less than adequate, and school attendance may decline
(Dey 1984a).

Women, Food Security, and Nutrition

Poor nutrition is a function of many factors, indcuding not only inade-
quate food availability, but also suboptma food preparation and feed-
ing practices, pressures on women's time, lack of essential
micronutrients, and poor sanitation and water supplies. The way moth-
ers feed children and treat diarrhea also matters, as do the manner in
which household income is controlled and spent and the selection and
preparation of food. These behaviors appear to be independent of in-
come levels and are compounded by poor health. Until progress is made
in lowering birthrates and increasing food availability, efforts to im-
prove nutrition must focus primarily on family-centered interventions
to modify feeding practices. Nutritional status can be improved at any
level of food availability. Women are obviously the main audience for
nutrition education programs, especially concering the value of
breastfeeding and young children's needs at weanng and beyond.

Food insecurity and malnutrition are, in iarge part, also a gender and
generational issue. Even -ithin the groups most prone to malnutrition
(urban poor, landless laborers, subsistence farmers, nomadic popula-
tions), women and children tend to be the most affected: " within
households, women get less food than men in absolute terms as well as
in terms of their own nutitional requirements" (Horenstein 1989:14,
citing McGuire and Popkin 1990). Small ildren and lactating mothers
are themostvulnerable groups,andmalnutritionis probably thebiggest
single contributor to high child mortality.

Atthehousehold level, food security is directly influenced by agricul-
tural performance. Many of those facing food insecurity are small farm-
ers - often women - in isolated areas with high trnsport costs and
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little orno access to markets. In most of these cases, increased production
of food and greater stability in availability are likely to be the only ways
to provide food security. Women face multiple constraints in securig
adequate food for their children and themselves. Foremost among them
are those rooted in the gender separation of farming and family mainte-
nance responsibilities. This highlights the need to redress the biases
against women farmers in access to extension, credit, and technology.
-Reforms in rural creditpolicies and institutions to promote female access
to credit would help increase women's productivity in agriculture and
their income from trade. In addition, the increasing fuelwood scarcity
and the difficulty obtining adequate quantities of safe potable water
have an effect on food preparation and feeding practices, with particu-
larly serious consequences for smal children.

Technology improvements are needed for processing and storing
local foods. Shorterpreparation time will become increasinglyvalued as
urbanization proceeds and as women face more demands on their time.
Grain varieties amenable to central processing and easier to transport
need to be developed. Improvements in storage would reduce physical
losses and improve the regularity of food supplies to local markets.

Farm Technology and Gender

The separation of budgets also affects women's access to technology.
Women farmers often are, or perceive themselves to be, restricted to
low-technology faning because they cannot afford purchased inputs.
Lack of collateral (mainly of land title) to obtain credit is only one part
of theproblem Ability-realorperceived-tdservicedebtisthe other.
Risk aversion is often far stronger among women than men, partly
because awoman usuallybearsprime, if notexclusive, responsibility for
feeding and maintaining the children and herself.

Gender is an important aspect of the farm technology problem (non-
adoption, slow adoption, low utilization). Technology tansfer is often
hindered when intrahousehold dynamics are not taken into account. In
many cases, women will have to provide the additional 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, and who will pay for
follow-up maintenance costs, can be fatal to efforts at introducing new
technology.

In Zimbabwe, hybrid maize was introduced directly to women farm-
ers and productimo has increased substantialry. In contrast, a program
in Tanzania to promote hybrid maize cultivation through extension and
the distrbution of subsidized seeds, fertilizers, and pestiddes to men
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encountered resistance from women farmers who predominate in food
crop production because it increased their workload without giving
them concurrent control over the additional income. There was also
some resistance among the women to the cultivation of pure stands of
hybrid maize, since maize is customarily intercropped with beans or
cassava. The latter represent a valuable complement to maize, and their
reduced importance in the farming system could have negative nutri-
tional consequences (Dey 1984a54-55). In Ghana, women were reluc-
tant to switch to a new hybrid maizevarietybecause ithadan unpleasant
taste, was hard to prepare, was less resistant to insects and drought,
required different storage methods, and needed fertilers which
women felt affected its taste (Dankelman and Davidson 1988:18).

Few of the farm technology improvements developed and introduced
to date have been geared to, or even cognizant of, the needs and con-
straints of women. The provision of mechanized equipment, new seed
varieties, fertilizers, and herbicides has aigely been linked to the intro-
duction or expansion of industrial/export Caop 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 plows may help men farm more land and/or reduce hie
timeneeded for land preparation-but it doesnothelp thewomenwho
then have to plant, weed, and harvest. In Sierra Leone, the introduction
of tractors and plows eased men's workload in rice cultivation, but
women's workload increased by 50 percent due to more weeding and
harvesting (Dankelman and Davidson 1988:13). Women's time con-
straints 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 that would increase their labor productivity.

The adoption of animal draft power in Sub-Saharan Africa is usually
motivated by the men's desire to reduce (male) labor requirements
and/or increase the acreage cultivated. A major multicountry study
found that the additional area tends to be used to produce cash crops
(such as cotton, groundnuts, and rice), while the area under subsistence
crops usually remains unaffected by the introduction of animal draft
power (Pingai and others 1987:101). This finding confirms, of course,
that famdng intensification and investnents in technological advances
are associated with commercialization and market access. It also con-
firms, however, the technological gap betweenmale and female farming
systems even within the same household. Men take up animal-powered
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Box 5-10 The Impact of Gender-Specific Work and Family
Maintenance Obligations on Technology Adoption and
Farm Productivity

In the Mwea settlement scheme in Kenya, young (mostly nuclear, but
sometimes polygamous) families were settled to cultivate irmrgated rice.
Rice fields were leased for life to male tenants, and sinall plots to grow
traditional self-provisioning foods were lent to each household. This
meant, in effect, that food plots were allocated to wives as long as they
stayed with their husbands. In polygamous households each wife had use
of such a plot. Although women were by tradition responsible for provid-
ing the family's food and had done so with small surpluses for sale from
their food fields, the food plots in the new settlements were too small to
ensure family food self-sufficency. Project planners had simply assumed
that part of the rice crop would be used for family maintenance.

This led to serious difficulties within the fanilies and for the project. In
addition to working their food plots, women shared in all rice cultivation
tasks and did all the weeding-while the men had little to do on the rice
fields between planting and harvesting and often left the settlement for
several months. Many women, unhappy with their heavier workload and
the lacrk of control over the returns from their additional labor on
husbands fields, exercisedpassiveresistance toworkon thericefields and
did only minimal weeding, especially when tiis competed with work on
their own plots. They wanted to work their own plots as carefully as
possible since they had full disposal rights over the produce from these
plots. They also needed rice as well as cash to purchase additional food
and other household necessities. The remuneration they received from
their husbands, usually in the form of paddy, was insufficient; it was used
to meet family food needs or sold to purchase preferred foods, leaving not
enoughcashtobuyfirewood,acriticalnecessitysince therewereno forests
nearbyfromwhichfuelwoodcouldbecollected. A womenwasconsidered
fortunate if her husband bought six mnonths' supply of wood.

Community issues were discussed in tenant associations dhaired by
leading farmers appointed by prqect management- but these were not
appropriate fora for women to voice their complaints. Action was taken
onlywhen projectmanagementbecame concerned over the unexpectedly
low rice yields and when some women complained directly to manage
ment. It camne in the form of better milk and firewood supplies, which
ameliorated women's cash problems. But it did not touch on the new and
unfavorable set of intrahousehold exchange relations created by the
scheme (Palmer 1985a:18; FAO 1985:36-37).
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plowing and expand their cash crop acreage and production, while
women remain stuck with hoe cultivation on their subsistence plots (and
are often required to provide more labor on the men's fields as well).

Farm machinery may be available to the household, but not necessar-
ily to its women. If it is, then rarely at the right time. In Senegal, "farming
equipment is used first in the fields of the household, head, ten 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 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 fanrning do not necessarily improve the welfare of women and
children in the household.

Women's Time Use and Productivity

Overcoming agricultural stagnation and food insecurity hinges on in-
creasing the productivity of farm labor in general and in the production
of food crops in particular. In many parts of Sub-Saharan Africa, where
subsistence agculture is largely a female task or where male out-migra-
tion has led to significant feminization of farming, this means placing
strong emphasis on increasing the labor productivity of women. And
while this, in many ways, will require the same kdnd of measures that
improve the productivity of male labor, it also requires far greater
sensitivity in policy, program and project design to the different con-
straints and incentives faced by men and women in rural production
systems. Efforts to increase rural women's labor productivity will
achieve very little unless they take into account (a) the exact modalities
of their involvement in agricultural and agroprocessingwork and (b) the
severe limitations imposed on suchworkbyother time-consuming tasks
-rearing children and managing households.

Rural women work not only in farming. In much of Sub-Saharan
Africa, they dominate many of the rural nonfarm 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 have major stakes in many of the declining
rurai nonfarmoccupations-basket making, matmaking, ceramics, and
weaving. Women therefore are key actors in the transformation of
Africa's rural economy. To facilitate their contribution to an accelerated
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rural transforrnation requires that govemrnments and donors explicitly
recognize their critical role (Haggblade and others 1989).

Increased female productivity contributes to economic development.
It helps increase aggregate productivity in the economy, reduces the
incidence and thenegative welfare outcomes ofpoverty, reduces fertility
levels, and increases household demand for health and education ser-
vices. 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 childbearing and thereby strengthens the incentives for families
to invest in women's health and education.

"The real rural energy crisis is women's time" (Tinker 1987). The single
most binding constraint to increasing female productivity in farming,
and in otherincome-earning activities, maywellbewomen's lack of time
- or rather the inordinate amount of time women spend every day on
low-productivity tasks tat 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 woodfuel
sources dose to the home would be an important first step. Essential,
too, is affordable and appropriate time-saving technology to reduce the
drudgery of food processing and preparation, water collection, and fuel
fetching and preparation

To improve the productivity of women farmers, a variety of measures
are needed; many, particularly those concerning agricultural extension
services, are already being inplemented in a number of countries. Far
less has been done so far in other important areas. Researchers need to
be far more cognizant of women's heavy involvement in farming and of
their special needs, objectives, and constraints; important aspects in this
context are species characteristics and processing requirerr?nts for new
varieties. Women's rights to land and access to credit are two more areas
in need of attention.

Improved tools and equipment are essential to improve the produc-
tivity of rural women. Many small "appropriate technology' projects
supported by voluntary agencies have successfully introduced simple
yet effective devices that are affordable, require little maintenance, and
are easy to use. Equipment for milling, sheling, dehusking, initial con-
ditioning and processing of crops, and conservation of seeds offers many
benefits in terms of raising productivity and allowing farm women to
spend more time on other tasls. Small carts, wheelbarrows, and bicycles
could substantially reduce the drudgery and time required to transport
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produce and inputs on the farm and to markets. These innovations have
been largely neglected outside programs and projects supported by
nongovernmental organizations (NGOs). They deserve far more empha-
sis in research and extension programs as well as in endeavors to
promote local artisans and small-scale industry. A transport project in
Ghana, aided by the World Bank, 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).

Reaching rural women with technology improvements is not neces-
sarily simple. Many well-intentioned, but unsuccessful, stove programs
attest to that. An assessment in Ghana showed that technologies ac-
cepted have generally been those that improved upon or upgraded
traditional techniques-because this tended to ensure social acceptabil-
ity by not disrupting accustomed practices, tastes, beliefs, and taboos.
Other important aspects of successful technology projects for women
were the involvement of intended beneficiaries in the identification and
development of improvements and the propagation of improved tech-
nology within a package comprising group formation, training and
credit. Conversely, cultural taboos among certain groups, such as restric-
tions on women's participation in weaving and on women touching
cattle, prevented the adoption of some technologies (Date-Bah 1985).

Box 5-U Cassava Processing in Nigera

In Nigeria, gari production from cassava involves a number of steps:
peeling, washing, grating, bagging, pressing, fermentation, sieving, and
roasting. For a typical 125 kg bag of gariu 200 tubers are needed, and the
total time required for processing averages over 50 hours. Peeling (30
hours) and roastng (13.6 hours) are the most time-consurming tasks. With
costs of Naira (N) 24.5-30.1 per bag and gross revenues of N 31.0-37.6 per
bag, netrevenue perbag ofgan ranged from N 324 to N 10.60 in 1981-1982
- equivalent to N 0.06-0.21 per hour of work. Women in the sample
surveyed produced between four and twelve bags per year. Initial efforts
to introduce mechanization into gri production were not very successful.
Widespread adoptionwas reported only for mechanical graters-but they
were all owned by men who could afford the investment. Women bene-
fited only byhaving the drudgery of manual grating reduced (Adekanya
1985).
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Box 5-12 Female-Targeted Technology Introduction

In northen Togo, men grow the staples (sorghum and millet), while
women provide the vegetables, meat, seasoning, and sauces. Deforestation
has sharply reduced the number of dawa dawa trees from which women
collectwood and theseed that theyboil into a condimentimportant in their
diet Child malnutrition is widespread. This led to an innovative and
successful farming and family health project in Togo, Mali, and Ghana,
supported by World Neighbors and Family Health Advisory Services. It
used soybeans as the entry point, but differed from other soybean proects
by introducingthemnotasa cashcrop,but as alegumeformakingsauces.
Hence, the men did not object when the women asked for small plots to
grow soybeans. The project began with demonstration plots and cooking
demonstrations, visits to soybean-growing vill2ges, and workshops in
women's homes. Initially used as a substitute for the increasingly scarce
dauw dawa seed, soybeans gradually also came to be used in other dishes
and for a high-protein porridge for children (Gubbels and Iddi 1986).

Successful attempts at introducing improved technology for women in
Ghana included a low-cost high-productivity fish smoking oven that
required only minor adjustments from traditional smoking methods,
sun-drying racks for fish, and improved cassava processing technology.

Policy reforms thatalleviate women's capital and labor constraints are
more likely to 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 incen-
tives helped increase smal 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).

Programsforpromotingwomen'sdevelopmentencounterfewetical
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 nonfarm and
entrepreneurial skills must be upgraded to diversify the sources of
family income.
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Box 5-13 Technology, Women's Time, and Productivity
in Cameroon

Hand-operated comrnills were introduced into Cameroon in 1958. By
1961, membership in the societies founded by women to own and operate
these miis numbered 30,000. With the time thus saved, the women tumed
to a variety of community and individualprojects.Theybuilt roads to their
villages so that trucks could take out their produce; they piped water from
small streams into storage tanks to provide water in the dry season; and
they built meeting houses in central locations where they could hold
classes throughout the year. They learned how to look after their children,
to cook and make soap, to read and write, and to do simple arithmetic.
They fenced in ffieir farms and set up cooperative shops. Above all, they
leamed how to improve their farming tecnques (Cart and Sandhu 1987,
citing R D'Kelly, Aid and SelfHelp, Charles Knight, London, 1973).

Notes

1. In Lesotho, about 60 percent of all males aged 20-44 are employed in South
African mines (Plath and others 1987).

2. Men's remittances are often small, since they themselves are poorly remu-
nerated, 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. Remit-
tances tend to be used to purcae essential food supplies. Sometimes ffiey are
used to buy ferilizers and hire labor. Only rarely are remittances sufficient to
permit investment in labor-saving machinery or livestock

3. Household size; gender and age compositior; resource endowment; differ-
ential gender access to resources, services, equipment, credit information, em-
ployment, markets, etc.
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A Framework for Action

A Continental Perspective

Successfullyaddressingtheproblems discussed i theprevious dhapters
will require simultaneous efforts in three areas (a) significantly, and as
quickly as possible, reducing the rate of population growth through
efforts that bring down the TRM (b) changing famiing systems and
cultivation practices from extensive to intensive systems that incorpo-
rate adequate soil conservation and fertility management measures to
ensure long-term sustainability; and (c) improving natural resource
management so as to ensure that the natural resource base and
agroecological 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.

Some Basic Targets

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, agriculhura
growth, and environmental resource conservation (Table 6-2. pp. 106-
107). Although they are, of necessity, only rough approximations, they
illustrate the magnitude of the effort required-butalso thepayoff that
will result if the challenge is successfully met.

To summarize, for Sub-Saharan Africa as a whole, agricultural pro-
duction needs to grow at about 4 percent a year 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.

97
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Unfortunately, scrutiny of the varous country situations suggests that
it is more realistic to aim for a target reduction to 10 percent by 2010 and
to 5 percentby2020. For environmental reasons, the rate of deforestation
needs to be sharply reduced from the present average annual rate of 05
percent of the total remaining forest area to about 035 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 wildemess (compared with about 27
percent today). To preserve wilderness and forest areas, cropped land
can onlybe increased from 7.0 percentof Sub-SaharanAfrica's total land
area at present to about 8.3 percent in 2020. Ihe arithmetic of these
indicative agricultural, food security, and environmental objectives re-
quires population growth to dedline steadily from the present average
annual rate of over 3.1 percent to 2.3 percent per year in the third dcerJe
of the next century. This will require lowering the average n by 50
percent between today and the year 2030.

AcceleratingAgicultural Growth

The first requirement is to achieve sustained agricultural growth (more
precisey, growth of agrcultural value added) of 4 percent a year. This
is the target set in the World Baxdcs 1989 long-term perspective study
for Sub-Saharan Africa (World Bank 1989d). Iwould permit gradually
improving food security and hicreasing rural incomes and foreign ex-
change earings and savings. Slower agncultral growth wouwld also
compromise the minimum macroeconomic growth targets for Sub-
Saharan Afrca. Case I in Table 6-1 (p. 99) 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 miion
tons by the year 2000 and to 80 million tons twenty years later.

Without a reduction in aggregate population growth rates, even sus-
tainedfoodproduction gainsof 4percentannuallywouldonlyrepresent
an increase on a per capita basis of less than percent a year. Even with
unchangedaverageconsumptionpercapita, andithinterregionalfood
trade completely liberalized to allow intra-African food movement from
surplus to deficit countres, aggregate food import requirements would
therefore declne only slowlv and would be eliminated only in the year
2004 (Table 6-1, Case 1Q.

Even in this scenario, average per capita availability of food would
not increase. There would (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.
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Table 6-1 Population and Food Security, 1990-2020

Scenarios 1990 2000 2010 2020

Case I
Population (millions), with total fertility

rate remaining at currently projected level? 494 664 892 1200
Food production (million tons of maize equivalent),

atcurrent trendgrowth rate of 2percent a year) 90 110 134 163
Food consumption (million tons), with undhanged

average per capita consumptionb 100 134 181 243
Food gap (milion tonsf 10 24 47 80

case II
Population (millions), as in Case 494 664 892 1,200
Food production (million tons),

at 4 percent annual growth 90 133 197 292
Food requiregient (mllion tons),

as in Case r 100 134 181 243
Food gap (million tons) 10 1 -16 -49

Case IIU
Population (millions), with total fertli

rate decining by50 percentby 2030 494 657 8 1,169
Food production (mfllion tons),

at 2 percent annualgwh 10 133 197 292
Food requirement (million tons) 100 133 177 237
Food gap (million tons) 10 23 43 74

CaseIV
Population (millions), with total fertiit

rate decliningby50 percentby 2030 494 657 875 116
Food production (million tons), 90 1 197 292

at4pretannualgrowth b
Fooda equirement(millionionsb 100 133 177 237
Food gap (million tonsf 10 0 -20 -55

Cawe fetV
Population (millions), with total feryili 

rate decliningby50 percentby 2034 494 657 875 1,169
Food production (million tons),

at 4 pecnt annual growth 90 133 197 292
Food requirement (million tons),

with rising per capita consumptione 100 144 210 280
Food gap (million tons) 10 11 13 -12

a. Population growth at 3.0 percent per annum, as per Table A-2.
b. Average of 2027 calories per person per day.
c Defined here as consumption requirement minus domestic production; in 1990, this

equaled self-inanced cereal imports plus food aid. Negative sign denotes production
surplus.

-& Target
e. Average per capita consumption rsing to 2200 calories per day by 2000, to 2,400

caloriesper dayby 2010 and stabilizing at that level thereaftem
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More than one-quarter of Sub-Saharan Africa's population was faced
withfoodinsecurityin 1980/81 (TableA-10), andtheavailableaggregate
statisticssuggestapossibledeteriorationin.thissituationduring thepast
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 twenty-five years from now.

The importance of making rapid progress in reducing population
growth becomes even more apparent, when the dosely related objec-
tivesofimprovingnutritionalstandardsandfoodsecuntyare 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 (the current average for the world's
low-income countries) by the year 2010. This would imply raising per
capita food availability from an average of 202 kg/year to about 232
kg/year over a fifteen-year period (Table 6-1, Case V). Since aggregate
food consumption requirements wouldrise sharply, the food gap would
remain at roughly its present level of about 10 million tons a year until
2010 and would not be dosed until about the year 2015 - even with
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 year
during the decade 2020-2030 (implying a continuous reduction, begin-
ning immediately, of the TFRt over the next thirty-five years to half its
presentlevel).Thepotentialfoodsurpluswhich mightgraduallyemerge
thereafter under the assumption of static average calorie intake would
presumablynotmaterializebecause consumptionlevelswouldincrease
above the 2400 cal/cap/day level that typifies present average condi-
tions in the developing world.

It is dear, then, that - even with 4 percent annual growth in food
production- the important obiective of bringing the percentage of the
population subject to food isecurity down to zero over the next twenty-
fiveyearscannotbeachieved,atthe aggregatelevel unless fertility rates
are reduced by5O percent. In addition, this objective will notbe attained
unless the growth in agriculture is equitably distrbuted over the popu-
lation, benefiting urban dwellers as welL

The tedmological change required to realize the agricultural growth
target of 4 percent per year wi need to be land-saving inmost of Africa
for environmental reasons and labor-using in order to absorb the grow-
ing rumal population. With capital also scarce, the technological change
being promoted must be carefully matched to farmers' capacity to
finance investments. Inaemental 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 fertiity rates, will ease over



A FRAMEWORK FOR ACrION 101

time with population growth - rural-urban migration notwithstand-
ing. More labor per unit of land will lead to intensification. But intensi-
fication also requires making labor more efficientby 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 wuLder cultivation, the
productivity of land will have to increase very rapidly. Clearly, the
expansionof theland frontiercannotbehaltedimmediately;in anycase,
in some countries there still are sizeable tracts of potentially productive
cropland as yet imutilized - due partly to technological constraints at
the farm level (such as heavy bottom soils that require plowing and
possibly drainage), partly to difficult access (ack of roads). Alowing for
a continuing expansion in total cultivated area at a rate of about 0.5
percent per year (from about 150 miion ha in 1987 to about 180 million
ha in 2020), land productivity will have to increase by 3.5 percent
annualy over the next twenty-five years. Realizng this will be an
enormous challenge (see Box 6-1).

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 armual 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 fifteen years have already
been bom, the decline in fertility rates included in this set of indicative
targets will have a significant impact on the growth of the rural labor
force only in the outer years of the time horzon used here If the targets
are achieved for a continuous reduction in the average UT to 50 percent
of its current level by the year 2030 and, hence, for an average rate of
population growth of 28 percent between 1990 and 2030, and if tht'
urban population were to increase at an average annual rate of 45
percent due to coninuing rural-urban migration, the average annual
growth of the agriculturl labor force is more likely to be around Z0
percent for the period as a whole (higher in the first two decades,
substantiallylowerthereafter). Laborproductivity would thereforeneed
to increase steadily over time so as to average about2.0 percentper year.
Given the very high proportion of women in the agricutural labor force
and the current low productivity of female Iabor in fiaming, an appro-
priate emphasis on improving the productivity of female labor will pay
significant dividends in this regard.

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 agriculturl growth
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Box 6-1 Are Annual Cereal Yield Gains of 3.5 Percent
Achievable?

The statistical analysis of the detminants of cereal yie, sums arze
in the Appendix to Chapter 4, can be used to test the plausibility of thse
prcections. Accordingto the equationgiventhere,increase4laboruseper
hectare, facilitated by the growth inthe rural labiorfbrce 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 (ad increases in m the use of
other modem inputs associated withisng fertilconsumption) would
generate ceal yield increases of 15 percentayear.An annualincrease of
2percentinprimaryschoolenromUentswouldleadtoannualirnsin
cereal yields of 0.3 percenL And an end to deforestation (if not an actual
increase in forested area) would at least eliminate this cause of decining
crop yields. Together, this would. gve a growth in cereal yields of 25
percntperyear-

Other factors - such as more countries adopting approiate agicul-
tural policy, continually improving policies in all countries, a steadily
expanding reach of rural tansport infrastructure, improvements in mar-
keting arrangements - would have to provide the additional stimulus
neededtoachievethepostulated3.5percentgrowthrataeThisisa difficult
but not impossible challenge to meet

rate of 4percentperyearwilbecome evenmore difficult Itwil depend
increasinglyonintensificationthroughgreateruseofmodeminputsand
equipment, diversification into higher-value crops, genetic ia-
provennmts in crops and livestock, and general improvements in edu-
cation ofthepopulation-Hencetheimportanceofimprovedagricultural
research, extnsion, and generl education discussed in subsequent
chapters.

Manging Forest R weso

The g population of Sub-Saharan Africa will need more fud-
wood, building materials, and other wood and nonwood forest prod-
ucts. Woodfuel demand will increase roughly at the rate of population
growth. Efficiency gains in energy conversion and use and some inter-
fuel substitution in urban areas will somewhat dampen the rate of
demandgnwth,butmeetingcurrently unmetdemand infuelwood-def-
idt regions would have the opposite effect Demand for other wood
products should probably increase more rapidly, to allow development
of forest-based industres, especially rural industies. Although the im-
plications of such rising demand on forest area reiirements are very
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difficult to quantify for Sub-Saharan Africa as a whole, orders of magni-
tude can be delineated here

In 1984-1986, an estimated 370 million m3 of fuelwood and charcoal
wereextraictedfromSub-SaharanAfrica's forests andwoodlands,much
of it in a manner destructive to the forest resources (World Bank 1989d).
This implies an average per capita consumption of about 0.87 m 3 per
yearandis consistentwiththe averagepercapitaconsumptionesixnaes
of about 05 m3 per year in urban areas and about I m3 per year in rural
areas. With about 100 million urban and 322 million nral dwelIers in
1985, aggregate consumption, using these average parameters, would
have been on the order of 372 million m-

With aggregate population growth declining over the next four de-
cades to a rate of 2.3 percent per annum (and, thus, averagng, about2.8
percentper year over thisperiod), Sub-Saharan Afica's total population
in 2020 would be on the order of 1,169 million (ITable 6-1)- Successfully
addressing the key nexus problems would help reduce the rate of
rurl-urban nmgration, and urban popuIation growth could be slowed
considerably below the rates experienced in the last three decades. If
uTban growth were to average 4.5 percent a year, the urban population
in 2020 would total about 485 million (up from about 130 million at
present). 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 aver-
age, of 4 m 3 annually per hectare in the savanna zones and about 10
m3 /ha/year in the forest zones. It may be assumed that the urban
population in 2020 wil be about evenly distributed between these two
main climatic zones. With average fuelwood requirements for urban
dwellers amounting to 0.5 m3 per person per year (Ci view of gradually
increasing interfuel substitution and improvements in fuel utilization
efficiency), 303 million ha of fuelwood plantations woudd be needed in
the savana zones m 2020 and afurtherl2 nlixon ha in the forest zones
to meet urban woodfuel requirements enfirely from managed planta-
tions. Assuming a lag of ten years from planting to harvesting these
plantations would need to be established within the next fifteen years.
This implies an annua rate of plantation establishment of more than 2.8
million ha every year, begining immediately. Thereafter, further ex-

parnsion in plantation acreage would need to match further growth in
requirements (minus efficiency gains).

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 acre-
age needed for fuelwood production. Moreover, many degaded and
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currently unproductive woodland areas could be reforested; hence, not
all the acreage required for fuelwood production would need to be in
addition to current forestand woodland areas.

Of course, much of the woodfuel for urban markets can and should
come from managed forests, rather than plantations. Forests managed
for sustanble woodfuel production could yield, say, an average of
1 rn 3/ha/yearin the Sahelian and Sudaniansavanaabout 2mr3/ha/year
in the Guinea savanna areas and an average of 4 m3/ha/year in the for-
est zone. Using an average sustainable yield estimate of 1.5 m3 /ha/year
for forests in tie savanna zones, 81 millon 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 in2020.
This would imply that about one-fifth of Sub-Saharan Africa's entire
remaining forest area would need to be brought under effective man-
agement res with the aim of providing an adequate flow of
woodfuels for the urban population on a sustble basis. Since almost
half of the remaining forest area is concentrated m a few countries in the
Central African forest zone (Zare, Gabon, Congo, Central African Re-
public, Cameroon) and on Madagascar, the proposition of meeting
urban needs from managed forests in the other countries means that a
far greaterproportionofthe forestareas stiremaininginthesecountries
will need to be managed m a manner that would ensure sustainable
woodfuel supply over the long run This will be increasingly the case as
forest and woodlands are converted to farmland and other uses.

Rural populations would need to meet their woodfuel needs increas-
ingly throuh agroforestry actities. Rural requirements may average
about 1.0m perperson annuaRy. If a ten-year-old tree yields, at feling.
0.2 m3 of wood suitable as fuel, this would indicate a need for five trees
perpersoperyear-orfiftytreesper personiniaten-year planting and
harvesting cyde. For a ten-member household, about 500 frees would
beneeded-aroundthecompound,onfieldboundaries,inwindbreaks,
inmixedtree-opfmingsystems,andinvillagegrovesandwoodlots

Clearly, these numbers can merely provide a rough indication of the
orders of magnitude involved in satisfying woodfuel needs. As dis-
cussed earlier, the various dimensions of the fuelwood issue are highly
location- and region-specific and requie, thus, careful attention at the
national, regional, andlocal levels Nevertheless, onbalance, itis critical
to bring about an immediate and drastic reduction in the rate of defor-
estation and to expand the area of productive managed forests, forest
plantatio,.s, and tree barning to meet the vast needs for woodfuels and
other woodproducts.

-An attempthasbeenimade to determine realistc targets forthe major
regions of Sub-Saharan Africa for the area under trees (TabIe 6-2). These
targets refectp rojected woodrequirements, plantation and tree farmg
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possibilities, and projections of required and feasible expansion in
cropped areas. Realism suggests that deforestation cannot be stopped
entirely. But it should be possible to lower the overall rate of deforesta-
tion from the present 0.5 percent per year to 0.35 percent per year. 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 efficently, so that wood harvesting
would suffice to meet the needs of populations growing at 2.8 percent a
year and also satisfy essential environmental objectives linked to the
environmental service functions performed by trees and forests.

The challenge posed by these targets is enormous - requiring a
complete and rapid reversal of past trends, rather than merely an inten-
sification 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.

Conserving Wileness Areas

To preserve biodiversity and the economic and socialvalue of nonforest
wilderessareas,theseareasshouldnotbeallowed todedlineverymuch

Box 6-2 What Will It Take to Arrest Deforestation?

The statistcal analysis (see the Appendix to Chapter 4) suggests that a
reductiointheareacultivatedperpersonattheprojectedrateof 2perent
peryearwll stimulate further deforestation at a rate of 1.2 percent of the
remainng forest area per year. Annual popuIation growth of 28 percent
will lead to deforestation at a rate of 1.5 percent per year. On the other
hand, an increase in the intensity of ferilizer use of 15 percent per year
wil 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 02 percent per year
in land under trees. However, a policy environment conducive to agricul-
tural growth widl stimulate fiarmers to expand cultivation into areas cur-
rentlyforested. The effort to preserve existing forests and expand the area
under trees wil be lost, therefore, unless environmental action plans and
land use plans are prepared and implemented which channel the expan-
sion of farming away from forests and from areas that are to be reforested.
The indicative targets shown in Table 6-2 imply, more realically, contin-
ued reductions in:the forstand woodland areas, butat much slower rates
han those recorded at present.
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from their present extent of about 27 percent of Sub-Saharan Africa's
total land area (compared with 39 percent of the world's land area
currently classified as wilderness areas). A reasonable target was de-
ivedby projecting forward the present rate of wilderness conversion to

urban and infrastructure development and the postulated maximum
expansion of cropped land. This means that wildemess area would
decline to about 23 percent of Sub-Saharan Africa's total land area. This
would allow a continuing modest expansion of cropland at an average
annual rate of 0.5 percent over the next twenty-five years and an expan-
sion of the area put to urban, infrastructural, and industrial uses at about
7.9 percent per year as per current trends.

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 wildemess areas. Improvements in the coverage and efficacy of
basic education are therefore likely to help, as are agricultural intensifi-
cation and reduced population growth. On the other hand, a policy
environment conducve to agricultural development and growth will
provide strong stimuli to farmers to encroach on widemess areas in
order to expand the areaunder cultivation (the effect is farstronger than
in the case of deforestation, mainly because of the far greater ease of
converting nonforested land to farming). This underscores the impor-
tance of: (a) land use plans and environmental action plans and of their
effective implementation to prevent such a development, (b) effective
policies and ifrastructure development to channel population move-
ment and cropland expansion into less sensitive areas, and (c) wide-
spread farmer access to markets and to yield-increasing farm
technology.

Summary

Thereare, of course, considerable countryvariationsinwhatisnecessary
and attainable. In Table 6-2 the above indicative overall targets have
been adjusted to each country's crcumstances and potential. Neverthe-
less, these targets are extremely ambitious. They indicate the magnitude
of the problems faced and the efforts required. The elements of an
appropriate actionplanoutlined in the following chapters are, therefore,
shnilarly 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-envirornment nexus. With rising
agriculturalproductivityandoutputs andcgrowingincomes,population
growth rates are likely to decline more rapidly. With agricultural inten-
sification and decelerating population growth, environmental protec-
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tion and resource conservation become more feasible. And preserving
envirorunental integrity makes it easier to achieve sustainable agricul-
tural growth.

If the objectives set out in the preceding paragraphs are 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 productivitywould permit the population to feed itself and bo
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 wide-
spread adoption of locally appropriate sustainable agricultural technol-
ogy and resource management practices, increased land tenure security,
and special efforts to improve the productivity of rural women and easi
their time constraints. Reducing the rate of forest loss and preserving a
substantial part of Sub-Saharan Africa's wilderness areas would per-
mit 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-
geeration purposes.

These various interventions would have a strongly positive synergis-
tic effect - as the negative effects of the present situation are syner-
gistically related. Improved agricultural incomes (especially in
coTnunction with improved education and health care) would further
induce decining demand for children, in turn reducing the pressure on
the environment and allowing for some environmental regeneration.
This in turn should have a positive effect on agriculture.

Realizing this vision will be enormously difficuLt requiring radical
changes in governmental policy and a strong commitment to assisting
Sub-Saharan Africa on the part of international community. African
governments, extemal aid agencies, and African and international NGOs
will all need to pursue this goal. Most important will be the effort of
millions of Africans actin& individually and collaboratively, in their
ownself-interest Themajorelementsof an actionprogramare described
in the chapters that follow.

Some Country-Specific Targets and Implications

Aggregate targets for Sub-Saharan Afica as a whole obviously are of
limited operational relevance for individual countries. But they provide
a useful and compelling frameworkwithin 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 6-2 summa-



Table 6-2 Indicative Country Targets for Population Growth, Agricultural Growth, Food Security, and the Rural Environment
Average annutal

Average anniual agriculturat Average daily per Deforestation Total land Widernessarea
popuolation growtl production growfl: capita calorie Population food rates per ypr under crops as percentage

rates (percent) rates (percentt) consumption insecure (percent) percenty pcent) oftotalarea
Target Target Target Target Target
2020- 1990- Target Target 1990- m zn num

Counitry 1984-90 2025c 1980-90 2020 1988-89 2010 1980-81 2020 Y980s 2020 1987 2020 Present 2020

Sub-Saharan Africa 3.1 2.05 2.1 4.0 2,027 2,400 25 5 -05 -0.35 7.0 83 27 23

Sahelian Countries
Burkina Faso 2.6 2.12 3.3 4.0 2,002 2,400 32 5 -1.7 -0.6 11 22 3 3
Chad 2.4 2.00 2.7 3.0 1,821 2,200 54 10 -0.6 -0.6 3 6 52 44
Mali 2.4 2.58 2.3 3.0 2,114 2,300 35 10 -0.5 -0.5 2 4 49 42
Mauritania 2.6 2.59 0.7. 3.0 2,465 2,400 25 10 -2.4 -0.6 0 1 74 63

cD Niger 3.5 2.92 - 3.0 2,321 2,450 28 5 -2.6 -0.7 3 6 53 45

Coastal West Africa
Benln .3.2 1.60 3.6 4.0 2,115 2,400 18 0 -1.7 -0.3 17 20 15 13
Cape Verde 2.4 1.64 - 3.0 2,500 2,800 - 0 - -0.3 10 12 0 0
C6te d'lvoire 4.0 1.95 1.0 4.0 2,405 2,700 8 0 -5.2 -0.3 11 13 10 9
Gambia, The 3.3 2.22 7.1 4.5 2,339 2,700 19 0 -2.4 -0.3 17 20 0 0
Ghana 3.4 1.65 1.0 4.5 2,167 2,400 36 0 -0.8 -0.3 12 14 0 0
Guinea 2.4 2.25 - 4.5 2,007 2,400 - 0 -0.8 -0.3 6 7 6 0
Guinea-Bissau 1.9 1.61 5.7 4.5 2,437 2,400 - 0 -2.7 -0.3 12 14 0 0
liberia 3.2 1.73 - 4.0 2,344 2,500 30 0 -2.3 -0.3 4 5 17 14
Nigeria 3.3 1.69 3.3 4.0 2,033 2,400 17 0 -2.7 -0.3 34 40 2 2
Senegal 3.0 2.21 3.1 4.0 2,162 2,501 21 0 -05 -03 27 32 11 9
Sierra Leone 2A 2.24 2.6 4.0 1,813 2,400 23 0 -0.3 -0.3 25 30 0 0
Togo 3.5 1.90 5.7 4.0 2,110 2,400 29 0 -0.7 -0.3 26 30 0 O

Central Africa Forest Zone
Angola 2.5 2.36 - 4.0 1,742 2,400 - 0 -0.2 -0.3 3 4 26 22
Cameroon 3.2 1.83 1.6 4.0 2,142 2,400 9 0 -OA -0.3 15 18 3 3



Central African Rep. 2.7 1.54 2.2 4.0 1,965 2,400 39 0 -0.2 -0.3 3 4 39 33
Congo 3.5 2.39 3.6 4.0 2,519 2,700 27 0 -0.1 -03 2 3 42 36
Equatorial Guinea 1.9 1.54 - 4.0 - 2,400 - 0 -0.2 -0.3 8 9 0 0
Gabon 3.9 2.19 - 4.0 2,398 2,600 0 0 -0.1 -0.3 2 3 35 30
Zaire 3.1 1.83 2,5 4.0 2,079 2,400 42 0 -0.2 -0.3 3 4 6 5

Northern Sudanian Zone
Djibouti 3.3 1.86 - 3.0 - 2,400 0 0 - -0.6 - - 0 0
Ethiopia 2.9 2.81 0.0 4.0 1,684 2,200 46 to -0.3 -0.6 13 26 22 19
Somalia 3.0 2.31 3.3 3.0 1,781 2,400 50 10 -0.1 -0.6 1 2 24 20
Sudan 3.1 1.65 2.7 4.0 1,981 2,400 18 0 -1.1 -0.6 5 10 40 34

East Africa Mountain
and Tem perate Zones

Burundr 2.8 2.27 3.1 4.0 2,320 2,400 26 5 -2.7 -0.2 52 52 0 0
Kenya 3.8 1.91 3,3 4.0 2,016 2,400 37 5 -1.7 -0.2 4 5 25 21
Lesotho 2.7 1.35 -0.7 3.0 2,275 2,500 - 0 - -0.2 it 12 80 68
Madagascar 2.8 1.56 2.4 4.0 2,174 2,500 13 0 -1.2 -0.2 5 6 2 2
Malawi 3A4 2.61 2.0 4.0 2,057 2,400 24 5 -3.5 -0.2 25 28 10 9
Rwanda 3.3 2.84 -1.5 3.0 1,817 2,300 24 10 -2.3 -0.2 45 45 0 0
Swaziland 3.3 2.02 3.9 4.0 2,554 2,600 0 0 0.0 -0.2 10 11 0 0
Tanzania 3.5 2.24 4.1 4.0 2.186 2,400 35 0 -0,3 -0.2 6 7 10 9
Uganda 3.2 2.13 2.5 4.5 2,034 2,400 46 0 -0.8 -0.2 34 38 4 3
Zambia 3.9 1.93 3.1 4.5 2,028 2,400 48 0 -0.2 -0.2 7 8 24 20
Zimbabwe 3.7 1.20 2.4 4.5 2,193 2,400 - 0 -A -0.2 7 8 0 0

Other South East Africa
Botswana 3.4 1.33 -4.0 3.0 2,251 2,400 - 5 -0.1 -0.3 2 3 63 54
Comoros 3.5 2.12 - 3.0 2,059 2303 - 5 -3.1 -0.3 44 44 - -
Mauritius 1.0 0.50 2.6 4.0 2,690 2,900 9 0 -3.3 -0.3 58 58 -
Mozamnblque 2.7 2.38 1.3 4.0 1,604 2,200 49 5 -0.8 -03 4 5 9 8

Not available.
Note: The methodology used to develop the targets appears on the following page.
a. Defined as percentage of population who do not have adequate food all the time,
b. Negative number means deforestation.
c. Average annual rate for 2020-2030 if the target of reducing the total fertility rates tu SO percent of their current levels Is to be actdeved by 2030; see Table A-4.
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Methodology Used to Develop the Targets Shown in Table 6-2

(i) The target population growth rates were established as shown in
Table A-4L They reflect the projected effect in each country of achieving a
reduction in the total fertility rate by almost 50 percent by 2030.

(ii) The agricultural growth targets reflect what is necessary in the long
term for each country to achieve an average annual economic growth rate
of 4percent

(iii) The taget for average daily calorie consumption was initially set
for allcountries to equal thepresent averagein all theworld's low-income
counties; this target 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.

(iv) While the objective should be to reduce to zero the percentage of
each country's population that remains in conditions of food insecurity,
the "targets" presented here are based on a qualitative assesment of the
feasibility of reducing food insecurity h each country, given the extt of
the problem at present and the target agricultural growth rate.

(v) The targets for reducing the rate of deforestation are based on
estimates of the frest area required to satisfy, with improved manage-
ment, projected wood needs of populations growing on average at 2.8
percent per year ihey also take into account essential environmental
objectives as well as some oepnsion of cropland. These targets were set
by subregion rather than by country. The results, in millions of hectares of
forest, are as follows:

1990 2020
Sudano-Sahel 90.0 75.4
Humid WestAfiica 43.0 38.6
Central Africa 215.0 192-4
EastAfrica 46.0 42.8
SouthemAfiica 206.0 189.2
Total 600.0 538.4

(vi) The targetpercentage of landunder cropswas determined onthe
basis of available wildemness, forests, and other currently uncultivated
land potentially available for future cultivation, given the constraint im-
posed by the need to reduce deforestation to the postuilated target rates.
For sSA as a whole, the target deforestatio rate of 035 percent per year
representsareduction of the forested areabyabout2.3imillionhaper year
With only about 30 percent of the land takn out of forests cultivated each
year, this implies an icrease of about 650,000 ha annually in the area
cultivated. By2020,this wouldresultin about83percentofsSA'sland area
beingundercrops.Sixeterateofdef restationvariesbysubregion,asimilar
estitionwasmdaoread chmnutytodevloptlespedfictgetshown.

(vii) Thetargets for thennmumofwildernessareatoberetainedwere
derived by deducting from the present wilderness area the postldated
maximum incease in cullivated land (13 percent expansion by 2020) and
the anticipated loss attrbutable to urban, industrial and infrastructure
development at its present rate of 5.8 percent every 22 years (fable A-17).
A similar calculation was undertakFl for each country.

a. .. Q-j
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rizes the present situation and sets out some intemally Lonsistent targets
for each SSA country with respect to population growth, agricultural
growth, calorie supply, food insecurity, deforestation, percentage of
land under cultivation, and percentage of land remaining as wildemess
areas. There are some tradeoffs between growth of agriculture and
environmentat pro tection-but these are far outweighedby substantial
and positive complernertarity. Neverditess, the tradeoffs require that
choices be made - and these can be made only by the people in the
countries themselves The targets in the tabIe are therefore also indica-
tive of the tradeoffs.

There will be wide differces in the degree of difficulty varous
countries wll experience in meetingthe objectives. Some countries are
already on course to meet some of the critical targets, but wfll need to
dobetterinotherrespects.Others arefacedwith ihe necessity of drastic
actk'n in all areas concerned to attain a development path that would
suggest anylikeihood of success in reaching the targets postulaited here.
Stillothers arelikelytofacevirtua lyinsurmountableobstaclesincertain
respects, and solutions that go beyond national boundaries will need to
be seriously considere&

Mauritius, for example, has already achieved the targets for popula-
lion growth, calorie intake, and the percentage of its population facing
food insecurity. It also has achieved modest agricultural growth, aver-
aging about 2.6 percent a year during the 1980s. At present, the rate of
deforestation is high (33 percent per year), and the objective should be
to reduce it to about 03 percentper year. Cropland cannot be expanded
on dis island nation, underscorimg the need for substantial effort at
further agricultural intensification and/or economic diversification to
meet rising needs for food and other agricultural products through
international trade.

Ethiopi is at the other extreme. Adverse climatic conditions and
prolonged civil strife have had a severe impacL Agricultral production
has stagnated during the past decade, average daily food intake is a
meager 1,684 calores 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, butbecause 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 wfll need to
increase from 13 percent to 26 percent of the total land area by 2020 to
meet the target of 4.0 percent annual groWth in agriculture. Deforesta-
tion cannot be halted with this expansion of cropped land, but is in fact
likely to accelerate given the difficulty of intensifing agriculture in a
dryenvironment
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Uganda provides yet another pictare. Its agiculturalperformance has
been poor, owing largely to cvil strife, but with some impressive im-
provements in recent years. Agricultural growth averaged 2.5 percent
annualy during the 1980s. Population growth has been rapid (32 per-
cent a year). Most of the armble land is already under cultivation (34
percent), and there is little wilderness area left (40 percentof total land).
The rate of deforestation has averaged about 0.8 percent annually in
recent years. Uganda has enormous agricultural potential its agricu-
tural sector could grow at a sustained rate of 4.5 percent annually If
population growth canbe reduced to 2.7 percLent a year by 2020, average
daily calore intake per person could rse from 2,034 to 2,400, and the
nLumber of people facing food insecurity could be brought down dra-
matically. 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; his suggests that efforts to improve the
reach and effectiveness of health care and fanily planning services are
criticaL

Anumber of countries are facing scenarios ofextreme difficulties and
constraints: Riwarnda, Buunmdi, the Sahelian countries, Kenya, and
MalawvL The case of Rwanda was particularly dramatic even before the
recent social breakdown and civil war- Agricultural performance has
been poor, w,th production declining at an average rate of 1.5 percent
per year in 'ie 1980s. Population growth averagel 33 percent per year
during the 198Qs. Per capita daily calorie consumptionis orly 1,817, and
24 percent of the people are food insecure. There is little wildeess left,
although nearly 15 percent of the country has been setaside 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 3.0 percent per year can only be achieved through
agricultul intensification. The very high population density may be
creating demand for smaller family size; famiy planning interventions
should seek to capitalize on this once stability is restored in the country.
Reforestation must be irntnsified, on land unsuitable for crops. The
difficulties are immens Indeed, the targets spelled out here imply that
10 percent of the population wil still be food insecure in the year 2020.
Out-migration to other countries wiUl clearly be inevitable.

Nigeria's example is mimportant, if only because of the country's sizem
It's agricultual performance during the 1980s and early 1990s has been
marked by widely fluctuating production, with a trend growth rate of
3.3 percentper year, somewhat ahead of thepopulation growth rate. The
country has such potential for growth that, with appropriate policy
reforms in key areas, it can achieve 4.0 percent agricultural growth per
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year in the medium termL As much as four-fifths of tiis growth can be
realized without expanding the area under cultivation, because of the
availability of proven yield-increasing technology for a number of key
crops and the scope for double-copping through small-scale irrigation
in many river valleys The remainder will come from modest expansion
of the area cropped. Realignment of public expenditure toward small-
scale irrigation, provision and ntenance of rural roads, improvement
inagricuturlsupportseces,eliminationof the&ftilizersubsidy, and
libealizationof fertilizer imports andmarkeLing arekeyareasrequiring
policy reformL Without such reforms, future agrcul growth would
come primarily from area expansion which would not be sustainable.
The country's family planning effort, stil very weak, will have to im-
prove considerably for the target population growth rate of 2.1 percent
per year to be readhed by 2020. As population pressure on cultivated
landisrising,demand forfamilypaningseraniceappea tobeincreas-
mg in parts of the country, and FP programs will need to foster such
demand growth and meet this rsing and largely unmet demand. Sub-
stantial policy reforms will be needed t stop the rapid destuction of
existng forest resources and to induce sufficent private investment m
agroforestry, fuelwood, and industialplantations if the target ofreduc-
ing deforestation to an annual rate of 03 percent is to be met
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Reducing Population Growth

PopulationPolicy

Key Issues and Challenges

Chapter 3 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 planring (FP) ser-
vices. Buttohavemaximun impact, these "supply-side" effortsneed 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 F? ser-
vices, along with the means to control fertility. By providing nutrition
advice, Fp services can also help in reducing infant mortality and im-
proving nutritional standards. Rising density of population on cultiva-
ble land may also stimulate demand for fewer children Acceptance and
adoption of familyplanningwfllspread most rapidly in countries where
demand for FP services is increasing fastest This is likely to be in
countries with the higest levels of female educaton, the lowest infant
mortality, the highest population densities on cultivated land, the least
environmental degradation, and, possibly, the greatest food security.

Govermnents 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,
fourteen countries had adopted explicit national population polices
(Cochane, Sai and Nassim 199022), and a number of others have done
so since then. In 1989, twentysix govenmuents in Sub-Saharan Africa
considered theirpopulationgrowthrates, and twenty-ninetheirTFs, to
be too high (Stephens and others 1991xoov). But few have provided
adequate technical, financial, and managerial resources to promote and
deliver FP services broadly. Hence, progress has been slow.

114
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Only a few countries on the continent - notably Botswana, Kenya,
and Zimbabwe - have been implementing population programs that
have shown some measurable success (Tables A-2 and A-8). The Con-
traceptive Prevalence Rate (CrR) in Botswana more itan doubled, from
16 percent to 33 percent, between 1984 and 1990, as rP services were
placed within easy reach of the majority of the population. Botswana's
Ti 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 TMR declined from 8.0 in 1965 to 6.5 in 1989. Tn
Zimbabwe, the CPRis now estimated at 43 percent, and the TFR dropped
from 8.0 to 53 between 1965 and 1988; the creation of a network of FP
clinics and of a community-based outreach program which widely
dis&trted contraceptives was instrumental in providing access to Fp
services. An indication of changing attitudes concerning fertility and of
growing demand for Fa services is evident in the number of children
desiredbywomeninthese threecountries. In1988-1989,womenwanted
only 47,4-4, arnd 4.9 children, respectively, in Botswana, Kenya, and
Zimbabwe - far fewer than their counterparts in other SSA countries
andalso farfewer thanwomenint hesame three countries only tenyears
ago (Table A-8).

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 beenworking: relatiLvely dense population on cultivated land,
relatively high female school enrollments, good agricltural perfor-
mance contibuting to enhanced food security, and declining infant
mortality. Yet even in these three relatively successful countres, the in
must be brought down further.

To lower the population growth rate to L8 percent a year for Sub-
Saharan Afiica by 2030, the average In for Sub-Saharan Africa as a
whole must drop steadily to 3.1 by that time (Table A-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 mor-
tality rates and life expectancy, when the effort was initiated, were
comparable to thoseinSub-SaharanAfrica today. Itrequires determined
effort and commitnent from the political leadership to shape public
attitudes and implement policies and programs to reduce population
growtLh

Significant reductions in fertility cannot be expected until the CPR
reaches 25 to 30 percent Slowing population growth to only 1.8 percmt
per year during the period 2020-2030 would require increasing the CPR
substantially above even this leveL This underscores the need for foster-



116 REVERSING THE SPIRAL

ing greater awareness of the consequences of population growth as well
as the need to stimulate demand for nP services. Increasing the availabil-
ity of rP 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 waking services widely, regularly and reliably available. It requires
a rapid expansion of access to rP services, and tiis, in hun, requires
strengthening and expanding public health care systems and develop-
ing multiple channels (public sector, private commercial, NCO, commu-
nity organizations) to deliver services as well as information, education,
and communication (EC). The progress acbieved in Botswana, Kenya,
and Zimbabwe shows what is possible when various otier fictors that
bear upon demand for children are also moving in the right directon
(Table A-8).

The ethical issues in family planning in Sub-Saharan Africa form a
complexweb of social, economic, cultural, and developmental concerns,
and dialogueonethical issues infamilyplanningis ccial if theprocess
of 'depoliticizing' family planning is to continue (Sai and Newman
1989). The promotion of family planning as a basic human right and as
an impo rtant health measure has inaeased its acceptability, and fimily
planingisnow ncreasinglyregardedalegitimatecomponentofoverall
development efforts. But the "human right" to control one's own fertil-
ity, remains elusive without full and ready access to PP infonnation,
education, andservices.Thisentails fullandvoluntarychoice of method,
right of access for young people, and financial affordability of fertility
regulationservices. Each of thesehas caused ethical controversyin some
countries. he right of access to FP services is derived fromthebasic right
to make decsons about reproductive behavior. This, too, has been
controversial in some countries.

Family planning is also a major element of the rigt of women. Many
women prefer to have fewer dildren, but are discouraged from using
famfly plannig by sociocultural factors, includig their husbands'
wishes. This highlights the importance of reaching men, either at the
workplace or through other means such as the agcultural extension
services. It also suggests that women's groups would be an effective
channel for delivering fimily planning services because they foster
soldarity among women and may help them make fertility decisions on
their own.

It is important to distinguishbetween population polices and family
planning programs. Population policy includes family planning, but
also indludes a range of measures to influence decisions at the family
and community levels as well as education and health programs effect-
ing family size. It also comprises changing laws to encourage small
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families and providing effectve incentives and disincentives (for exam-
ple, costsharingforhealthand education).Acomprehensivepopulation
policy must also include polices to cope with the consequences of
population growth. This means general development polices that en-
courage op im-al use of resources agriculture, urbandevelopment, and
so on.

In about a dozen countries, fertility regulation programs are part of
national population polcies. En other countries with FP services, te
rationale is not so much to reduce fertility but to improve maternal and
child health (MCH). The health rationale for family planning, especially
forpreventinghigh-skpregnancies,isprovenand especiallypertinent
in Sub-Saharan Africa, where inant and maternal mortality and mor-
bidity rates are high. One key elemeatof primary health care isMCH care,
and ffiis includes famiy planning. By p:roviding the means to postpe
childbearing until after adolescence, space births at twoto year
intervals, and prevent pregnancies after the age of 35, family planring
can greatly improve matemal and child health.

Where the rationale for FP programs is demographic, it is often a
matter of controversy whether governmenthas the right to influence the
reproductive behavior of the people. Clearly, Luness population pclicies
commandbroadpopularsupport,theprospectsforreducingpopulation
growth are dint And where poor governance causes people to question
the legitimacy of governments, govemntental population policies and
Fp programs tend to be viewed with particular skepiisnm It is critical
that anti-naalist policies be seen to apply to entire populations and be
evenly implemented. Policies can justifiably become discredited when
they appear designed to alter the balance of ethnic groups

Neededisaddelbratefosteigofpluralismineffortstoextedaccess
to EP information and services by encouraging and supporting local
government,community,andprivateinitiatives.Thesuccessfudinvolve-
ment of nongovernmental gmups in family planring in Sub-Saharan
Africa strongly suggests the viability of such an approach. Fostering
pluralism entails a broad agenda of activities to facilitate local and
privateinitiativesandlearnfromthemnltinvolvesdifficultchoicesabout
how and where to expend governments' limited technical and admidnis-
trative resources. Governments must take the lead in promoting the
dissemination of ap information and in developing a social conssus on
its legitimacy. Especially i rural areas, where the government is the
major provider of modem health care and specifcally of MCHI services,
the public sector may have to be the principal provider of aP 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).
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Promoting Demandfor Fewer Children

EvengreatdyimprovedsupplyofFPserviceswilnotsucceedinbringing
about the required declines infertility, unless demand for fewer children
rises considerably. Most past efforts in the FP field have been deficient
in recognizing this. A recent evaluation of past World Bank operations
in the population sector, for instance, found that rP services have been
offered in many countries when there was little evidence of significant
demand for them (World Bank 1991e). The evidence of attitudinal and
behavioral changes regarding fertility in many parts of the continent
suggests, however, thatit ispossible to create such demandL Between20
and 40 percent of women in the coumtries of Sub-Saharan Africa wish to
space their children at least two years apart (Table A-6). Rising pressure
of rural populations on cultivated land is stimulating demand for
smaller family size. Miration and urbanization are loosening extended
familytiesandraisingtheprivatecosts of children.Education of women
is increasing, there is a dear trend toward later marriage,' and there are
indications of considerable unmet demand for modern contraception
(rable A-6). These changes in attitudes can be encouraged, promoted,
and accelerated by a variety of mears, induding effective information,
education, and communication (EC) programs, so as to lead to increased
demand for FP services-

Improving the legal, economic, and social status of women is critical
to overcoming the constaints imposed on them by their traditionalroles
thatperpetuatehighfertility.Thisentails,amongotherthingsTreoiz-
ing and emphasizing that women's status also derives from their eco-
nomic contrbutions to family, commuIity, and society. It requires,
therefore, expanding the range of opportunities available to them and
supportingdevelopmentsthatprovidewomenwithgreatercontrolover
their own lives and the output and income generated by their work.
Greater educational opportuities, removal of discriminatory laws, rais-
ing the age of marriage, ensung women's rights to land, improving
their access to credit and training, meeting their needs for technology
and information, opening up employment and income-earing oppor-
tunities beyond those traditionally open to them, and strengthening
women's organizations all h 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.

To promote demand for FP services, actions such as the following are
essential:
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* Political leaders and communities need to be sensitized to the
environmental and economiic consequences of rapid population
growth. Demand for family planning and contraception, as well as
for later female marriage, must be increased through widespread
EC programs. To ensure that people regard such programs as
legitimate, goverments must demonstrate continually their legit-
imacy and credibility, through good governance. Govemments
lacking credibility and popular acceptance are very likely to con-
front popular disrust of population programs.

* Effective measures are needed to expand education, especially for
females, and to improve women's income-earning opportunities.
This will tend to raisewomen's mamage age and reduce both their
desired and actual number of children. To the extent that improved
income-earing opportmities forwomen 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.

= Health services need to be expanded and improved to deal with
majorepidemicdiseasesandreduceinfantandduildmortality.This
wll greatly improve the probabEity of having descendants in one's
old age and thereby weaken one of the major traditional motiva-
tions for desiring large families. It will also reduce the economic
incentive for having larger families, since fewer, but surviving,
children can ensure adequate availability of fimily labor.

= Expanding access to effective primary iLealth care is also essential
to address the problems of sexually transmitted diseases (SrTs)-
sTDs are major causes of infertMity, which in some regions discour-
ages anyinterestin fertilitycontroL Highincidences ofsrDs are also

* an important factor contributing to the rapid spread of AmS

* I1ncentives for smaller families and disincentives for large fimilies
(such as limitations on tax deductions for children) mayhelp in the
longer term. Communuty leaders, teahers, agricultural extension
agents, and the mass media should be used to convince people of
the economic, environmental, and health benefits of having fewer
children.

* Land tenure reform as well as improved access of women to land,
to agricultural exension, 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.



120 REVERSING THE SPIRAL

Box 7-1 Increasing the Private Costs of Having CLhildren

Some observers argue for deliberate policy actions designed to impose
more of the sodcal costs of children directly on their parents. In some
counties and under certain conditions, this would create pressure for
zeducing family size. Where, for example, education is a highly valued
commodity, shifting the cost of schooing increasingly to the parents is
Likely to have a dampening effect on fertility rates. This appears to have
been an important factor contributing to the dedline in the TElin Cenya.

Such a policy thrust conflicts, of course, with the important develop-
ment policy objective to meetbasicneeds. Moreover, such a policy poten-
tiallyfacesimportantpitfalls.Thereisahighlikelihoodthatparentswould,
out of economic necessity, decide to ration access to education among their
children, favoringboys at the expense of girls (even more so thanis already
the case). This would have profound longer-term implications-not least
for fertility rates.

Moreover, in many ssA settings, the cost of children is not necessarily
borne by those responsible for their havingbeen born Not orly do fathers
often have very limited responsibilities for child maintenance (or evade
their responsibilities altogether trough divorce or migration), but child
fostering is a widespread custom in many societies.

ImprovingAccess to Family Planning Seroicsz

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,Ncos, and aid donors. The target must
be to raise the CTR in each country sufficiently to achieve a 50 percent
reduction in the TW by 2030 (Tables A4 and A-5). For Sub-Saharan
Africa as a whole, this implies increasing the average CPR from less than
11 at presnt to over 45 by the year 2020 and to over.50 by 2025 (Table
A-5).

The family planning effort of nearly every country in Sub-Saharan
Africa ranks near the bottom of developing countries, with the notable
exceptions of 1Botswana, Kenya, Mauritius, Zimbabwe, and, arguably,
Ghana (Table A-7). Fertility can be reduced and population growth
slowed if govemments, 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.
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In most SSA countries, np services are integrated with and delivered
trough the public health system, usually as part of MCH care. But in
many countries the public health system is unable to deliver widespread
and effective Fp services. Expanding the access to family planning re-
quires strengthening and expanding public health care systems as well
as developing alternative and supplementary chanmels to deliver FP
services and EC. Where ADS is prevalent, this will be all the more cridtical,
since health and sex education and the provision of condoms are Ihe key
instruments for combatting its spread.

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 gais from
family planning appeal to policymakers 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 onbirth
spacing, raier 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 population pressure on cultivated land is
comparativelyweak and where traditional incentives for wanting large
families remain strong.

Supply and accessibility of PP serces could be improved substan-
tially by measures such as the following:

* Govements should establish and strengthen public institutions
charged with population and XP programs. This will involve staff
training, management improvements, and strengthened program
content.

e The role of NGos in family planning should be expanded. NGOS
have demonstrated their effectiveness in dealing with family plan-
ning issues effectively all over the world.

* Private aP organizations, nongovemmental health care networks
(churches, employers' schemes), private health care practitioners
(including traditional healthcare providers), other nongovemmen-
tal development groups (women's groups and commuiity associ-
ations), and nonhealth outreach networks (agricultural extension
and community development workers) can all be effectively used
as channels for FP services. So can conunercial outlets such as
pharmacies, 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.
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* Community incentive schemes should be developed and funded to
induce communities to take action to reduce population growth
through conununity-managed family planning programs. These
programs can be managed, wit govermnent funding, by schools,
employers, and community groups.

Periodic demographic and health and contraceptive prevalence sur-
veys are needed to establsh baseline data and provide essential infor-
mation on fertility, family planning, and maternal and child health to
policymakers and planners. Such data would reveal uunet demand for
family planning and would indicate where service expansion or im--
provement is warranted and most needed.

Prmay Education

In most countries of Sub-Saharan Africa, two important development
objectives are (a) to improve the quality of primary education and (b) to
expand primary school enrollment, especially of girls. Endeed, one of the
mostcriticalissuesinthe education sectorinmuchof Sub-SaharanAfrica
is the urgency to increase primary school enrollment of girls. In some
countries, girls account for less than 20 percent of primary school enroll-
ment and even less in secondary and terdary education. The lower rates
of female school enrollment aid the higher rates of female dropout at
earlier grades are due in large measure to the high demand for girls to
hep with domestic work, such as caring for younger siblings, fetching
water and fuelwood, etc. (eg., Ventua-Dias 1985.1833). Caring for youn-
ger siblings is particularly prevalent among girls aged 6 to 9- an age
atwhich they should attend primary school. Once they have missed that,
their chance to receive any schooling is almost inevitably lost forever.
These girls are very likely to remain in the low-education, low-income,
low-status, high-fertility trap.

The gender gap in education has a high cost Prmary schooling
beyond the first three years lowers women's fertlity. 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 agri-
cultural producfivity- as well as women's incomes, opportuities, and
decisionmaking influence within the household.

A number of possibilities exist and have been successfully tried in
various settings to increase primary and especially female school enroll-
ment One suchpossibility merits mentionhere, as itmaybe of particular
relevance in the present context It concerns changing school schedules
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- daily hours as well as vacations - to fit better into rural production
systeins and agricultural seasons. Childrenneed to help with farm work,
especially at peak periods, and if school is scheduled accordingly, atten-
dance could be improved. Current vacation schedules are often still
those established on the model and patterns of the former colonial
powers. School breaks in Europe were scheduled to allow child labor in
fanning activities (planting, weeding, harvesting). The farming seasons
in Sub-Saharan Africa are different. Regional school administrations
should be given authority to adjust schedules to local realities.

Condusion

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
interestin fertility reduction, and this gap needs to benarrowed. Policies
andprograms thatinfluencehealth, education,thestatus of women,and
the economic value of children in tum influence attitudes toward child-
bearing, family planning, and people's albility to control family size.
Efforts to reduce fertility through explicit populationpolicies, therefore,
should be integrated with policies to improve health, education, and the
status of women.

The various components of human resource development programs
are strongly synergistic. Family planning is more readily accepted when
education levels are high and when mortality-and, in particular, child
mortality - is low. Healthy children are more likely to attend schooL
Cean water and sanitation are more beneficial if combined with health
education andnutrition education. Educated mothers are more liely to
have fewer and healthier children. These human resource development
efforts also have positive effects on agriculturalproductivity and, hence,
on food security. This, in turn, stimutlates demand for fewer children.
Improvements in human resource developnment are therefore critcal in
multiple ways for long-term susinable development

Broad-based improvement in human resource development requires
reorienting polices and financial resources to focus on delivery syetems
that respond to the critical needs of the majority of the population,
induding the poor. This calls for far greater emphasis on primary
education andbasic 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.
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Note

1. Average age at marriage increases with education level - and this corrla-
tion 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 inSSA, 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).



8
Promoting Sustainable

Agricultural Development

Sustainable and Environmentally Be-nign Agriculture

As suggeste by the analysis in Chapters 4,5, and 6, agricuturl devel-
opment efforts must focus oninnovations thatimprove the productivity
of land and of farm labor. Incentives that encourage further expansion
of the cultLvated area are consistetwith agrcultural growth objectives,
but not with environmental protecton concerns. The objective, there-
fore,mustbeto inreasetheproductivitrofbothland andlabor, in order
to pemit output growth while m iniizig the i sin the area
farmed LThe requiredincrease in productivity mustbe achieved withthe
least possible destruction of the environment

A critical issue is the extraordinarily high risk faced by most farmers
and herders in Sub-Saharan Africa. Rainfall is unipredictable 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 silled management to
ensure sustanableproductiorn andmostare easily degradedwhen their
vegetative cover is thinned or removed. The drier areas are dominated
by sandy porous soils deficent in nutrients, while many of the humid
lowlands have acidic soils where aluminum toxicty can damage plants
The most fertile soils are the EastAfricanhilands, 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.

Crop farming in Sub-Saharan Africa, as in other tropical regions, is
also characterized by extreme seasonality of labor requirements and
labor peaks. AU farming systems research in SSA shows tight labor
constraints at certain critical periods in the crop cycle.T Labor shortages
are very common at the stages of land preparation, wrreeding, and har-
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vesting. With traditional tools land can onlybe prepared once the rains
have started-but then itmustbe done very quicldy to allow sufficent
time for crops to grow on the available moisture. With the onset of the
rams, growth conditions also become ideal for weeds, and weeding
becomes critical. Similar urgency prevails atharvest time to prevent crop
losses. An obvious implication of this is the pressing need for technology
that saves labor, particularly at times of peak labor demand.

The systemic labor constraints are compounded by the effects of
climate, health, and nutrition. Work capacity declines very rapidly with
rising temperatures as also with declining health. An important insight
from data collected in norther Malawi is the relationship between labor
demands and health: most ilnesses were reported toward the end of the
rainy season (February-April) and most deaths during March-June -
explained largely by reduced food availability, heavy workloads, damp-
ness, and water problems in the house (Due 1988:334). Inhumid tropical
and subtropical cimates, 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 alcted with disease, their capacity for hard and
sustained work is further diminished

Generally poor and heavily dependent on local natural resources and
famiy labor, farmers and herders in Sub-Saharan Africa cope with
-uncertainty and with sustainability problems by adopting a variety of
flexiblc strategies that minimze risk and make optimal use of the
resources available to thenL Examples of such strategies include plant-
ingmultiple 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,
and engaging in various off-farm income-generating activities, particu-
larly during the off-seasoIt These strategies aim to diversify income and
foodsources,stabilize aggregate productionandincome,minimize risk,
and maximnizereturns tolaborunderlow-technologyconditions.Incrop
productionstrategies, thecentralobjectives almostinvariablyare: (a) en-
suring optimum stable aggregate output of multiple crops over time,
rather than mnaxiuizing yields of individual crops, and (b) maxiizng
output per unit of labor, rather than per unit of land.

Farmersseekto maximizeproductimoperunitofland onlywhenland
becomes scarce relative to labor. This is now occurring in many parts of
Sub-Saharan Africa. The weakness of the traditional coping strategies,
asdiscussedinChapter4,is thattheyarenotcapableofadjustingquicldy
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
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increase quicldy and effectvely fanners' and communities' ability to
confront these problems, building on their traditional mechanisms of
coping with their environment

Another critical issue is that of suring the longer-term sustainability
of agricultural production systems. Sustainability has several dimen-
sions and must be considered in terms of environmental, tedcnological,
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 resourcebase, this requires modification
of agricultural production systems in the direction of intensification (ie,
more output per unit of land).

Numerous environmentally benign agricultural technologies have
been developed experimentally on a small scale throughout Sub-
Saharan Africa. Examples indude contour farming to reduce water
runoff and soil erosion mmulching minimum tilageintensive fallowing,
crop mixtures and rotations which ensure continuous soil cover, terrac-
ing and bunding, integration of livestock and cropping to maintain soil
fertility, agroforestry, integrated pest management, and water harvest-
ing. In some countries faner-managed small-scale irrigation has con-
siderable potentiaL Behind each of these terms lies a vast 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 agroecological and socioeconomic conditions, is essential if the
critical problems faced by African agriculture are to be overcome.

Such technologies need to be mastered by agricultural research and
extension systems so thatthey canbe widely adapted to local conditions.
There is a key constraint, however, which is as much responsible for the
lack of dissemination of these technologies as are poor research and
extension. Farmers have not demanded these techologies - much as
most people have not demanded family planning. There has been little
incentive for farmers to adopt such technologies in place of traditional
methods As long as there is free land to open up for frming, investing
labor and capital in more intensive agriculture makes little sense from a
farmer's perspective. When poor macroeconomic and agricultural poli-
cies reduce the profitability of farming, the incentives to intensify are
further weakened. But incentive polices that encourage converting
more land to farming are not the answer, since the cost in environmental
degradationcanbesubstantial.Thiscomplicatesthesearchforsolutions.

Agricultural intensification on a wide scale requires more effective
research and extension. It also requires policies that induce tanners to
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intensify production. Making £ntensive farming profitable requires the
kind of price, tax, and exchange rate policy envirornent 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
notbydeceeorbymonopolisticormonopsonisticparastatalmarketing
agencies, but by market forces and must be closely lirked to world
prices. Exchange rate polices must ensure efficient equilibration of
international and intenal prices. And marketing, trade, and investment
polices must facilitate private response to market opportmites.

In the short to medium term, subsidies may be necessary certain
farm mputs (such as seeds of improved vaneties) which are needed to
introduce intensive sustainable fanming techniques, while the conver-
sion of forests, rangeland, and wetlands to cropland may need to be
taxed for environmental reasons. Such measures improve the profitabil-
ity of agricultural intensification and raise the cost of land. Another,
complementary, approach would involve providing compensation to
individuals and communities to narow- or even eliminate- the gap
between private and public costs and benefits of resource-conserving
production methods. Such programs would need to be carefully de-
signed and monitored. I, for example, constructing rockbunds onsteep
slopes or the afforestation of severely degraded land to prevent gualy
erosion providehigh economic returnsbutlow finandal retums to the
farmers and communities who would be undertakdng 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) or of direct wage payments
(under food-for-work schemes, for example). Or it might be done
through the provision of village-lev infastructure facilities in ex-
change for comuntiuty action on resource conservation?

Environmentally benign and sustanable technologies of the type
noted on page 125 and discussed further in the following sections are,
by themselves, unlikely to be sufficient for most countres of Sub-
Saharan Africa to achieve agricultural growth rates of 4 percent a year.
Improved crop variety/fertilizer/farmmehani ontechnologies will
also be necessary, and the most desirable scenario would involve the
widespread adoption of location-spefic appropriate combinations of
both A gradual shift to locally suitable higher-value cops and livestock
productswillsobenecessary. Overtime, thiswillbestimulatedby the
policy reforms summarized above, by increasing market orientation of
agricultural production, and by rsing urban incomes. Nevertheless, in
certain agroecological settings, some tradeoffs between agricultural in-
tensification and environmental resource protection will be inevita-
ble. The following sections discuss environmentally benign low-input,
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low-risk technologies that deserve greater emphasis in research and
extension.

Sail Conservation and Fertility Management

Soil erosion is influenced bya combination and interplay of many factors
- including soil characteistics, climate, topography, land use, and
farming practices. It is therefore site-specifc, and individL-al control
measures that areappropriate and successful in one set of circumstances
carmot automatically be transferred without modification to another
location.

Farmers adopt soil conservation measures when they dearly 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 orno cash outlays, and conflict as little as possible
with existingpeaklabordemands.Iftreeplantingisinvolved, localrules
concerning tree tenure must be considered, as mnust the often consider-
able differences in the allocation of costs anrd benefits between genders.
If .zen are to invest in tree planting and tenance, trees must produce
cash crops and/or timber (or fuelwood for sale). Women far more
readilyvalue trees that provide fuelwood for own use, livestock fodder,
fruits, and other nonwood products.

Manysoilconservation efforts require additionallabor-which often
has high opportunity costs or is simply not available. Even off-season
labor availabffity cannot be taken for granted. Rural people pursue
various nonfarm income-earning activities when firm labor needs are
slack, and seasonal out-migration of meais 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 rare
of financial return to most of the methods 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 tech-
niques are financiallyattractive and, indeed, widely used. This suggests
that farmers' wiingness to undertake soil conservation measures will
increase as population densities rise, as soil degradation and erosion
problems intensify, and as policy reforms make intensive faning more
profitable.

Africanfarmers alreadyuse avarie'-rof techniques,highlyadaptedto
local conditons, to manage soil fertility and conserve soiL Many of the
"more innovative" practices now being evaluated and refined on re-
search stations are in fact based on techdiques developed by frmers
themselves. These are founded on the recognition that the only effective
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way of minimizig, if not preventing soil erosion is the maintenance of
vegetative soil cover, especially during the rainy season. Many tradi-
tional farming practices contain features that are designed, in part, to
meet this requirement mixed cropping, intercropping, relay cropping,
multistory farming, various forms of fallowing, crop rotations, no-tillage
and minimum tillage, a variety of agroforestry techniques, and others.
Farmers have also resorted to engineering techniques to combat soil
erosion and improve water retention on faimland. 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 1988:19-23).

The multistory garden found throughout much of Sub-Saharan Af-
rica, and especially in the forest zones, is a particularly noteworthy
example of farmers' ingenuity. These plots, almost always very near the
homestead, contain a variety of plants that grow to different heights
(frees, vines, bushes, low-growing plants, creepers, and root and tuber
crops), attract or repel different animals and pests, and have widely
different life cydes and, hence, labor requirements and yield peaks. In
essence, mulidstory gardens represent firmers' efforts to utlize the
synergies of the rainforest ecology for crop production. A recent survey
of compound farms in eastem rNigeria identified 146 speces being
cultivated in compound farms, with as many as 57 grown in a single
compound (Bass 1990:136).

Allthese techniquesmeet other importantrequirements as weLt Par-
ticularlyessntialarethese spreadingtotallaborrequirements as evenly
aspossible overtheyear,makingoptimaluseofcultivatedland through
spatial arrangement of crops in mixed cropping systems3 and minnimiz-
ing risk and stabilzig aggregate output from multiple crop species in
environments chracterized by considerable climatic uncertainty. Ithas
been repeatedly documented that African farmers "outperform" the
weather. indices of crop yields overtime fluctuate considerably less tan
indices of rainfall (Dontmen 1988&27).

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 problemns now facing agriculture
in Sub-Saharan Africa. By the same token, failure to recogrize this
potential and to tailor supportive efforts accordingly hasbeen an import-
ant factor contributing to the nonadoption of many technical "solutions'
proffered in the past to overcome the continent's agricultural crisis. A
long-time student of the situation in northern Nigeria has written that
the basic rationality of indigenous land use systems "emerges unfail-
ingly from almost every field investigation" and 'the rationale of indig-
enous land-use systems must become the basis for conservationary
resource managementfor the simple reason that the land belongs to, and
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must continue to be occupied by, its present populati on' (Mortimore
1989a:207).

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
tiese are appropriate - technicaly and economically - depends very
much on local conditions. A few examples of techniques aimed at soil
conservatioa tLand soil fertility management are the following:

Vegetative soil and water conservation methods are highly effec-
five 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 infiltraiion bands) have
beenfoundtobeaseffectiveincombating erosionasbend terraces
- these being the two most effective techniques. Permanent strips
of suitable species (such as Vetiveria spp, see Box 8-1), established
on the contour at proper intervals down the slope, are highly
effective in slowing runoff, reducing soil erosion, improving mois-
ture retention, and creating natural terraces over time. If fodder
grasses are used, periodic cuttings provide animal fodder. Varia-
tions of this method are already in use, for instance, in Ethiopia,
Keenya, Madagascar, Nigeria, Rwanda, and Tanzania.

Box 81 Vetiver Grass: A Proven Remedy against Erosion

For best effect, the species used to establish vegetative anrerosion strps
on sloping land should be a grass or a shrub with deep roots and strong
anddenseleavesandstems.It shouldbe drought,fire,livestock,andflood
resistant, should not take up much cropland, andshould notharborpests
or diseases. Vetiueaziamwies, a clump grss, exhibits all these character-
istics and more It thrives in arid and humid conditions, seems to grow on
any soil (incuding shallow rocky soils) and survives wide temperature
ranges. It is virtually maintenance-free, produces a dense hedge, and is
extmiely effective in trapping silt, slowing noiff, and increasing water
infltration. It is used very successfully for soil conservation purposes in
regions as diverse as China, Fii, the Canbbean, and India, even on very
steep slopes and in regions with extremely hlgh and erosive rainfaL
Following successful field trials, extension services in Nigera are now
promoting its use, as well as that of its dose relative V. nigritan,a which
has long been used by farmers in parts of norther Nigeria to marc field
boundaries, as a vegetative erosion barrier. for a comprehensive assess-
ment of the experience with Vetiver and its potential as an effective
Iow-costmeanstocontrol soilerosion,seeNationalResearchCouncil1993.
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* Where draft power is availble, plowing along the contour on
sloping land will considerably reduce soil erosion and irncrease
water inifitration. The effectiveness of contour farring is further
imaproved if pernanent contour key lines are established at appro-
priate intervals down the slope by means of permanent strips of
suitable plant species.

* "Intensive" or "managed" fallowing - sowing deep-rooted le-
gumes when land is taken out of production, rather than simply
waiting fornaturalievegetation-wiligreatyimprove soil fertiity
even in a single year. Where new land remains available for clear-
ing, however, or where livestock are allowed to graze fallow land,
faruers may be slow to change their fallowing practices.

* Minimum tillage and no-tillage methods, which involve planting
directy into a stubble mulch without plowing or hoeing can
vitualy dliminate soil losses, increase water infiltration and reten-
tion, and reduce labor inputper unit of output. Minum tillage is,
of course, a pracdce very familiar to farmers in forest fallow sys-
tems Soils in forest fallow systems are, however, a]most entirely
free of weed seeds and very easy to work with a planting stick
Neither condition is Likely to apply inminiimm tillage or no-tillage
systems practiced on permanently cultivated land.

* Mulching can considerably reduce soil erosion, improve in-situ.
water retention, raisesoilfertity andincrease yields. Butmulching
annualcrops is difficult Itcanonlybe done after the seedlings have
emerged, so that the mulch will not prevent germination. Conse-
quently, mulch will not be in place at the onset of the rains, when
much soil erosion takes place. Moreover, many annuals are low tD
the ground and mulch, with its microenvirorment that harbors
insects and molds, is close to the leaves of the young plants. The
techniques of mulching annual crops are proving to be extremely
demanding. Most experimental work in this area has been- con-
ductedby the International Iistitute of Tropical Agriculture (IrTA),
which has generallyhad to resort to pesticides (Jones and Egli1984).

Labor-intensive approaches and cal or engineenrng works
(such as terracing and bunding) are suitable only in certain settings.
Moreover, engineering works wfll not be satisfactory in isolation. The
prinaryrequirementtis appropriate land use, and mechanical conserva-
tion works must be accompanied by good faning practices (Hudson
1987:158).

Terracing is common in some parts ofSub-Saharan Africa, mainly on
steeply sloping land. (From 1976 to 1985, with support from several
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Box 8-2 From Slash-and-Burn to Sustainable Farming

Results of ICRA} field tests of environmentally benign, low-input sustain-
able technologies for tropical forest areas suggest that fanring on newly
cleared land must begin with low-input cropping. The initial slashing and
burning dears the land, adds nutrents to the soil, and reduces soil acidity
fcsr the first year of cultivation (tropical forest soils generally being very
acidic). Add-tolerant crops such as upland rice and cowpeas should thenr
be planted. First-year yields are usually very high. All crop residues
(cowpea tops and rice straw) should be retumed to the soil to improve its
organic content The plot, should then be sown to pasture legumes or
grasses.This "nmanagedfallow ismoreeffectivethanthetraditionalforest
fallowin restoringsoilferility.Insubsequentyears,more intensivemeth-
ods are needed to maintain soil fertility. This may involve agroforestry,
tree crops, legume-based pasture, or, if the farmer can afford it, the use of
chemical fertilizers (Sanchez 1991).

extermal aid agencies, Ethiopianfarmers constructed 60,000 km ofbunds
and 470,000 kmn of terraces for reforestation; however, this covers just 6
percentofEthiopia's threatenedhighlands.) When properly constructed
and naintained, terraces are highly effective in preventing soil erosion
and increasing the retention of water hi the soil, but they have draw-
backs. Most impcrtant, they require considerable labor to construct and
maintainand arefarmoreexpensiveperuinitofsoilretainedthanalmost
any other alternative for soil erosion controL

Eacthen bunds also require frequent maitenance and repair. Unless
properly mamtained 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 maybe 30 to 50 percent in the first yearbut
faUs to zero in thesecond (Grmshaw 1989). They havebeenfounduseful
only on well-drained soils. Elsewhere, they are ofusceptible to breachng
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 mainte-
nance they required (Brown and Wolf 1985:42;Jones and Egli 1984). The
practice is now slowly being reintroduced, along with tree planting,
mulching, and other complementary conservation measures.

On the Yatenga Plateau in Burlina Faso, farmers have adopted a
technique of placing lines of stones along the contour on land suffering
from, or threatened by, erosion- The lines of stones slow water runoff,
increase water infiltration, trap dislodged topsoil, and have helped
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revegetateheavily degraded land. Farminghad become threatened, and
because labor was available for this work, this comparatively heavy
investment in soil conservation and land improvement works made
economic sense to farmers. Some 6,000 ha have been treated in this
manner, and yields have increased by 15 to 30 percent Labor costs are
highandrising,however,becauserockshavetobebroughtfromincreas-
ingly greater distances.

The success story of Yatenga 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 linitations to
"technology transfer" and the critical importance of adapting "solu-
tions" very carefuly to local agroecological and socioeconomic condi-
tions (Reij 1988: 27).

Another interesting dimension of the stone line technology has been
observed on the Mossi Plateau in Buriina 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 collec-
tive fields, which are "borrowed" from the men, because the yields are
distributedtoaallarticpants. Mostwomenweresoon discouragedfrom
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 199117).

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 havebeen terraced bynow, withfarmers doing the work
themselves (see Box 8-3).

There are a number of other simple and effective ways in which
farmers' production systems can be made significantly more productive
and sustaiable, without increasing farmers' risks or the requirements
for additional labor and/or capital beyond what the productivity gains
will cover. Table A-28 summarizes the results of a financial and eco-
nomic analysis of many such techniques under current conditions in
Nigeria (CAo/World Bank Cooperative Programme 1991). This analysis
showed that many of these techniques are very 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 tech-
niques assessed showed high economic rates of retum 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



PROMOTING SUSTAINABLE AGRICULTURAL DEVELOPMENT 135

Box 8-3 Soil Conservation in Kenya

In Kenya, grass-roots interest in soil conservation began to emerge a few
years after independence, encouraged by good leadership and a strong
sense of national unity based on the karambee philosophy. An important
step was the adoption of soil conservation by the Mwethya groups, volun-
tary self-help groups that form each year to carry out communal work
during the dry season and disband with the onset of the rains to tend to
theirindividualfarmingactivities. Leadership comesfromthewomen,but
men arepersuaded tojoin forsome physically demanding tasks. Activities
indudes bush clearing, water canrying, management of grass and tree
nurseries, and plowing arable land on group members' farms in turn.

Presidential support for a national conservation program and the cre-
ation of a Permanent Presidential Commission on Soil Conservation and
Afforestation provided a strong boost to this movement. At the same time,
the increasingly serious problem of soil erosion attracted the attention of
national and international aid agendes, who supported development
projects that included soil conservation elements. In 1974, the Ministry of
Agriculture began a soil conservation extension program with assistance
from sns. Farmers were encouraged to terrace sloping land by leaving
unplowedstips along thecontour,andtheconceptof anew typeof terrace
called Fanya Juu ("throwing upwards") emerged: a ditch is dug on the
contour, with the excavated soil placed on the uphill side to form a bund.
The steeply sloping riser and the bund are planted with grass, providing
a self-terracing effect as the grass and the bird retain soil washed down
the cultivated intererce stip.

To compensate farmners for keeping some land out of crop production,
fruit and fuelwood seedlings and cuttings of quality fodder grasses were
provided for the unplowed strips. Tree crops diversified the produce
farmers could seL High-quality fodder enabled farmers to limit the free
grazing of cattle. Terraces retained water and soil and raised yields on the
upslope side. In Machalcos District, maize production in some fields
increased by half after introduction of the terraces.

By 1983, terraces had been built on 100,000 farms, and extesion agents
were reaching over 30,00u new farms each year (Brown and Wolf 1985:41-
42; Hudson 1987:165-166).

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 sufficent to induce investmentby farmers
whose private discount rates are likely to be as high as 25 percent and
more because of the high risks and distorted marlkets they face. But as
the costs of soil degradation and erosion rise, as labor availability in-
creases, as economic policy renders agriculture more profitable, the
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financial returns to such investments will increase. Knowledge transfers
through extension will find an increasingly favorable receptionby farm-
ers 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 1992:10-11).

Water Management

Highly variable rainfall makes water conservation vital, particularly in
semiarid areas and where dry spells are frequent. In the Sahelo-Sudanian
zone in particular, moisture deficiencies pose the prinary 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 faning, establishing vegetative
contour strips, intercropping, ridging) are also extremely useful for
in-situ moisture conservation.

However, under certain conditions (notably in low-rainfall areas),
water harvesting techniques maybe both necessary and effective. Water
harvesting involves the collection and utilization of runoff for farming
or other uses. A 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 to smaller areas where field crops or frees
are grown. Another common traditional techique is water spreading:
diverting runoff from seasonal streams or gulies to cultivated fields. By
increasing the quantity of water available on cultivated land, these and
other water harvesting techniques greatly improve land productivity;
theyusually 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 District4

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. Sudan (1.75 milion 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 1990:7). The additional area potentially suit-
able for irrigation is estimated at about 15 million ha (Barghouti and Le
Moigne 1990:9,13) - 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 reservoirs and ponds pose
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sigrdfwant constraints to irrigation development Moreover, irrigation
development in manrr regions would entail very high envirornmental
costs in terms of increased threaL from water-related human diseases
and of irreversible damage to ecologically valuable floodplain ecosys-
tems (Barghouti and Le Moigne 1990:13). Nevertheless, in a number of
countries - notably those of the Silel, but also Ethiopia, Malawi,
Nigeria, and Uganda - irrigation development holds considerable
promise for improving the productivity of farmland in amannerconsis-
tent with resource conservation objectives.

The emphasis should lie an individually or communally managed
systems with dievelopment costs of US$2,500 per ha or less, which can
be developed and maintained by individual farmers themselves or by
farmers' groups. Such low-costschemes include irrigation frowells or
pumps, controlled flooding, and small-scale development of inland
valleys and flood plains. Such developments have often spread sponta-
neously. Good examples are theprivate small-scale schemes developed
by Mauritaian farmers in the Senegal valley, the rapidly spreading
development of small groundwater irrigation systems in northem
Nigeri's fdama areas (alluvial valley bottoms), and shallow aquifer
exploitation with low-cost tubewells and pumps in Chad and Niger.
Common characteristics of a number of recently reviewed successful
small-sale irrigation schemes in the Sahel are the following: simple and
low-cost bechnology, instiutional and managemet arrangements that
rey on the private sechar and on individual responsibility, adequate
irastrcure to facilitate access to irputs and to output markets, active
farmr particpation in project design and lementation, and high
financial (cash) returns to farmers (Brown and Nooter 1992).

LiuestockProduction and Utilz&aon

Mixed farding, combining crop and livestock activities, holds consider-
able proMise for meeting criteria of environmenal susabiy and of
improvedproductivity. Farm animals are animporntlinkforrecycing-
resources within the farming system, and draft animals represent a
major sbep towards agricultural intenificton and, through the provi-
sion of trasport services, market orientation. Indeed, the largely u-z
utilized potential for using animal traction in botl farm operations and
tansport needs to be realized. Cattle acquisition and maintenance in-
volve considerable capital expenditure, however, and are herefore
likely to be feasible only for relatively better-endowed households. IX
fact, 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 and others 1987:104). In any case,
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switching to animal draftpowerbecomes economical onlywhenthe cost
of hoe cultivationexceeds the cost of the transition to animal power. This
usually happens only with the emergence of continuous cultivation.

Moreover, animal traction is generally adopted first to provide trans-
port services, and only later for purposes of land preparation (Pingali
and others 1987). Maintaining draft animals will not be economically
attractive to farmers if their sole use Ls in land preparation. This suggests
that developing rural tranwsport infrastructure - roads and tracks suit-
able for animal-powered traffic - is important to accelerate the incor-
poration of draft animals on a wide scale into rurl economies and
farming systems. Upgrading rural trasport - the movement of farm
inputs and output, fuelwood, constructionmaterials, and water-from
headloading to animal-powered means will also greatly ease the pres-
sure on womerns time.

Nevtrtheless, there is good potential for greater incorporation of
livest'ck components into farming systems. In many mountainous
areas, this process is already we Ilunder way. Approaches and solutions
will vary. The full potential of sheep, goats, pigs, and poultry has not
been exploited in much of Sub-Saharan Africa. SmaUl ruminants, espe-
dally if herded together, are very efficient users of a wide variety of
forage and browse resources. They are less resticted by seasonal varia-
tions 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 hian do cattle (FAO 1991:28-36). Goats, pigs, and poutry 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).

In humid and subhumid zones, the tsetse fly can be controlled (al-
though not eradicated) through low-cost taps and spraying. Priorities
for promoting the integration of cattle into farming systems should be
to popularizebreeds such as the N'Dama, which are tolerant to trypano-
somiasis, and at the same tilne to develop trnsport and farm equipment
that such animals can power. In the subhumid 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 suggests
tiis to be potentially profitable (Table A-28).

In the drier cultivated zones, the integation of cattle into sedentary
crop farmers' production systems will generate increasing pressure on
the availablepasture and forage resources, leading to stiffer competition
and potentialconflictswith transhumantpastoralistswhose herds graze
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on crop stubble and bushy fallows during the dry season. The
pastoralists' difficulties are further exacerbated by the increasing devel-
opment of valley bottoms in many parts of the Sahel and Sudan for
cropping, often year-round by means of small-scale irrigation facilities,
because this dloses off essential migration routes and feed resources for
their herds during the dry season. Improved Iand allocation bbtween
pastoralisis and fanners to pem-it both to survive would be desirable,
but no eff;ective means of achieving this has been found as yeL Better
land use planning and appropriate land tenure arrangements would be
needed.

Traditional pastoralsts are very efficient users of the meager range-
land resources in the and and semiarid zones. They possess ea.omous
knowledge and understanding of the steppe and savanma ecologies mi
which they live and upon which their economies depend. Their hus-
bandry of land, water, plant, and animal resources and their migratory
movements are highly skilled, complex, and organized, reflecting gen-
erations of careful observation, experimentation, and adaptation. Their
livestock production systems are, as recent studies have demonstrated,
extremelyproductive. Theyutilize the marginal resources to which they
have access not only very efficently, but also in a manner that is
environmentally sustainable over time. Traditional pastoralsts produce
as much protein per hectare as do ranches in areas with similar rainfall
in Austrlia and the United States-butwith vastly lower capital inputs
(Bass 1990; Odhiambo 1991:79-80; Independent Commission on Inter-
national Humanitarian Issues 1985).

But the potential for increasing the output and productivity of pasto-
ralist production systems is low. Moreover, the most critical aspect of
their traditional resource management system - mobility - is under
increasingpressure as sedentaryfarmers appropnate land resources for
cropping, close off vital migration routes and seasonal feed sources, and
lay claim to scarce water resources. Forcible (and often violent) preven-
tion 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 dctgradation. In these regions, water resource devel-
opment 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 the
control and management of local communities to help prevent excessive
concentration of livestoc 5 Integrated water/livestock/forestry man-
agement is required instead of investment and policy efforts that stress
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Box 8-4 Kenya's Turkana District Lessons Ldearned

In Kenya's Turkana District, costly lessons from previous failed projects
appear to have been heeded. Young Turkana men have been trained as
para-vets and are moving among the pastoralists as "livestock scouts' to
promote improved husbandry methods and sell veterinary medicines.
Mobile veteriny extension units have succeeded in sharply raising the
percentage of vaccinatedanima.Oxfamprovided (ongrantorloanbasis)
small herds of goats and sheep to families who hadc lost their animals to
help them get started again in their traditiona-l way of life. The Norwegian
aid agencyNoRADhas funded a scheme to marketlivestockin Nairobi and
other urban centers where demand for meat has been rising. Thousands
of trees (especiayAcacia toortilis, an important source of fodder, food, and
fuelwood) havebeenplantedby theTurkanawith the help of NORADin an
effort to offset tree losses suffered because of drought and changes in the
hydrology along the Turkwel River brought about by water abstraction
for irrgationt And many Turkana have established small farms, utilizing
waterharvestngtechniquestaughtto thembyextensionworkes, togrow
some crops for their own use (Harden 1990-20-208).

one objective to the detriment of overall efficiency or environmental
sustainability.

To improve the incentives for livestock production, the linkages from
rural producers to urban consumers of meat and milk need to be
strengthened. Severlcounties,includingKenyaandTanzaa,arenow
developing cooperative dairy collection and marketing systems, similar
in some respects to the successful Indian modeL Other countries, such
as Ghana and Nigeria, are considering to do the samet Restrictions on
cross-border trade in live cattle should be elminated to improve pro-
ducer incentives and consumer access to meat Private abattoirs should
be licensed (and regularly inspected) to provide market outlets for
livestock producers and to serve urban concentrations of demand for
meat

The provision of veterqiary services should be increasingly left to the
private sector, with governental efforts concentrating on regulating
private veterinarians, organizing and subsidizing mass vaccinations,
and responding to emergency situations. Inmore remobe pastoral areas,
improved livestock care should be provided trough "para-vets," who
could be compensated for their work through commissions on veteri-
nary drug sales. In all areas, agricultural extension workers should be
made competent in improved animal husbandry, forage production,
and anmal traction.
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Inputs

For environmental as well as cost reasons, the use of organic fertlzers
should be emphasized. The integration of livestock into farmers' pro-
duction systemsisespeciallyimportant in thisregard. Similarly, disease
and pest control efforts should emphasize cultural and biological con-
trols6 To support this, subsidies on inorganic fertilizers and pesticdes
shouldbe drastically reduced, if not removed entry. Needed are pest-
and disease-resistant varieties, as well as cultivation methods and inter-
cropping and crop rotation systems that reduce the spread of pests and
diseases. Some positive results in this field have been achieved, for
example,byIrrA.

Tntegrated pest management (IPM) programs for rice and other trop-
ical crops have been developed that minimise the need for chemical
pesticides. Yet many govenments continue to provide substantial sub-
sidies on chemical pesticdes that reduce famers' incentives to adopt
such techniques. Past efforts at biocontrol of pests have focused on
predators and parasitoids of insects, but research is now also being
directed at the development of biopesticides to replace chemical pesti-
cides and of plant pathogens to replace herbicides. Research in all these
areas deserves strong donor support Much can be leamed in such
research from taing a close look at the many indigenous pest control
techniques developed by farmers themselves. In The Gambia, for in-
stance, harvested cowpeas are steamed or stored in oil, ash, or chilies to
repel cowpea weevils. Broadcasting wood ash on plants, especially
vegetables, is widely practiced to deter insect pests. Fresh cow dung,
bran, or green baobab fruit are used to lure insecs to a site away from
the field, where they are killed byburning orburying. Buniung of blister
beetles is reported to produce an odor that repels other blister beetles.
Dried neem tree bernies are pounded and used as seed dressing to ward
off pests (Norem and others 1988:31).

Chemical fertilizers and pesticdes will be important, even essential,
components of intensifiedcroppingsystems. Butthey arecostlyin terms
of foreign exchange, and their subsidization discourages the use of
available and less expenLsive altematives. Policy and infrastructure con-
straints to the use of chemical farm inputs need to be removed, however.
There are no gains to be obtained from shifting to a rigid antichemnicals
bias in agricultural policy.

More efficient tools and equipment are essential to raise the produc-
tivity of farm labor. Particularly useful are implements that can be
manufactured locally (preferably from locally available materials), are
cheap, require little maintenance, and are easy to use. There is a tremen-
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Box 8-5 Research in Integrated Pest Management (IM):
Some Examples

The International Centre of InsectPhysiology and Ecology (tcDuE) inKenya
is worldng on various techniques that would eliminate the threat of
periodic devastating invasions of desert locusts into Sahelian farming
regions. Work is ongoing for example, to utilize the locust's natural
enemies (parasitoids and pathogens) and, more importantly, to use pher-
omones to control the locusts' gregarization and sexual maturation and
thereby prevent the emergence of marauding locust swarms while eiisu-
ing the locust's continuing existence as an important part of the African
savanna ecosystems (Odhiambo 199-81).

TheIntemational Institute of BiologicalControl (nuc), anaffiliate of CAk
Internationalconductingresearchanddevelopmentwork-inurM,is explor-
ing the use of pathogens and the development ofbiopesticides to replace
chermical pesticides and of plant pathogens rather thanL herbicides to
combat weeds. Fungi sprays are being tested, in collaboration with ITA,
under Sahelian conditons to ascertain their utility in controlling locusts.
In colaboration with the D4partement de Formation en Protection des
VWg4tauxof Niger, ncis testinga fungalpathogeneffective againstdesert
lcusts, along with stains from Pakistan, for incorporation into formula-
tions for field trials. And, based on the confirmed key role of predatory
ants andbeatles against the Heicoverp4s armigera moth,Ipm techniques are
being developed to combat moths that attack cotton, sunflower, and other
African crops (cAB International 1991).

dous need throughout much of rurl Africa for more efficient tools for
land preparation, planting, weeding, harvesting, and crop processing,
as also for small carts, wheelbarrows, bicycles, and other locally suitable
transort aids. Efforts to develop, adapt, and disseminate such technol-
ogy have been largely confined to NGos. Research and extension pro-
grams need to place greater emphasis on these aspects of rural
tedhnology development and dissemination, drawing on the experi-
ences of NGOS and collaborating withthe The production and market-
ingofsuchtechnology3areobvious areas forpromoting the development
of a viable local arisanal and small-scale industrial sector.

Agrofbrest

From an environmental and agricultural perspective, agroforestry holds
high promise. There are a variety of techniques and approaches for
different agroecological conditions and production systems which can
increase farm productivity and incomes and sinultaneously improve
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the prospects for environmental sustinability of rural production sys-
tems (Nair 1990). Indeed, a multitude of agroforestry systems andprac-
tices are already in use in different parts of Sub-Saharan Afica (Cook
and Grut 1989). Utilizing indigenous trees and shrubs (such as Acacia
albida in the SaheLian zone)? ithese are appropriate, aow-cost, low-risk,
and high-retur means for maintaining soil fertility, improving soil
structure, recycling water and nutrients from lower soil strata, combat-
ing soil erosion, and providing secure supplies of fuel, fruits, fodder,
mulches, building and fencing materials, and the like. Increased supply
of tree products from agroforestry will also help presrve the remaining
forest resources. Agroforestry systems are likely to be particularly suit-
able in the context of buffer zone development around environmentally
valuable forest stands that should remain under protection (see Box
10-1).

Whether agroforestry efforts should be based on individual planting
or on some form of communal planting will need to be detemined at
each site and with each community. Farm forestry is likely tD be more
readily mcorporated by farme- n mto ti 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
marketprice. This is alreadyhappeninginparts of East Africa: theremay
be more trees in Rwanda now than at independence, even though the
natural forests have all but disappeared.

If trees are to play a greater role in soil conservation and agricultural
production, it mustbe on frmed land - through fanners' agroforestry
activities on their own land. This can take many forms: shade tees in
and around living areas, live (wood-producing) fences replacing dead
(wood-consuning) fences around fields andhomesteads, and trees and
shrubs planted very closely in lines along the contours of sloped fields
to help prevent soil erosion. Cocoa, coffee, rubber, and tea are valuable
not only as cash crops, but also as environmentally important compo-
nents in agroforestry systems More species should be added, especially
trees that produce fruit, nuts, or fodder. Trees can diversify the basis of
foodproduction.

In semiarid areas where wind is a threat to farmig through desicca-
tion or eolian erosion, windbreaks can be very beneficaL Appropriately
designed and managed multipurposewindbreaks of mixedspecies and
heights are particularly attractive, since they will also yield sustainable
flows of fuelwood and other tree products for the local peoplt 'Under
the Majia Valley Windbreak Project in Niger, initiated by cAE in 1975,
farmers have established some 350 kan of windbreaks to protect about
3,000 ha of rainfed millet and sorghum fields. Crop yields in protected
fieldshavebeen 15 to 23percenthigherthaninneighboring unprotected
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fields Once fully established, the annual sustainable yield of firewood
from the Azadirachta 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 The seed pods of Acaa scorpioides, also used in
windbreaks in Niger, are sold for use in leather tanning (Nair 1990:45).

Inhumid areas, multstory farming maybedesirable,inwhichvarious
tres, shrubs, and crops of differentheights are intercropped to provide
complete and continuous ground cover and a variety of nincrodlimates
(see also p. 128). In humid and subhumid regions, alley-cropping - a
variation of traditional agroforestry practices adapted to sedentary
farning - might be effective and adopted by farmers, if the labor
requirements involved canbe made to fit actual an-farm labor avallabil-
it. Crops are grown in 4-8m alleys between rows of leguminous trees
such as Leucuena or Glcida, with the prunIings providing fuelwood,
stakes and fodder, or nitrogen-rich mulh for fertilizer.

Farmers will not invest in agrof6restry unless there are adequate
incentives at the fana level to produce rees for own use or for the
market The emergence of such incentives depends on a combination of
factors. Climate, stage of deforestation, insttutional arrangements, ten-
urial conditions, effectiveness of forestry extension and other factors all
are important (Bames 1990a, 1990b) -alongwithpricing. If trees are to
begrownforsaleasfuelwoodorconstructionmaterial,thepracticemust
be profitable Such incentives are gradually emerging. As populations
grow and trees are felled, fuelwood becomes scarcer. Although scarcty
creates a market value for fuelwood, this market has been developing
too slowly, for the reasons discussed earlier.

The devrelopment of fuelwood markets wil be accelerated if: cutting
in protected forest areas is restricted; famers are not restricbed or li-
censed/taxed in marketing fuielwood they produce on their &:rms;
nursenes are establiihed 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 com-
munities so that they are more likely to invest in forests rather than
merely mine them for fuelwood. lf appropriate price signals are to be
developed, fuelwood must not be obtainable as a free good. Provided
the appropriate species are used, agrorestry tedhniques can be very
profitable in many areas because of their potential to generate a combi-
nation of benefits (fuelwood, poles, fodder, fruits, and assocated crop
yield increases).

Even transhumant livestock herders wil plant trees if they face the
right incentives (notably clear economic benefits and uncontested
resource ownership) and if the establishment and management tech-
niquesare suitabletotheirmeans andlifestyles.JnKenya'saridTurkana
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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 ta p root
and ample production of edible pods being the most important. Pro-
longed drought and irrigation and fishing schemes along the river had
signicantlyreducedthenuniberandproductivityoftreesby 1984when
NORAD began to assist the Kenya Forestry Department in seeldng 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 plantig pits with microcatchments around them, planted
A tortifis in the next few years, and made sure the trees were not
destroyed by foraging herds (Harden 19902D6).

Economic pricing of woodfuels is critical to encourage conservation
and intetfuel substitutionL Pricing policies based on tadng incoming
supplies would encourage economies in the use of woodfuels in urban
areas (UNDP/World Bank ESMAP 1988). Suchpolices can also provide a
way to raise revenues that could be used to improve the forestry services
(Falloux and Mukendi 1988). EIgher taxes could be levied on fuelwood
coming from open-access areas and lower taxes on fuelwood g
from wood plntations and prvate plots.

In many regions, there are significant sociocudtural obstacles to wide-
spread tree famxnin& at least in the short run- In Kenya's Kakamega
Distict, for example, women are not allowed to plant trees because tiis
would undermine their husbands' authority; they are subjected to su-
perstitious threats of barrenness or widorwhood (Aloo 1985Q8). In many
communities, ftreeshave rareIybeen delberatelyplanted -evenwhere
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 tees) or tehnol-
ogy aspects (such as animal or mechanized plowing) are important. In
some countries, because all forestland is owned by the state, people fear
that if they plant trees their land will revert to the govemment In parts
of the Sahel, farmers are unwilling to plant certain trees because they are
on the forest department's protected list; 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 (rimberlake
1986-56).

It is important to involve the local women in projects that concem
fuelwood production, provision, and- use; Men and women almost
always have vastly different views concerning the utility of community
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or farm forestry actrivties Molnar and Sdheiber 1989). In Senepal, the
men in the village councils planned to sell as poles the fimber from
commuunity woodlots, which had in fact been established to provide
fuelwood forlocalhouseholds and to reduce the workload of the women
(Dankelman and Davidson 1988:54). Where women are actively in-
volved, chinces of success are high. In The Gambia, for example, the
National Wome's Bureau and the Forestry Department promoted the
establishment of woodlots-cum-orchards managed by village womerns
groups; these are now producing locally significant quantities of fruits
and vegetables as well as fuelwood (Marenlha 1985:56; Darnelman and
Davidson 1988:21). Where women face traditional restrictions conern-
ing the planting of trees, careful investigation may reveal possibilities,
acceptable under local norms, to plant certain species of brush that are
suitable for fodder anld fueL

Several successful programs in Kenya are based on strong involve-
ment of local women. One of the best known and most successful
nongovernmental 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-
Govemmental Organization (KECGO), an association of over 200 NGOs
deaingwithenergyissues,whichincludes anumberofwomensgroups
and organizations. iENGo is active in the promotion of fuel-saving
stoves as wel as i reforestation with indigenous trees. Infonration on
medical, culual, ecological, and economic values of trees is collected
from local women and passed on to women's groups through work-
shops, exhdbitions, mass media, pamphlets, and posters. The Kenya
Woodfuel Development Progamme promotes a self-sustang system
of tree planting to supply fuelwood. Based on surveys of agroforestry
practices and cultural background of local people, its approach accom-
modates indigenous expertise with traditional beliefs and taboos.
Women are especially encouraged to develop solutions that wil not
conflict with traditional values (Chavangi, Engelhard and Jones 1985;
Leach and Mearns 1988:142-14).

Stoves That Save Fuel and Women's Time

A second major effort to address the fuelwood and household energy
problems has been aimed at improving the efficiency of energy use:
slowing te rise in fuelwood consumption by introducing more fuel-ef-
ficient wood and charcoal stoves or stoves using nonwood energy
sources (such as solar cookers). Most rural African women cok on some
version of the three-stone stove or on other simple stoves with an energy
efficiency of 10 percent or less. Various technical improvements have
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been advanced, tested, promoted - and in most cases not adopted by
the women for whom they were meant On the whole, little headway
had been made by the nLid-1980s: few programs had distrbuted mrore
than 5,000-8,000 stoves (wRi/nIED 1987). But the have been exceptions
-such as KENGos projects (the ceramic jiko and the kun mbil stoves) in
Kenya, supported by usAlD's Renewable Energy Development Project,
and the program in Bur-ina Faso based on the stove design of the
Burkina Energy Institute (see Box 8-6).

The reasorns for faiure have varied. The driving motive of those
developing and promoting new stoves has usuallybeen to save fuel, but
womeninthe"targtpopulation" haveoftenhadanumberof other,and
frequently overriding, concems 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 womren
considered the time required for food preparation and cooking to be
more burdensome than the time needed to collect fuel; they preferred a
stove that would reduce cooking time, rather than save fuel (Molnar
1989:41). Cultural and dietary reasons are important, as are cost, local
availability ofmaterials, convenience of use, cooking time, suitability for
localcookingimnplementsand utensils,suitability fordifferentfuels,and
avariety of other factors. Women maybe averse to cooking outside. The
stove's capactymay be too small to cook for large famiIies or to prepare
several dishes simultaneously. Where simmered stews are the mainstay
of the diet, as in many parts of the Sahel, stove design musttake this into
account Solar cookers are useless in the evening when meals are pre-
pared. Stoves mtay be used not only for cooking, but also for heating
M-K Carr 1985:133-134). Other important reasons for nonadoption in-

clude: unaffordable cost; nonportability; drastic changes required in
cooking habits; cultural taboos; design inappropriate to multiple pur-
poses, indudingwaterheating, space heating& and smoke generation to
repel insects under the house roof. Complications also tend to arse
because it is often men who buy the stoves while womerL operate them
(Elnur 1985:36).

Stove promotion efforts must begin with careful studies of local
dietary habits and cooking practices. It is particularly important to
involve women from the start. Whatever replacement is recommended,
it must address the common constraints to adoption listed above.

In addition to KENGO's projects in Kenya and the program in Burkina
Faso, successful efforts wiich involved the targeted women from the
inception of the progam include: the Ban-ak-Suuf stoves program in
Senegal; the ILOWorld Bank Stoves Feasibility Prcect in Ethiopia,
which focused on urban women in Addis Ababa; the portable metalAM
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Box 8-6 Two Successful Stove Programs in Sub-Saharan Africa

The Renewable Energy Development Project in Kenya, launched with
support frontusAf in 1982, sought to sell or give away 5,000 stoves by the
end of 1986. By the end of 1985, promoted by the Kenya Energy NCO
(KENco), it had spawned a new industry whose main producers alone had
sold 110,000 improved stoves at a profit They had captured a large slice
of the market previously dominated by the cheap one-unit-a-year jD;os,
scrap-metal charcoal stoves with a fuel efficiency of about 19 percent The
new stove was designed to compete directly with these traditional ones.
Local participation in the design was extensive: scrap-metal artisans were
consulted to ensure easy manufacture, and prototypes were tested in 600
households to ensure acceptability. The final design comprises a scrap-
metal casing, waisted for stability, with an insulating ceramic liner, a grate
in the top half, and an ash chamber atthebottonL The other main reason
for success is thestove's very favorable cost-benefitratio: itcostsmore,but
lasts longer than the old stove, resulting in actual savings over two years.
Its measured fuel efficiency is 29-30 percent, theoretically offering fuel
sat -ags of 34-37 percent, but many users reported savings of up to 50
percent(probablyduetomorecarefulfueluse).Fortheaverageuserfamily
in Nairobi the stove paid for itself within eight weeks and provided an
annual return of up to 1,000 percent on theinvestment (Wxi/u 1987:232).

A promising approach for poor and scattered rural populations is
indicated by the program in Burkina Faso. Based on a design developed
at the Burkina Energy Institute, the stove is basically a shielded traditonal
three-stone stove, with a circular shield or shellbuilt of clay, dung, millet
chaff, and water around tree stones that support the pot A woman can
build the stove in half a day to fit any desired pot size; the simple design
and construction method require only half a day's training. There are no
cash costs. Fuel savings range from 35 to 70 percent Most women recoup
the investment of a day's training and labor within one or two weeks
through savings in fuelwood. By April 1986, some 85,000 improved thin-
stne stoves were in use (WRrImD 1987:232-233).

Sanki stove in Niger, under which more than 40,000 stoves were sold by
1987 and users recovered their investment cost through wood savings
of 30 percent in two months; and the Women and Energy Project
initiated in 1984 with ca support by Maendeleo Ya Wanawake in
Kenya. Under the latter project, local women were trained to construct
low-cost one- and two-pot woodburning stoves with clay Eners, which
use considerably less wood and allow the kitchen area to be kept much
cleaner. This was backed up wit tring in agroforestry bechniques and
the establishment of nurseries and fuelwood plantations by village
women's groups (Dankelman and Davidson 198885-86).
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For urban users, reliable, economically accessible, and appropriately
priced alternative energy sources, such as kerosene and LPG, must be
developed. Low-income urban users may need assistance with appro-
priate credit schemes to purchase stoves and appliances that use these
fuels.

Economizing on fuelwood is also important in many cottage indus-
tries - to improve profitability and to ease the pressure on forest
resources. The successful introduction of more efficient, yet affordable
fish smoking ovens in Ghana has considerably improved the profitabil-
ity of womends fish smoking by lowering their wood requirements. A
arzproect:inZambia, where some 15,000 tons of wood are cut each year
from the forests near Lake KCariba to smoke 4,300 toIls of fish, is now
drawing on this positive experience. Improved smoking ovens based on
the Ghanaian model reduce wood consumption by two-thirds and are
proving popular with the local fishermen and fish traders. The clay
stoves can be easily built by the fishermen themselves, and the racks are
made by local capenters. The project is now testing the use of fast-grow-
ing trees such as melia and neem as fuel; since both contain insect-repel-
lent essences which do not appear to be harmful to humans, their use
would also eliminate the need for other methods to prevent insect
infestation that might be costly and/or harmful to humans.

Policy and Institutional Aspects

Although environmentally benign tednologies of the kdnd 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" tecologiesinvolvingfertilizers,pesticidesandherbicides,
HYvs, and firm mechanization have not fared much better. The reasons
for nonadoption vary, but the basic problem has almost always been a
poor fitwith the resources available to farmers, combmedwith farmers'
risk aversion. Inappropriate price, tax and exchange rate policies, inad-
equate rural nfastructure, inefficient marketing systems, and poor
agrcultural 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 iong as uncultivated land remained
available for clearing and cropping, it made sense to farmers to cultivate
new land rather than to use more labor-intensive and/or financilly
costly production methods. This continues to be the case in much of
Sub-SaharanAfrica.

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

Farmers require incentives and assistance to adopt yield-enhancing
and soil-conserving technologies. Sustainable farmingmethods mustbe
made profitable - and environmentally unsustainable practices must
be made unprofitable. To promote the switch to environmentally sus-
tainable farming, the cost of resource degradation and destruction must
be increasingly shifted to farmers instead of being borne entirely by
societyatlarge and,ineffect,byfuturegenerations.Privatizingthesocial
costs of resource-depleting farming practices willcdiscourage their use.
Government policy must permit farmer to profit from switching to
sustainable agriculture but to incur obvious costs if they use environ-
mentaly destructive methods. The major tools for this are: (a) land
tenure reform, (b) economic policy that increases the profitability of
market-oriented farmin& and (c) agrcultural services thathelp fiarers
through the transition to sustainable agriculture.

Land Policy and Tenure Rform

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 agri-
cultural intensification will make formal land titling necessary. The
admistive machinery for land titling needs to be established to
permit those seeking titles to obtain then,. The transition to full land
titling wil require more than a decade to achieve in most countries and
should be undertaken only in response to demand from below, not
imposed from above.

In the interim, respect for customary tenure systems needs to be
codified.Judicialmechanisms for dealingwithdisputesbetweenpeople
claiming traditional versus modern land rights are needed. Land laws
and regulations should respect custorr iry tenure systems, permitting
moder titles only when land is purchased fairly or acquired with the
agreement of traditional owners. Women's tenurial/usufructual rights
must be safeguarded, if not enhance& Titles provided to groups for
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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 exper-
imnent with community titles in several Sahelian countries.

Governments should divest themselves of most land, except parks, to
individual or community owners. This would be a first step in inducing
farmer landowners to coinserve the land. Where such divestiture is
impossible - because, for example, of the breakdown of traditional
communities Uue to large-scale migration - governments might retain
state ownership but provide legally protected use rights to local inhab-
itants.

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 effec-
tive at managing their natural resources unless their authority is clearly
establishedandrecognized.Inparticular,theappropriateness of statutes
vesting residual control over all land in the state should be reexamined.
In return for legal title, the populations of forests and rangelands 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.

Agricultural Support Services

Sub-Saharan Africa urgently needs farm technology development and
dissemination mechanisms tat are effective: agricultural research, ex-
tension, education, and farm input supply. Each of these activities will
have to incorporate the soil conservation, fertility management,
agroforestry, pest management, and environmentally sustainable farm-
ing techniques identified above. Not many of tiese services are working
well today anywhere in Sub-Saharan Africa, and virtually none are
competent as yet in environmentary sustainable agriculture.

Although there are success stories, agricultural research in Sub-
Saharan Africa has, on the whole, not performed well. This has been
largely because of weak government commitment and poor manage-
ment, rather than inadequate funding, Externally financed projects have
not provided the needed breakthrough as yet. To develop, test, and
adapt technologies of the ldnd identified above, national agricultural



152 REVERSING THE SPIRAL

Box 8-7 Past Research Impact on Arcultural Productivity

The success of new crop varieties introduced into ssA in the past thirty
years has been limited. Rice in a few parts of West Africa, hybrid maize in
parts of Ghana, Kenya, Nigeria, Zambia. and Zimbabwe and, more re-
cently, cassava varieties developed by irA are among the few success
stories of yield-increasing varietal improvements adopted by firmers.
Productivity in tea production has risen impressively in Kenya, Burundi,
and Rwanda. Maize yields have increased in Benin and Gabon, and cotton
has done well in much of francophone West Africa, Swaziland, and
Zimbabwe. Coconut in C6te d'Ivoire, oil palm in Zaire, and control of
coffee berry disease in Ethiopia and Kenya are other examples of positive
research impact on productiorL Yield increases implied in aggregate data
for sorghum and groundnuts, on the other hand, appear to be due to
acreage reductions (abandorunment of less suitable land and switching of
unproductive farmers to other crops), rather than of technological im-
provements (Lipton and Longhurst 1985; World Bank 1987c, 1987d,
1989d).

research systems (NARss) must be rehabilitated and given work pro-
grams relevant to the task. Most important will be strengthening na-
tional 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 tat external aid strengthens national agricultural
research systems in this endeavor.

Agricultural research in and for Sub-SaharanAfrica 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" tedhnology imported from
other regions has rarely proved successful As already noted, African
soils need careful management, rainfall is 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 agroecological microenvironments,
strong emphasis needs to be placed on location-specific adaptive re-
search. For the same reasons, researchers need to pay 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 agroecological and sodoeconomic conditions oc-
curs (Richards 1991; Chambers and Toulmin 1991). The similarly vast
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variety of farming systems - bas .d not only on the local agroecological
conditions, but just as firmly on tlte often poorly investigated and even
more poorly understood socioeconomic arrangements, institutions, and
traditions - lends further weight to this requirement. The highly pro-
nounced gender-specificity of agricultural tasks and entire farming sys-
tems 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 customary tenure
systems is a third.

National research priorities must relate to the specific agroecological
and socioeconomic characteristics, production patterns and develop-
ment 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
concnems of sustainable agricultureinto their workprograms. 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 (ARCs)
and to some extent at universities and research centers in the indus-
ftiai mountries. Regional and intemational collaboration and African
regicnal networks of researchers are needed to facilitate sharing of
.esearch results and experiments on the subjects relevant to sustainable

agriculture.
The capability of national agricultural research systems to undertake

multiocational verification of international and national research find-
ings on farmers' fields and the analysis of farmers constraints needs to
be strengthened. There is an urgent need to identify more intensive
fanning systems that can sustain soil fertility and structure and conserve
soil moisture. Better integration of livestock and of agroforestry into
fanning systems wEi be important in this regard. Low-cost, low-risk
techniques found effective in simlar environments elsewhere need to be
tested and, if found suitable, appropriatdy adapted and promoted.
Agricultural scientists must learn to fit their research to farmers' real
situations. An intimate understanding of local constraints such as soil
conditions, pests and diseases, moisture variation, seasonal labor short-
ages, and the gender aspects of farming systems is essentiaL

New crop varieties must be tested under zero- and low-input condi-
tions and in mixed cropped and intercropped 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
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Box 8-8 Special Considerations Governing Agrcultural
Research in Sub-Saharan Africa

A 1987 review by the World Bank of agricultural research in East and
Southem Africa (World Bark 1987c) noted that the impact of agricultural
research on economic growth had been less than that experienced else-
where because of a number of particular characteristics of Sub-Saharan
Africa:

* The relative insignificance of irrigation and the large agroecological
diversity in rainfed farming in sA.

* The hostile physical environment (droughts, fragile soils) and the
more complex systems of farming that African farmers employ to
diminish risks and conserve fertility.

* The relative shortage of labor at peak perods of demand for farm
labor, which makes mechanization (not necessarily tractorization)
important; at the same time, trypanosomi½sis raises unique obstades
to the use of animal power in many areas.

* iladequatemaa=oeonomicpolicies,whichhaveexacerbateddeteri-
orating world market conditions and lited farmers' incentives to
adopt new tecnology and expand production.

* The relatively low efficiency of agricultunal support services (exten-
sion, input distribution, credit, marketin& and seed production).

* The fact that small countries find it difficult to sustainboth adequate
agricultural training facilities and a minimum research capacitY to
test and adapt imported technology to an often wide range of
agroecological conditions.

indigenous food crops (roots, tubers,plantains) has longbeen neglected.
The enormous positive impact in recent years of IrTA's new cassava
varieties and of the development and extension of the mini-sett planting
technique for yam on the food security and income of Migerian small-
holders shows whatpayoffs can be expected from effective and farmer-
oriented research on root crops.

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 1985:43). The enormous import-
ance 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; neither is the need for locally effective and appropri-
ate nonchemical pest controls and integrated pest management. In both
these respects, NARSs would gain immensely by collaborating more
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intensively with the Intemational Centre of Insect Physiology and Ecol-
ogy (lIPE) in Nairobi.

Socl scence research, much neglected so far, should be an integral
part of adaptive research In particular, Farming Systems Research (FsR)
must pay more attentior. to the inportance of nonfann and off-farm
activities and incomes in rural households. These are critical elements of
the resource- and risk-management strategies of such households. They
also pose constraints and provide opportunities: off-farm work may
preclude on-farm labor intensification, but off-farm income may alIow
cash expenditures not otherwise possible. Off-farm work is far more
often recogntized as important in the case of men - notably when and
where itiinvolves out-migration (beit daily, seasonal, orlong-term) from
the village. It is also very important for women - yet often totally
ignored in rural/agricultural development planning and prjects.
ThroughoutSub-SaharaniAfrica,women derive importantincomefrom
such activities as beerbrewing, produce marketing aid nonwood forest
product gathering and processing. The cash income derived from such
activities is often critical for family welfare.

Extension services that effectively transfer sustanable agriculture
technologies to farmers are critical Equally essential is the need for
exteson services to ascertain and transmit information to researchers
regarding farmers' needs, problems, and constrants. Faxming systems
research is not likely ever to succeed in covering the vast diversity of
microecologies of Sub-Saharan Africa or the countless permutaions of
crop and tree combinations that farmers use. Extension services there-
fore also need to facilitate faers' own experimetation and the trans-
mission of such indigenous adaptations from farmer to farmer. The
iternational Center for Research on Women (ICRW) has reported excel-

lent results with thisapproachin an extension program aimed at women
farmers in Zaire. 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
prescriptivecomposite "tedhnologypackages "Farmerswillthenexper-
iment 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 informzationbetween farmers and research-
ers and ensuring thatresearch is geared to farmers' needs and meets the
criteria of sustainability and profitabilty.

Given the high degree of gender-specificity in faming operations, the
widespread prevalence of gender-segregated farming> and the increas-
ing incidence of female-headed households and female-managed farms,



156 REVERSING THEspnRAL

it is imperative tat extension services be 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
andWeidemann 1990).They include: deploymentof more femaleexten-
sion staff, 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 con-
straints; and adoption of special measures to reach women farmers. The
latter include, for instance, timing of visits, selection of crops and im-
pact points, and adaptation of technology messages to women s time
and resource constraints and to their production objectives and risk
perceptions.

Unified agriculural 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
supportedby different aid donors. Such consolidation hasbeen effected
successfuUly in Kenya, Zimbabwe, Togo, Mali, and Burlina Paso and is
now being implemented in Ghana and Nigeria-

The content of agricultural education will need to change. It must
focus on training for low-input, labor-intensive environmentally sus-
tainable smaIholder agriculture under tropical and subtropical condi-
tions, rather than for high-input, mechanized farming more suited to
temperate climates. This will require teachers competent in these fields
as weUl as appropriate texts and other teaching materials. Most import-
ant, it will require refocusing agricultural education in most SSA cour-
tries and widening it to include natural resource and environmental
concerns.

Research and extension services, along with private voluntary orga-
nizations, should be active in developing and testing prototpes of
inputs and investment goods consistent with sustainable agriculture
new hand tools, animal-drawn equipment, crossbred cattle, viUlage- or
farm-level grain storage facilities, more efficient stoves, hand pumps,
small-scale agricultuwal processing technology, trees for agroforestry,
organic fertilizers, etc. These can subsequentlybe produced and distrib-
uted by the private sector.

Exchange Rate, Trade, Fiscal, and Pricing Policies

Agricultural intensification requires that agricultxral productiort be suf-
ficiently profitable to induce and sustain this process. Profitability de-
pends heavily on the policyr environment which aeates the incentives
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and disincentives to which farmers respond. Past government interven-
tions 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
rate8 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.

There also is a need to provide positive incentives for sustainabIe use
of natural resources and negative incentives to reduce their inefficient
use and prevent their destruction. Promoting environmentally benign
and sustainable agriculbure may therefore require taxing of environmen-
tally unsustinable practices. It may also be advisable for society to
assume some of the costs involved in moving farmers from unsustain-
able to sustainable production system - in recognition of the socially
desirable externalities involved. There may be a case for selective and
temporary subsidizing of such activities as tree nurseries and seedling
distribution, dissemination of more efficient prototype stoves, water-
shed stabilization and soil conservation, water harvesting and small-
scale irrigation. Conversely, farm madhinery powered by fossil fuels,
logging, land dlearing and fuelwood extraction from public forests and
woodlands should be taxed.

Subsidies influence decisions to employ commercially available in-
puts (such as c hemical ferdlizers, farmmachinery,seedlings). The effects
of subsidies on the environment can be beneficial or detrimentalL Tnput
subsidies compensate somewhat for low output prices received by
farmers and, hence, may favor conservation -at least on farms produc-
ing for the markeL But artificially lowering the price of inputs through
subsidization may encourage the use of economically and environmen-
tally inappropriate technologies. For instance, excessive or inappropri-
ate use of chemical fertilizers and pesticides, stimulated by heavy
subsidies, can do much environmental ham. Temporarysubsidies 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.

Subsidies forbasic anti-erosion activities (especially engineering mea-
sures) are frequently advocated - but where such policies have been
implemented, they haver often had very undesirable effects. lack of
subsequent maintenance, lack of local identification with the effort, and
disruption of local incentive systems (for instance, distortion in local
wage labor markets, promotion of attitudes that favor new investments
over maintenance) have been the most common and serious problems.
Moreover, as noted above, engineering measures are rarely sufficientby
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themselves and must be combined with changes in on-farm soil and
water management practices; these latter are often ignored when atten-
tion is focused on engineering works and subsidy administration. Pi-
nally, engineerng is costly and rarely the most effective tehnioue. Even
if subsidies are to be considered for such initial investments tand this
may be the case in particular for common investments that may be
required,suchasrunoff evacuationchannelsandwaterharvesting/stor-
age structures), the modalities and effects of subsidization must be
carefully tought trough in all their consequences.

Local Institutions: Involving the People

If farmers are to innovateand adoptsustaiableagriculturalproduction
and resource management techniques, they must be givenmore respon-
siility for their own affairs. They should be allowed to associate freely
in farmer-managed cooperatives and groups, to market their own pro-
duce, to own and manage their land. Tenurial security must be ensured.
People will orly cooperate in environmental resource conservation ef-
forts if they have a stake in the resources to be conserved and incentives
to manage their environment more prudently. Administrative regula-
tions wil not suffice - even if enforcement mechanisms were to be
substantially strengthened. Responsiblty and authonty to manage
rangeland should be vested with pastoral assocations. Forest dwellers
shouldbe givenresponsibilityto manage theforestswhere theylive and
they should be assured of priory, or even exdusive, Eights to hunt,
gather, and cary out artisanal logging. In retum, they should be en-
trusted with the obligation and requisite authority to protect these
forests against fanner encroachment, poaching, and illegal logging and
fuelwood extraction. If the state is less intrusive and local people are
given greater responsibility, people wil tend to take more care in con-
servig their environment (especially if the other actions discussedhere
are also taken).

Resource management interventions must emphasize the social ar-
rangementsamongpeopleastheyinteractwitheachotherandwiththeir
naturl resource base, paying particular attention to incentives and
sanctions for influencing individual behavior. "[Every] aspect of the
interrelationship between socety and nature plays a critical role and if
one of them faiL then thewhole situation is likely tobe severely affected"
(Timberlakel986:42). Natural resource managementprojects 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
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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 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).

Traditional land and natural resource management systems may not
have been ideal, but their subtleties need to be objectively and realisti-
cally assessed. There is the danger that an overly zealous, albeit well-
meaning, effort wfll destroy an imperfect but functioning system, ordy
to create a replacement that hardly functions at aIL Promising pilot
operations in land management are now under way in a number of
countries. The existence of pastoral associations in Senegal and Niger,
village land management and water conservation efforts in Burkina
Faso, and the comnfts du vllage in Mall have demonstrated that careful
attention to the needs and practices of local people can generate enthu-
siasmt for positive action. These examples suggest that some govern-
ments are beginning to have enough political confidence to relnquish
control over resources to local groups as well as the political detemiina-
tionto enactlegislationtbatwillsupportsuch initiatives.Theyalso show
that local communities can improve their situation when they believe
their efforts will pay off (Falloux and Mukendi 1988).

Whether govements will be willing or able to recognize or create
centers of authority and initiative in rural areas remains tobe seen. Some
governments are already making firm commitments in that direction.
Smaller organizationalunits, such as viiage orpastoralassociations, are
better equipped to manage their own resources. Recognizing this is
prerequisite for implementingstrategies aimed atimprovingproduction
systems and land use. These local associations might provide a more
effective basis for rural development and rational resources manage-
ment than previous efforts that imposed external institutions on rural
societies. Group actionis deeply rooted inmost societies of Sub-Saharan
Africa - for managing land, for coopera,tive marketing and input sup-
ply, for pooling savings and fanancingcredit, for pooling labor for critical
tasks at critical times. To succeed, cooperation has to be voluntary and
managed frombelow.Grassroots anagementis onewayto ensure this.
Alternatively, cooperatives canbe based on customary social structures
and groups, as they often are. Governments can provide tedhnical assis-
tance, such as advice on accounting, legal rights, and technology, and
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should provide for legal arrangements that faciitate the creation, recog-
nition, and dissolution of cooperatives.

The single most important lesson that has been learned is the need for
popular participation and action at the village and community level -
using and developing local skills and responding to the particular
characteristics of each area (Shaxson and others 1989:12-14). Idenifying
concrete practical mechanisms to foster popular support is critical.
Grassroots organizations and local Ncos 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
taining. 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 internationalNGOs alikewilineed to filndways to provide
tis criticl support

Conclusion

The experience of Machakos District in Kenya demonstrates that the
rightpolicy framework and investments of the kind recommended here
will work to address agricultural growth, environmental conservation,
and humnan resource development (English and others 1994; Tiffen and
others 1994). Significant soil degradation and erosion was observed in
Machakos as early as 1920. Substantial efforts have been undertake
over thepastsixtyyears to combattheseproblems and to preventfurther
deterioration. By 1990, with nearly five times the population as in 1920,
the district's agricultural production had increased more than fivefold
- yet land. degrdation had not merely beer arrested, it had been
reversed. Real incomes and general welfare have inaeased.

The ingredients to this success have been those recommended in this
chapter. The government has provilded a generally good macroeco-
nomic and agricultural policy environment, which has made intensive
andmarket-orientedfanmingprofitable.Relativelygoodtsportinfra-
structure facilitated the movement of farm inputs and output at afford-
able 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 inthe disticthave been excellent since before indepen-
dence and have included emphasis on soil conservaticn efforts, tree
planting, and low-cost crop husbandry. In this setting, and particularly
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because the economic incentives were good, farmers were receptive to
good extension advice regarding soil conservation, moisture retention,
and the intensification of firming 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 in Machakos District that photo-
graphs 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.

Notes

1. According to medical studies, the "admissible -worldoade for a healthy
person would be 300 kcal per hour in agricultural field work at 27C (or about
8WF) with no insolation, but only 225 Iccal working with full insolation. A sick
workerworkinginfull insolation canonlyexpendabout 180kcal/hour. At3O0 C,
a healthyworker in the shade can p-t in about150 kcal/hour, while sickpeople
should be resting in the shade (Ruthenberg 1985:78, iting H. Brandt, 'Work
Capacity Constraints in Tropical Agriculture DevelopmentV in Medizin in
Entwickluigslndan 1980, Heft 8, Verlag P.D. Lng, Frankfurt, Germnny).

2. This approach is discussed and analyzed in detail in FAo/World Bank
Cooperative Programme (1991), and a piot land resource conservation project
recently initiated with World Bank support in Ghana will attempt to test it in
practice (WRD 1992c).

3.nmixed croppmgsysteinthehumidtropicalforestzone,twentytothrty
different species appear to be the "norm" on a single farm, but as many as sixty
specieshavebeenfoundInthesemiaridregions,fifeento twentyspecies appear
to be the normal range for a single farm (Dommen 1988:36).

4. See Reij, Mulder and Begemann (1988) for an extensive review of techni-
cal, environmental, agronomic, economic, and sociological aspects of water
harvesting,

5. This argument is well developed in Shanmugaratnam and others (1992).
6. Greathead and Waage (1983) discuss various possibilities for biological

control of agricultural pests, and substantial research findings have been accu-
mulated since then. See also Kss and Meerman (1991), Singh (1990), and
Odhiambo (1991).

7. The presence of Acacia albida, a Ieguminous tree often found in fields sown
to millet, sorghum, or groundnut in much of the Sahelo-SudanianZone, consis-
tently increases the yield of the associated field crops. The tree has many
appealing features. A particularlyimportant one is that itsheds itsleaves during
the rainy season and therefore does not compete with crops for light and
moisture.The treegivesampleshadeduringthe dry,hotseason, anditsleaflitter
provides ritrogen and organic matter to farmers' fields. Yields have been found
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to be about twice as high under the trees as they are beyond its crownr Each tree
also supplies about 75-125 kg of nutritious pods per year for livestock feed
(Gritzner 1988-.99).

8. In the countries of the West African Sahelo-Sudanian Zone, exchange rate
distortions have made the recommended agricultural intensification and anti-
desertification activities simply not sufficientdy productive, below the 800 mm
isohyet, to make their widespread adoption financially worthwhile (Gorse and
Steeds 1987G31-32). Therecentexchange rate realignmentforthe countries of the
CFAzorne should considerably improve the financial viability of these techniques
for farmers in these counties.



9
Infrastructure Development,
Migration, and Urbanization

Infrastructure Development

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 facili-
tate agricultural production. At a somewhat higher level of develop-
ment, infrastructure also includes rural electrification as well as
telecommunications facilities and access to electronic mass media. De-
fined niore broadly, mral infrastructure also includes educational,
health, and sanitation facilities. Given the critical importance of such
facilities - or, more importantly, of the serces they provide - for the
development and Maintenance of "human capital" in rural areas, these
are indeed crucial in the context of the nexus.

The importance of basic rural infrastucture for agricultural develop-
ment is well established. Remunerative outputprices accelerate the pace
of agricultural intensification - provided they are effectively tansmit-
ted to the fan hicentives to increase production and marketed output
are blunted if the physical barriers and, hence, the costs of moving goods
to and fromlocal markets are too high. This is equally true of thenational
transport system linldng local markets to cities and ports. Recent re-
search in Asia found that in villages withbetter infrastructe, ferdlizer
costs were 14 percent lower, wages were 12 percent higher, and crop
output was 32 percent higher (IFPRI 1991). Simflar findings would be
likely for Sub-Saharan Africa, though no comparable analysis is avail-
able yet. Research in anumber of SSA countries has shown that adequate
road links to product markets stimulate agricultural intensification -

even where population densities are comparatively low (Pingali and
others 1987). Farmers with access to roads and transport infrastructure
use Iand more intensively, adopt efficient techniques and modern in-
puts, produce more for the market, and employ more labor-

163
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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 are particu-
larly important in terms of their impact on female educ-ation and on
infantmortality-both critical determinants of fertflitypreferences (see
Chapters 3 and 7).

Transport

Rural transport infrastructure is highly deficient in most countries of
Sub-Saharan Africa, and throughout most of the continent the distances
from villages to major towns and to all-weather roads are substantial.
Rural road density hasbeen estimated at about 32 rn/km2 inWest Africa
and 36 mr/km2 in East Africa ancl southern Africa. Moreover, Nigeria,
Cameroon, and COte d¶lvoire account for more than half the rural roads
n West Africa, and Tanzana, Zaire, Zimbabwe, and Madagascar have

more than two-thirds of the rural roads in East Africa and southeem
Africa (Riverson, Gaviria and Thriscutt 1991:4), so that tiese average
data significantly overstate the true situation inmost countries. In Nige-
ria, with its fairly dense network of rural roads by African standards,
rural road density today is about 90 xn/kin2, roughly equal tat of India
in 1951; a reasonable target density, based on Indian areas with compa-
rable population densities would be 730 rn/km2 (Riverson, Gaviria and
Tbriscutt 1991:4). Rural road densities also vary considerably w it
countries, being generally higher in areas with higher population den-
sities and productive naturalresource endowments. In Kenya, for exam-
ple, rural road density ranges from 400500 rn/km2 to less than 30
rn/km2 (Riverson, Gaviria and Thiscutt 1991:4).

Where rural roads exist, they often are poorly maintained. Indeed,
maintenance standards 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:12).

The availability and reliability of transport services is frequentdy
further compromised by restrictive transport sector policies and truck-
ing 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 whert there are no monopolies.
Inefficentprocurement and distribution ofmotor fuels by monopolistic
parastatals is another impediment in a number of countries. Price con-
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Box 9-1 Rural Transport in Ghana

A field study in Ghana's Ashanti, Volta, and Norther regions (Barwell
and others 1987) found walking and headloading to be the predominant
nmeans of rural travel and tran4port. Transport activities for an average
hourehold, numbering 11.4 persons, involved an average of about 4,800
hours (witha rangefrom.3,740 to 6,2lOhours)peryearand a load-carrying
effort of 234 ton-kln per year (ranging from 185 t-km to 315 t-km). It
comprised 54 t-km for water fetching, 20 t-kn for firewood gathering, 75
t-km for crop harvesting, 77 t-km for crop marketin& and 8 t-km for
carrying produce to and from the food grinng minL About three-quarters
of the load-carryingeffortandtimespentinvolvedtransportinand around
the village.

Women accounted for about three-fourths of the total loads carried. The
average adult woman spent 977 hours per year, or 19 hours per week, on
transport activities, mainly headloading. This involved water carrying
(11.8 t-knk per year per woman), crop harvesting (13.1 t-km), crop market-
ing (14.7 t-kn), fuelwood collection (5.0 t-km), and food processing (2.0
t-lkn). Male involvementin tansportwasfar less,about346hours peryear
peradultmale,andwasalmostentirelycrop-relAted (harvestin& 7.9 t-kml-
marketing, 2.9 t-km), with little involvement in transporting wates (0.8
t-km) and fuelwood (0.5 t-km)..

trols 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.

As a result, markets are poorly integrated, interregional and inter-
seasonalprice variations are far greater tian theywouldbe withefficient
transport facilities, and incentives to switch from subsistence to market
productionare often weak Where there is surplus farm produce, it often
has to be carried over considerable distnces to markets or to roadsides
from where vehides can move it to processing facilities or consuming
centers. Women bear the brunt of the rural transport burden, because
much of rural commodityr transport (water, fuel, farm inputs, and farm
produce) is done in the form of headloading by women. Studies through-
out Sub-Saharan Africa show that women and older girls carry loads of
10-25kg(sometimes as muchas4Okg) andcanmanage3-5kmperhour,
depending on terrain and load weight

Rral roads and imp roved tracks navigable for animal-drawnvehicles
are crucal for rural development. Planning, construction, and main te-
nance should involve the local communities as well as local contractors
and technicians. This will help ensure that siting is in accordance with
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local needs, make maximum use of labor-intensive techniques to keep
down costs, and provide local off-season employment

Major efforts are also needed to promote fhe use of locally appropriate
intermediate means of transport (Nxr). Referring to transport technology
intermediate between walking and headloading on the one hand and
motor vehides on the other, MAr cover a wide range: improved aids for
human porterage (shoulder bars, yokes, backpacks), panniers and rigs
for pack animals, animal-drawn sleds and wheeled vehicles, wheelbar-
rows and handcarts, bicycles, tricycles, trailers, and so on. Especially
needed in rural SSA are animal-drawn implements and improved off-
road transport. Governmental involvement here would have to be
largely facilitative and promotional. Improvements in off-road transport
are essential for the well-being and productivity of rural people. The
extremely poor state of off-road transport in much of Sub-Saharan Africa
severelyreduces the timeliness and quantifies of agriculbtral 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 considerably from such improvements - with
significant follow-on benefits in tenns of the various nexus linkages.

Farmers need information about technical options and market oppor-
tunities. Improved communications are required generally, induding
not only transportation but also telecommunications and access to elec-
tronic mass media.The latter also have significant potential for reaching
rura populations with health and educational information, including
information on family planning and the prevention of sexually transmit-
ted diseases.

Water Supply

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 facili-
ties have been motivated mainly by these and other direct health con-
siderations. Throughout much o. Sub-Saharan Africa water-borne and
water-related pathogens are major causes of seasonally or permanently
debilitating diseases, which severely effect, &ct.ng other things, labor-
productivity-and oftenespecially duringperiods of peak demand for
farm labor. Women's stake in convenient access to safe water and
sanitation facilities is particularly high. They have almost exclusive
responsibility for collecting transporting, boiling, and storing water for
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drinldng and cooking and for washing household effects and laundry,
for disposing of waste water, and for maintaning househoId sanitation
standards and facilities. Women have to determine the water sources.
that can be used for various purposes (drinldng, washing, cooking,
watering domestic animals and home gardens, and so on); collect,
transport, and store the water; and purify drnking water using simple
techniques and locally available materials (Dankelman and Davidson
1988:32). 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 fulwood (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).

Assuming a daily requirement of, say, only ten liters of water per
person, a six-member household needs 60 lters of water daiy- almost
22 tons of water each year. If a women carries 20 liers of water per trip
(provided she has the appropriate vessels), 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 twenty minutes away from the
home, about two hours daily wi be needed to meet the household's
waterneeds. If young girls are responsible for fetching water, they carry
smaller loads and, hence, will need to go more often. The workload
increases substaniallyif water also has to be broughthomefor watering
domestic animals and the home garden, brewing beer, processing cas-
sava, making mud bricks, or other production tasks requiring water.
Additionial trips to the water source, each with considerable loads to be
carried, arerequiredforbathingsmallchildrenandforwashinglaundry,
pots, and kitchen utensils.

Drasticchangesintherurallandscapebroughtaboutbydeforestation,
often exacerbated by prolonged drought, have made water more diffi-
cult to obtain. Springs and streams run dry for long periods, and wells
go dry as the water table recedes. 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 1985:55).

Convenient sources of safe water are of enormous importance for
hunman health and, hence, labor productivity, and contribute substan-
tially to reductions in infant mortality and child morbidity and mortal-
ity. A major benefit to women and girls of better access to safe water is
that time formerly spent fetching water from distant sources and pre-
paring it for human use can be used instead for other productive activ-
ities, attending school or training, tending to children's health and
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educational needs, or simply resting and recuperating. Water supply
projects should be planned and implemented, if not operated, with and
by local women. Good examples of successful water supply projects
based on women's groups are those of the Kenya Water for Health
Organisation (IWAHO), an NGO consortium supported by the govem-
ment, UNDP. UNIEM, and the World Bank. In Kwale district, KWAHO has
organized cooperative handpump instllation and maintenance using
female extension workers, village decisionmaking, and local materials
and labor, backed by training in health, water use, pump maintenance,
bookkeeping, and group organization (Dankelman and Davidson 1988).

Infrastructure and Environmental Conservation

Infrastructure development is a major determinant of the way people
use land and of the spatial allocation ofpeople onland. Sound infrastruc-
ture policy is therefore a powerful instrument in the two-pronged strat-
egy 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 ifrastructure in areas that are environmen-
taUlly delicate will tend to induce people to stay out of those areas. Careful
locational targeting of infrastructure development can guide spontane-
ous populationmovementinto environmentallyrobustorresiliEntareas
with agricultural potential and into secondary towns and cities, and help
keep migrants out of areas that should not be opened up to farming.

Irastructure development, and especially road construction, should
be focused where the potential for agricultural intensifition is highest
and settlement is to be encouraged. It should be avoided in forest areas
that are to be conserved anKd in other envirotnmentally fragile areas
where an influx of people would lead to environmental degradation and
destruction. Concentrating infrastructure development and thereby at-
tracting/retaining people in areas of high production potential and
keeping them out of environmentally fragile areas also allows consider-
able efficiencies in investments and service provision, since the per
capita cost of infrastructure development and maintenance is inversely
related to population density.

Migration and Settlement Policy

Given the considerable agroecological diversity in most countries of
Sub-Saharan Africa, the development and adoption of suitable produc-
tivity-ehancing andenvirorunentallyappropriate agricultural technol-
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ogywill of necessity3have tobehighly region- and even location-specific.
This will, over time, engender significant regional disparities in agric-ul-
tural 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 nigration from
the lagging to the thriving regions is the 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.

In many areas, therefore, part of the solution to the problems of
unsustanable agriculture and environmental destruction will have to
involve some movement of people. This is the case, for example, in much
of the Sahelo-Sudaniar Zone, where movement should be encouraged
to the Sudano-Guinean Zone farther 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, com-
pared 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. In
both cases, as in other countries, edtic diversity and land tenure issues
help explain the uneven population distribution.

Migration is multisectoral in nature and, in the context of rural Sub-
Saharan Africa, closely Elnked to the problems of rising population
pressure, land tenure uncertainties, poor land use, and environmental
resource degradation. Large-scale migration within and between Afri-
can 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 wi]l
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 farmners, 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 wfll the residents be able to protect
themselves and their resource base from incoming migrants (Falloux
and Mukendi 1988). This has happened in aite d'Ivoire, for instance,
where massi¶re unplanned immigration of Sahelian farmers into open-
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access forests has contributed to rapid forest destruction, widespread
land disputes, and a lack of incentives to conserve the land.

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 infriastructure and services (roads, water supply,
schools, health facilities, markets) in these areas, and encouragig peo-
ple to move to the high potential areas and into rural towns and second-
ary cities. Governments should normally include population
distribution asa part of their policy3to 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 within counties and across borders.
Cxoss-border movement has helped 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
politHl and ethnic conflicts. Benefits of population migration certainly
accrue to the individual migrants and often to the communities from
which they migrate. Often there also are significant economic benefits
for the communities receiving the migrants. The Sahelian farmers set-
fling in COte dlvoire have been a dynamic force for agricultual growth
(although, as noted above, there have also been significant costs associ-
ated with their absorption into the Ivorian environment). The benefits
and costs need to be realistically assessed, and migration, tlough better
anticipated and prepared for, must be allowed to continue. Such move-
ment of people is also consistent with Afrcan aspirations to encourage
and promote regional cooperation.

There are two main types of rural-rural migration: spontaneous and
uncontrolled migration, and government-sponsored orgaied migra-r
tion and resettlement Spontaneous migration involves no direct costs
to the public treasury. It is quick for the individuals who move, but in
most cases takes place gradually enough to predude social and eco-
nomic upheavalsinthereceivingareas.Unfortunately,italsooftentends
to lead to poor land use practices, because migrants bring with them the
farming and land use experiences and traditions from the area they left,
and these are often inappropriate to their new envirorunent This is
particularly the case where settlers invade forest areas opened up by
loggers (see Chapter 8). Organized migrati on, on the other hand, usually
entils high costs and is characterized by slow implenientation. It, too,
has often resulted in poor land use, as planning and implementing
agencies have tended to promote settlement, resource use, and produc-
tionpatternspoorlymatchedto the settlers' ownneeds,perceptions, and
capabilities.
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The required strategy, therefore, lies somewhere between these two.
It should channel, train, and support migrants, combining inceiti;ves for
and controls over land use practices with the developmentof 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

An Appropriate Urbanization Policy

During the past three decades, Sub-Saharan Africa's urban population
has grown about twice as fast as its total population. In a number of
countries the rate of urbanization has been even faster. It has been
especiallyhighinWest,Central,andEastAfrica,relativelymoremodest
in southernAfrica (Montgomery and Brown 1990:76). The rapid growth
of cities is due not only to the persistet high fertility rates among urban
women in SSA, 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 investnent policies of almost all SSA

countries.
In much of Sub-Saharan Africa, rural out-migration involves predom-

inantly young men (Russelljacobsen, and Stanley 1990a). Where policy
has a heavy urban bias, this is particularly pronounced. As women,
children, and tie old staybehind, farm managementis increasingly left
to women, who already have multiple and very heavy worldoads and
who face far greater constraints in access to resources and services than
men (see Chapter 5). Many rural areas are characterized today 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 jobs and in
response to antiagriculturl policy biases, this has a negative imipact on
agricultural production and rural development in the areas they leave.

Experience throughout the world suggests that urban populations
have grown and will continue to grow much faster than rural popula-
tions - even if governments were to I arsue policies that do not favor
urban over rural dwellers What is neeaed, therefore, is an urbanization
and urban devel opment policy that also promotes agricultural develop-
ment and preserves the integrity of the environment

Where govremment policy discourages agricultural production and
encourages agricultural imports to supply urban needs, there wilbe no
positive impact of urbanization on agriculture. This has tended to be the
case in countries where urban development policy has focused heavily
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Figure 9-1 Urban Population as Percentage of Total Population
in Sub-Saharan Africa, 1960-1990
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on the capital or on a few dominant cties, inevitably more distant from
ruralhinterlanCds. Manifestations ofsuchpolicy and expenditurebias are
the subsidizatiom of the consumption of urban populations (often based
on imported food), preoccupation with large urban infrastructure pro-
jects, and focus of social expenditures in a few cities The political
influence of '. ;Towing, massed, and vocal urban populations results in
polical pres sure to keep food prices low and to target public invest-
ments and services disproportionately to the big cities. The result is the
extraordinrriy low level of public investment in rural roads, water,
health, and education observed m much of Sub-Saharan Africa. Where
governments have effectively resisted this pressure, the results have
beenpositive for agriculturalprofitabilityandgrowth -Kenya,Togo, and
Zimbabwe are cases in point.

Some countries have pursued policies thathave led to the emergenoe
of rnumerous and geogrphically dispersed secondary cities and rural
towns closely linked with their surrounding rurl areas (for example,
CameroorL COte dlvoire, Kenya, Nigeria, Togo). They also have a few
very large cities (notably Abidjan, .Nairobi Lagos, lbadan), but urban-
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ization in these countries has also been characterized by the develop-.
ment of many smaller dties and rural towns throughout much of the
national territory. Thishashad importantpositive effects onagriculture.
These towns and cities have created nonagricultural employment op
portunities for some of the rural population, and this industrial and
service sector development has been very closely linked to agriculture
and to the needs of rumral populations. Cash remittances to home villages
are an important source of financing of both consumption and invest-
ment expenditures in rural areas. Urban growth creates expanding
markets for farm products and tends to lead to increased suppiy and
availability of farm inputs and ervices. This can make agriculture more
profitable- provided there are adequate transport links and marketing
arrangements. Where networks of ruraltownsand secondary cities exist,
these links are more direct, immediate, and efficent. Dispersed rural
towns and secondary cities tend to be associated with far greater pene-
tration of rural areas with adequate taansport links and marketin,
arrangements than are distantmegacities. For areas thatareapproaching
the limits of sustainable agricultural land use under existing tenurial,
technological, and climatic conditions, migration to secondary towns
and cities reduces the population pressure and provides an important
safety valve.

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, re-
quire fuelwood and foodc Urbanization concentrates demand at specific
locations. The heavy concentration of urban populations ir a single
capital city (often on the coast, rather han at 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 obtain it from
domestic producers Government policies inmost ofSub-SaharanAfrica
tend to keep producer prices of food md fuelwood low, reducing
incentives for intensification of local food and wood production. Food
imports, often sold at subsidized prices, further undermine the incen-
tives 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 presented by large concentrations of demand and
virtually free access to the raw material base, mine the forests and
woodlands around the cities and alorng roads.

Ensuring that urbanization promotes agricultural development and
environmental resource conservation requires economicpoRiciesthatdo
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not dsminate againstrurzd areas (forinstance throughdiscriminatory
pricing, tax, and invectinentpromotionpolicies). It also requires abetter
balance between rural and urban areas in public investnents in social
andphysicali.frastructure.The morerapidagriculturalgrowththatwill
occur in the absence of such discrimination is likely to have a positive
impact on the economies of Africa's cities and their inhabitants.

Greater focus on secondary cities and rural towns, in infrastructure
investment and urban development generally, and a reduced bias to
invest in the megacities, will provide a beneficial rural-urban link.
Powerful synergies can be tapped here. The examples of Cameroon,
Kenya, and Togo show tatrapid urbanization tends to occur in second-
ary cties and rural towns (rather than in megacities) if governments
implement policies to promote agricultural development and rural
growth (Becker and Morrison 1988). Agricultural growth is an essential
lever to stimulate nonagricultural investment and growth as well as to
influence population distnrbution-

A recent analysis of farm-nonfarn 4nkages in rural Sub-Saharan
Africa found that each unit of increased agricultural income generated
an additional increase of half a unit in nonagricultural rural incomes.
The direction of causality was largely agricultural growth stimulating
grwth in services and manufacturing. Of the additional rural income
generated, ordy about 20 percent was attributable to production link-
ages, but about 80 percent to consumption linkages (Haggblade and
Hazel 1988; Haggblade, Hazell and Brown 1989). This stimulation of
nonfarm activities and incomes in rural areas is less likely to occur when
biased policies retard or prevent the development of secondary towns
and cties and instead cut off rural areas and agriculture from the
megadty and make the latter more dependent onimports. Sound urban
policy, favoring rural towns and secondary cities over megacties, is an
important element to ensure balanced urban and rural development.

The strong consumption linka t-S found between agricultural growth
and nonagricultural production 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
serviceandmanufacturing activities withlow investment requirements.
They are also likely to stimulate 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 smallhold-
ers and pastoralists. The production linkages of increased agricultural
incomesonruralequitydependheavilyontherespectiverateriofgrowth
of demand for agricultural wage labor and for purchased irnputs, both
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of which are currently at very low levels (Haggblade and Hazell 1988;
Haggblade, Hazel and Brown 1989).

A sound urban development policy will involve relatively more pub-
lic expenditure in secondary towns and cities and less in the few large
cities than has generally been the case to data 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 distri-
bution systems throughout each country. Small and medium-scale in-
dustry willneed tobe promoted - through industial extension as well
as fiscal and credit policies- Sound policy will also require considerable
decentralization of decisionmaling to local people and rural communi-
ties to avoid undue dominance of the major cities and their populations
in national political decisionmaking. And there will have to be greater
commumity control over urban resources: given adequate financial re-
sources and the requisite technical and administrative assistance, local
and community goverments are more likely to create and maintain
appropriately scaled and sited urban infrastructure facilities than are
central governmn&ts. Investment in urban development should be re-
sponsive to demand for such investment, not drivenby political consid-
erations.



10
Managing the Natural

Resource Base

Production versus Protection

The erLvironmental 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 coas.al waters, oil spills, dumnping of
hazardous wastes, pollution from urban sewage and industrial waste,
land devastation from surface miing, 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.

Governments must be more determined in developing and im-
plementing environmental policies aimed at: (a) mainaing drestor-
ing, in the face of increasing consumption demands, the soil, water,
pasture, and forest resources on which agriculture will continue to be
based, and (b) preserving ecosystems and plant and anirmal species -
as repositories of genetic diversity that may underlie future production
of many types of products, and as a national and globalheritage. Solving
the population and agricultural aspects of the problem are crucial to
curtiling degradation of the natural environment Agricultural intensi-
fication, farmforestry and fuelwoodprograms, andsensibleland tenure
reform are critical factots, as discussed in Chapter 8. However, moving
from the present situation of rapid deforestation, wetland conversion,
and land degradation to one of stabilzing the area under trees, raising
the efficiency of fuelwood use, preserving much of the remaining wil-
derness areas, and reversing the degradation of soils will require an
"affirmative action program" of considerable consequence. Such a pro-
gram will need to comprise a number of elements beyond those dis-
cussed in Chapter 8.

An essential first step is to determine which areas should and can be
maintained as protected areas, and which should be allowed to be

176
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developed for production (cropping, forestry, livestock, fisheries). Cri-
teria for selecting natural ecosystems for preservation and protection
indude:

Biological importance, notably richness (diversity, numbers) and
uniqueness of species and complexity of the ecosystemn 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, mainte-
nance 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.

* Inportance for the survival of indigenous peoples and their liveli-
hood systems, especially of forest dwellers: where indigenous peo-
ples depend for physical and/or cultural survival on an area
remaining undisturbed, the need for protection becomes impera-
tive.

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

* Current status, i.e., whether or not the ecosystem is already de-
graded or spatially constricted to an extent where it is no longer
stable and wildlife populations are no longer sustainable: the less
viable a particular ecosystem, the less viable a decision to protectit
fully-

* Likelihood of success ofpreservation-whichdepends on the type
and degree of present threats (such as human population pressure)
that reduce the likeliohd of success versus the potential for sup-
porbng nonexploitative economic activities (such as eco-tourism),
which increase the likelihood of success.

These criteria imply tradeoffs. In many cases they will involve the
need to make difficult choices. If one basic objective is to limitthe decline
in Sub-Saharan Africa's total wildeness areas (from theirpresent extent
of 27 percent of the total land area to not less than 23 percent, as
postulated in Chapter 6), these criteria will need to be applied with
considerable stringency. Since natural resource systems, including for-
ests, have multiple uses, there can be no substitute for some form of
planning. Land use plans should identify conservation areas, parks,
areas designated for sustinable logging, farming areas, pasture and
rangeland, as well as areas needed and suitable for human settlements
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and physical infrastructure. Agricultural technology is location-specific
in its applications, and land use plans therefore should identify, inbroad
terms, the appropriate technologies. Land teaure issues and fuelwood
problems also are location-specific - as are many of the cultural factors
tat help determine human fertility. Regional plans should define these,
with considenrbly more weight attached to resource conservation than
in the past.

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 gov-
ernmental capacity to prepare and implement realistic plans, and fre-
quent lack of incentives to cooperate for the people living in the areas
concered. In most cases, and especially those concerning forest areas,
verylittle, if any, attentionwas paid to land tenure issues, idendfication
of appropriate agricultural techology in forest areas, participation of
local people and of the private sector, and provision of adequate incen-
tives to cooperate for loggers, farmers, hunter-gatherers, livestock own-
ers, and forest dwellers. 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 for man-
agement. It mustgreatly inrease the role of local people and the private
sector in planning and implementation; it must be evolutionary and
adaptive, rather than rigid; and it mustbe simple to execute. If the role
of governments is confined primarily to providing the legislative back-
ing and to planning and supervision, Iand use planning becomes more
manageable. And if assistance for carrying out these more limited func-
tions is provided through the collaboative mechanisms established for
preparingNationalEnvironmental Action Plans (NEAPS) andTmpical For-
estry Action Plans (TEAPs), adopting this approach is a realstic strategy.

It is increasingly recogized that maintenance of protected areas
requires the direct involvement of the local and surrounding popula-
tions. It is unrealistic to expect local people to conserve forest and
wildlife resources unless such conservation provides them with clear
benefits. Tne exclusionary approach so often taken in protected areas in
the past is neither workablenorsustainable nror equitable. Governments
cannot financially afford and effectively provide the degree of enforce-
ment needed. 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.
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The local people therefore mustbe active participants in both planning
and implementation of land and resource use. This requires: (a) appro-
priate incentives and (b) collaborative planning and implementation of
resource management plans. Incentives are far more likely than govem-
mental 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 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 use
rights. 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.

Appropriate resource management plans should be prepared in a
collaborative manner - involving the concerned communities, techni-
cally 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. These techniques have been developed and refined in
the 1980s, evolving from Rapid Rural Appraisal (PRA) techniques and
agroecosystem analyses, to ensure intensive involvement by the local
populations in all aspects of local land use planning-such as resource
inventory, problem diagnosis, resource use planning, action plan formu-
lation, etc. (see, for instance, Chambers 1991).

Forests

About:30 percent of Sub-Saharan Africa's land area is classified as forests
or woodlands. But only about 28 percent of this area is closed forest -
compared with about two-thirds in Latin America and in Asia. About
34 percent is shrubland and 38 percent is savana woodland; 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 foragea 

As discussed in Chapter 2, Sub-Saharan Africa's forest area is dimin-
ishing at a rate of about 2.9 million ha per year, and the rate of decline is
accelerating. The most important causes of deforestation are conversion
to farmlarnd infrastructure development in environmentally delicate
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Box 10-1 Integrated Conservation and Development

Reflecting the recognition that effective resource conservation and man-
agement must involve strong local participation, the concept of "inte-
grated conservation and development0 is being developed. It involves the
folowing key aspects

* Local people retain the rights to continued traditional utilization of
resources inside state-owned protected areas (to the extent that this
is not detimental to the ecosystem) and are, of course, allowed to
continue such activities on all land retumed outright to thenL

v The local communities are allowed to generate income from pro-
tected areas through environmentally compatible activities such as
tourism, hunting with traditional weapons, and gathering of non-
timber forest products. All of these activities are directly dependent
on the protected area. Local communities given exclusive rights to
carry out these activities will have an incentive to conserve the forest
or wilderness area.

* Commercial logging of protectedareas is entirely excluded. Loging
canbeallowedand carefullymanagedordyinthose areas specifically
identified for logging, but even then only with techniques and man-
agement practices that ensure long-term sustainbility.
B Buffer zones are established around core protected areas, and own-
ership of the land and associated resources in them is returned to the
local people. Buffer zones are meant to provide the localpeople with
sufficient forest and agricultural products to prevent overexploita-
tion of the protected areas. They also serve to keep potentially
destructive wildlife away from villages, crops, and domestic live-
stock.

* Agriculture and social development activities can be providecl out-
sideprotected areas to attractlocal people away from these areas and
as an incentive to avoid encroachment

Experience with implementing this concept is sti limited in Sub-
Saharan Africa. A number of pilot efforts have been initiated, but are at
veryearlystages. Apotentialdangertowatdhforis the riskof the magnet
syndrome:priorityprovisionofifistructureandsocialservices around
areas to be protected may in fact attract people to the area if social and
infrastructure development farffier away is significantly lagging bend
that around the area to be protected.
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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. Cropland is
expanding at a rate of 1 million ha annually - to a large extent at the
expense of forest areas and woodlands. A number of agricultural devel-
opment projects supported by external aid donors, including the World
Bank, have facilitated the conversion of forest and rangelands into
cropland.

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 popula-
tion growth, in order to encourage sedentary agriculture and livestock
raising and to discourage furither invasion of the remaining forests.
Rapidly growing numbers of people, barely surviving in land-extensive
agrcultural systems, have no option than to continue to invade and
destroy forests. This points again to the complex mutual dependency of
agricultural and nonagricultural activities.

For the forests that remain, improved management for multiple uses
wil be vital. These uses range from the provision of critical environmen-
tal services to the supply of timber and nontimber products, and from
tourism and recreational uses to mineral extraction. It is unrealistic to
expect that all forests can be conserved in their present state. For almost
all of Africa's forests the issue is not whether to use them or not to use
them.-buthow to use them. If people (and governments) feel thatthere
is little benefit from forests, they will continue to be mined for urgently
needed export revenue or converted into agricultural land.

To address these problems effectively, there is no alternati-ve to plan-
ning, 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
oflanduseandnaturalresourceplanning.Landuseplansforforestareas
should identify conservation areas, parks, areas designated for sustain-
able logging, mining areas, farming and grazing areas, and areas desig-
nated for infrastructure development

Farmers have encroached into most forest areas in Sub-Saharan Af-
rica, induding into many government-managed "forest reserves." Re-
moving and resettling these people would, in most cases, entail socal
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and economic costs of a magnutude 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 that have already been
largelyconverted to farmland should be formally relinquished for farm-
ing, and farmers already established there 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.

A key to improving forest management wilbe the direct involvement
of the local people inboth planning and execution of forest resource use
plans. As already noted, 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 own the forest, govern-
ments should assist them, through forest and extension services, to
manage their forests productively and sustainably. Indeed, since gov-
erunent agencies throughout most of Sub-Saharan Africa are stretched
far too thin to manage even those forest resources that are legally under
govemment ownership and control, and since in many cases local
people and communities continue to consider these resources to be
rightfuly theirs, governments should consider divesting many (tough
not all) forest and range areas to local people. The traditional
owner/user communities oould obtain group title to these resources.

Sound forest management plans would allow some logging and
artisanal wood harvesting on a sustainable basis (specifing concession
fees, taxes, and so on), 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 ardsanal forestry, hunting and harvesting of nonwood forest prod-
ucts, the arable land for cropping, and the range and grazing land for.
livestock production. Royalties paidby "outside" users would accrue to
the local communities; govemments would share in such royalties
through the tax system.

Where governments retain ownership of forests, the managementwill
be more directy under government controL But even there, manage-
mentplanswillneedto be responsive to localpeople'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
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and exclusive user rights: hunting, fishing, collection of nontimber forest
products, some wood harvesting. They should also be given a significant
share in the royalties received from other users, such as logging conces-
sionaires; the certainty of such long-term sources of income will repre-
sent a significant benefit and an incentive to adhere to agreed use plans.

Governments will need to provide the ossential policy and adminis-
trative framework publishing standard cuncession agreements, estab-
lishing 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, NGOs, or both. As these communities acquire
experience and management acumen, the need for such outside assis-
tance wi decline and government support should be commensurately
withdrawn. As emphasized above, strong and lasting incentives (em-
bodied inresource ownership, user rights, revenue sharin& and the like)
would need to be provided to ensure appropriate local interest in such
an approach to resource management.

Whether any kind of commercial logging is compatible with sustain-
able management of primary humid forests is highly contentious. Al-
though the evidence available at present may not be sufficient to make
adefinitiveandcategoricalstatement,thereisincreasingsupportamong
experts for entfielyprohibiting logging in intact prmary humid forests.
Although considerable interest and optmism are often expressed with
respect to sustainable exploitation of naturl forests, rrTo has estimated
that only one-fifth of one percent of the world's natural tropical forest
areas are currently being harvested in an ecologically sustanable man-
ner (Goodland 1991:14; Poore and others 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 if it is surrounded by large areas of
undamaged forest that can serve as a reservoir of recolonizing species.
Thus, eventhoughtheareamayrem.ainforested,anytypeofcommercial
logging in a tropical moist forest may result in a fundametal and quite
possibly irreversible degradation of the original ecosystem. This is in
cotrast to the less diverse and more resilient temperate forests, which
canbe loggedproductivelyon a sustainablebasis.

Logging certainly should be stopped in ecologically delicate and in
environmentally important areas in humid and savanna forests. There
shouldbenologgingwhereitisnotpossibletologona sustainablebasis.
Insecondaryforests (thoseconsistingofregrowthwhereprimaryforests
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have been logged or otherwise significantly disturbed before) and on
forest plan'ations and tree farms, logging must be undertaken in accor-
dance with sustainable management practices. These areas could, in
many cases, be designated and managed as permanent sources of tim-
ber, pulpwood and woodfuels -provided the private owners (individ-
uals or groups) agree. Logging companies unable to log in a sustainable
manner should not be given concessions and permits, even in secondary
forests. This wir require goverunental regulation of logging, even if it
is undertaken on private land.

Loggers wil have to improve their performance and show themselves
to be responsible in their logging activities. To induce this behavior,
concession agreements providing for logging company responsibilities
as well as rights wilL be necessary. Payment of taxes - rather itan tax
evasion- should be the norm. Sustainable management of secondary
growth forests and industrial plantations would then become a more
important aspect of the business of logging companies than the mining
of primaryforests. Even where governments choose to continue to allow
logging in prmary forests, management of secondary growth should be
strongly encouraged by levying much lower taxes on tees taken from
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.

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 orhaving user rights in themL 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 cLompanies 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.

Govenmments will also need to develop the institutional and human
capacty required to manage protected areas and to monitor logging as
well as the use of farming, pasture, and fisheries resources made avail-
able 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 replanting exceeds cutting. This could be done by induc-
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ing local communities and individual landowners 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 pro-
duction 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 govermment to help local popu-
lations nmanage natural resources. In parks and protected areas, govern-
ments will need the capacity to manage resources directly and
effectively.

On privately and communally held forest land, government forest
services can also help local landowners reforest degraded areas, by
providing planning assistance, technical advice, training, and seedlings.
Butplanting, maintenance, and harvesting must be done bythe resource
owners, the people themselves. NGOS can play an irmportant role in
assisting them. Forest services need to abandon 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. And forestry research
needs to paymore attention to the issues faced in private and community
management of forestry resources.

Natural Resource Management in Fanming Areas

Since much farming takes place within forest areas, there is not always
a clear distinctionbetween fiorest areas and farming areas. In large areas
throughout Sub-Saharan Africa, forests have been almost totally re-
placed 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 land and cropland,
areas to be protected (watershed headlands, wetlands, water bodies),
and so forth. Land use planning will need to take into account the
important tradeoffs among these various uses. Land use and manage-
ment plans for farming areas should be prepared in a collaborative
manner, with the active participation of the local communities.TheywiI
need to cover such issues as watershed management, locallyappropriate
improved farning and livestock husbandry practices, farm tree plant-
ing, irrigation and drainage, domestic water supply and use, and the
location of physical infrastructure.

Actual resource management and conservation in such areas will be
almost entirely in the hands of the local farmers and livestock owners.
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Box 10-2 A New Forest Policy in Cote dTvoire

In Cote d'Ivoire, about 12 million ha of tropical forest land have been lost
during this century. To arrest this destruction, the government has begun
to implement a number of the recommendations set outhere. Wildlife and
biodiversity would be conserved in parks covering 1.9 miElion ha, of which
600,000 ha are tropical forests. Sustainable wood production would be
achieved through better management of production forests (all of which
are secondary forests, previouslylogged), expansion of hardwood plant-
tions, and assistance to farmers induced to resettle outside the forests.

This process began with detailed land use plans for existing "gazetted"
forests, which belong to the goverment. These plans designate specific
tracts for protection, loggin& farming, and other uses. Park areas have
already been delimited and are to be fully protected. In those areas that
have been previously logged over and are to remain production forests,
loggingcompaniesarereceivinglong-term concessionsinaccordancewith
detailed forest resource management plans and under governmental su-
pervisionL Loggers judged unable or unwilling to participate are not
permitted to log. Taxes on logs have been increased, and concessions are
auctioned to the highest qualified bidders. This is helping to eliminate the
least efficient loggers. In effect, forests will no longer be treated as a
virtually free good, but as a valuable resource, requirino high paymentby
loggers for exploitation. Intact primary forests are in parks and will notbe
logged at aLl

Farmers are given incentives to leave those areas that are environmen-
tally delicate or should be managed for logging. The key incentives are
ownership titles for land outside these areas and access to agricultural
inputs. Agricultural extension staff will provide technical advice to reset-
tled farmers. No support services will be provided to farmers remaining
in the forests. There will, however, be no coercion to move; the incentives
are expectedto besufficientlypersuasive tohinducevoluntaryexit fromrthe
park and logging areas. Traditional forest dwellers will be allowed to
remain in the forests; so would settlers in areas already so heavily en-
croached upon that forests have essentially disappeared. Governent
institutions in the forest sector will be strengthened to focus more on
conservation and resource management, rather t*an on servicng the
logging industry.

Thisnew forestrypolicy fits into abroadernatortalstrategyfornatural
resource conservation, which indudes accelerating agricultural intensifi-
cation and improving land tenure security.

A major issue now is the need for an effective consultative process
between farmers, forest dwellers, and thegovernment. Such a process has
been initiated in the form of local-levelforest-farmercoumnissionsfor each
forest, which will decide on resettlement questions as well as on other
disputesbetweenthegovernment,traditional forestdwelers, andfarmers
who have settled in the forests. A second issue is land ownership. The
government would continue to own the land in the gazetted forest areas,
but would share the royalties with local populations to induce their
support for the new policy.
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The example of Machakos District in Kenya demonstrates that this
works (see pp. 158-159). It will be essential to ensure tenurial security if
there is to be significant private investment in land conservation and
productivity enhancement. The agricultural research and extension sys-
tems willbe the major governmental instruments for supporting farmers
and private industry in managing the natural resources in farming areas.

Dryland and Range Areas

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 technol-
ogy adapted to dryland areas is so marginal, land tenure reform so
exceedingly difficult to implement, and carrying capacity so low, sus-
tainable management of dryland areas will be very problematic.

Land use planning will be important, since there are tradeoffs and
potential conflicts here as well among the traditionally predominating
pastoralists, new settlers who are moving into the better areas to farm,
fuelwood collectors, and the preservation of biodiversity. Many pastoral
areas contain forests and wildlands. Resolving land disputes is an im-
portant aspect of the solution to these problems, including that of
ensuring adequate fuelwood supplies in drier areas. The management
ofrangeland by local people, grouped into voluntary and self-governing
associations, is the most effective tool for managing these resource
systems But theseassociations mustbe provided undisputedcownership
of, or assured long-term user rights to, the land and the assocated water
and vegetation if they are to manage them.

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; Shanmugratnam and others 1992). These include the research and
extension of appropriate crop and livestock tedhnologies that 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 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. Agri-
cultural and livestock technology would be developed to suit each
particular agroclimatic situation. The technologies would indlude con-
siderable soil conservation measures. It is, at present, not possible to
envisage an attemative approach in dryland areas.
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Box 10-3 Global Cost-Sharing of Tropical Forest Conservation

The benefits of conserving tropical forests will accrue to the entire world,
while the costs will have to be borne almost entirely by the countries in
which the forests are located. This has stimulated efforts to compensate
the producing countries for income foregone as forests are taken out of
production and placed under protection.The first suchefforts were "debt-
for-nature swaps." Although not many swaps have been organized in
Sub-Saharan Africa, there is considerable potential for them in many parts
of the continenL The principle is that govemrnents set aside as a protected
reserve large tracts of forest or wildland, usually managed with the help
of an NGO, in return for the purchase of some amount of the country's
discounted external debt by that NGO (or organized by it).

Another important recent initiative has been the Global Environment
Facility (cEF), under which funds have been made available to countries
as compensation for reducing activities that are remunerative but that
significantly compromise biodiversity (such as logging), contribute to
carbon dioxide emissions (such as forest burning), or produce aFcs. An
evaluation of the first phase of the GEF has been published (UNDP, UNP,
and World Bank 1994). This has helped determine modalities for the
second phase. A good candidate for funding under this facility would be
the setting aside of intact tropical forests as reserves and parks.

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-terr user rights should be
provided. As in the case of forests and farmland, it is trough the
ownership of land and the associated natural resources, or at least the
assurance of secure long-term exclusive use rights, that local participa-
tion in sustainable resource management can be mobilized and main-
tained. In better watered grazing areas, individual ownership of
livestock farms willbe possible (although crop farming mayprove to be
a more remunerative use of land and labor inmany sucrh situations), but
this will be rardy feasible on drylands because of the patchy availability
of water and the need for seasonal livestock movement. But exdlusion of
others - ie., elmination of open-access conditions - is essential.

At the same time, local communities and indiviLduals need to be
supported in planning and managing resource use, particularly in view
of the increasing limittations imposed on the geographic mobility of
pastoralists' herds. The microproject funds which some donors have
begun to establish are a suitable instrument to provide critically needed
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funding for this purpose. Technical assistance should come through
extension agents, knowledgeable about conservation techniques.

Water

As noted in Chapter 2, water is a critical resource in limited supply in
large parts of Sub-Saharan Africa. Conflicts over competing uses are
already evident in many cases. In some areas, groundwater reserves are
being drawn down for irrigation much faster than they can be replen-
ished. Damming and diversion of rivers for irrigation or hydropower
development have often created serious problems downstream. These
include the spread of water-bome 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 cties, 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.

With the primary exceptions of parts of coastal West Africa and the
Congo/Zaire River basin and adjoining parts of humid Central Africa,
most of Sub-SaharanAfrica is notendowedwith abundantwater. More-
over, only a portion of total potentially available water is actually
accessible and usable. Geographical distribution of supplies, seasonal
and annual variatibns inflows, topographicconditions, and evaporation
losses drive alargewedgebetweenpotentiallyavailable andrealistically
accessible water. Conflicting demands on water use and environmental
considerations pose further constraints on the utilization of water
(Falkenmark and Suprapto 1992:3-34). In Europe, water management
problems began to be encountered when water demand exceeded 20
percent of potential water availability (Falkenmark 1991:88-89). 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

Demand for water is rising rapidly, driven by population growth and
economic development Except for the humid regions of Central and
coastal WestAfrica, almost all of Sub-Saharan Africa will be facing water
shortages or water scarcity early in the next century. In many of the and
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 hy-
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giene 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 house-
hold 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 (Falkenimark and Suprapto
1992:31). Depending on agroecological factors (crops grown, soil char-
acteristics, evapotranspiration rates, etc.) and on technical efficiency,
feeding people by means of irrigated agriculture requires anywhere
from 500 mn3 to 2,500 mi3 of water per capita per year.

For many SSA countries, the water that can be utilized at reasonable
cost with available technological means will notbe 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 litde as half that amount This
has important implications for the agricultural and overall economic
development strategies these countries will need to pursue. It certainly
underscores the urgency of initiating effective water resource monitor-
ing and planning and of maximizing efficiency in water use?

The many different uses of water canbe variably grouped, depending
on the objective of the analysis. One categorization distinguishes be-
tween consumptive, nonconsumptive, and polluting uses (Frederiksen
1993:24-25). Another differentiates between withdrawal uses and in-
stream uses. Water usedby households and industries and for watering
livestock and irrigated crops represents withdrawal uses. Instream uses
indude water flow for fisheries and wetlands, for maintaining down-
stream water quality, for water transport, and for recreational uses.
Power generation may involve instream uses (for hydropower genera-
tion) or withdrawal uses (for cooling thermal and nudearpower plants).
While some instream uses are compatible with others, most demands for
differentwateruses competewitheachotera nd,insituationsofincreasing
water scardty, imply important tradeoffs and potential conflicts.

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

Water must be recognized as the critical and limiting resource it is. It
mustbe carefullyallocated,lbeginningwith the developmentof 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, planningmustbe based on naturalhydrological units
such as river basins to ensure that the opportunity costs associated with
different water uses are properly considered. Such planning should be
integratedwithplanning for land use and other activities thataffect, and
are affected by, water development Water management plans will need
to assess water availability against likely demand (taling into account
anticipated population growth and urban/industrial development) and
develop options forwater supply (including costs) as well as options for
demand management and conservation.

Given the frequent occurrence of drought, many water sources in
semiarid 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
semiarid regions, water supply constrints will imply that large-scale
irrigation cannot be the first priority in allocating water among different
uses. Where this is not recognized, capital investments designed to
abstract surface or groundwater for irrigation and to develop land for
irrigated farming may later need to be abandoned as the req-.rements
for human and livestock use increase2

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

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

There area numberof common elements to the recommended strategies
and approaches for conserving and sustainably managing Africa's nat-
ural resources, and a number of basic lessons from the, admittedly
limited, experience to date:

* The overall policy and legal framework mustbe consistent with the
conservation objective. For example, local communities need to be
authorized to participate in the management and benefits of pro-
tected 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. Compromnises will
have to be made. For example, taxes can be levied on local commu-
nity receipts from tourism, so that benefits may be shared more
widely.

- Social and institutional factors constrain implementation of com-
munity-based conservation strategies. The major problems are the
general weakness of community organizations and the vastly un-
equal distribution of authority between the national and local
levels. Most local communities in forest, range, and wildemess
areas are poorly organized and difficult to organize. Outside assis-
tance is nearly always necessary.

* Only in a few cases can protected areas be expected to generate
sufficient revenues from nonexploitative uses (suchas eco-tourism)
to provide significant local income or to support significant rural
development. In most cases, external financing will be needed 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.

* Creation of an institutional and management capacity in govem-
ment 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.

* In the absence of agricultural intensification outside the areas to be
protected, conservation efforts are bound to faiL Only rapid gains,
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.
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Conservation of biodiversity depends directly upon preservation of
natural habitats, particularly tropical primary moist forests which con-
tain the greatest diversity of species outside of certain marine environ-
ments. Habitat destruction is the greatest cause of extinction of species
overalL For species that are acutely endangered by commercial exploi-
tation, additional protection is needed in the form of controls on harvest-
ing and on stternational trade. Such controls can only be effective if tLhe
govenmuents of both producing and consuming countries are conmmit-
ted to enforcing them.

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 water-
sheds - by maintaining natural forests and, where these are already
degraded, by replanting or allowing natural regeneration to take place.
The critical issue 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 m
resources for the sustainable production of fuelwood, lumber, and pulp-
wood. This must come from farm forestry, as well as from plantations
and well-managedproduction 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 eco-
nomic policy measures such as appropriate pricing and trough the
development and extension of technical innovations.

'The most important element is agricultural intensification outside of
forests and wilderness areas. Without it, Africa's forests and wilderness
areas siand littIe, if any, chance of survival in the longer run. The ultimate
environmental collapse can be postponed by reducing the rate of popu-
lation growth. The preferred option combines maxmum agrncultural
intensification with sharply curtailing population growth and far more
determined and effective management of environmental resources.

The Role of Governments

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 indude carrying out resource
inventories andmapping, preparing land use plns,managingprotected
areas, and monitoring logging and the use of agricultural, pasture,
wetland, and fisheries resources. Goverrnments also need to develop the
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capacity to undertake environmental assessments of development pro-
jects in order to avoid unacceptably negative environmental impact.

Governments should focus their directmanagement efforts on a much
smaller portion of the total national land and forest resources - i.e.,
those areas that provide public (and global) benefitsand goods. Thiswill
consist mainly of parks and other protected conservation areas where
there are important externalities that local populations cannot be ex-
pected to finance or otherwise support. Even there, local participation
will be necessary. The local people should be given incentives to con-
serve the resource endowment of the protected area through the confir-
mation 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.

NGOS can play important roles in assisting local people in managing
natural resources. Where they are ready and wiling to assume this role,
they should be given wide room to do so.

Govenments should also intensify their efforts to provide effective
and locally relevant environmental education through the school sys-
tem and through mass media. Agricultural extesion staff should sim-
ilarly be utilized to spread awareness of envirormnental issues, and
especially of soil, water, and tree conservation techniques, among rural
populations.

A problem common to allnatural resources is that financial returns to
conservation are often lower than economic returns. Individuals and
private enterprises will therefore tend to undertake less conservation
and more exploitation than is econoniically optima In crumstances
where the economic returns to conservation are high, but the financial
retums too low to induce adequate conservation by private resource
users, taxes on natural resource use (logging fees, mniing royalties,
water dharges) and subsidies for conservation (free extension advice to
farmers, cost-sharing for soil conservation activities) are likely to be
justified to dose the gap between economic and financial retums. Mak-
ing this determination, and imposing the necessary taxes or providing
the required subsidies, are fumctions of govemment

National Environmental Action Plas

The development of national environmental resource management
strategies mustbe a national affair. The main iistrumentfor this process
is the National Environmental Action Plan (NEAP). NrPs are currently
being prepared or implemented with World Bank support by most
African countries. They should contain strategies for addressing all of
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the issues of the nexus. The NEAP concept is multisectoral in approach,
and oriented to bottom-up participatory planning and implementation.
It provides a framework for integrating environmental concems with
social and economic planing within a country. The objective is to
iden tify 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.

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 macroeco-
nomic framework and, if possible, assessing the costs ofdegrada-
tion. These were, for example, estimated to be between 5 and 15
percent of GNP in Madagasr and more than 5 percent of GDP in
Ghana.

v Setting up the institutional framework, usually involving a minis-
terialorhigher-levelenvironmentalpolicybody,developingmech-
anisin for coordination between agencies, building concern in
these agencies, balancing prvate and public sector concems, de-
cealizing environmental magement, 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
indcuded in NEArs.

* Strengthening national capacity to carry out environmental assess-
ments and establishing environmental information systems. This
can be done to some extent by restructuring edsting data and
maldng them available to users. Pilot demand-driven information
systems shouId also be initiated to strengthen national capacity to
monitor and manage environmental resources. Local and regional
research capacitywi be crucial to the development of plant vari-
eties and technologies which are truly adapted to local conditions.

* Developing human resources trough formal and on-the-job train-
ing; introducing environmental concems into educational curricula
and agricultural extension messages; and increasing public aware-
ness through media coverage, general awareness campaigns, and
extensionservices.

* EstablishingGeographicallnformationSystems(GIs)thatincorpo-
rate adequate envirormnental information. Lack of operationally
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meaningful and reliable environmental data is a major problemL It
tends to result in misconceptions about natural resource problems
and the consequent risk that policy measures will be misdirted.
Urgent needs include assessments of forest cover, soil erosion and
soil capability, desertification risks, and the distribution of human
and livestock populations. This is clearly an area in which donors
can provide support and expertise and governments need to act. It
is important to develop national capacity to gather and analyze
information in-country: properly designed and operated Geo-
graphical Information Systems can be extremely helpful in this
regard. ass make use of aerial photography, remote sensing and
actual ground ispections and data collection Giss will be particu-
larly useful not only to monitor the progress of natural resource
degradation and destruction, but- more importantly-to assess
land capability for various uses and, ffius, to provide the basis for
sound land use planning

NEAls are intended to be evolutionary- developing policies through
field experience as well as national-level analysis. They should lead to
the empowerment of the nongovernmental sector, not justby providing
funds for small-scale community activities through national environ-
miental funds, but also by drawing large numbers of vilage and district
representatives into consultative forums. A nongovermental advisory
body was part of the institutional arrangements set up, for example,
under the Lesotho NEAPR

Considerable extemal support has been provided for the NEAx pro-
cess, from bilateral and multilateral agencies and Ncos (such as the
World Wildlife Fund, the World Resources Institute, and the Intera-
tional Insfitute for Environment and Development). External expertse
is made available to the countries undertaking NEAP preparation, and
aid agency policies are coordinated in the process, with the NEA' fbrm-
ing the basis for coordination. Where NEAL's have led to the prepara-
tion of national environmental investment plans (as in Madagascar and
Mauritius), donors have substantially oversubscnbed the programs. A
National Environmental Action Plan can therefore become the major
preparatory instrument for addressing the issues discussed in this
chapter.

Notes

1. An effort has been under way since 1986 to establish the information base
for sound water resource planuing in Sub-Saharan Africa. A number of multi-
lateralandbilaberalagenciesand donors imdudingthe lADB,UNDP,uNDTCD,WMO,
the World Bank, the EEC and France) are collaborating in a muftiyear program,
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Sub-Saharan Aflica Hydrological Assessmwnt, to assist all SSA countries in
creatingoriimprovingasoundhydrometricbasefor thepurposeofplariingand
evaluatingwaterresourcedevelopmentprograms and projects.This effort cov-
erssurfacewaterresources,hydrometeorology,and groundwater.Initialreports
for a number of counties are available from the World Bank's Agriculture and
Rural Development DepartmentL

2. Climate change is likly to have significant impact on water supplies and
regional hydrological systems, partiularly in regions already facing water
shortages. This makes prudent planning so much more importan Even rela-
tivelysmallchangesmnprecipitationandtemperturecanhavesignificanteffects
on the volume and timing of runoff, especially in and and semiarid regions
(Freder1ck993:63).



Conclusion

The Problem

The countries of Sub-Saharan Africa face three important challenges:
(1) reducing the rate of population growth, (2) safeguarding their nabural
resource base, and (3) maldng agriculture, as quidcly as possile, suffi-
ciently productive to ensure rising standards of living for the rapidly
inaeasing population without furtier endangering the resource base
available for this purpose. Because these three challenges are closely
interlocing, the ambitious indicative targets set out in Chapter 6 are
more likely to be achieved if the actions suggested in each specfic area
are successful

Rapid population growth, environment degradation, and slow ag-
ricultural growth in Sub-Saharan Africa are closely linked The principal
problem is that the tedhnologies applied in shifting cultivation and
transhumant pastoralist systems, appropriate under conditions of low
populationdensity onAfrica'sfragilenaturaIresourcebase, are environ-
mentally damaging when practiced by rapidly inaeasng populations.
When population densities increase and shifting around on the land
becomes impossible,but fanning practices do not change, soils degrade
and forests are destroyed. Soil degradation and deforestation constrain
agriculturalgrowth.L aggingagriculturalgrowthperpetuates ruralpov-
erty and food insecwurty, which in turm impede the onset of the demo-
graphic transition tc lower human fertiity rates.

Past efforts have, on the whole, failed to reverse the downward
direction of the spiral that is drivenby the synergetic forces of this nexus.
The explanation, at least in part, appears to be that past efforts have been
pursued too narrowly along conventional sectoral lines - matching
established institutional arrangements and traditional academic dis-
ciplines-while crucial cross-sectoral linkages and synergies have been
ignored. Environmental integritr and resource conservation are critical
for sustaable long-term growth of agriculture, and of the economy. But
this will be very difficult to achieve if present rates of population growth

198
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Box 11-1 Kenya: The Nexus Synergies at Work

In Kenya, population density on cultivated land is high. Education is
relativelygood, and females participate. Infantmortalityhas declined due
to relatively good health care, food security, and women's education.
Agricultural policyhas been quite good, smallholder commercial farming
is profitable, and private sector participation in all aspects of agricultural
production, marketing, and processing is high. Land tenure security is
assured (although there have been problems with land grabbing by influ-
ential elites as well as with the land rights of livestock herders and of
women). Women are receiving attention from the agriculturl extension
service. Family planning programs are in place. Popular sensitivity to the
costs of environmental degradation is high, and there has been successful
environmental conservation action in the form of a national soil conserva-
tion program, the maintenance of sizeable national parks, and the wide-
spread tree planting under the Greenbelt Movement promoted by a
national NCO working almost entirety with women. Urban bias in eco-
nomic policy is less pronounced than elsewhere in Sub-Saharan Africa,
and the development of secondary towns and dties characterzes Kenya's
urbanization policy. Relatively good infrastructure, including a country-
wide network of roads, has been developed.

The combination of these (and other) factors has had a number of
desirable results. Agricultural growth has been averaging between 3 and
5 percent per year. Tree fanming and other agroforestry activities have
increased, and the area under trees may now in fact be expanding. There
is at least marginally effective protection of national parks and of wildlife.
Farmers participate in marketing decisions, with farmer-managed coop-
erativesplaying a significantrole. Kenya's urbanmarkets are stockedwith
Kenyan farm products, assembled in rural markets and secondary towns
and brought to market largely by private traders. And the TFR has begun
to decline measurably in recent years.

persist Population growti 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 increas-
ingly constrained by rapid population growth and the degradation of
the environmental resource base.

A key cdonclusion 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, and for resource conservation. In most past sectoral develop-
mentefforts,emphasishasbeenplacedlargelyonthesupplyside(efforts
to develop and deliver technology and services), while the need to
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generate demand has remained largely unrecognized - or at least
poorlyserved.The synergiesinherentin thenexusprovide considerable
potential for addressing the demand side of these important problems.

Thereis low demandfor smaUlfamilies, and there isinadequatesupply
of fimily planning services. Both are keeping total fertlity rates (Inzs)
high. Low demand for smal 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
demandforchlldlabormaybecreatedbysystemsofshiftingcuItivation,
severely constrained access by rural women to production inputs other
itan dhild labor, the need for child labor as part of a survival strategy in
the face of poor food security, and mcreasing degradation and depletion
of soil and water resources. Demand for smaller families is mani
itselft however, where the density of population on cultivated land is
high, infant mortality is low, food securty is high, and fenale school
enrollment rates are high. Countries with these charastics are enter-
ingthe demographic transition, and familyplanningprogmnms arelikely
to be extremely effective there in respondig to the strongly emerging
demand for family planning services.

Forest degradation is stimulated by rapid population growth com-
bined with shifting cultivation (people moving into forests to farm),
poorly regulated logging and "open access' land tenure Open access
occurswhenthereisno effectiveregulafionoflanduseeithertraditional
or modern. This allows farmers and others to exploit the land, and the
resources on it, in an unsustible manner. Puelwoodprices, which are
too low to cover replanting costs, are constauiing fuelwood planting.
Fuelwood prices are lowbecause fuelwood canbe mined, nearly firey,
from open-access areas. Where there is open access, tees canbe cleared
for farmlandby migrant famers.

Women's time is increasingly cotaied in rural areas, as fuelwood
andwaterbecomescarce,andwomenhavetowalkfartherfbrwaterand
fuelwood.Withless time available,womenhave difficultymain
food output, and this contrbutes to food security problems.

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

Lack of demand by farmers for new agrcultural technology is as
important as lack of supply of appropriate technologyin explairing slow
agricultural growth. Lack of demand is related to several factors:

Open-access land tenure conditions are replacing customary land
tenure Vstems. With open access, land occupation and use is
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temporary and there is no incentive for the farmer to invest in farm
intensificatiorn Open access also reduces the incentive for farmers
to conserve the land (since it is not theirs).

* There is often a lack of fini^s* A resources with which fanners
(especially women) can invest This low-income trap is operable in
much of subsistence agriculture.

* Libor constraints on women often prevent them from adopting
those technologies that are labor intnive.

n* n much of Sub-Saharan Africa poor agricultural and econoniic
policies, combined with currently low world prices for many.agri-
cultural products, have reduced the profitability of farming and
hence the incentive to intensify famg. They have often restricted
famers'abilitytoparticipateh lyinlandmanmgemnent,marketin&
or price setting.

- Appropriate improved agricultural techology 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

Recommendations for Action

To correct the current disastrous trends, a set of mutually reinforcing
actions need to be umdertaken by governments and exteral aid agen-
des- One of the most important will be to promote demand for smaller
families andc for family planning (FP) services. This needs to be effected
through detemined action in several areas - notably expanding pri-
mary and secondary education for females, reducing infant mordaity,
and providingculturallysensitive r advice and services. Field surveys
to identify the deterinants of fertilityand attitudes to familyplannig
will be essentiaL Population programs are being prepared in abouthalf
of the countries of Sub-Saharan Africa. Political commitment wil be
necessary to implement the.L In estabIishing FP programs that empha-
size increased suppIy, priority should be given to countries where
demandforfewerchildrenisemerging-as aconsequence of inceasing
population density on cultivated land, improving female education,
dedining infant mortality rates, improveed food security, and better
conservation of environmental resources. Where these factors are not
present, demand for children will remain strong and will blunt the
effectiveness of programs oriented towards increasing the supply and
accessibility of EP services.

Where AIDS is a serious concern, even in the absence of the elements
thatappearto spur the onset of the demographic tansition, higpriorit3y
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must be placed on providing appropriate information and education
regarding the prevention of sexually transmited diseases as well as on
supplying condoms through all available channels, such as schools,
health facilities, traditional health providers, FP programs, pharmacies,
and NGOs.

Strong effiorts are also needed to create fanner demand for environ-
mentally sustinable agricultural technology. Means to accomplish this
indude expansion of appropriate research and extension to farmers, the
elimination of open access to land resources, and agricultural policy that
makes agricultural intensification profitable (and reduces the relative
profitability of shifting cultivation). The priority development of rurl
roadsandmarketsinareasdesignatedforgrigculturaldevelopmentwill
be important in this regarcL Agricultural research systems must be
developed to supply the appropriate technology. The elaboation of
Frameworks for Action under the auspices of the Special Program for
African Agicultural Research (SPAAR) merits strong support, as do
related efforts tD improve other agricultural support sernices such as
extension. The problem is not so much fundin&g, but organization and
management.

Agricultural services and education must serve women as much as
men - to improve women's farming pracices, raise their productivity
and incomes, and stimulate reduced demand for children. Successfd
introduction of agroforestry and fuelwood production on farms woulcd
snificantly reduce women's work burden in fuelwood gathering, In-
troduction 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 wEi free more of
women's time for family management, agricultural production, and
other economic activities.

Measures necessary to create a market for fudwood should be pur-
sued Fuelwood prices should reflect the scarcity value and replanting
costs of trees. Higher prices would stimulate farmers and entrepreneurs
to plant tees. This wil require land tenure reform to eliminate open
access to ffee fuelwoodbyfarmers and entrepreneurs. Itwil also require
extension advice to farmers on agroforestry and fuelwood plantations.
Eliminating price and taxation disincentives to the marketing of kero-
sene and other replacement fuels would stimulate the substitution of
such fuels for woodfue]s over time, particularly in urban areas.

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

In eachcountry, 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
inpreparingsolutionswillbeland use plans. These define the use, given
various 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
the.L In most cases, the action plan wi consist of. changes to agricul-
tural 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
envirnmental impact of all investments; more investment in natural
resource conservation and protection; and land tenure reformrL The
needs of women must be addressed far more effectively, notably in the
areas of agricultural development, natural resource management, and
education.

Inastructure development in rural areas, particularly roads and
water supply, is important for agricultural development and for focus-
ing population settlement outside of environmentally sensitve areas.
Keeping infrastructure out of environmentally fragile areas is an import-
ant tool for safarding their mtegrty. Developing ifrastructure in
rural areas and in secondary towns merits considerably higher priority
than it has received in most countries in the past Infrastructure devel-
opment should be in response to demand. This is likely to result in
smaller-scale investments - rather than in major engineering efforts,
which have characterized much govermment and aid agency spending
to date. Responsiveness to demand will be stimulated by more commu-
nity and local control over design and siting, by the use of local contrac-
tors, and by funding of facilities built and maintained by the user
communities thenmselves.

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 edu-
cation, health, and other services. Urban development needs to be one
component of landuse pIans. Further,urbanpolicyshouldbe developed
in part as a function of likely growth of the urban population, linkages
between urban and rurl product and labor markets, communications
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needs in rural areas, and environmental constraints. Generally, policies
that promote development of secondary cities and rural towns, rather
than of a few megacities, will be far more conducve to efficient, equitA-
ble, and sustainable rural development. This requires spatially well-dis-
tributed public investment that is not biased in favor of a few major cities
- i.e., sound and substantial investment in infrastructure throughout
each country (rather tan concentration in megacities). It furither re-
quires functioning markets and market-based pricng for petroleum and
other energy sources, avoidance of transport monopolies to increase the
likelihood that the entire country is adequately served by private trans-
port 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
decisionmakng outsidecapitalareastofacilitate greaterresponsiveness
to demrand. These are not only crucial elements of sound urbanization
policy, but are important for rural development because well-function-
ing secondlary towns and cities are more likely to provide services and
markets for rural areas than are distant megacities, which tend to be
heavily oriented to overseas suppliers.

Local communities need to be empowered to participate in all of the
above. Without participation, people will not demand smaller families,
susinable agricultural tecnologies, road maintenance, or forest con-
servation. Participation is more likely to result in development initia-
tives that respond to felt needs rather than to short-term politcal
imperatives and expediencies. People should become managers of ac-
tions conceived in partnership with goverments.

Multisectoral and cross-sectoral analysis is needed to resolve agrcul-
tural, population, settlement, and environmental problems -because
of the important linkages and synergies between themrL 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 popula-
tion 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,
fanning areas, and locations for settlements and infrastructure develop-
ment. Appropriate farming technologies vary from one micro-agro-
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climatic zone to the next. Infrastructure development is location-specific.
Land tenure systems, fuelwood problems, gender responsibilities in
farming, and cultural facto:s affecting attitudes towards human fertility
vary among regions, and often from place to place, WitlLin 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 - including appro-
priate land uses; demographic trends; likely migration patterns; natural
resource management; the development of transport and other infra-
structure; agricultural technology; land tenure reform and land owner-
ship; fuelwood demand and supply; forestry development and
utilization; and likely development of markets, towns, and cties.

Far greater community involvement in the preparation and the exe-
cution 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.

because such multisectoral action plans will be complex and difficult
to implement, they should in most cases not be implemented through
hitegrated multicomponent projects. Conr?rvation and land use plans
specified by location would be one duster of projects. Appropriate
agricultural technology for each microregion could be developed and
extended through national research and extension programs, with re-
gional implemernting divisions. Regionally specific land tenure reform
could be implemented under national tenure reform programs. Family
planning programs adapted to particular communities would be im-
plemented hirough 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.

Several other important recommendations emerge from this study
concening 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 decisionmaking and resource al-
location, 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.
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* 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 eco-
nomic arrangements familiar to 20th-century industrialized econ-
omies. Most African societies are characterized by complex systems
of resource-allocation and -pooling arrangements for both produc-
tion 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 arrangements 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 inthe same direction or with the
same intensity for men and women.

* More input is needed from sociologists and arLthropologists to
understand socioeconomic systems and relationships. Social scien-
tists should collaborate closely with agricultural scientists and
economists in researching farming systems, cultures, and socioeco-
nomic institutions into which new varieties and technologies are to
be introduced. Agiculturalists and economists in turn should re-
ceive special training to raise their 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.

* It is extremely important to take into account the riskperception of
thelocalpeople-theirabsolute requirementforensuringsurvival
in the short term even under worst case scenarios.

Status of Implementation

The above recommendations are broad and need to be adapted to the
specdal circumstances of each country. In some countries, these ideas are
already being pursued, with varying degrees of success.

* Many countries in Sub-Saharan Africa are pursuing macroeco-
nomic 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 pur-
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sue polices that would make agriculture profitable. Also, many
donor countries maintain a combination of import barriers and
agricultural subsidies to assist their own farmers, and thlis harms
African producers of these commodities. These policies need to be
changed.

An increasing number of countries in Sub-Saharan Africa are de-
veloping Environmental Action Plans. For these countries, imn-
plementation is the watchword. In the others, the process should
be launched. Donor support shouId be intensified.

* Agricultural research and extension systems in a number of cour-
tries are slowly shifting to a greater focus on "sustainable" agricul-
tural technology and responsiveness to varying frmer demand.
Collaborating witiin SPAAR, countries in the Sahel and SADC re-
gions are planning the improvement of their agricultural research
systems. Others should follow suit, and donors should collaborate
in imnplementing SPAA's "Frameworks for Action."

* At least four Sub-Sabaran African counties (Botswana, Kenya,
Mauritius, and Zimbabwe) have, with considerable effot, suc-
ceeded in bringing down fertility rates. Much more needs to be
done here as in all SSA countries, but these four provide relatively
successful models. Several other countries are developing promis-
ing population and family planning programs. Genuine and sus-
tained political commitment will be essentiaL Donor support
should be channelled through the ongoing African Population
ActionPlans.

* Improvedhealthprograms to address the AIDSproblem, including
health education and the distribution of condoms, are starting up
in several countries.

* hTe 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.

* Weak and eroding land tenure security, inappropriate fuelwood
pricng, and feeble rural infrastructure programs are major weak
points almost everywhere.

* In many countries, major deficiencies remain to be addressed in
rural health care and education (and particularly female educa-
tion), rural infrastructure, participation of local communities in
development efforts, forest and conservation policy, sound urban-
ization policy, and effective family planning programs.
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Several countries are already pursuing many oi the policies and
approaches suggested here. They are capitalizing on the positive syner-
giesbetweenagriculturalgrowthandproductivitygains, environmental
resource protection and reduction inhuman fertility rates and achieving
measurable improvements in the welfare of rural people. Kenya,
Zimbabwe, Botswana, and Mauritius are examples. They strongly sug-
gest that the type of nmeasures recommended here are likely to be
effective. Others, such as Benin, Burkina Faso, Ghana, Tanzania, and
Uganda, are moving in the right direction.

Issues and Follow-Up

Many of the issues touched uponhere require more focused and detailed
research and analysis. Among them are the followingg:

* Thereis aneedfor futherresearchto ascertainthe relative import-
ance of the various factors that influence human ferility decisions
a-nd trends. Gender-specific analysis is particularly essential in tiis
area.

* The expected impact of AIDS on population growth has been incor-
porated in the most recent population prqections used here. How-
ever, given the difficulty of predicting its impact, the possible
margin of error is considerable. More research is needed. Should
AsIDStumouttohaveevenmoredevastatingimpactondemograph-
ics than currenty anticipated, improved health care, Fp services,
andeducationfocused onpreventingsexuallytransmitteddiseases
and increasing the use of condoms could become the single most
important intervention to be undertaken in Sub-Saharan Afica.

* More analysis is needed conceming the productivity potential of
the environmentally benign and "sustainable" agricultural tech-
nologies identified. The environmental effects of "green revolu-
tion" tedhnologies also need careful study.

* Work is needed to determine and test the degree to which commu-
nities and community groups wil be conservation-minded if and
when natural resource management is tured over to them by
governments.

* Urbanization and the urban-rural link are inportant determinants
of key aspects of the agriculture-population-environment nexus.
More research is required in this direction.

* There is some argument with the contention of this study that,
although multisector planning is necessary, multisectoral prcjects
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to implement such plans wi generally be undesirable. Some writ-
ers suggest that regional development plans could i many cases
be implemented in an integrated fashion. Although this makes
conceptual seise, the disappointing past experience with inte-
grated rural developmentprojects suggests thatsuchprograms are
too complex to be managed as integrated wholes. Row best to
implement integrated location-specific plans through manageable
components remains an issue to be explored.

The eiuity impact of these recommendations needs furiter scru-
tiny. Reducng open access to land, expanding the areas under
protection, and raising the price of woodfuels wfll have negative
effects on some of the poor. However, improved agricultural tech-
nology,sucessful fmilyplanningbbetter access toruralhealthand
educationfactesandserinces,improvedarstcture,d
so kud urban development will have positive impact on the poor.

The follow-up to this stu dy indudes the prparaon of coutry-spe-
citic population, agriculture, and enviromnent nexus studies in C6te
d'Ivoire, Ethiopia, Malawi, Kenya's Madakos District, Nigeria, and the
Sahelian countries as a group. These studies wil help firm up the
analytIcal famework and will be instumentl i adapting the analysis
to the situation of specific countries. ReBvrsng the Spiral was the most
important input for a revised agrictural development strategy for
Sub-Saharan Africa recently prepared by the World Bank's Africa Re-
gion (Ceaver 1993). Follow-up also indludes widespread incorportion
of nexus issues in En enlAction Plans and in investment pro-
jects. Concurrent monitoring is under way regarding the progress of
preparation and implementation of National Environmental Action
Plans and of national population programs. The istinal locus for
the former is the "Cub of Dublin, comprisng represenatives of Ari-
can governments and donor agenes The situional arrangment for
deepeningthepopulationagendaforssAand formonitoringitsprogress
is the African Popuflation Advisory Committee, with similar member-
ship.Itis hopedthatasimiIarAfricanAgriculturalAdvisoryCommittee,
managecdbypromientAficans, wil also be established.



Stafistical Appendix



Table A-1. Basic Indicators
Popelthaton Arta GNP per capita Priargiyschoolenrollmcnit Adult ilileracy

('000) ('000 bi 2) (US$) Lf expeciattcv (years) (pLeceugof ge grutp) (age 15+)
Country MId-1990 1990 1990 Mid-1960s 1990 Mld-1960 199f 1990

Sub-Saharan Africa 473,634 22,240 350 43 51 44 70 51
Angola 10,012 1,247 - 35 46 39 95 58
Benln- 4,740 113 360 42 51 34 61 77
Botswana 1,254 582 2t190 48 68 65 110 26
Burkina Faso 9,016 274 270 38 48 12 36 82
Burundl 5,427 28 210 43 48 26 72 50
Cameroon 11,739 475 950 42 55 94 101 46
CapeVerde 371 4 680 54 67 - 116 -
Central Afiican Rep, 3,035 623 400 41 47 56 67 62

r Chad 5,680 1,284 180 36 47 34 59 70Fi Comoros 475 2 480 44 56 24 75 -

Congo 2,276 342 1,000 44 52 114 - 43
C6tedl[volre 11,902 322 760 42 52 60 75 46
Djibouti 427 23 - 38 49 - 47 -
Equatorial Guinea 417 28 340 38 47 65 - 50
Ethiopia 51,180 1,222 120 43 48 11 38 -

Gabon 1,136 268 3,550 42 53 134 - 39
Gambia,The 875 11 340 34 44 21 64 73
Ghana 14,870 239 390 47 55 69 75 40
Guinea 5,717 246 440 35 43 31 37 76
Guinea-Bissau 980 36 180 35 39 59 26 64
Kenya 24,160 580 370 47 59 54 94 31
Lesotho 1,768 30 550 48 56 94 107 26
Liberia 2,561 III - 44 55 41 35 61
lMadagascar 11,673 587 230 43 51 65 92 20
Malawi 8,507 118 200 39 45 44 71 59



Mali 8,460 1,240 280 38 48 24 24 68
Mauritania 1,969 1,026 500 37 47 13 51 66
Mauritius 1,074 2 2,310 61 70 101 106 17
Mozambique 141,707 802 80 38 47 37 58 67
Niger 7,666 1,267 310 37 46 11 29 72

Nigerlaa 96,203 924 340 39 51 32 70 49
Rwanda 7,118 26 320 44 46 53 69 50
Sao Tomdand Prlnclpe 17 1 410 - 67 - 138 33
Senegal 7,404 197 720 41 48 40 59 62
Seychelles 68 .. 5,100 - 71 - - -

Sierra Leone 4,136 72 250 33 42 29 53 79
Somalia 7,805 638 120 38 48 10 15 76
Sudan 25,188 2,506 - 40 51 29 49 73
Swaziland 797 17 1,030 43 57 74 104 32
Tanzania 24,517 945 100 43 51 32 63 -

Togo 3,638 57 410 42 54 55 103 57
Uganda 16,330 236 180 47 46 67 71 52
ZaYre 37,320 2,345 220 43 52 70 79 28
Zambia 8,111 753 460 44 49 53 95 27
Zimbabwe 9,805 391 680 48 60 110 125 33

India 849,515 3,280 360 47 60 74 97 52
China 1,133,698 9,561 370 55 70 89 135 27

-Not available.
,.Less than 0.5.
Note: Excludes Namibia (pop. 1,780,000) and South Africa (pop. 35,919,000), as well asMayotte (pop. 73,000), Rdunlon (pop. 593,000), Ascenslon (ppp. 1,000),

St. Helena (pop. 6,000), and Tristan da Cunha (pop. 300).
a. Following the 1992 Census, Nigeria's population estimates have been revised downward.
Source: World Bank 1992b, 1993a, 1993b, 1993c; UNDP/World Bank 1992; Dos and other 1992.



Table A-2. Population Growth and Fertility Rate.
Aerag Ant twtal Growth of Population (percent) t

Projctci Totalfertiligy
Country -1965480 1980-90 199095 1995-2000 1965 1990

Sub-Saharan Afdica 2.7 3.1 2.9 2.8 6.6 6.4
Angola 2,8 2.6 2.8 3,1 6.4 6.5
Benln 2.7 3,2 3.0 2,7 6.8 6.4
Botswana 3.6 3.3 2.8 2.2 6.9 4.7
Burkina Faso 2,1 2.6 2.8 2.9 6.4 6.5
Burundl 1.9 2.8 3.1 3.1 64 6.8

Cameroon 2.7 3.0 2.9 2.9. 5.2 5,9
Cape Verde 1.6 2.4 3.2 2.8
Central African Rep. 1.8 2.7 2.5 2,4 4.5 5.8
Chad 2.0 2.4 2.6 2.8 6.0 6.0

v Comoros 2.2 3.5 3.5 3,3 - -

Congo 2.8 3.4 3.2 3.2 5.7 6.6
C6te d'lvoire 4.1 3.8 3,5 3,3 7.4 6.7
DJiboutI - 3.3 3.1 3.1 - -
EquatoriaIGuinea 1,7 1.9 2.2 2,3 - -
Ethiopia 2.7 3.1 3.3 3.4 5.8 7.5

Cabon 3.6 3.6 2.7 2.8 4.1 5.7
Gambia,The 3.0 3.3 2.9 2.8
Chana 2.2 3A4 3.1 2.9 6.8 6.3
Guinea 1,5 2.5 2.7 2.9 5.9 6.5
Guinea-Bulssau 2.9 1.9 1.9 2,0

Kenya 3.6 3.8 3,5 3.3 8.0 6.6
Lesotho 2.3 2.7 2.7 2.5 5.8 5.6
Liberia 3,0 3.1 3.0 2,9 64 6.3
Madagascar 2.5 3.0 2.9 2.7 6.6 6.3
Malawi 2.9 3.4 3.3 3.3 7.8 7.6



Mali 2.1 2,5 2.9 3.1 6.5 7.0
Mauritania 2.4 2.4 2.7 2.9 6.5 6.8
Mauritius 1.6 1.0 0.9 0.9 4.8 1.9
Mozambique 2.5 2.6 2.9 3.1 6.8 6.4
Niger 2.6 3.3 3.1 3.3 7.1 7.1

Nigeria 2.5 3.2 2.9 2.8 6.9 6.0
Rwanda 3,3 3.3 3.9 3.7 7.5 8.3
Sio Tome and Principe 2.1 2.7 2.6 2.4 - -
Senegal 2.9 2.9 3.0 3.1 6.4 6.5
Seychelles 1.9 0.7 1.0 1.0

Sierra Leone 2.0 2A 2.5 2.6 6.4 6.5
Somalia 2.9 3.1 3.0 3.1 6.7 6.8
Sudan 3.0 2.7 2.8 2.7 6.7 6.3
Swaziland 2.8 3.3 3A 3.3
Tanzania 2.9 3.1 3.0 3.1 6.6 6,6

tj Togo 3.0 3.5 3,3 3.1 635 6.7
Uganda 3,0 2.5 3,3 3.2 7.0 7.3
ZaTre 3,1 3.2 3.0 2.9 6,0 6.3
Zambia 3,0 3.7 3.2 2.9 6.6 6.7
Zimbabwe 3.1 3.4 2.7 2.1 .80 5.0
India 2.3 2.1 1.8 1.6 6.2 4.0
China .2 1.4 IA 1.2 6A 2.

-Not available,
a. Projections are based on present trends; hence the slight decline In growth rates results only from the slightly declining trend In a few countries. The

projectlons Include the probable inpact of AIDS. They do not Include the impact of more successful populatlon programs.
b. The Total Fertility Rate (TFR) Is the average number of children who would be born alive to a woman during her lifetime if she were to pass through her

childbearing years conforming to the age-specific fertility rates of a given year.
Source; World Bank 1992b, 1993c; Boa and others 1992.



Table A-3. Crude Birth and Death Rates, Infant and Child Mortality Rates, 1965 and 1990
Child miortality
(unider age 5) per

Crude birth rat per 1,000 populat Ion Crude death rate per 1,000 populallon antI mortality per 1,000 live births 1,000 live birthis
CoutJry 1965 1990 itmld-1960s 1990 mI?d-1960s MRY MRY

Sub-Saharan Africa 48 46 23 16 157 107 177

Angola 49 47 29 19 192 127 214
Renin 49 46 24 15 166 111 166
Botswana 53 35 19 6 t12 36 40
Burkina Paso 48 47 26 18 190 133 199
Burundi 47 49 24 18 144 107 179
Cameroon 40 41 20 12 143 64 121
Cape Verde - - 97 43 50
Central African Rep. 34 42 24 16 157 106 129
Chad 45 44 28 18 183 124 208
Comoros - - - - 152 90 128

Congo 42 48 15 15 129 125 168
COted'volre 52 45 22 12 149 95 154
Jliboutl - - - - 171 113 189

Equatorial Guinea - - - -177 118 198
Ethiopia 43 51 20 I1 165 130 195

Gabon 31 42 22 15 153 95 154
CGambia,The - - - - 199 134 227
Ghana 47 44 18 13 120 83 131
Guinea 46 48 29 21 191 136 227
Guinea-Bissau - - - - 192 148 249

Kenya 52 45 20 to 112 67 105
lesotho 42 40 18 12 142 81 157
Liberia 46 44 20 14 176 134 218
Madagascar 47 45 22 15. 201 114 165
Malawi 56 54 26 20 200 143 195



Mali 50 50 27 19 207 161 193
Mauritania 47 48 26 19 178 119 199
Maudtius 36 17 8 6 65 19 25
Mozambique 49 46 27 18 179 149 280
Niger 48 51 29 .20 180 126 320

Nigeria 51 43 23 14 162 85 186
Rwanda 52 54 17 18 145 III 222
Sao Tomd and Principe - - - - 67 88
Senegal 47 45 23 17 160 81 150
Seychelles - - - 7 - 17 21

Sierra Leone 48 47 31 22 208 145 359
Somalia 50 48 26 IB 165 128 210
Sudan 47 44 24 15 160 101 166
Swaziland - - - - 148 110 144
Tanzania 49 48 23 18 138 115 162

; Togo 50 48 . 22 14 153 87 140
Uganda 49 51 19 19 119 1Is 185
ZaYre 47 45 21 14 140 95 150
Zambia 49 49 20 15 121 106 176
Zimbabwe 55 37 17 8 103 48 57

India 45 30 20 11 150 90 124
China 38 22 10 7 90 38 43

-Not avallable.
MRY Most recent year (usually 1990).
Source; Worid Bank 1992b, 1993a.



Table A-4. Population Estimates and Projections Based on Targeted Decline of 50 Percent In Total Fertility Rate by 2030
Hypotlhelical Assumed
stationary Awrage a tutta? populaR ioy jearof

Poputlation' (tousands) 14pilt? growth percent) Totalfertility rate (TFR) reachint
CoUn try 1980 1990 2020 2030 (mIllions) 1990-95 2020-25 2025-30 1990-95 2020-25 2025-30 NRR-2

Sub-Sahear Africa- 351,114 476,086 1,071,870 1,305,581 2,604 2.99 2z05 1.84 6.24 3.53 3.12 2055

Angola 6,993 10,012 23,662 29,604 61 2.84 2.36 2,12 6.56 4.19 3.59 2045
Benin 3,464 4,740 9,647 11,223 19 2.97 1.60 1.43 6.20 2.88 2.59 2035
- otswana 902 1,277 2,303 2,613 4 2.75 1.33 1.20 4.33 2.09 2.08 2015
Burkina Paso 6,962 9,016 20,110 24,511 48 2.79 2.12 1.84 6.50 3.80 3.20 2045
Burundl 4,130 5,492 12,544 15,522 32 3,14 2.27 1.99 6,80 4.10 3.50 2045

Cameroon 8,701 11,524 25,793 30,622 53 2.87 1.83 1.63 5.85 2.93 2.57 2035
Cape Verde 289 371 768 898 1 3.16 1.64 1.47 5.28 2.23 2.10 2025
Central African Rep. 2,320 3,008 5,706 6,607 11 2.53 1.54 1.39 5.75 2.98 2,65 2035

o Chad 4,477 5,680 12,229 14,786 28 2.56 2.00 1.79 6,03 3.60 3,10 2040
Comoros 333 475 1,163 1,416 3 3,45 2.12 1,81 6,70 3.13 2.65 2035

Congo 1,639 2,276. 5,638 7,050 14 3.23 2.39 2.08 6.61 3.84 3.24 2045
COted'lvolre 8,194 11,902 28,499 34,343 63 3.54 1.95 1.78 6.61 3.23 2.86 2040
Djibouti 304 427 967 1,153 2 3.13 1.86 1.67 6.60 3.30 2.91 2040
EquatorlalGuinea 341 417 773 894 2 2.22 1.54 1.37 5.50 3.00 2.65 2035
Ethiopla 37,717 51,180 135,523 177,229 417 3.29 2.81 2.56 7.50 4.80 4.20 2050

Gabon 797 1,136 2,524 3,097 6 2.74 2.19 1.91 5,92 3.75 3,15 2045
Gambia, The 634 875 1,953 2,413 5 2.88 2.22 2.01 6.50 4.40 3.50 2045
Ghana 10,740 14,870 31,765 36,944 62 3.09 1.65 1.37 6.10 2.72 2.34 2030
Guinea 4,461 5,717 13,005 16,112 33 2.70 2.25 2.04 6.50 4.40 3.80 2045
Guinea-Blssau 809 980 1,760 2,054 4 1,90 1.61 1,48 6.00 3.90 3.39 2040

Kenya 16,632 24,160 58,239 70,146 124 3.48 1.99 1,73 6.43 3.02 2.61 2035
Lesotho 1,339 1,768 3,398 3,867 6 2.69 1.35 1.24 5.50 2.34 2.20 2025
Liberia 1,879 2,561 5,463 6,427 11 3.01 1.73 1.52 6.20 2.85 2,54 2035.
Madagascar 8,714 11,673 23,781 27,437 45 2.89 1.56 1.30 6.16 2.79 2.40 2030
Malawi 6,138 8,507 21,263 27,323 62 3,34 2.61 2.40 7.60 4.90 4.30 2050



Mali 6,590 8,460 20,643 26,399 57 2.87 2.58 2.34 7.06 4.47 3.87 2050
Mauritania 1,551 1,969 4,700 6,027 14 2.69 2,59 2.38 6.80 4.70 4.10 2050
Mauritlus 966 1,075 1,362 1,427 2 0.86 0.50 0.42 1.75 2.01 2.06 2030
Mozamb3que 12,103 15,707 36,906 46,257 96 2.88 2."S 2.14 6.52 4.26 3.66 2045
Namlbia 1,066 ,439 3,759 4,374 7 3.01 1.64 1.39 5.79 2.59 2.27 2030

Niger 5,515 7,666 20,434 27,115 72 3.12 2.92 2.74 7.18 5.25 4.65 2055
Nigeria 71,148 96,203 197,719 231,711 398 2.87 1.69 1.48 5.86 2.89 257 2035
Rdunion 506 593 849 919 1 1.51 0.83 0.75 2.16 2.05 2.05 1995
Rwandad 5,163 6,921 19,567 25,700 65 3.93 2.84 2.61 8.29 4.99 4.39 2055
SSoTomd and Princlpe 94 115 220 249 .. 2.60 1.31 1.19 4.95 2.16 2.06 2025

Senegal 5,538 7,404 17,347 21,332 43 3.04 2.21 1.92 6.50 3.80 3.20 2045
Seychelles 63 68 92 102 .. 0.95 1.01 0.90 2.70 2.07 2.07 2005
Sierra Leone 3,263 4,136 8,986 11,127 23 2.46 2.24 2.04 6.50 4.40 3.80 2045
Somalia d 5,746 7,805 18,571 23,092 47 2.98 2.31 2.04 6.77 4.07 3.47 2045
South Africa 29,529 37,959 61,183 68,300 96 2.32 1.14 1.06 4.08 2.12 2.11 2020

S Sudan 19,152 25,118 51,095 59,662 101 2.84 1,65 1.45 6.22 3,00 2.65 2035
Swaziland 565 797 1,938 2,338 4 3.44 2.02 1.73 6.57 3,07 2.64 2035
Tanzanla 15,098 24,470 56,990 70,466 144 3.02 2,24 2.00 6.61 4.13 3.53 2045
Togo 2,615 3,638 8,289 9,896 17 3.32 1.90 1.64 6.50 3.04 2.65 2035
Uganda 12,807 16,330 37,416 45,670 91 3.29 2.13 1.86 7.30 4.00 3.40 2045

Zaire ' 27,009 37,391 81,408 96,557 171 3.04 1.83 1.58 6.22 3.15 2.72 2035
Zambia 5,647 8,050 17,949 21,553 41 3.18 1.93 1.73 6.67 3.51 3.06 2040
Zimbabwe 7,009 9,805 16,964 19,046 28 2.65 1.20 1.11 4.55 2.22 2.19 2015

Indfa 687,332 849,515 1,254,486 1,407,236 1,855 1.81 0.96 0.87' 3.74 2.15 2.12 2015
China 981,234 1,133,698 1,540,268 1,647,707 1,806 1.44 0.73 0.62 2.37 2.08 2.08 2000

Less than 500,000.
a. Assumes that a fertility transition will start In any country in the 5-year period when the combined male and female ife expectancy reaches 50 years,but

in any case no later than In 2005. This Implies that for SSA as a whole the TFR will be 50 percent lower during 2025-2030 than It Is today.

(Table conirnues on the follozing page.)



Table AA (continued)

b. Even when the net reproduction rate (NR) reaches one, the age structure Is such that the number of women In, or yet to enter, their childbearing years
causes total births to exceed total deaths. Populations will therefore continue to increase for considerable periods before reaching their hypothetical stationary
levels.

c. Sub-Saharan Africa here excludes Namibla and South Africa.
d. Population estimates for Nandbia (1980 and 1990), Rwanda (1990) and South Africa (1980 and 1990) as shown here and reported in World Bank 1993b

have been significantly revised since the publication of demographic projections in Bos and others 1992.
Source: bos and others 1992; World Bank 1993b.



Table A-5. Contraceptive Prevalence Rates Required to Achieve
Target Population Projectons in Table A-4

Estimated contraeptive prevalence ites (percennt)
Country 2990 2020 2025 2030

Sub-SaharanAfuic& 10DA 45.3 5.5 55.5

Angola 4.0 30.9 34.9 38.8
Botswana 35.8 635 681 72.8
Burkina Faso 70 36.2 41.0 45.7
Burundi 125 46.9 52.1 572
Cameroon 79 42.4 47.6 52.6

Chad 6.1 352 39.9 44A
C6ted'lvoire 78 41W7 46.8 51.7
Ethiopia 4.6 27.6 3L9 36A4
Ghana 16.8 53.8 59.7 65.7
Guinea 7.4 4187 55.2 61.6

Kenya 28.1 63.6 72.1 78.B
Liberia 11.3 49.8 56.5 63A
Madagascar 6.7 49.2 56.3 63A
Malwi 49 30.7 34.6 38.5
Mali 7.0 29.6 33.4 372

Mozambique 4.6 36.4 4L2 45.8
Niger 5S 24.1 27.2 30.1
Nigeria 92 49.5 56.0 62.4
Rwanda 135 39.7 44.4 49.1
Senegal 142 42.0 46.5 50.9

so 5$7 33.4 - 38.3 432
Sudan 10.6 47.8 54.2 60.7
Tanzania 11.9 47.6 53.1 58.5
TlOD 36.9 63.3 67.2 71.0
Uganda 72 40.1 45.7 51A

Zaire 53 41.4 47.8 54.5
Zambia 82 41.7 47.6 53.5
Zimnbabwe 45.8 72.8 77.3 819

India 37.7 642 61.4 64.8
China 81. 85.0 82.6 82.8

a. The estimated contraceptive prevalence rates (CPR) were derived by applying
Boaart model toavailablecountry-specinformation,indludingdatLonCPR,contra-
ceptive mix and proportion manied, with assumptions on lelMy changes. (For countries
without such information, proxy data from countries with a similar socio-cultural back-
ground were utized.) The CPR estimates refer to the percentage of women aged 14-9
using contraception (both modem and taditional). For india and China, they refer to
married women aged 15-44. Countries in this table areselected an thebasis of the size of
their population (over 5 million) and/or availability of information from Phase I of the
Demographic and Health Surveys (Oct 1984-Sept 1989).

Sourcc World Bank; Demograplic and Health Surveys, Institute of Resource Develop-
ment/Macro System, Inc., Columbia, M

221.



Table A-6. Demand for Contraception and its Components Among Currently Married Women
Denmandforcntraception UnmetNeeds Current Use Percent of Demand Satisfied

N For For For For For For For For
Country total spacing limitiJg Total spacing limiting Total spacing limitintg Total spacing limiting

Sub-Saharan Africa
BIotswana 61,6 38.6 23.0 26.9 194 7.4 33.0 17.9 15.1 53.6 46A 65.7
Burundi 33.8 23.5 10.3 25.1 17.7 7.4 8.7 5.8 2.9 25.8 24.7 282
Ghana 48.1 34.2 13.9 35.2 26.2 9.0 12.9 8.0 4.9 26.8 23A 353
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
Liberia 39.3 23,4 15.8 32.8 19.8 13.0 6.4 3.6 2.9 16.4 15A 18.4
Mali 27.6 21,2 6.4 22.9 17.2 5.7 4,7 4.0 0.7 17.0 18.9 10.9
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 15.6 665 73.1 57.4

Nolh Afdca
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
Miorocco 60.8 26A 34.4 22.1 12,5 946 35.9 12.7 23.2 59.1 48.1 674
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



* Asia
Indonesia 64.7 28.5 36.1 16.0 10.1 6.0 4Z8 17,8 29.9 73.8 62.5 82.8
Sri Lanka 73.9 21.5 54.4 12.3 7.2 5.1 61,7 13.1 48.6 81.3 60.9 893
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 America and the Caribbean
Bolivia 69.8 17.5 52.3 35.7 9.5 26.2 30.3 6.5 23,8 43.4 37.1 455
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 ISA 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 47.0 242 10.8 13,4 443 11.6 32.7 62.5 48,7 69.6
Guatemala 53A4 22.1 31.4 294 164 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 77r8 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 64.1 363 76.1
Trinidad and Tobago 71.1 28,6 42.5 16.1 5.3 7.9 52.7 18.9 33.8 742 65.1 795

Note: Data are for the late 19Ss. Except for several countries in the last column, all data shown represent the percentage of currently married women. Total
demand Includescurrentuse,method failures,and unmetneeds. Unmet needs includenonuse among womenwho would like to regulate theirfertility. Percent
of demand satisfied is the proportion of current use to total demand.

Source: Westoff and Ochoa 1991.



Table A-7. Developing Countries by Strength of Family Planning
Programs, 1989
Strong Moderte Weak Very weakornone

Bangladesh Algeria Afganistan Argentina
Botswana Chile Angola Bhutam
China Colombia Benin Cambodia.
El Salvador CostaRica Bolivia Chad
India Cuba Brazil Gabon

Indcnesia DominaniRep. BurkinaFaso Iraq
Korea, Rep. of Ecuador Burundi CBtedIvoire
Mexico Egypt Cameroon Kuwait
Sri Lanka Ghana CentralAfi.Rep. Lao,P FD
Taiwan Guatemala Congo Libeda

Trailand Guyana Etl6opia Libya
Tunisia Hondumas Guinea Malawi
Vxeniam hran Guinaissau Myanmar

Jamaica atid Naml-bia
Kenya Jordan Oman

Kora,P.D.IL LesotlFo SaudiArabia
Lebanon Madagscar Somalia
Malaysia Mali Sudan
Mauritius Maunrinia Urited Arab Eirates
Morocco Mozambique

Neal Niger
Palstan Nigria
Panama Papua New Guinea
Peru Paraguay
Phlippries Rwanda

SouthAfrica Senega
Singapore SienraLeone
Tinidadand,Tdago Syria
Venezuela Tanzania
Zambia ogo

Zmbabwe Turkey
Uganda
Uruguay
Yemen
Zaire

Bold te denotes countries in Sub-Saharan Africa
Note:Themaximu possible score for programeffortwas 120. Country program effort

scoreswere divided into fourgroups: stron = 80+; moderate=55-79; weak =25-54; very
weak or none = 0-24. The average score was 53.

Sou-c IMauldin and Ross 199L

2724



: Table A-4. Total Fertility Rates, Desired Number of Children, Infant and Child Mortality Rates, and Contraceptive
Prevalence Rates

Contraceptive prealence rates
Desired numberof children _ (% ofcurrently marrked women?

Total Mean, Itnfaot Child Currmntly using
fertilify Mean, uomen nwrtality mortalijy Currently using any modep:

Country DM survey year rWes oIl women iunion rail mit' anymet _ metho

Botswana 1988 4.7 4.7 5.4 37 53 33 32
Bumndl 1987 6,5 5,3 5,5 75 152 7 1
Ghana 1988 6.1 5,3 5.5 77 155 13 5
Kenya 1989 6.5 4A 4.8 60 89 27 18
Liberia 1986 6A 6.0 6.5 144 220 6 6
Mali 1987 6.9 6.9 6.9 108 250 3 1

p Nigeria 1990 5.7 - - 87 192 6 4
Nigerla-OndoState 1986/87 5.7 8.7 6.1 56 108 6 4
Senegal 1986 6.2 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 1988/89 7,2 6.5 6.8 101 180 5 3
Zimbabwe 1988/89 5.3 4.9 5.4 53 '/5 43 36

-Not available,
a. Women aged 15-49.
b. Based on 3 years preceding the survey; women aged 15-44.
c, Based onS year. preceding the survey; per thousand,
d. Children under 5 years of age.
e. Excluding prolonged sexual abstinence.
f. Excluding periodicabstinence, withdrawal, and "other" methods.
Source: Demographic and Health Surveys, Ins6tute of Resource Development/Macro International, Columbia, Md.



Table A-9. Performance of the Agriculture Sector
Agricultural GDP, auerageannuaxlgrowtl ipcrce,en) Agricullttura slarTe of GDP tpercntI)

Cou,Itry 1970-S80 1980-91 1965 1991

Sub-Saharan Africa 1.5 1.8 40 31
Angola -0.5 - 13
Benin 1.8 4.9 59 37
Botswana 8.3 3,0 34 5
BurkinaFaso 1.0 3.2 37 44
Burundi 3,2 3.1 - 55

Cameroon 4.0 III 33 27
Cape Verde -

Central African Rep. 1,9 2.4 46 41
Chad -0.4 3.4 42 43
Comoros - - -

Congo 2.5 3.3 19 12
C6te d'lvolre 2.7 -1.2 47 38
Djlbouti - - - -
Equatorial Gu{nea - -
Ethiopia 0.7 0.3 58 47

Gabon - 0.9 26 9
Gambia, The - 7,1 -

Ghana -0.3 1.2 44 53
Guinea - - 29
Guinea-Bissau -1.2 5.0 46

Kenya 4.8. 3.2 35 27
Lesotho 0.2 1,8 65 14
Liberia - - 27
Madagascar 0.4 2.4 25 33
Malawi 4.4 2.4 S0 35



Mali 4.2 2,4 65 44
Mauritania -1.0 0.7 32 22
Mauritius -3,3 3.2 16 11
Mozambique f16 - 64
Niger -3.7 68 38
Nigeria -0.1 3.5 55 37
Rwanda 7.1 -1.5 75 l 38
Sao Tomd and Principe - -1.3-
Senegal 1.3 2.7 25 20
Seychelles - -2.9 -
Sierra Leone 6.0 2.7 34 43
Somalia - 3.3 71 65
Sudan 3.3 54
Swaziland - 3,9
Tanzania 0.7 4.4 46 61

4 Togo 1,9 5,3 45 33
Uganda - 2.5 52 51
ZaY're - 2.5 20 30
Zambia 2.1 3,3 14 16
Zimbabwe 0.6 2.2 18 20
India 1.8 3.2 44 31
China 2.6 5.7 38 27

-Not available.
a. 1980-1988 for The Gambia, Sfo Tome and Principe, Seychelles, Swaziland; 19090 for Angola, Somalia, Uganda, ZaTre.
b. 1990 for Angola, Somalia, ZaTre,
Source. World Bank 1992b, 1993c.



Table A-10. Food Security
Average

Popu[atIonfacltrgfood Averagedallysupply supply.4s Average annual Index of per capita
hIsecurity 1980/82 ofcalories per capita percentage of cereal tmports foodproduction

(percetit Average milnrnum _ ('000 tons) (1979-81 =100)

Counliry (milulons) of lola!) 1965 1986-89 requIrectment' 1974 1990 1964-66 1989-09

Sub-Saharan Africa 98. 28 2,074 2,027 87 4,209 7,838 - 94

Angola - - 1,907 1,742 74 149 272 127 81
Benin 1 18 2,019 2,115 92 8 126 94 112
Botswana - - 2,025 2,251 97 21 87 134 113
Burkina Paso 2 32 1,882 2,002 84 99 145 113 114M Burundl 1 26 2,131 2,320 100 7 17 100 92

Cameroon 1 9 2,011 2,142 92 81 398 89 89
Cape Verde - - - 2,500 107 - - 163 -
Central African Rep. 1 29 2,055 1,965 87 7 37 94 91
Chad 2 54 2,395 1,821 76 37 36 124 8S
Comoros - - - 2,059 88 - - 114 -

Congo 0 27 2,260 2,519 114 34 94 110 94
C6te d'lvoire 1 8 2,352 2,405 104 172 502 73 101
Djlbout - - - - - - -

EquatorlalGulnea - - - - - - - -
Ethiopia 15 46 1,853 1,684 72 118 687 111 84

Gabor, 0 7 1,955 2,398 103 24 57 110 84
Gambla,The 0 19 - 2,339 98 - - 152 -
Ghana 4 36 1,937 2,167 94 177 337 120 97
Cuinea - - 2,187 2,007 87 63 210 106 87
Guinea-Bissau - - - 2,437 106 - - 140 -



Kenya 6 37 2,208 2,016 87 15 188 119 106
Lesotho. - - 2,049 2,275 100 48 97 120 86
Liberia 1 30 2,158 2,344 101 42 70 95 84
Madagascar 1 13 2,447 2,174 95 114 183 105 88
Malawi 1 24 2,259 2,057 89 17 115 87 83

Mali 3 35 1,938 2,114 90 281 61 100 97
Mauritania 0 25 1t903 2,465 107 116 85 143 &6
Mauritius 0 9 2,269 2,690 118 160 210 111 100
Mozambique 6 49 1,712 1,604 68 62 416 132 81
Niger 2 28 1,996 2,321 98. 155 86 105 71

Nigeria 14 17 2,185 2,083 88 389 502 125 106
Rwanda 1 24 1,856 1,817 78 3 21 78 77
SAo Tomd and Principe - - - 2,529 108 - - - -
Senegal 1 21 2,372 2,162 91 341 534 156 102
Seychelles - - - 2,117 91 - - - -

Sierra Leone t 23 2,014 1,813 79 72 146 99 89
r Somalia 2 50 1,718 1,781 77 42 194 144 94

Sudan 3 18 1,938 1,981 84 125 186 89 71
Swaziland - - - 2,554 110 - - 68 -
Tanzania 7 35 1,831 2,186 94 431 73 87 88

Togo 1 29 2,454 2,110 92 6 . 111 118 88
Uganda 6 46 2,361 2,034 88 36 7 110 95
ZaYre 12 42 2,187 2,079 93 343 336 110 97
Zambia 3 48 2,072 2,028 87 93 100 98 103
Zimbabwe - - 2,075 2,193 92 56 83 96 94

Not available,
a. Average per capita daily calorie supply data for 1986-89 divided by requirement established by WHO for each country.
Note: Food security Is defined as access to enough food for an active and healthy life. The minimum daily calorie requirement to meet the energy needs of

an average healthy person, as calculated by the World Health Organization for each country, Is taken into account.
Sounrce: Index of food production, cereal Imports, per capita calorie supply 1965 from World Bank 1992b; except for Cape Verde, Comoros, The Gambia,

Guinea-Bissau, Sao Tome and Principe, Seychelles, Swaziland for which the source Is World Bank 1989d. Per capita calorie supply 1986-89 is taken from
UNDP/World Bank 1992 (Table 13-8).



Table A-li. Crop Yields
Cereals Roots and tuLbers

Tons/ha Average annual percentage Tonsfha Amerage annual percentage
Country 1989 chtatge over 1964-66 1989 changeover 1964-66

Angola 0.3 -4.2 40 1.1
Benin 0.9 1.8 9.3 1.2
Botswana 03 -2.1 5.4 1.7
Burkina Faso 0.7 1.6 6.0 4.3
Burundl 1,2 0.8 8,1 0.0

Camneroon 1.3 2.0 2.6 0.8
Cape Verde _ _ _ _
Central African Rep. 1.0 0.9 3.5 0.7
Chad 0.5 -0.5 5.5 1.3

g Comoros 

Congo 0.7 -2.0 6.4 2.1
C6te d'lvoire 0.9 0.3 6.1 2.3

tjibouti - - -
Equatorial Guieea -
Elthlopla 1.2 2.0 3.3 -0.2

Gabon 1.4 0.4 6.2 1.1
Gambia,jThe - _ _
Ghana 1.0 -0.3 6.2 -0.7
Guinea 0.9 -0. 5.5 -0.6
Gulnea-l3issau

Kenya 1.7 1.0 8.6 0.3
Lesotho 0.8 0.3 14.0 0.4
Liberia 1.2 1.3 7,2 1.0
Madagascar 2.0 0.2 6.4 -0.1
Malawi 1.2 0.6 3.1 -1.8



Mall: 0.9 1.0 8.5 0.4
Mauritania 1.0 4.2 1.8 0.0
Mauritius 3,8 2.4 20.2 2.1
Mozambique 0.5 -3.0 6.3 0,7
Niger 0A -0,8 7.1 0.2

Nigeria 1.2 3.2 12A 1.2
Rwanda 1.1 0.4 7.8 0.7
Sao Tomd and Principe -
Senegal 0.8 1.7 4.3 0.5
Seychelles

Sierra Leone 1.4 0.2 3.3 -1.0
Somalia 0.8 2.1 104 0.2
Sudan 0,4 -2.4 2.2 -1.4
Swaziland -_ _
Tanzania 1.5 3.6 7,3 2.7

Togo 0.9 1,6 8.3 -2.?
Uganda 1.5 1.6 6.3 2.0
ZaYre 0.8 0.6 7.5 0.4
Zambia 1.7 4.6 3.7 0.5
Zimbabwe 1.5 0.7 4.8 0.9

India 2.0 2.8 15,7 2.2
China 4,0 3.9 15.0 1.9

- Not available.
Source: World Bank 1992b (pp. 202-203).



Table A-12. Growth Rates of Average Yields of Major Cereal and Export Crops
Average annual growth rate (percent)

Mapor cereal crop Major export crop
Country/crops 1975-80 1980-85 1986-MRY 1975-80 1980-85 1986-MRY

Angola (mialze, coffee) -6,1 -4.5 -6.9 -21A -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 (tmalze, cotton) 7,4 -1.9 7.7 5.5 7.3 -5.3
Burundi (maize, coffee) -143 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
Central African Rep. (maize, coffee) -2A4 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
Cte d'lvoire (maLze, coffee) 6.3 1.8 -1.2 -6.5 -10.8 -8.4

Equatorial Guinea (n.a., coffee) - - - 0.8 1.A 0.0
Ethiopia (malze, 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
Gambia, The (rice, groundnuts) 7.3 5.9 -0,5 -9.3 3.4 0.9
Ghana (maize,cocoa) -2.9 -.05 5,9 -3.6 -1.0 11.2

Guinea (maize, coffee) -3.3 2.4 -. 1 -0.1 -3.7 -2.2
Guinea-Blssau (rice, groundnuts) -6.6 6.2 4,5 -3.5 5.1 2.5
Kenya (maize, coffee) -7.2 4.0 -1.3 -3.9. -5.9 -0.6
Lesotho(malze,wheat) 114 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) -1A 1.5 3.3 -1.7 -1.1 06
Malawi (maize, tea) 3.5 -0.1 4.3 1.6 1.1 1.8
Mali (sorghum, cotton) 0.6 8.6 3.0 1,2 2.6 -3.1
Mauritania (sorghum, n.a.) -12.8 -4.1 -5.8 - - -
Mauritius' (potatoes, sugarcane) 1.7 8.7 0.3 1.1 2.1 -3.7

Mozambique(malze,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 01.5 0.4 3.3 2.2 7.9

Senegal (maize, cotton) -65 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 (matze, bananas) -1.4 8.5 -6.7 1.0 4.1 -0.8
Sudan (sorghum, cotton) -2.7 -9.1 -4.8 -4.5 20.0 5.3

g Swaziland (maize, cotton) -3.6 -0.8 7.7 6.4 -15 0.0

Tanzania (maize, coffee) 1.0 1.1 9,7 -1.8 -. 4 -83
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
ZaTre (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 -25
Zimbabwe (maize, cotton) -6.0 -1.5 1.1 0.8 3.3 -15.0

-Not available,
MRY Most recent year.
a. Data shown for major cereal crop refer to potatoes.
Source: UNDP/ World Bank 1992 (Table 8.15).



Table A-13. Growth of Agricultural Exports (Value and Volume)
Average annual grotwth rate (percent)

Value Volume
Country 197580 19805 198SMRY 1980-85 198i-AMRY

Sub-Saharan Africa 9.6 -24 -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
Botswana 3.2 0,8 3.5 -10.0 104 -28.0
Burkina Faso 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
Central African Rep. 13.2 -0.9 -8.0 -5.6 -03 1.8
Clhad 14.2 6.1 9,0 3.2 -. 6 -4.2

f Conwros 9.7 0.9 -5.9 -1,6 8.5 -32.3
S Congo 6.6 4.1 -3.5 -24.8 34.2 1.6

COte d'lvoire 19.9 1.5 -8.6 2.3 3.6 4.0
Djibouti 10.3 9.3 - 28,8 19.9
Equatorial Guinea 2.5 8.7 -16.4 -7,2 7.7 4.4
Ethiopla 13.7 -2.9 -11.2 -14.5 8.1 11.2
Gabon 48.9 -10.0 -19,3 13.5 -3.0 -115

Cambla,The -9,1 -1.6 3.1 -11.6 -3.6 23.2
Ghana 7.2 -10.6 -7.4 -134 -5.1 8.6
Guinea 13.3 -10.4 0.2 3.4 -8.2 -1.3
Guinea-Bissau 7.8 81 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 21A -2.5 -5,0 0.9 2.3 -2.5
Madagascar 9.8 -6.1 -104 -5.5 -3A 1.6
Malawi 13.5 0.7 10.0 11.3 5.0 -11.7
Mall 20.7 -2.1 9,6 13.0 -0.5 6.0



Mauritania 15.9 -3.9 1.5 0Q1 -6.7 -6.0
Mauritius 4.5 -4.8 4.9 4.4 -0.7 1.7
,.ozambique 7.0 -26.7 -1.1 -6.8 -23.9 17.0
Namibia 7.9 -,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 -11A -19.7 6.0 -03
Sfo Tomd and Prlncipe 24.7 -14.8 -10.4 6.2 -125 -3.1
Senegal -12.4 6.7 22.0 -48.1 -3.0 332
Seychelles 13A -14.9 19A 4.7 -7.9. -37.2

Sierra Leone 18.7 -1.7 -24.2 -73 -2.4 -. 4
Somalia 11.2 -14.3 -7.8 64 -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 -10A 7.0
Togo 18.3 1.3 4.8 0.9 0.6 -8.9
Uganda 4.8 5.1 -18.8 -15.3 82 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 24 -1.2 8.3 -11.8 3.6 -10.7

-Not available.
MRY Most recent year.
Note: Based on values in US. dollars (at current prices and exchange rates).
Source: UNDP/World Bank 1992 (Tables 8-8 and 8-9).



Table A-14. Incentive Strength of Official Agricultural Producer Prices
Ratio of official producers' price to f,iernational rericrce price

Average Average Average
Coursry Crop 1975-79 1980-85 1986-MRY

Angola Coffee 0.22 0.45 0.96
Benin Cotton (lint) 0.45 0.41 0.54
Botswana Groundnuts - 0.61
Burkinia Faso Cotton (lint) 0.42 0.34 0 ce,

N Burundi Coffee 0.51 0.60 0.60

Cameroon Cotton (lint) 0,42 0.37 0.40
Central African Rep. Coffee 0.29 0.18 0.34
Chad Cotton (lint) 0.75 - 0.51 0.54
Comoros Vanilla (dried) 0.43 0.32. 0.42
Congo Coffee 0.21 0.26 1.09

CUte d'lvoire Cocoa 0.40 0.51 0.79
EquatorialCuinea Cocoa 0.74 0.90
EWopia Coffee: 0,45 0.39 0.42
Gabon Cocoa 0,57 0.49 0.63
Gambia, The Groundnuts 0.54 0.62 0.71

Ghana Cocoa 0.30 0.87 0.25
Guinea Palm kemels 1.08 0.86 0.62
Guinea-Bissau Groundnuts - 0,63 0.51 0.34
Kenya Coffee 0.82 0.88 0.95
Lesotho V Wheat - 1.40 1.26



Liberia Coffee 0.42 0.64 0,79
Madagascar Coffee 0.40 029 0.38
Malawi Groundnuts 0.47 0,65 1.01
Mali Cotton (lint) - 0.34 0.39 0.50
Mauritius Sugar 0.90 0.61 0.52

Mozambique Tea 0.64 0.56 0.33
Niger Cotton (lint) 0.35 0,4'5 1.13
Nigeria Cocoa 0.53 1.12 0,49
Rwanda Coffee 0.58 0.89 0.81
Sbo Tomd and Principe Cocoa 0.36 0.99

Senegal Groundnuts 0.42 0.42 0.81
Sierra Leone Cocoa 0.47 0.66 0.42
Somalia Bananas 0,43 0.33
Sudan Groundnuts 0.55 0.40 0.96
Swaziland Cotton (lint) 0.46 0.29 0.27

Tanzania Coffee 0.39 0.55 0.36
Togo Coffee 0.24 0.31 0.54
Uganda Coffee 0.13 0,22 0.14
Za're Coffee 0.18 045
Zambia Tobacco 0.75 0.87 0.36
Zimbabwe Tobacco 0.66 0.62 0.58

-Not available/not applicable.
MRY Most recent year.
Note: Prices reflect offidal producers' prices, ntot actual fanrmgate prices.
SoUrce: UNDP/ World Bank 1992 (Table 8-2).



Table A-15. Irrigation and [ertilizer Use
Percentage ofagricuituiral land Irrigateda

Averageannual
cliaige in percent FerWtizer consumpJtanb (100 gha)

Country 1989 1965 1970171 1979/80 199019
Sub-Saharan Africa - 33 59 90
Angola - 33
Benln 0.3 5.8 36 77 38
Botswana .. 3.5 15 8 7
Burkina Paso 0.1 8.0 3 26 39
Burundi 3.2 6.9 5 7 16
Catneroon 0.2 8.5 34 47 31
Cape Verde 
Central African Rep. - - 12 1 4
Chad .. 3.6 7 - 18
Comoros

Congo .. 8.7 525 6 119
C6te d'lvoire 0.4 8A4 74 165 97
Djiboutl
Equatorial Cuinea -
Ethiopia. 0.3 0.3 4 27 80
Gabon -- 3 25
Gambla, The . -
Ghana 0.1 4.5 11 65 48

* Guinea 0A4 7.3 44 31 7Guinea-Bissau - - 5 17
Kenya 0,1 3,9 238 169 477
Lesotho _ 10 144 144Liberia , .. 63 -
Madagascar 2A. 5.3 61 25 26
Malawi 0.5 10.9 52 110 198



Mall 0.6 5,6 31 69 73
Mauritania .. 2.2 11 108 93
Mauritius 15.0 1.0 2,095 2,564 2,616
Mozambique 0.2 8.8 22 78 8
Niger 0.3 3.5 1 5 3
Nigeria 1.2 0.3 2 36 124
Rwanda 0.3 .. 3 3 26
SJo Tound and Principe -
Senegal 1.7 3.1 17 123 50
Seychelles 

Sierra Leone 0.9 11.7 17 46 20
Somalia 0.3 0.9 27 -
Sudan 1.7 0.9 28 27 63
Swaziland 
Tanzania 0.4 8.4 31 90 144
Togo 0.2 4.2 3 49 172
Uganda 0.1 4.8 14 - -
Zaire .. 10.9 6 -
Zambia 0.1 9,8 73 114 113
Zimbabwe 2.9 9.2 446 443 606

India 23.8 2.3 137 313 743
China 10.8 1.2 410 1,273 2,777

-Not available.
Less than 0.05 percent.

a. Irrigated land as percentage of arable land and permanent cropland (World Bank 1992b, Table A.7).
b. Fertilizer consumption in terms of plant nutrients per hectare of arable land.
Source: World Bank 1992b, 1993c.



Table A-16. Climatic Classes and Soil Constraints
Total land

area Percent of total latd area Land wihI no inhierent soil constraints (percent)
Country ('000 Ira Tropecal Subtropical Arid Seu,;&rd Humid Cold '000 1 Arid Semiarid Humid Cold

Sub-Saharan Africa 2,437,491 87 13 38 10 53 - 361,996 68 9 24

Angola 124,670 99 1 4 8 87 - 15,726 17 15 68
Benin 11,062 100 - - 1 99 - 360 - 6 94
Botswana 56,673 87 13 62 38 - - -4,792 72 27 1 -
I3urklna Faso 27,380 100 - 1 15 84 - 6,899 1 19 80 -
Burundi 2,565 100 - - - 100 - 66 - - 100 -

Cameroon 46,540 100 - - 1 99 - 1,949 - 2 98 -

Cape Verde 403 100 - 100 - - - 84 100 - - -

Central African Rep. 62,298 100 - - - 100 - 8100 -
Chad 125,920 84 16 67 7 27 - 34,160 81 1 17 -
Crmoros 223 100 - - - 100 - 43 - - 100 -

Congo 34,150 100 - - - 100 - - - - 100
C6te d'lvoire 31,800 100 - - 100 - 730 - - 100
Dibouti 2,318 100 100 - - - 757 100 - -

EquatorialCulnea 2,805 100 - - - 100 - 21 - - 100 -

Ethiopia . 110,100 100 38 .16 44 - 30,079 38 21 38 3

Gabon 25,767 100 - - - 100 - - - - 100 -

Gambia, The 1,000 100 - 100 355 - 10 0 -

Ghana 23,002 100 - - - 100 - 878 - - 100
Guinea .24,586 I00 - . - 100 - 479 - - tOo
Guinea-Bissau 2,812 100 - - - 100 - - - - 100

Kenya 56,697 100 - 71 14 15 - 7,342 79 11 10
Lesotho 3,035 lo - 15 13 66 6 1 IOO - - -
Liberia 9,632 IO0 - - - 100 - 348 - - 100
Madagascar 58,154 IW 5 8 87 - 2,273 7 30 62
Malawl 9,408 100 - - 100 - 1,097 - - 1O0 -



Mali 122,019 77 23 64 15 21 - 40,865 81 8 10
Mauritania 102,522 60 40 94 5 I 58,867 99 1 -
Mauritius 185 tno - - - loo - 7 - - 100
Mozambique 78,409-. 100 - 8 9 82 - 4,952 7 7 86
Namibia 782,329 59 41 78 21 1 - 9,308 81 18 1

Niger 126,670 77 23 86 13 1 - 41,388 94 5
Nigeria 91,077 100 - - 8 92 - 7,797 - 6 94
Rwmnda 2,495 100 - - - 100 - 91 - - 100
Senegal 19,253 100 - 7 14 80 - 2J957 10 20 71
Sierra Leone 7,162 100 - 10 187 - -t0

Somalia 62,734 100 - 93 7 - - 4,519 98 2-
South Africa 122,104 5 95 55 13 32 - 7,482 47 18 34 2
Sudan 237,600 99 1 55 11 34 - 50,390 77 8 15
Swaziland- 1,720 14 86 - 26 74 - 178 - 7 93
Tanzania 88,604 100 - 7 iS 78 - 5,052 6 21 74

Togo 5,439 100 - - 100 - 319 - - 100
Uganda 19,955 100 - - 5 95 - 1,210 8 92
Za're 226,760 100 - - - 100 - 5,079 - - 100
Zambla 74,072 100 - - 2 98 - 2,426 - - 100
Zimbabwe 38,667 100 - 8 41 15 - 958 12 65 23

-Not available.
Source: WRI 1992 (p. 281).



Table A-17. Land Use
Total Wilderness area as
land .- id use as a percentage of total land percent of toal
area Cropland Pasture Forest OGier Imndarea

Country ('000 Im) 1965 1980 1987 1965 1980 1987 1965 1980 1987 1965 1980 1987 1985 1988

Sub-Saharan Africa 2,158,466 6 7 7 27 27 27 33 31 30 34 35 36 28 25

Angola 124,670 3 3 3 23 23 23 44 43 43 30 31 31 26 22
Benin 11,062 13 16 17 4 4 4 44 36 33 39 44 47 15 11
Batswana 56,673 2 2 2 74 78 78 2 2 23 18 18 63 54
Burkina Faso 27,380 8 10 11 37 37 37 30 26 25 26 27 27 3 3
B Burundi 2,565 39 51 52 24 35 36 2 2 3 35 11 10 0 0

Cameroon 46,540 12 15 15 19 18 18 59 55 53 10 12 14 3 3
Cape Verde 403 10 10 10 6 6 6 0 0 0 84 84 84 0 0
Central African Rep. 62,298 3 3 3 5 5 5 58 58 58 34 34 34 39 34
Chad 125,920 2 3 3 36 36 36 12 11 10 50 51 51 52 48
Comoros 223 38 41 44 7 7 7 16 16 16 39 37 34 - 0

Congo 34,150 2 2 2 29 29 29 64 63 62 5 6 7 42 35
C6te d'lvoire 31,800 8 10 11 9 9 9 60 31 20 22 50 59 16 13
Djibouti 2,318- - - 9 9 9 0 0 0 91 91 91 0 0
EquatorialGuinea 2,805 8 8 8 4 4 4 46 46 46 42 42 42 0 0
Ethiopia 110,100 It 13 13 42 41 41 27 26 25 20 21 22 22 16

Gabon . 25,767 1 2 2 20 18 18 78 78 78 2 .2 2 35 27
Gambla,The 1,000 13 16 17 9 9 9 30 22 17 48 54 57 0 0
Ghanaa 23,002 12 12 12 16 15 15 43 38 36 31 35 37 0 0
Guinea 24,586 6 6 6 12 12 12 49 43 41 33 38 41 0 0
Gulnea-Bissau 2,812 9 10 12 38 38 38 39 38 38 13 13 12 0 0



Kenya 56,969 3 4 4 7 7 7 8 7 6 82 83 B3 25 19
Lesotho 3,035 13 tO 11 73 66 66 - - - 15 24 24 80 70
Liberia 9,632 4 4 4 2 2 2 22 22 22 72 72 72 17 13
Madagascar 58,154 4 5 5 58 58 58 31 27 25 7 9 11 2 1
Malawi 9,408 21 25 25 20 20 20 54 54 46 5 2 9 10 7

Mall 122,019 1 2 2 25 25 25 8 7 7 66 67 67 49 47
Mauritania 102,522 0 0 0 38 38 38 15 15 15 47 47 47 74 70
Mauritius 185 51 58 58 4 4 4 34 31 31 12 7 7 - 0
Mozamblque 78,409 3 4 4 56 56 56 22 20 19. 18 20 21 9 a
Niger 126,670 2 3 3 8 8 7 3 2 2 87 87 88 53 52

Nigeria 91,077 32 33 34 21 23 23 23 18 16 24 26 27 2 2
Rwanda - 2,467 26 41 45 34 19 16 23 21 20 17 20 19 0 0
Slo Tomd and Principe 96 35 38 39 1 1 1 - - - 64 61 60 - -
Senegal 19,253 23 27 27 30 30 30 35 31 31 12 12 12 11 8
Seychelles 27 19 19 22 - - - 19 19 19 63 63 59 - -

g Sierra' Leone 7,162 20 25 25 31 31 31 30 30 29 19 15 15 0 0
Somalia 62,734 1 1 1 46 46 46 16 15 14 37 38 38 24 16
Sudan 237,600 5 5 5 24. 24 24 24 21 20 47 51 51 40 32
Swaziland 1,720 8 11 10 78 64 68 8 6 6 6 19 16 0 0
Tanzania 88,604 4 6 6 40 40 40 51 49 48 5 6 7 10 7

Togo 5,439 20 26 26 4 4 4 45 31 25 31. 39 45 0 0
Uganda 19,955 24 .28 34 25 25 25 32 30 29 19 16 13 4 2
Zaire 226,760 3 3 3 4 4 4 80 78 77 13 15 16 6 5
Zambia 74,339 7 7 7 47 47 47 42 40 39 4 6 6 24 20
Zimbabwe 38,667 5 7 7 13 13 13 52 52 52 30 29 29 0 0

India 297,319 55 - 57 5 - 4 20 - 22 20 - 17 1 0
China 932,641 11 - 11 31 - 31 12 - 14 46 - 44 20 22

-Not available9
a. Refers only to areas larger than 4,000 square kilometers, Wildemess area Is defined as land left In Its natural state without any transformation by human

action. These areas may partly Include forests, pasture, and other lands as classified by FAO.
Source: PAO; WR/IIBD 1988 (pp. 264-265); WR! 1992 (p. 262).



Table A-18. Arable Land Per Capita, 1965-9
Per capita amble land amr (keOds)

Cxutr 1965 1980 1987 1990

Sub-Saharmn Aica 0.5 0.4 03 0.29
Anola 0.6 0.5 GA 0.36
Berun 0.6 0a5 OA 0.40
Botwana 1.9 15 12 1.06
Buridna Faso 0.5 OA OA 0.40
Buxnmdi 03 03 03 024

Caum1on 0.8 0.6 0om
Cape Vere 0.2 0.1 0.1 0.10
Genatl i Rep. 1.0 0.9 0.7 0.66
Chad 0.9 0.7 0.6 0.56
Comoros 0.4 03 0.2 018
Congo 0.6 04 03 027
C&ted'lvoire 0.6 0.4 03 030

Rrat,rialGuirea 0.8 0.7 0.6 0.60
EEiopia 05 OA 03 028

Gabon OA 0.6 OA 039
Gambi&The 03 02 02 020
Ghana 03 03 02 018
Guina OA 03 0.2 0.13
Guin-Bissau 05 OA 0.4 035
Ynya; 02 01 TI 010
Lesotho GA 0.2 02 0 18
Liberia 03 02 0.2 014

dagasc A0.4 03 03 0.26
Mlalaun 05 GA 03 023

Mlali -- 0.4 03 03 023
Mauritania 02 0.1 U.1 0.10
Mauritius 0.1 01 01 0.10
Mozanibique 03 03 0 2 020
Niger 0.6 0.6 0.5 0.47
Nigeda 0.5 OA 03 0.29
Rvwanda 02 02 0 2 016
SA-oTom6andP4ndve 05 OA 0.3 030

Sinnega ' 11 0.9 0.8 0.71
Sqdelles 001 01 01 010

Sierra Leone 0.6 05 05 0.43
Somalia 0.3 02 02 0.14
Sudan 0.9 0.7 05 0.50
Swaziland 0.4 03 0.2 020
Tanzania 03 0.3 02 0.19

Togo 0.7 0.6 OA 0.40
Uganda 0.6 0.4 OA 036
ZaXre 03 02 02 020
Zambia- 13 0.9 0.7 0.62
Zimbabwe 0.5 OA 0.3 029

ForComparisom
India 0.3 - 02 -

China 0.6 - 0.4 -

-Not avaiable
Sourcc FAO; World Bankl991c 1990: World Resources Institite.
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Table A-i9t Forest Area, Deforestation, and Reforestation

Famis =d D#bmtatfimR, atatfot Forcsts and DCJTstU*ioT. annual
wzwdLad anudlauege auage
('000ha) 1980s -989s

Par-n .per ('000 ('COaO
Countrl 1980 1988 y per vear) peryear)

Sub-Sahara Africa 645,69 622,544 0.5 2,916 133
Anploa 53,760 53,040 02 94 3
Bealm . 3,970 3,570 1.7 67
Botawana 962 962 01 20 -
BurinaFaso 7,200 6,720 1.7 80 2
Burundi 62 65 2.7 1 3
Cameroon 25,640 24,760 0.8 190 1
CapeVerde 1 1 - - 1
Centa =Afican Rep. 35,895 35,820 0.2 55 -
Chad 13,532 12,890 0.6 160 -
Comoros 35 35 3.1 1
Congo 2L360 21,200 01 22-
C6ted'lvoire 9,880 5,880 52 510 6
Djibouti 6 6 - - -
E4uatorialGuinea 1,295 1,29.5 02 3 -
Ethiopia 28,132 23,7W 03 88 1
Gabon 20,000 20,000 0.1 13 1
Cambia,The 216 168 2.4 5 -
Ghana 8,770 8,210 0.8 72; 2
Guinea 10,650 9,65 0.8 86 -
Guinea-Bissau 1,070 1 2.7 57 -

Kenya 3,860 3,620 1.7 39 10
Lesotho - - - - 1
Liberia 2,103 2,103 2.3 46 2
Mdagascar 15,860 14,580 1.2 156 12
Malawi 5,074 4,190 3.5 150 1
Mali 8,800 8,480 05 36 1
Mauritania 15,000 15,000 24 14 -
Maurius 58 57 33
Mozambique 15,689 14,730 0.8 120 4
Namibia 18,420 18,420 0.0 a
Niger 2,90 2,2 2.6 68 -
Nigeria 16, 14,0 2.7 400 32
Rwanda 520 497 23 5 3
Sio Toni and Principe - -

Senegal 6,000 5,930 0.5 50 3
Se lles 5 5 -
Si Leaone 2,113 2,070 03 6
Somalia 9,160 8,750 0(L 14 1
Sudan 48,940 46,460 LI 504 13
?.z4 zind -103 108 - 1 5

Tanzania 43,260 42,305 0.3 130 9
TogP 1,70 1,300 0.7 12 _
Uganda 6,060 5,660 0.8 sC) 2
Zaire 177,610 174,970 0.2 370 _
Zambia 29,890 29,090 0.2 70 2
Zimbabwe 19,930 19,930 0.4 50 4

-Not available-
Less than 500 ha.

Soc UtNDP/World Bank 1992 (Tables 14-2 and 14-3).
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Table A-20. Wood Production, 1977-89
Roynddwfd productio__ Processed wood production

Total Fucie ad charcoal hidustrial roundwood Sawiwoodl Pollc1s Paper

% chalng % clhange % chl!age % ciange % clange % change
m000 ni sleice '000 in since '000 in sG n.3 6 tnce '000 3 nc '000 m since

Cotintry 1987-89 1977-79 1987-89 1977-79 1987-89 1977-79 198749 1977-79 1987-89 1977-79 1987-89 1977-79

Sub-Saharan Afrlca 475,475 34 421,079 36. . 54,394 19 8,577 38 1,532 42 1,961 63

Angola 5,262 26 4,217 31 1,045 8 5 -88 2 -74 15 15
Bein' . 4,845 35 4,591 35 254 35 11 22 0 - 0 -

Botswana 1,276 43 1,197 42 79 44 0 - 0 - 0 -

Burkina Faso 8,300 29 7,925 29 375 28 1 0 0 - 0 -

Burundi 3,969 31 3,921 31 48 43 3 200 0 - 0 -

Cameroon 12,615 31 9,886 31 2,730 31 652 58 80. 10 5 0
Cape Verde - - - - - - - - - -

Central African Rep, 3,449 19 3,055 29 394 -24 52 40 4 -20 0
Chad 3,837 26 3,294 26 542 26 1 0 0 - 0 -

Comoros - - - - -

Congo 3,119 59 1,729 31 1,390 118 54 12 56 -26 0 -

CMte d'lvoire 12,799 10 9,437 52 3,362 -38 775 15 260 133 0 -

Djibouti 0 - 0 - 0 - 0 - 0 - 0 -

EquatorialCulnea 607 46 447 10 160 1,614 51 993 10 2,900 0 -

Ethiopia 38,859 21 37,100 21 1,759 26 39 -46 15 10 10 25

Gabon 3,618 24 2,396 49 1,222 -6 126 17 228 75 0
Gambia,The 912 7 891 6 21 110 1 0 0 - 0
Ghana 17,006 56 15,905 71 1,101 -31 482 10 60 -11 0,
Guinea 4,560 25 3,924 26 636 18 90 0 0 -100 0
Guinea-Bissau 565 6 422.. 2 143 19 16 0 0 0



Kenya 34,206 46 32,495 47 1,711 23 189 25 45 172 99 71
Lesotho 579 32 579 32 0 - 0 - 0 - 0 -
Liberia 5,825 31 4,736 30 1,089 33 411 129 5 -44 0 -
Madagascar 7,637 31 6,830 36 807 0 234 0 6 467 7 67
Malawi 7,366 36 7,016 37 351 19 31 -27 6 13 0 -

Mali. 5,359 32 5,016 32 . 342 32 12 106 0 - 0 -.

Mauritania 12 33 7 40 5 25 0 - 0 - 0
Mauritius 32 -27 20 -14 13 -38 4 -19 0 - 0 
Mozambique 16,001 31 15,022 33 979 9 38 -59 6 113 2 0
Namibla _ - - _ _ _ 0

Niger 4,287 33 4,023 33 264 33 0 - 0 - 0 -
Nigeria 104,926 41 97,058 40 7,868 48 2,712 70 233 102 81 419
Rwanda 5,842 14 5,602 12 240 87 13 550 2 500 0 -

Senegal 4,286 25 3,697 24 589 32 11 32 0 - 0
Sierra Leone 2,941 23 2,801 26 140 -18 12 -37 0 - 0

i Somalia 6,757 47 6,669 47 88 28 14 0 1 -33 0
South Africa 19,246 14 7,078 0 12,168 23 1,827 18 398 10 1,614 55
Sudan 21,584 36 19,554 36 2,030 35 13 -7 2 -40 10 43
Swaziland 2,223 -6 560 10 1,663 -10 136 27 8 118 0 -

Tanzanla 31,966 46 30,09 44 1,947 87 156 78 13 39 28

Togo 840 33 662 34 178 30 5 0 0 - 0 -
Uganda 13,880 40 12,080 40 1,800 36 26 10 3 233 2 500
ZaTre 34,255 36 31,540 37 2,715 34 121 4 53 109 2 0
Zambia 12,030 43 11,424 44 606 38 68 61 8 92 3 -

Zimbabwe 7,755 32 6,226 31 1,530 36 185 22 28 -11 82 74

-Not available.
Source; WRI 1992 (p, 288).



Table A-21. Fuelwood Supply and Demand
Fuelwood supply-demand balance (mdlion cubic meters)

Country 1980 2000

Angola -
Benin 17.6 8.9
Botswana 25.6 23.9
Burkina Faso -2.6 -112
Burundi -3.2 -7.0

Cameroon 72.6 59.6
Cape Verde
CentraltAfricanRep. 111.5 105.6
Chad -12 9.8
Comoros

Congo 46.4 432
C6te drlvoire 43.9 14.4
's -t - _
EquatorialGuinea 4A6 4.0
Ethioa 4.4 -30.8

Gabon 42.8 40.9
Gambia.The -06 -15
Ghana 29.3 13.8
Guinea 38.6 29.6
Guinea-Bissau 4.8 1.1

Kenya -4.5 -58A
Lesotho
Liberia 11l -4.4
Madagascar 52 4.4
Malawi -3.1 -13.1

Mali 0.4 -5.0
Mauritania 3.8 3.8
Mauritius - -
Mozambique 16.8 0.3
NiLger -0.9 -5.5

NLigeria 57.5 -89.6
Rwanda -5.5 -16.0
Sio Tome and Principe - -
Senegal 0.3 -4.4
Seychees - -

SierraLeone 5.0 -1.5
Somalia - l 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
ZaTre 3882 327.9
Zambia 152 5.4
Zirbabwe 2.8 -12

-Notavailable.
tv'e The fielwood supply-demand blance is defined as the inaease in the stock of

fuelw,Ad miinus the total utilization of fuelwa,d in the same year.
SotT FAO.
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Table A-22. Wildlife Habitat Loss m Afrotropical Nations, 1986
Orginal wildlife Arnn nmraving

Country habitat ('000 kmn) ('000 km2) Loss (percent)

Angola 1,246.7 760.8 39
Benin 115.8 46.3 60
Botswana 585A 257.6 56
Burkina Faso 273.8 5Xs 80
Bumndi 25.7 3.6 86

Cameroon 469.4 192.5 59
Central African Rep. 623.0 274L1 56
Chad 720.8 173.0 76
Congo 342.0 174.4 49
Cbte d'Ivoire 318.0 66.8 79

Dibouti 21.8 11.1 49tqatorialCuir 26.0 12.7 51
E thpia 1,101.0 30.3 70
Gabon 267.0 173.6 35
Gambia, The -11.3 1.2 89

Glana 230.0 46.0 80
Guinea 2459 73.8 70
Cuinea-Bissau 36.1 7.9 78
Kenya 569.5 296.1 48
Lesotho 30.4 9.7 68

LbAeria 11A 114i5 87
Madagascar 595.2 148.8 75
Malawi 94.1 40.5 57
MaIi 7541 158.4 79
Mauritania 388.6 73.8 81

Mozantique 783.2 36.8 57
Niger 566.0 127.9 77
Nigeria 919.8 230.0 75
Rwanda 25.1 33 87
Senegal 1962 35.3 82

SierraLeone 717 10.8 85
Somalia 6377 37612 41
Sudan 1,703.0 510.9 70
Swaziland 17.4 7.7 56
Tanzania 886 2 505.1 43

Togo 56.0 19.0 66
Uganda 193.7 42.6 78
Zaire 2,335.9 1,051.2 55
Zabia 752.6 534.3 29
Zimbabwe 3902 171.7 56

Tot 18,37.7 7,364.7 64

Namibia 22 4445 46
SouthAfrica 1,2365 5315 57

NotcHabitatisa placeortypeof sitewbereaplantoraninalnaturallyornormallylives
and grows. The afrotropical realm is defined as all of the continent south of the Sahara
Desert, ind:uding the island of Madagascar. Therefore, data for Chad, Mali, Mauritania,
Niger and Sudan cover onlyparts of these countries. The Comoros, Seycheles, Sio Toni
and Prindpe, Mauritius, REunion, Rodrigues, and the extreme southeastern corner of
Egypt are not included..

Source WRI/IIED 1988 (p. 9 4).
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Table A-23. Known and Threatened Animal Species, 1990
Mammnals (iumber) Birds (niumber) Reptiles (number) Amphibians (number) Freshwaerftsh (number)

Known Thireatened Known Threatened Known: Threatened Known Threatened Known Threatened
co _qwh~~~_ _ia s es specis s de speces spedes species S.ies s cies sdes

Angola 275 14 872 12 - 2 - 0 268 0
Benin 187 it 630 1 - 2 - 0 150 0
Botswana 154 9 549 6 158 1 38 0 81 0
Burkina Faso 147 10 497 1 - 2 - 0 120 0
Bumundi 103 4 633 5 - 2 - 0 - 0
Cameroon 297 27 848 17 - 2 - I 11
CapeVerde 9 0 103 3 - 1 - 0 - 0
Central African Rep, 208 12 668 2 - 2 - 0 400 0
Chad 131 18 496 4 - 2 - 0 130 0
Comoros 17 3 99 5 26 0 2 0 16 0

Congo 198 I 12 3 2 0 500 0
Coted'Ivoire 226 18 683 9 - 1 - 1 200 0
Djibouti 22 6 311 3 - 0 - 0 - 0
EquatorialCGuinea 141 15 392 3 - . 2 - I - . 0
Ethiopia 265 25 836 14 6 1 - a 100 0

Gabon 190 14 617 4 - 2 - 0 200 0
Gambia, The 108 7 489 1 - 2 - 0 80 0
Ghana 222 13 721 8 - 2 - a 180 0
Guinea 188 17 529 6 - 1 - 1 250 0
Guinea-Bissau 109 5 376 2 - 2 -0 90 0
Kenya 314 15 1,067 18 191 2 88 a 180 0
Lesotho . . 54 2 288 7 - 0 - 0 8 0
Liberia 193 18 590 10 - 2 - 0 130 0
Madagascar 105 53 250 28 259 10 144 C - 0
Malawi 187 10 630 7 124 1 69 0 600 0



aIvall 136 16 647 4 16 2 - 0 160 0
Maurtania 61 14 550 5 - I - 0 15 0
Mauritius 4 3 102 10 19 6 2 0 - 0
Mozambique 205 10 666 11 170 1 - 0 - I
Namibia 190 11 640 7 - 2 0 97 4

Niger 131 15 473 1 - 1 - 0 140 0
Nigeria 274 25 831 10 114 2 19 0 200 0
Reunion 2 0 33 1 6 0 - 0 - 0
Rwanda 147 11 669 7 - 2 - 0 - 0
SAoTomdandPrincipe 7 1 124 7 - 0 0 - 0

Senegal 166 11 625 5 - 2 - 3 140 0
Seychelles 2 1 126 9 - 2 12 . 0 - 0
Sierra Leone 178 13 614 7 - 2 - 0 130 0
Somalia 173 16 639 7 - I - I - 0
South Africa 283 26 774 13 301 3 95 0 220 28

Sudan 266 17 938 8 - 1 - 0 120 0
Swaziland 46. 0 477 5 - 1 - 0 45 0
Tanzania 310 30 1,016 26 273 3 - 0 - 0
Togo 196 9 630 1 - 2 - 0 160 0
Uganda 311 16 989 12 - 1 - 0 300 0

Zanre 409 22 1,086 27 - 2 - 0 700 1
Zambia 228 10 732 10 152 2 83 0 156 0
Zimbabwe 194 9 635 6 155 1 120 0 132 0

-Not available,
Source: WRI 1992 (p. 304).



Table A-24. Rare and Threatened Plants, 1991
Endetickflora as Numiber of rareand threatened Rare and threatened plant tax

Coun try Nunberofplant taxa percentage oftotal plant taxa per 1,000 existing tax

Angola 5,000 25 19 4
Benin 2,000 1 3 2
fotswana 2,600-2,800 17 4 1-2
Burkina Faso 1,096 - 0 0
Burundi 2,5 - 0 0

Cameroon 8,000 2 74 9
Cape Verde 659 14 1 2
Central African Rep, 3,600 4 0 0
Chad 1,600 - 14 9
Comoros 416 33 3 7

Congo 4,000 22 4 1
C6te d'lvolre 3,660 2 70 19
Djibouti 534 - 3 6
Equatorial Guinea - -

Bioko 1,150 4 8 7
Pagula 208 8 2 10

Ethiopia 6,283 8 44 7
Gabon 8,000 22 80 10
Gambia, Tlte 530 1 0 0
Ghana 3,600 1 34 9
Guinea 88 36 

GuLnea-Bissau 1,000 0 0
Kenya 6,500 4 144 22
Lesotho 1,591 - 7 4
Liberia 59 1
Madagascar 10,000-12,000 80 193 16-19



Malawi 3,600 2 61 17Mall 1,600 1 15 9
Mauritania 1,100 _ 3 3Mauritius 800-900 33 240 267-300
Mozambique 5,500 4 84 15
Namibia 3,159 18 6Niger 1,178 1 1Nigeria 4,614 5 9 2Reunion 720 30 99 138Rwanda 2,150 0 0
Sao Tomd and Principe -

SAo Tome 601 18 0 0Prindpe 314 11 1 3
Senegal 2,100 1 32 15Seychelles 274 t5 73 266
Sierra Leone 2,480 3 12 5U Somalia 3,000 17 51 17South Africa 23,000 80 1,145 50Sudan 3,200 2 9 3Swaziland 2,715 - 2 9
Tanzanla 10,000o 11 158 16Togo 2,302 1 0 0
Ugar,da 5,000 1 11 2Zaire 11,000 29 3
Zambia 4,600 5 1
Zimbabwe 5,42e. 2 96 18

-Not available.
Less than 0,5.

a. Number of endemic taxa (includes species, subspecies and vz'rieties).
b, Number of vascular taxa (includes species, subspecies and varieties).
c. Numberof seed plants,
Source:. WRI 1992 (p. 306).



Table A-25. Incidence of Drought, 1980-90
Countiry 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Angola - - - - - _ -_ _ _
Beni -
Botswana - - D D D D D D 
Burkina Paso - - - D D - - - - -

B Murundi - - D D D - _

Cameroon - - - D -

Cape Verde - D D D D D - -
Central African Rep. - D D - -
Chad - - D D - - -
Congo - - _ _ _ _

Cdte d&lvoire - - - D 
EquatorialGuinea - - - - - - - -
Ehiopia D D - D D D- D -

Gabon

Gambia,The - - - - -

Ghana - - D D D-
Guinea - - - - -

Guinea-Bissau - -
Kenya - - - - D
Lesotho - - D D



Liberia - - -
Madagascar - - -
Malawi D D - - -
Mall - D D D - - -
Mauritania - - - D D - -:

Mauritius - - D
Mozambique - D D 
Nmba - -mib - - - - -i-
Niger -D D D - - D
Nigeria - _ ._ _ _ _

Rwanda - - - D - - -
SAo Tomd and Principe - - D D
Senegal D - D D
Sierra Leone -
Somalia - - D - - -

j Sudan - - - D - - D - D D
Swaziland - D - - - D
Tanzania - - - D D - - - -
Togo - - D - - - - - -
Uganda - - - - - - - - -

Zaire - - - - - - - - -

Zambia - D D D - - - - -
Zimbabwe - D D D

- Not available.
D Significant rainfall shortfall from long-term average.
Source: UNDP/ World Bank 1992 (p. 242).



Table A-26. Soil Erosion in Selected Countries of Sub-Saharan Africa, 1970-86
Affectedarea Amount of erosion
as percentage Amount oferos ion (ous per lIectare

Counlry Location (aid extent) of tational area (metric tons per year) per year) Yearofestimate

Burkina Faso Central Plateau - 5-35 1970s

Ethiopia Total cropland (12 million ha) 10 500 million 42 1986
Central highland plateau (47 milion ha) 43 1,600 million - 1970s

Kenya Njemps Flats - - 138 mid-1980s
Tugen Plateau - 72 mid-1980s

L Lesotho Crazing and croplands (2.7 million ha) 88. 18,5 million 7

Madagascar Mostly cropland (45.9 million ha) 79 - 25-250 1970s
High central plateau -12-40 million 25-250 1980s

Niger Small watershed (11,700 ha) 0.01 468,000 40

Nigeria Imo State (900,000 ha) 1 13 million 14.4 1974
Jos Plateau - 6 million 1975
Anambra - 10-15 million - 1975

Zimbabwe Aea with moderate to severe erosion (304,000 ha) 08 15 million 50 1979

Not available.
Source: WRI/IIED 1988 (p, 282).



Table A-27. Extent of Soil Degradation in Major Regions of the World, Early 1980s
Productive dryland Iyps

Total productive drylands Ranigeltands Raified croplands Irrfgated lands
Area (msilliont Percent Area (mIllon Percent- Area (mInlion Percent Area (milliott Percent

hecsares) degraded Iectares) degraded lhectares) degraded lwctares) degraded

Total 3,257 61 2,556 62 570 60 131 30

Sudano-Sahelian Africa 473 88 380 90 90 80 3 30
Southem Africa 304 80 250 80 52 80 2 30
MediterraneanAfrica 101 83 80 85 20 75 1 40

t WesternAsia 142 82 116 85 18 85 8 40
Southem Asia 359 70 150 85 150 70 59 35
Former U.S.S.R. In Asia 298 55 250 60 40 30 8 25

China and Mongolia 315 69 300 70 5 60 10 30
Australia 491 23 450 22 39 30 2 19
Mediterranean Europe 76 39 30 30 40 32 6 25

South America and Mexico 293 71 250 72 31 77 12 33
North America 405 40 300 42 85 39 20 20

Note: The term "'desertficatlon" used In the original source has been replaced here by the more appropriate term "degradation."
Source: WRI/IIED 1988 (p, 291),



Table A-28. Results of Financial and Economic Analysis of Vaious Land Resource Management Technologies in Nigeria
Arnnal average

yielddecline FfnaDcIial analysis results Ecoiomic analysis rsults
Yield Base case Degradedcaseb Base casce Degradedcase6 Conservation

fincrettnWlut Witiwu With --- bentefits as%
benefit project proJect IRR B;C IRR B:C [RR B;C IRR B.C of tota1

Zote/tectiriology (percent) (percciit) (pcrcevi;) (percetnt) ratio (percent) ratio (percer:t) ratio (percent) ratio bentefits

Very humid zone:
V Vetivergrass Sheet erosion; 5 3 1 20.5 .20 50.0 2.53 15.7 1,27 40.4 2.91 70

'Q contour strips incipient gullying
Fanyajuu Sheet eroslon; 5 3 1 8.5 0.77 30.6 1.68 23.1 1.91 48.2 4,08 59

contour bunds incipient gullying
Stone-faced Sheet erosion; 5 3 1 -11.1 0,37 7.5 0.76 11.5 1.16 34.4 2.42 94

terracing incipient gullying
Wavebedding Cullying - - - 11.4 0.73 12.8 0Q83 13.2 1,82 13.6 1.87 90
Improved adoa Decliningfertility 0 - - - l A5 - 1.12 - 1,81 - 1.40 92

system
Alleycropping Declining fertility 20 5 2 17.7 1.06 14.7 1,00 9.5 1.05 4.2 0.94 45

Sub-humid zone;
Animal traction Decliningfertility 5 2 1 16,6 1.06 24.2 1.39 14.2 1.34 22.0 1.79 17
Fodderbanks Decliningtertility 40 2 - 25.3 1.33 23.7 1.27 10.6 1.07 5.8 0.97 11
Grazing-reserve Overgrazing 33 2 - 7.9 0.80 23.5 1.25 -0.2 0.68 8.3 1.04 100

improvement



Plateau zone:
Community Woodland - - - 14.5 0.95 - - 8.0 1.06 8.5 1.11 76

woodlot degradation

Dry sub-humid zone:
Treeshelterbelts Winderosion 20 2 1 11.5 0.75 18.7 1.31 7.6 1.01 11.6 1.39 75
Vetiver grass Winderosion 10 2 1 29.8 1.32 71.6 2.14 11.0 1.10 38.0 1.92 77

coniour strips
Farm forestry Wind erosion; 10 2 1 15.0 1,00 16.6 0.12 12.5 1.67 14,2 1.96 5

declining
fertility;
woodland
degradation

Private Woodland - - - 10.5 0,65 - - 4.5 0.76 4.9 0.79 76
woodlots degradation

Ut Rockbunds Sheeterosion; 25 2 1 24.2 1.17 66.6 1.84 64.8 2,09 165.2 3.04 57
inciplent guilying

-Not available.
IRR Intemaal rate of return
B:C ratio Benefit/cost ratio
a. Assumes average yields, cropping intensity, and yield decline as indicated.
b. Assunes yields at 75 percent of average, cropping intensity doubled, and yield decline at 50 percent of the value indicated above (except for wave
bedding where no yield loss is essumed, and alley cropping where the cropping Intensity already is 100 percent),
c. Measured as the value of the potential food imports displaced by yield benefits plus fuelwood benefits divided by total benefits.
Source: FAO/World Bank Cooperadve Program 1991, Vol, Hi, Annex 7.
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