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Foreword

Whilethereisgrowing appreciation for our soil resources and the need to assure sustainability
in their management, we do not asyet fully understand where, when, and how soil degradation
affectsfood security; how important this problem isrelative to other constraintsin developing
countries; and what policy and other actionsto take to mitigate adverse effects of soil degrada-
tion. Until relatively recently, there has been adearth of research on thistopic, leading to unin-
formed dialogues and debates and | eaving policymakers somewhat at aloss about whether and
what to do to address soil degradation threats to food security.

In this comprehensive paper, Sara J. Scherr lucidly explains why and when soil degra-
dation should be of particular concern to policymakersinterested in assuring food security. She
reviewsover 80 recent studiesto assess the past and present food-security related effects of soil
degradation, and, on the basis of this evidence and assessments of the likely future trendsin
agricultural land use, she predicts future patterns of soil degradation and the threats they pose
to food security in the developing world by 2020. Scherr convincingly argues that soil
degradation does not have to threaten food security in developing countries and provides
guidance on policy and research prioritiesto reduce these threatsin each of the major pathways
of agricultural land use in developing countries.

Per Pinstrup-Andersen
Director General, |FPRI
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1. Introduction

Global population intheyear 2020 is projected to
reach nearly 8 billion, 35 percent higher than the
1995 population (UN 1996). Demand for food
and fiber will rise by an even higher percentage,
as incomes grow, diets diversify, and urbaniza-
tion accelerates. The International Food Policy
Research Institute (IFPRI) estimates that if cur-
rent levels of agricultural research and invest-
mentsin agriculture and social welfare continue,
developing-country foodgrain production will in-
crease by only 1.5 percent per year during
1995-2020 and livestock production will grow
by 2.7 percent per year, rates much lower thanin
previous decades. Growth will have to come
about mainly through yield increases from exist-
ing agricultural lands. Food imports will neces-
sarily increase, but even so one out of every four
children under six years of age in developing
countries will still be malnourished in 2020, a
modest improvement from one out of three mal-
nourished children in 1995 (Pinstrup-Andersen,
Pandya-Lorch, and Rosegrant 1997). To improve
on these projections, IFPRI arguesfor a2020 Vi-
sion for Food, Agriculture, and the Environment
that is“aworld where every person has access to
sufficient food to sustain a healthy and produc-
tivelife, where malnutrition is absent, and where
food originates from efficient, effective, and low-
cost food systems that are compatible with sustain-
able use of natural resources’ (IFPRI 1995).

But can this hopeful vision, and even the more
modest baseline projections, readly be achieved?
IFPRI suggests that realizing the 2020 Vision calls
for sustained action in six priority areas:

Strengthening the capacity of devel oping-country

governments to perform appropriate functions;

Enhancing the productivity, health, and nutri-

tion of low-income people and increasing their

access to employment and productive assets;

Strengthening agricultural research and exten-

sion systems in and for developing countries;

Promoting sustainable agricultural intensifi-

cation and sound management of natural

resources,

Developing efficient, effective, and low-cost

agricultural input and output markets; and

Expanding international cooperation and as-

sistance and improving its efficiency and

effectiveness.

However, the possible impact of these actions
on agricultural area, yield potential, and productiv-
ity of degrading agricultural soils has not been seri-
ously addressed. Indeed, because of the lack of
comprehensive data linking soil quality to agricul-
tural productivity, the models on which the 2020
projections of future production growth are based
do not include soil quality as a component of pro-
ductivity,! nor the building of soil capital and other
land-improving investments as components of agri-
cultural investment.

Y et there is growing concern in some quarters
that intertemporal degradation of agricultural soil
resources—that is, a decline in long-term produc-
tive potential—is aready seriously limiting pro-
duction in the devel oping world, and that the prob-
lem is getting worse (Lal 1990; UNEP 1982;
UNCED 1992). Degradation is also associated with
off-site problems of sedimentation, carbon emis

1 Components of productivity include public and private research on crop varietal improvement and crop management, agricultural
extension and farmer schooling, markets, infrastructure, and irrigation (Rosegrant, Agcaoili-Sombilla, and Perez 1995). Past rates of
soil degradation areimplicitly reflected in the historical yield-trend data used to develop trend projections.



sions affecting climate change, reduced watershed
function, and changesin natural habitats leading to
loss of genetic stock and biodiversity. In response
to these concerns, international programs are being
developed or proposed to combat soil degradation
(FAO 1992; Toulmin 1993; Sanchez et al. 1997,
IFAD 1992; Fortin and Engelberg 1997; World
Bank 1997). Efforts are being made to monitor soil
degradation more systematically (Pieri et al. 1995;
Dumanski et al. 1991; ISRIC 1998). International
agricultural research centers have expanded their
work to understand and improve tropical soil man-
agement and rehabilitation (DSE/IBSRAM 1995;
Kumwendaet a. 1996; Nelson et al. 1997).

Despite this increased public attention and the
commitment of land management specialists, many
policymakers remain unconvinced that agricultural
soil degradation warrants priority attention. Indeed,
information on the physical aspects of soil degrada-
tion as traditionally reported by soil scientists—
rates of soil erosion, the extent of farming areas
with particular degradation processes, tons of soil
lost, and so on—is inadequate as a guide and cata
lyst to policy action.

Policymaker Concernsabout
Soil Degradation

Policymakerstypically consider soil quality not asa
policy objective in itself, but as an input into
achieving other policy objectives. Soil degradation
isnot seen as posing aserious policy concern unless
it threatens one of these other objectives. Before
taking concrete action—be it through indirect poli-
cies that modify farmers incentives for soil man-
agement, or through direct policies that provide
services or subsidies to farmers and public invest-
ment for rehabilitation or research—policymakers
need a clear understanding of which groups of pro-
ducers and which farming systems are experiencing
what types of degradation problems, and how im-
portant these problems loom relative to other chal-
lenges facing the farm sector. Analysis of causal

factors explaining soil degradation and the effec-
tiveness of aternative interventions can then betar-
geted to high priority areas and issues.

Four areas of economic impact from soil degra-
dation on farm productivity are (or should be) of
partlcular policy interest:

Aggregate supply, stability, or price of agricul-
tural output, when lands with degrading soilsare
a significant source of supply for national con-
sumersor export markets, and alternative sources
of supply are not available or not economical;
Agricultural income or economic growth, when
soil degradation leads to lower production or
higher costs, reducing agricultural income and
its multiplier effects on an economically sig-
nificant scale, and aternative sources of eco-
nomic growth are limited or expensive to de-
velop;

Consumption by poor farm households, when

lands with degrading soils are a critical source

of food security for subsistence or semi-
subsistence producerswith few alternative live-
lihood options; and

National wealth, when degradation reduces the

long-term productive capacity of soil resources

deemed to be of future economic or environ-
mental significance, threatening the resource
base and food security of future generations.

Environmental effects of soil degradation may
also elicit major policy concerns if they threaten
food security, food supplies, economic growth, or
national welfarein downstream areas, or natural re-
sources valued for meeting other environmental
policy objectives, such aswatershed or habitat pro-
tection. These issues are outside the scope of this
paper, but may in some cases generate larger eco-
nomic losses than on-site effects (Enters 1998).

Objective and Scope

The objective of this paper isto examine available
evidence to seeif and where soil degradation poses
asignificant threat to food security by 2020. While
off-site environmental concerns due to soil degra-

2 Smyth and Dumanski (1993) report that the current release of CO,from land degradation is 1030 percent of that from burning fos-
sil fuel. Land conversion is also one of the largest human-induced sources of N,O, which |leads to greenhouse gas accumul ation and

ozone depletion.



dation are significant and often justify policy inter-
vention,® this paper focuses only on the effects of
changing soil productivity.

Until recently, little data have been available
for assessing the economic effects of soil degrada-
tion. But increased researcher interest and attention
to the critiques of earlier analyses have produced a
new generation of studies on soil degradation that
are more rigorously designed, forge a stronger link
between technical and socioeconomic analysis, and
provide more policy-relevant findings.

The analysis in this paper draws from a re-
view of 26 global or regional studies and 54 na-
tional or subnational studies in 26 developing
countries of the economic effects of soil degrada-
tion (Scherr 1997b). Most were English-language
publications; a systematic review of non-English
literature was not done. The geographic coverage
of the existing literature is limited. No regional
impact studies were found for East Asia and the
Pacific or West Asia and North Africa. Only a
few countries, such as Ethiopia, India, and Kenya,
are the subject of multiple studies. While many
studies address the effects of soil erosion, far
fewer tackle the problems of nutrient depletion
and salinization. Almost none address the effects
of changesin asoil’ s physical properties, such as
compaction or acidification. Studies have been
concerned primarily with cropland rather than
grazing land.

The most common assessment of economic
losses compares gross losses from degradation
with some measure of the national agricultural
economy. While many studies examine the gross
impact of degradation on crop production, few in-
vestigate the net effect on supply, taking into ac-
count the market response to changing prices,
substitution of production from other producing
areasfor local supply, or other secondary effects.
Only a handful of studies have evaluated the ef-
fects of soil degradation on the food consumption
or nutrition of poor farmers. No studies of the ef-
fects of degradation on national wealth exist,
other than those that estimate land area going out

of production or the changing class of soil qual-
ity. None assess the long-term relative impor-
tance of lands suffering productivity loss; only a
few have analyzed soil productivity change using
long time horizons. No studies of the economic
effects of soil quality improvement exist.

Overview of Findings

While afully reliable picture of soil degradation and
itsimplicationsin devel oping countries does not exist
as yet, and the effects of demographic and economic
trends on future patterns of degradation cannot be pre-
dicted with certainty, the evidence is sufficient to war-
rant serious attention by the policy community.

The early, high estimates of soil degradation
have not been substantiated. Degradation appears
not to threaten aggregate global food supply by
2020, though world commodity prices and mal -
nutrition may rise. Soil quality is declining at a
modest rate in aggregate, and in Asia, for exam-
ple, the soil quality of more than half of the soils
used for production has been stable for the past
few decades. The area of degraded soilsis exten-
sive, however, and the effects of soil degradation
on food consumption by the rural poor, agricul-
tural markets, agricultural income, and, in some
cases, national wealth are significant. The effects
of degradation are evident in many subregions
with degradation-prone soils (particularly in
Sub-Saharan Africa), inadequately managed irri-
gation (particularly in South Asia), and rapidly in-
tensifying production without the economic
incentives or the technologies for good resource
husbandry (densely populated, marginal landsin
many parts of the developing world). Many of
these subregions have no apparent alternative
livelihood options, sources of food supply, or
nonagricultural development potential. And
while soil degradation poses particular problems
for the poor—and is sometimes a result of pov-
erty—its effects appear likely to have far-reaching
consequences for economic development in many
countries.

SAn expert consultation on land degradation held in 1995 emphasized key environmental issues related to off-site erosion, defores-
tation in threatened habitats, degradation of natural vegetation, water scarcity and conflict, and agrochemical pollution (Scherr and

Y adav 1996).



Policiesthat support moredynamic agricultural
development between now and 2020 may encour-
age farmers in some areas to improve soil hus-
bandry even without more direct action. In many
other areas, however, the rising pressures of rapid
population and market growth on agricultural land,
together with constraints posed by economic stag-
nation or alack of technology for dealing with some
types of soil problems, threaten to accelerate soil
degradation and its economic effects. It is highly
unlikely that agricultural trade and other distribu-
tion mechanisms will evolve rapidly enough to
counter the grave nutritional and economic effects
of these processes. Active policy intervention will
be needed to avert the consequences of soil degra-
dation and harness|and improvement to broader de-
velopment efforts.

Organization

This paper is organized in five chapters. The next
chapter discusses the existing literature and some
key methodologica and conceptua issues for
eval uating the economic effects of soil degradation.
Chapter 3 summarizes and interprets evidence of
the past economic effects of soil degradation at the
global level and in three regions for which studies
are available: South and Southeast Asia, Sub-Saharan
Africa, and Mexico and Central America. Chapter 4
draws from this evidence and also from evidence of
likely future trends in land use and management to
predict future patterns of soil degradation and the
potential threats these pose for reaching the 2020
Vision. Thefinal chapter suggestsprioritiesfor pol-
icy action and research to reduce these threats.



2. Evaluating the Impact of Soil Degradation
on Food Security

Thekey soil characteristics that affect yield are nu-
trient content, waterholding capacity, organic mat-
ter content, soil reaction (acidity), topsoil depth, sa-
linity, and soil biomass. Change over time in these
characteristics constitutes “degradation” or “im-
provement.” Degradation processes include ero-
sion, compaction and hard setting, acidification, de-
clining soil organic matter, soil fertility depletion,
biological degradation, and soil pollution (Lal and
Stewart 1990).* Soil quality (see box) may be im-
proved through leveling the land, depositing sedi-
ment deposition, increasing organic matter, im-
proving soil nutrient status, terracing, controlling

erosion, improving irrigation drainage systems, or
rehabilitating compacted soils and erosion gullies
or other seriously degraded aress.

Change in soil quality over time can be acom-
plex phenomenon. Quality can vary across sites,
soil types, and production systems. Furthermore,
soil quality isonly one of many variables influenc-
ing agricultura yield, whichis, in turn, only one of
many factors influencing food consumption, food
availability, and farm income. This complicatesthe
evaluation and interpretation of the effects of soil
degradation and the design of appropriate policies
in response.

Soil quality is the inherent capability of the soil
to perform arange of productive, environmental,
and habitat functions. This study is concerned
mainly with the soil’ s productive function, hence
it isimportant that the definitions of productivity
used below in relation to soil quality are clear.
Diverse definitions of “productivity” have cre-
ated some confusion. In this paper, the term “po-
tential soil productivity” isused to refer to the po-
tential of the soil system to accumulate energy in
the form of vegetation (following Tengberg and
Stocking 1997, 4), controlling for the use of other
inputs. “ Soil productivity” isused torefer to the ac-
tua yield of usable vegetation, also controlling for
input use. “Agricultura productivity” refersto the
relationship between the average or real output of

Box—Agricultural Productivity and Soil Quality

economically usable products divided by an index
of dl fixed and variable inputs. Because econo-
mists conventionally have analyzed “land produc-
tivity” smply as totd output divided by land area
(assumed to be afixed factor), soil quality has not
been considered. Y et measures of change in “total
factor productivity” over time that do not include
soil quality are likely to overestimate the contribu-
tion of other factors. On the other hand, the effect
of soil quality change on agricultura productivity
is limited by its importance as a productive factor
relative to other factors, and the degree of comple-
mentarity and substitutability between soil quality
and other factors and inputs. Soil quality contrib-
utes relatively more to agricultural productivity in
low-input production systems.

4 Seethe appendix for definitions of the various types of degradation.



Vulnerability of Soilsto
Degradation

The widespread tendency to minimize the impor-
tance of soil quality for agriculture stems in part
from the experience of temperate agriculture. The
most productive temperate soils are geologically
“new.” A result of glaciation in the last Ice Age,
these soils are both fertile and relatively resistant to
degradation. By contrast, though some tropical
highland soils are also “new,” formed through the
deposition of volcanic materialsfrom old eruptions,
most are of infertile parent material or have been
highly weathered over the millenia, resulting in the
leaching of soluble nutrients from soils and acidifi-
cation. The higher temperatures, greater high and
low extremes of rainfall, and greater rainfall inten-
sity typical of the tropics subject soils in most de-
veloping countries to significant risk of climate-
induced degradation.

Indeed, only a third of all rainfed, cultivable
area in developing countries (excluding China, for
which data were not available) is free of major
soil-related constraints that limit production (Ta
ble 1). The 10 percent of land in steep slopesis es-
pecially prone to erosion, as are shallow soils; the
extensive areaswith low natural fertility require ac-
tive nutrient replenishment and supplementation to

sustain even moderate yields over time; and sandy
soils require careful management to retain water.
Chemical soil constraints are also widespread: 36
percent of tropical soils have low nutrient status;
one-third have sufficiently acid conditions for solu-
ble aluminum to be toxic for most crops (acidity is
exacerbated by inorganic fertilizer application); 22
percent aretropical claysthat fix phosphorus; 5 per-
cent have critically low cation exchange capacity;
and some are saline or alkaline (Sanchez and Logan
1992, cited in Tengberg and Stocking 1997, 9-10).
Poor land husbandry can have quite different
long-term effects on different types of soils, and
costs of and returns to soil improvement can vary
substantially, depending upon soil resilience (the
resistance to degradation) and soil sensitivity (the
degree to which soils degrade when subjected to
degradation processes). For example, ferralsols,
which have low available nutrient supplies, strong
acidity, low available phosphorus, no reserves of
weatherable minerals, and easily lost topsoil or-
ganic matter, demonstrate low resilience and mod-
erate sensitivity to water erosion. Even with good
soil cover, yields decline rapidly without a combi-
nation of structuresand biological measuresto con-
trol erosion. By contrast, luvisols, with moderate
nutrient levels, low-to-moderate organic matter
content, and weak topsoil structure prone to crust-
ing, have moderate resilience and low-to-moderate

Table 1—Share of land with terrain and soil constraintsin total rainfed land with crop production

potential
Developing
Latin America East Asia countries
Sub-Saharan and the Near East/ (excluding (excluding
Constraint Africa Caribbean North Africa China) South Asia China)
(percent)
Steep slopes (1645 percent) 11 6 24 13 19 10
Shallow soils (<50 centimeters) 1 10 4 1 1 1
Low natural fertility 42 46 1 28 4 38
Poor soil drainage 15 28 2 26 11 20
Sandy or stony soils 36 15 17 11 11 23
Salinity, sodicity, or excess of gypsum 1 2 3 1 2 1
Total land with crop production potential
affected by one or more constraint$ 72 72 43 63 42 67
No major constraints 28 28 57 37 58 33

Source: N. Alexandratos 1995, Table 4.2, p. 155.
4 ndividual constraints are nonadditive, that is, they may overlap.



sensitivity. Maintaining their productivity requires
both tillage practices that maximize surface water
infiltration and biological measures that maintain
soil cover (Tengberg and Stocking 1997; see Fig-
ure 1). While some soils, like afisols, can be main-
tained for along time with only inorganic fertilizer
application (if farmers make sure that they do not

Figure 1— Effects of soil erosion on maize yields
for different types of soil

Luvisol soil type
Maize yield (kilograms/hectare)
4,000

3,500 1
3,000 1
2,500 1
2,000 1
1,500 1
1,000 1

500 1

0 T T T T T T T T

0 2 4 [§} 8 10 12 14 16
Year

= Good cover (5 metric tons/hectare)

——  Moderately good cover (20 metric tons/hectare)

=== Poor cover (50 metric tons/hectare)
Bare soil (100 metric tons/hectare)

Ferralsol soil type
Maize yield (kilograms/hectare)

2,000
1,800 1
1,600 1
1,400 1
1,200 1
1,000 1
800 1
600 1
400 1
200 1
0

10 12 14 16 18 20

Year
= Good cover (76 mefric tons/hectare)

——  Moderately good cover (94 metric tons/hectare)

——- Poor cover (187 metric tons/hectare)
Bare soil (290 metrie tons/hectare)

Source: Tengberg and Stocking 1997, figures 4 and 6.

crust), Luvisols require complementary use of or-
ganic inputs because they arelow in organic matter
to begin with (Swift 1997).

Assessment of the Effects of Soil
Degradation

An assessment of the productivity-related economic
effects of soil degradation that is relevant to policy-
making first requires estimates of the changes over
time of thetype, scale, and rate of physical soil quality
at asubregiona or higher scale. These changes must
then be linked to consequent changes in agricultural
yield or production costs, and these, in turn, to result-
ing changes in consumption, market supply, farm in-
come or economic growth, and the long-term vaue of
the resource base.

Assessing Soil Quality Change Over Time

Methods for soil quality assessment were devel-
oped mainly for use at the plot level, and are prob-
lematic to scale up, even when substantial plot-
level data are available (Halverson, Smith, and
Papendick 1997). No developing country has in
place a national monitoring system for soil quality.
Researchers trying to assess soil quality change
above the plot level, have used approximate meas-
ures, including
- Consultation with experts, long familiar with
particular regions, who provide a ranking or
gualitative assessment of the scale and pro-
cesses of degradation within theregion, accord-
ing to agreed-upon criteria (see, for example,
Oldeman, Hakkeling, and Sombroek 1991);
Review and comparative evaluation of pub-
lished studies on degradation from many differ-
ent sites within aregion (see, for example, Lal
1995; Dregne and Chou 1992);
Extrapolation of theresultsof case studies, field
experiments, and other micro- or watershed-
level datato the national level (see, for exam-
ple, casesin Bgj6 1996); and
Estimates constructed from examination of sec-
ondary data on land use change, representative
ecological conditions, and so on (see, for exam-
ple, Rozanov, Targulian, and Orlov 1990).



Assessing the Effects on Agricultural
Productivity

The effects of soil degradation on agricultural pro-
ductivity (see box) vary with the type of soil, crop,
degradation, andinitial soil conditions, and may not
be linear. Lower potentia production due to degra-
dation may not show up in intensive, high-input
systems until yields are approaching their ceiling.
Reduced efficiency of inputs (fertilizer, water, bio-
cides, labor) could show up in higher production
costs rather than lower yields.

Effects on productivity are most commonly es-
timated using coefficients based on plot-level ex-
perimental trials or cross-sectional farm surveys.
Many researchers estimate production effectsusing
the Universal Soil Loss Equation.” Since trial and
survey data are unavailable for a number of soils
and degradation processes, studies often base as-
sumptions about aggregate physical yield effectson
degradation-yield relationships taken from the lit-
eratureor estimated by soil experts. Few studiesuse
historical time-series data on yield and production
cost; even fewer attribute yield or cost change to
soil quality change, controlling for other variables.

Most research methods provide only a rough
estimate of the nature and relative importance of
degradation across large areas, though a few valu-
able studies disaggregate by type of soil, topogra-
phy, location, crop, or farm household.

I ndicators of Economic | mpact

Many different indicators have been used in re-
search on the economic effects of soil degradation.
Welfare effects have been measured by changesin
the number of food-insecure households or mal-
nourished children; the amount of food consumed
from farm production; the level of rural household
income or consumption; the degree of community-

level food self-sufficiency; and the rates of migra-
tion. Effectson agricultural supply have been meas
ured by changesin average crop yields or aggregate
crop production, aggregate market supply, export
or import levels, and level and variahility of crop
prices. Economic losses have been assessed by
comparing the value of lost production, the value of
inputs needed to compensate for lost nutrients, or
current or discounted futureincome streamsto farm
income, nationa income, or economic growth rates,
or by measuring changes in input efficiency. Ef-
fects on national wealth have been measured only
by changes in the aggregate amount or quality of
agricultural land (Scherr 1997a).

Evolution of Methods for | mpact Assessment

Studies of the productivity-related economic ef-
fects of soil degradation can be divided into three
periods. Those published in the late 1970s and
1980s were intended mainly to draw public atten-
tion to the issue. They used rather simplistic ap-
proaches, cal culating gross aggregate effects of soil
erosion on agricultural lands (assuming little use of
conservation practices) and resulting gross eco-
nomic | osses.

Global and regional analyses published in the
early 1990s were more systematically designed and
reflective of broad field experience. They relied
mainly on secondary data, literature reviews, and
surveys of regional soil experts, and used fairly
simple economic models, if any. National and sub-
national studies used similar methods, but with
more disaggregated data, to construct models that
measured impact. Typicaly in the early 1990s, the
economic impact of degradation was measured in
terms of the value of lost yields, the value of plant
nutrientslost through erosion, or the costs of soil re-
habilitation. These changes were valued at market
prices. The approaches of this period have been

5The Universal Soil Loss Equation (USLE) was developed in the 1970sto estimate erosion risksand level sin temperate agriculture,
but it has been adapted for tropical conditions. The USLE equationis A = R*K*L* S*C*P, where A = long-standing average annual
soil erosion in metric tons/hectare; R = rainfall erosive factor (which depends on the frequency, quantity, seasonal distribution, and
kinetic energy of heavy rainfall); K = soil erodibility factor (dependent on soil type); L = slope-length factor; S= slope steepnessfac-
tor; C = farming practice and crop-type factor (dependent on the stage of cultivation and the cover by crops, other vegetation, or resi-
dues); and P = soil conservation measures (which depend on farm management practices). The USL E was devel oped and further re-
fined for use at the farm-plot level, but it has been widely applied (and some would say, misapplied) at the landscape and even

national levels to estimate erosion (Wischmeier and Smith 1978).



criticized for their degree of aggregation, smplistic
assumptions about degradation-production rela-
tionships, failure to examine least-cost alternatives
to rehabilitation, and failure to consider likely
farmer or market responsesto supply or cost shifts.
Since the mid-1990s a third generation of studies
has used more sophisticated models and methods
for collecting and analyzing data to disentangle
causal relationships and explore variation in soil
conditions and management (see, for example, En-
ters 1998). Many projects have begun to collect pri-
mary data from representative soil, farm, or village
unitsin order to develop more reliable biophysical
yield models for different types of environments,
degradation, and soil management. Research in-
creasingly focuses on effects at the national and
subnational levels, and this alows for more policy-
relevant analysis (Scherr 1997a).

Predicting Futur e Effects:
Conceptual Challenges

Even with the best information on past and current
trends, three other central issues must be considered
before predictions about future trends regarding
soil degradation can be made with any confidence:
(1) Towhat extent is soil degradation reversible at
an economically reasonable cost?;
(2) To what extent will farmers respond on their
own to protect or rehabilitate their soils?;, and
(3) To what extent will structural change in agri-
cultural economies affect our reliance on cur-
rently degrading soil resources?

Reversibility of Soil Degradation

Where soil degradation is reversible at low-to-
moderate economic cost (relative to agricultural
product prices and land values), even significant
degradation may result in little long-term economic
loss. Prevention is not always cheaper than a cure.
For example, farmers who cease to undertake soil-
protecting investments during prol onged periods of
low food prices may resume those practices when
prices rise. Farmers also may mine soil nutrients
(soil capital) over aperiod of timein order to accu-
mulate alternative forms of more economically

valuable capital, but subsequently usethat capital to
rebuild soil resources. Land abandonment after pro-
longed soil degradation could serveto keep theland
fallow long enough for it to recover key long-term
productive attributes.

If, on the other hand, degradation through lack
of proper soil husbandry in the short term leads to
permanent reductions in the soil’s productive po-
tential, strategies leading to degradation are less
likely to be economically justifiable. What consti-
tutes “irreversibility” is a matter of some debate
among soil scientists due to inadequate research.
Only nutrient depletion and imbalance and surface
sealing and crusting can be rapidly and relatively
cheaply reversed (Table 2). Many water, nutrient,
and biological problems in soils can be reversed
over 5-10 years through soil-building processes
and field- or farm-scale investments and manage-
ment changes. Sometypesof physical and chemical
degradation, such asterrain deformation and salini-
zation, are extremely difficult or costly to reverse.
Thefeasibility and cost of soil rehabilitation depend
in part on soil type, production system, and severity
of degradation. For many soil types, little is known
about the effects of degradation or the thresholds
for soil quality below which future investment in
restoration is uneconomic.

Farmer Response to Soil Degradation

Historical evidence suggeststhat alinear extrapola-
tion of current soil degradation trendswill beapoor
guide to future soil quality. Farmers depend upon
the land for their livelihood. It is uncommon for
them to be unaware of serious soil degradation un-
less they are recent immigrants to a new agroeco-
logical zone, the process of degradation has not yet
affected yields, or its cause is invisible (acidifica-
tion, for example). We should expect, therefore,
that farmers will respond to degradation with new
land management or investment if they perceive a
net benefit from doing so and can acquire or de-
velop appropriate technology. Trajectory 1in Fig-
ure 2 illustrates such a process of innovation, in
which increasing pressure on soil resources over
timeinitially leads to soil degradation, but farmers
eventually respond by improving soil management
practices and making investments to restore, main-
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Table 2—Relative reversibility of soil-degradation processes

Largely
Type of reversible, Reversible, Largely irreversible/
degradation Degradation process low cost significant cost very high cost
Physical Clay pans, compaction zones X
Surface sealing and crusting X
Subsidence X
Topsoil loss through wind X (if active
or water erosion deposition) X
Terrain deformation (gully erosion, mass
movement) X
Waterholding Reduced infiltration/impeded drainage X
Reduced waterholding capacity X
Waterlogging X (farm scale) X (landscape scale)
Aridification X
Chemical Organic matter loss X
Nutrient depletion/leaching X
Nutrient imbalance X
Nutrient binding X
Acidification X (if liming feasible) X
Alkalinization/salinization X
Dystrification X
Eutrophication X
Biological Reduced biological activity due to soil disturbance X
Reduced biological activity due to agrochemical use X
Pollution Contamination X
Pollution (accumulation of toxic substances) X

Source: Informal consultation with tropical soil experts and various texts on degradation.

tain, or even ultimately improve the soil’ s produc-
tive potential . Empirical examplesof such aprocess
have been widely documented (Ruthenberg 1980;
Templeton and Scherr 1997; Tiffen, Mortimore,
and Gichuki 1994).

Farmers respond not only by making major
conservation investments such as terrace construc-
tion on steep slopes, land-levelinginirrigated areas,
land drainage, and revegetation of denuded land-
scapes, but also by using alternative crop mixesand
cropping intensities; land-clearing and fallow prac-
tices; spatial patternsand nichesof crop production;
tillage and planting density and timing practices,
agroforestry practices; vegetation management out-
side crop fields; crop-residue management; live-
stock population, species, and feeding practices; or
farming implements. Farmers may modify the lay-
out of farm paths, fences, windbreaks, and other lin-
ear features or barriers in order to affect soil and
water movement (Scherr et al. 1996).

The conservation community has discovered that
farmers decisions about conservation practices and
investments are inextricably linked to production
(Shaxson et al. 1997). If good land-husbandry prac-
tices are to be widely adopted, they must not only re-
plenish soil resources, but also contribute to increased
productivity and farm income in the short term (Sain
and Barreto 1996; Partap and Watson 1994). Farmer
willingness to invest in soil improvement is closdy
associated with the overal economic profitability of
farming and an economic and policy environment that
facilitates commercialization, reduces price risks, in-
creases access to infrastructure, increases security of
land access, and encouragestechnical innovation (see,
for example, Clay, Reardon, and Kangasniemi 1998;
Shiferas and Holden 1997; Hopkins, Delgado, and
Gruhn 1994).

When farmers fail to take action (trgectory 2 in
Figure 2) or delay taking action until significant, irre-
versible degradation has taken place (trajectory 3), it



Figure 2—Innovation in soil resource manage-
ment under population or market
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Note: t, to t, are time periods. Trajectory 1 indicates a flexible and
innovative response to degradation by farmers. Trajectory 2
indicates a failure to take action. Trajectory 3 indicates a delay
in taking action until significant degradation has occurred.
Trajectory 4 indicates that policy intervention encouraged
farmers to respond sooner or more effectively than would
otherwise have been expected on the basis of their existing
incentives.

usualy means that they lack knowledge about effec-
tive means for soil improvement; lack access to the
farm resources, such as labor, capitd, or inputs,
needed to make the improvements (a particular con-
cern for the poor); believe the economic contribution
of the plot to their livelihood is marginal; expect low
economic returns from available options for soil im-
provement; or are uncertain about reaping the longer-
term benefits of soil improvement due to tenure inse-
curity or price or climate risks (Scher and Hazell
1994). Under these conditions, targeted policy action
is needed to dow or reverse soil degradation. Policy
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intervention may also be desrable to acceerate
farmer responsein stuationswhere socia benefitsare
greater than farmers private benefits (trajectory 4 in
Figure 2).

The trajectories of soil degradation and im-
provement vary considerably among different path-
ways of development. These variations result from
differences in the soil resource base, demographic
patterns, market integration, local institutions, and
policy actions (Clay, Reardon, and Kangasniemi
1998; Scherr et al. 1996). Judicious use can be made
of limited public investment resources to address
soil degradation only if we are able to better predict
when and how farmers will respond to degradation
and intervention.

Structural Changein Agricultural Economy

Even if existing estimates of the economic effects
of soil degradation in recent decades are correct,
they cannot necessarily be extrapolated to 2020.
There is no certainty that all of the developing
world’s soils currently under cultivation will con-
stitute important resources for agricultural produc-
tion in the decades ahead. Structural changes in
global and national economies, trading patterns,
and infrastructure development may make some
soil resources much more important than others.
Technological breakthroughs may make some
“problem” soils much more productive in the fu-
ture, while unforeseen events may contaminate
soils that are most productive at present. Thus,
evaluation of future threats of degradation requires
that we assessthelikely future trendsin the broader
economy and their implications for soil manage-
ment. Some possible scenarios are presented in
Chapter 4. Past and present challenges are pre-
sented first, in Chapter 3.



3. Past and Present Effects of Soil Degradation

The past half century has been a period of unprece-
dented agricultural change in developing countries
in response to large population increases, integra-
tion of rural areasinto national and international ag-
ricultural and other markets, new technologies, and
infrastructure development. Mgjor increasesin ag-
gregate agricultural production in this period have
been associated with different kinds of soil degra-
dation. This chapter reviews the available evidence
on the economic effects of degradation—at the global
level and for three developing regions: South and
Southeast Asia, Sub-Saharan Africa, and Mexico
and Central America—and assesses the importance
of soil degradation to policy concerns.

Land Use and Management in
Developing Countries Since
the 1950s

Itisuseful to examine the overall patterns of agricul-
tura changein developing countriesfirst. Rural popu-
lation increase, expansion of cultivated area, and
intengification of production have all affected soil
quality. Although the rural population growth ratein
developing countries declined from 2.2 percent in
196065 to 1 percent in 1990-95, the absolute
number of rural dwellers grew amost 40 percent,
from 2.0 to 2.8 hillion over the same period (UN
1995). Rural population was fairly stable in Latin
America, but it increased 37 percent in Asia (outside
Japan) and a remarkable 68 percent in Africa Tota
growthratesin 1970-88 for agricultural productionin
developing countries (4.1 percent per year in East
Asda; 3.1 percent in South Asia, Near East, and North
Africa; 2.6 percent in Latin America and the Carib-
bean; and 1.8 percent in Sub-Saharan Africa) haveri-
valed or surpassed growth rates in the industrialized
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countries (1.2 percent per year in the same period),
though not on a per capita basis.

This growth came in part from extensive clear-
ing of new agricultural lands. Y et even with thisex-
pansion, arable land per capita declined from just
under 0.5 hectare in 1950 to just under 0.3 hectare
in 1990 (FAO 1993). Yield increases on land al-
ready in production thus contributed far moreto to-
tal production. For example, more than 90 percent
of the growth in developing-country cereal produc-
tion between 1961 and 1990 came from yield growth
(World Bank 1992b).

It should not be surprising that agricultural ex-
pansion and yield growth on such a scale would be
associated with some degradation of soil resources.
Y et the patterns of degradation vary in the different
pathways leading to agricultural intensification and
reflect the level of resource endowments in each
pathway (Scherr 1997b). The five main pathways
are summarized below (also see Table 3).

Irrigated Lands

Area under irrigation in developing countries in
1995 totaled 190 million hectares—an increase of
60 percent since the early 1960s (Pinstrup-Andersen,
Pandya-Lorch, and Rosegrant 1997). Irrigated land
now accountsfor about 7.5 percent of all arableand
grazing lands (Nelson et al. 1997). In low- and
middle-income countries, the proportion averages
20 percent of arable and perennial cropland, reach-
ing 34 percent in East and South Asia. Only in Af-
ricahasirrigation, at only 4 percent of arable land,
been unimportant (World Bank 1997). In 12 devel-
oping countries, including populous states like
Egypt, China, Iran, Irag, North Korea, and South
Korea, and Pakistan, more than 40 percent of al ar-
able land was under irrigation in 1994.



Table3—Major pathways of changein agricultural land usein developing countries and

associated degradation problems

Land type Main changes

On-site soil degradation

Other resource degradation

Irrigated lands

*

multiple cropping

High-quality rainfed

60 percent increaseinirrigated  * Salinization and waterlogging
area, 1961-90; increased * Nutrient constraints under multiple cropping
Biological degradation (agrochemicals)

Transition from short fallow to  * Nutrient depletion

*

Nutrient pollution in ground/
surface water

Pesticide pollution

Water-borne disease

Water conflicts

*

*

*

*

Pesticide pollution

lands continuous cropping, HY Vs, * Soil compaction and physical degradation * Deforestation of commons
mechanization from overcultivation, machinery
* Acidification
* Removal of natural vegetation, perennials
* Soil erosion
*

Densely populated
marginal lands

Transition from long to short * Soil erosion
fallows or continuous cropping; * Soil fertility depletion

Biological degradation (agrochemicals)

*

Loss of biodiversity
Watershed degradation

*

Cropping in new landscape * Removal of natural vegetation, perennials

niches

from landscape

* Soil compaction, physical degradation from
overcultivation

*

Extensively managed Immigration and land-clearing
marginal lands for low input agriculture

%k ok * *

Soil erosion from land-clearing

Soil erosion from crop/livestock production
Soil nutrient depletion

Weed infestation

Biological degradation from topsoil removal

Acidification

*

Deforestation
Loss of biodiversity
Watershed degradation

*

*

Urban and peri-urban Rapid urbanization; diversifica=  * Soil erosion from poort agricultural practices * Water pollution

agricultural lands

tion of urban food markets; * Soil contamination from urban polutants *Air pollution

rise in urban provery * Overgrazing and compaction * Human disease vectors

Irrigation brought myriad changes in land hus-
bandry practices, increased multiple cropping, new
purchased inputs (hybrid varieties, chemical in-
puts), land leveling, and new forms of local organi-
zation. While yields and production have increased
markedly, some soils have also degraded, particu-
larly dueto poor management of water causing sali-
nization and waterlogging, but also more subtle nu-
trient management problems which have slowed
downyield increasesin recent years. High fertilizer
and pesticide applications have often contaminated
water supplies.

High-Quality Rainfed Lands

“High-quality” rainfed lands are located mainly in
areas with naturaly deep, fertile, and less
weathered soils: temperate zones (for example, Ar-

gentina, southern Brazil, Chile, South Africa); vol-
canic regions in the tropical highlands (for exam-
ple, the East African highlands, Java); and tropical
regions with vertisols and afisols (for example,
South Asia, West African savannahs). These lands
account for about 605 million hectares, or 23 per-
cent of arable and grazing lands in developing
countries, and, with irrigated lands, for about 35
percent of therural population (Nelson et al. 1997).
In these prime rainfed lands, farmers have
greatly increased cropping intensity, even where
permanent agriculture had already been the norm.
The Green Revolution—which brought increased
use of hybrids, increased chemical use, mechaniza-
tion, and a trend toward monocropping—also
played a pivotal role in these areas. In some cases,
inappropriate use of machinery hasled to soil com-
paction; poor vegetation management has exposed



soils to erosion; and substitution of organic inputs
with chemica fertilizers has led to declining or-
ganic matter and acidification of vulnerable soils.

Densely Populated Marginal Lands

Most agricultural land area in developing countries
fals outside the category of high-qudity, relatively
resilient irrigated and rainfed land. These “margina”
lands, which have lower-quality or degradation-prone
soils, and are subject to harsher and more variable cli-
mates, account for about 69 percent of arable and
grazing lands and 65 percent of rural population®
(Nelson et d. 1997). They are associated with two
contrasting pathways, distinguished by rural popula-
tion density.

Large areas of long-settled marginal lands are
now under intensive crop production as a result of
high and rapidly growing rural population and devel-
opment of agricultural markets. Cultivation has
spread into landscape niches, such as steep dopes,
with poorer and more vulnerable soils. Human settle-
ments compete for use of agricultural lands. External
inputs are often less available, more costly, and less
profitable than in the high-potential areas, and inten-
sve farming practices (typically borrowed from
high-potentia areas) are often not adapted to marginal
environmental conditions. Overexploitation for sub-
sstence and commercia uses hasled to loss of vege-
tation for soil cover. Soil eroson and nutrient
depletion are common, though there is evidence that
intensification has sometimes led to greater use of
soil-protecting practices (Tiffen, Mortimore, and Gi-
chuki 1994; Clay, Reardon, and Kangasniemi 1998;
Turner, Hyden, and Kates 1993; Reij, Scoones, and
Toulmin 1996; and Templeton and Scherr 1997).

Extensive Agriculturein Marginal Lands

Other margina lands—commonly considered the
“agricultural frontier”—have much lower popula-
tions. Asland isrelatively abundant, it is managed
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using labor-extensive practices such as long crop
fallows or extensive grazing.

In the 1950s, it was estimated that around 200
million people on 14 million square miles (10 per-
cent of the world’ s population on 30 percent of ex-
ploitable soils) were practicing shifting cultivation
(Nye and Greenland 1960). Between the early
1960s and the mid-1990s, land area under annual
crops increased by 19 million hectaresin Asia, 28
million in South America, and 31 millionin Africa
Area under permanent pastures expanded even
more in aggregate terms, while total forest and
woodland area declined, especiadly in Asia and
South America(FAO 1995). It isestimated that 200
million landless people have migrated to tropical
forests sincethe 1960s, and that as many as 500 mil-
lion people—maost of them poor—now use shifting
cultivation systems (ASB undated).

Most of the land claimed from these frontier ar-
eas has lower intrinsic soil quality or poses higher
production risks due to factors such as steep slopes
and very high or very low rainfall. Population den-
sitiesinthese areasarerelatively low, infrastructure
limited, and market development weak. Soils are
degraded by the land-clearing processitself, by de-
creasing fallow periods that deplete nutrients, and
by widespread burning to control weeds and pests
and provide ash for plant nutrition. Large areas
have been abandoned due to nutrient and organic
matter depletion and weeds. In Southeast Asia, Im-
perata grass now covers 40 million hectares; in the
Amazon there are an estimated 20 million hectares
of degraded pastures (ASB undated). There arefew
economic incentives for investing in land improve-
ment, because land is still relatively abundant, of
low market value, and often available without se-
cure land rights.

Urban and Peri-Urban Agricultural Land

During the 1980s, the importance of urban agri-
culture accelerated dramatically throughout the

6“Densely populated” is used here as arelative term indicating popul ation pressure on arable lands from small hol der farming using
short-fallow or permanent cultivation systems. Actual densities may be aslow as 30 per square kilometer in areas with lots of unus-
able and low-quality land, or as high as 1,000 per square kilometer. The term “marginal lands’ is conventionally used. However,
readers should remember that lands are typically defined as“marginal” for the purpose of plow-based grain cultivation. Theselands
may be superior production sites for other types of products or production systems.



world. The Urban Agriculture Network has esti-
mated that by the early 1990s, approximately 800
million people globally were actively engaged in
urban agriculture, of whom 200 million were
farmers producing for sale on the market (many
part time). Evidence from eight African and three
Asian countries showed 33-80 percent of urban
families engaged in food, horticultural, or live-
stock production. Low-income urban residents,
who would otherwise spend a very high propor-
tion of their income on food, typically engage in
agriculture to increase their food security, in-
come levels, and sometimes the nutritional qual-
ity of their food. Middle- and high-income urban
farmers grow food mainly to improvediet quality
or supplement incomes with high-value crops
(Cheemaet al. 1996, Tables 2.1 and 3.1).

Contrary to popular belief, ahigh proportion of
urban land is available for agriculture.7 In Beria,
Mozambique, 88 percent of the city’s “green
spaces’ are used for family agriculture. Large areas
of many cities are so used: Beijing (28 percent of
the city); Zaria, Nigeria (66 percent); Hong Kong
(20 percent); Bangkok (60 percent of the metropoli-
tan area); and San Jos¢, Costa Rica (60 percent of
the metropolitan area). Farmers may borrow, rent,
or squat on the land they farm.

Global Effectsof Soil Degradation

Theland surface of the earth totals 13.0 billion hec-
tares, of which 1.5 billion are unused wasteland and
2.8 billion are unused but largely inaccessible
(Oldeman 1994). Of the 8.7 billion hectares under
use, most is suitable only for forest, woodland,
grassland, or permanent vegetation. Only 3.2 bil-
lion hectares are potentially arable. About half of
this potentially arable land is currently cropped and
41 percent is considered moderately to highly pro-
ductive (Table 4).
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Table 4—Global supply and use of land

Type of land Area

(billion hectares)

Total ice-free land areain the world 13.4
Total land area without water bodies 13.0
Land used 8.7
Potentially arable land 3.2
Moderately to highly productive 13
Low productive land 19
Current use of potentially arable land 3.2
Cropland 15
Permanent pasture, forest, and woodland 17

Source: Buringhand Dudal 1987. Datafor total land areawithout wa-
ter bodies and land used are from Oldeman 1994.
Potentially arable land is defined as land that can be culti-
vated or maintained in permanent pasture or both.

Note:

The 16 studies reviewed below assess the
global extent, rate, and effects of soil degradation.
Their datasuggest that soil quality onthree-quarters
of the world’ s agricultural land has been relatively
stable since the middle of the twentieth century. On
the rest, however, soil degradation is widespread
and the pace of degradation has accelerated in the
past 50 years. Productivity has declined substan-
tially on approximately 16 percent of agricultural
land in developing countries, especially on crop-
land in Africa and Central America, pasture in Af-
rica, and forestsin Central America. Large land ar-
eas of 5 to 8 million hectares have gone out of
production each year. Increased land in production
and under irrigation, increased productivity
through new varieties and inputs, and improved
marketing systems have compensated for some pro-
ductivity losses caused by degradation. But in the
specific regions, countries, and subregions where it
is widespread, the economic and welfare effects of
soil degradation pose pressing policy challenges.

7 Horticulture takes place in homesites, parks, rights-of-way, rooftops, containers, wetlands, and greenhouses. Livestock are pro-
duced in zero-grazing systems, rights-of-way, hillsides, coops, peri-urban areas, and open spaces. Agroforestry is practiced using
street trees, homesites, steep slopes, within vineyards, greenbelts, wetlands, orchards, forest parks, and hedgerows. Aquacultureis
practiced in ponds, streams, cages, estuaries, sewage tanks, lagoons, and wetlands. Food cropsare grown in homesites, vacant build-
ing lots, rights-of-way for electric lines, schoolyards, church yards, and the unbuilt land around factories, ports, airports, and hospi-

tals (Cheemaet al. 1996, Table 5.1).



17

Historical Soil Degradation gional experts, wasthefirst worldwide comparative
analysis to focus specifically on soil degradation
Thereis historical evidence of large-scale soil deg-  (Oldeman 1994). GLASOD was designed to pro-
radationin many partsof theworldinthepast 5,000  vide continental estimates of the extent and severity
years (Hillel 1991; Hyams 1952). UNEP (1986)  of degradation from World War 11 to 1990.° The
calculated that 2 billion hectares of land that was  study concluded that 1.97 billion hectares—23 per-
once biologically productive has been irreversibly  cent of globally used land—had been degraded.
degraded in the past 1,000 years. Rozanov, Tar- Thirty-eight percent of all agricultural land had
gulian, and Orlov’s (1990) analysis of global  become degraded, along with 21 percent of perma-
changes in the humusphere found that there has  nent pasture and 18 percent of forestsand woodland
been aloss of humus at arate of 25.3 million tons  (Table5). Nine percent of all cropland, pasture, and
per year on average ever since agriculture began  woodland was lightly degraded in 1990; 10 percent
10,000 years ago. This loss accelerated to 300 mil-  was moderately degraded, implying alarge decline
lion tons per year inthe past 300 yearsand 760 mil-  in productivity; and 4 percent was strongly de-
lion tons per year in the past 50 years. Nearly 16  graded, implying avirtual lossin productive poten-
percent of the original stock of organic soil carbon  tial. Water erosion caused the most degradation,
may have been lost. Within the past 300 years, 100  followed by wind erosion, soil nutrient depletion,
million hectares of irrigated land alone apparently  and salinization (Tables 6 and 7). Overgrazing was
have been destroyed and another 110 million hec-  theleading proximate cause, followed by deforesta-
tares have come to suffer from diminished produc-  tion and agricultural activity.
tivity due to secondary salinization. The amount of Of all degraded soils, 58 percent werein drylands
land thus affected is nearly equivalent to the 220  and 42 percent in humid areas.’ For the tropics alone,
million hectares of global irrigated area in 1984. 915 million hectares had been degraded by water ero-
Rozanov, Targulian, and Orlov conclude that more  sion, 474 million by wind erosion, 239 million by
productive land may have been irreversibly lost in  chemical degradation and 50 million by physica deg-
the past 10,000 years than is currently under agri-  radation (Lal 1994, using GLASOD data). Estimates

cultural production. show that nearly 20 percent of 1.1 billion hectares of
global dryland soils have been degraded. Thisis well
Extent of Degradation below estimates from Dregne and Chou's (1992)

comprehensivereview of literature on dryland degra-
During the past half century, soil degradation con-  dation (including degradation of soil aswell as vege-
cerns have focused principally on soil erosion. The  tation and nonagricultural soil functions). They found
earliest reports typically were cast interms of tons  that more than 70 percent of drylandsin Africa, Asia,
of soil lost,? ameasuredifficult tousefor policy as=  and South America are degraded—30 percent of irri-
sessment. The Global Assessment of Soil Degrada-  gated drylands, 47 percent of rainfed drylands, and 73
tion (GLASOD), based on a formal survey of re-  percent of rangelands.

8 For example, Judson (1968) estimated that 14.7 billion tons of soil werelost annually due to human-induced soil erosion, in addi-
tion to 9.3 hillion tons due to natural processes. Brown (1984) extrapolated from datafor the United States, USSR, China, and India
to conclude that one-third to one-half of global cropland had “excess’ soil loss from erosion beyond a sustainable level.

9 The objective of GLASOD wasto create awareness about the status of soil degradation. Over 250 soil and environmental scientists
cooperated in preparing 21 regional maps of human-induced soil degradation, using acommon methodol ogy. Following delineation
of physiographic unitswith homogeneous topography, climate, soils, vegetation, and land use, each unit was evaluated for itsdegree,
relative extent, and recent past rate of degradation, aswell asfor the forms of human intervention causing degradation. Types of deg-
radation were ranked in importance. Map segments were compiled and reduced to the final 1:10 million scale of the GLASOD map.
The map units were digitized and linked to a GLASOD database to calculate the areal extent of degradation. Since the mapsrely on
expert evaluation, they may reflect unsubstantiated biases and assumptions.

10«pryland” was defined asclimatic regionswith annual precipitation/evapo-transpirationratio of <0.65; “humid” arethoseregions
with less than 0.65.
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Table5—Global estimates of soil degradation, by region and land use

Agricultural land Permanent pasture Forests and woodland All used land
Per - Per - Per - Per - Seriously Per -
Region Total Degraded cent Total Degraded cent Total Degraded cent  Total Degraded cent degraded cent
(million hectares) (million hectares) (million hectares) (million hectares) (million hectares)

Africa 187 121 65 793 243 31 683 130 19 1,663 494 30 321 19
Asia 536 206 38 978 197 20 1,273 344 27 2,787 747 27 453 16
South

America 142 64 45 478 68 14 896 112 13 1,516 244 16 139 9
Central

America 38 28 74 94 10 11 66 25 38 198 63 32 61 31
North

America 236 63 26 274 29 11 621 4 1 1,131 96 9 79 7
Europe 287 72 25 156 54 35 353 92 26 796 218 27 158 20
Oceania 49 8 16 439 84 19 156 12 8 644 104 17 6 1
World 1,475 562 38 3212 685 21 4,048 719 18 8,735 1,966 23 1,216 14

Sources: For all totals, FAO 1990, and for others, Oldeman, Hakkeling, and Sombroek 1991.

Notes:  Thelast two columns refer only to land that is moderately, strongly, or extremely degraded. In the GLASOD study “lightly degraded
soil” isdefined as having somewhat reduced agricultural suitability, but issuitablein local farming systems. Original biotic functions
are still largely intact, and restoration to full productivity is possible through modifications in farm management. “Moderately de-
graded soil” is soil that offers greatly reduced productivity, but is still suitable for usein local farming systems. Major improvements
are needed that are typically beyond the means of local farmers; the original biotic functions are partially destroyed. In “strongly de-
graded soil” productivity isvirtually lost and soil isnot suitablefor useinlocal farming systems; theoriginal biotic functionsarelargely
destroyed. Major investments and/or engineering works would be needed to restore land to full productivity. “Extremely degraded
soil” isdefined as a“human-induced wasteland,” unreclaimable, beyond restoration, and with biotic functionsthat are fully destroyed.
Data for permanent pasture and forests and woodland include arable and nonarable land.

Table 6—Global extent of chemical and physical soil degradation, by region

Chemically degraded area Physically degraded area Total
degraded
Compaction, L oss of Total land as per-
L oss of Acidifica- sealing,and  Water- organic degraded cent of total
Region nutrients Salinization Pollution tion crusting logging matter land land used
(million hectares)
Africa 45 15 + 1 18 1 - 81 4.8
Asia 15 53 2 4 10 + 2 86 3.0
South
America 68 2 - - 4 4 - 78 51
Central
America 4 2 + - + 5 - 12 6.0
North
America - + + + 1 - - 1
Europe 3 4 19 + 33 1 2 62 7.7
Australia + 1 - - 2 - - 3
World 136 77 21 6 68 11 4 323 3.7

Source: Oldeman, Hakkeling, and Sombroek 1991.
Note:  Degradation figures include data for slightly, moderately, strongly, and extremely degraded lands. Plus sign means negligible; minus
sign means none reported.
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Table 7—Global extent of soil degradation dueto erosion, by region

Total area
seriously
Area eroded by water erosion Area eroded by wind erosion eroded
Total asa
Strong Strong Total area  percent
and and area seriously of total

Region Light Moderate extreme Total Light Moderate extreme Total eroded eroded land used
(million hectares)
Africa 58 67 102 227 88 89 9 186 413 267 16
Asia 124 242 73 441 132 75 15 222 663 405 15
South America 46 65 12 123 26 16 . 42 165 93 6
Central America 1 22 23 46 246 4 1 5 51 50 25
North America 14 46 e 60 3 31 1 35 95 78 7
Europe 21 81 12 114 3 38 1 42 156 132 17
Oceania 79 3 222 83 16 e 27 16 99 3 3
World 343 526 223 1,094 269 254 26 548 1,642 1,029 12

Source: Oldeman, Hakkeling, and Sombroek 1991.

Notes: Thelast two columnsrefer only toland that ismoderately, strongly, or extremely degraded. In the GLASOD study “lightly degraded soil”
is defined as having somewhat reduced agricultural suitability, but issuitablein local farming systems. Original biotic functionsare still
largely intact, and restoration to full productivity is possible through modificationsin farm management. “Moderately degraded soil” is
soil that offersgreatly reduced productivity, but isstill suitablefor useinlocal farming systems. Major improvements are needed that are
typically beyond the means of local farmers; the original biotic functionsare partially destroyed. In“strongly degraded soil” productivity
isvirtually lost and not suitable for usein local farming systems; the original biotic functions are largely destroyed. Major investments
and/or engineering workswould be needed to restore land to full productivity. “ Extremely degraded soil” isdefined asa“ human-induced
wasteland,” unreclaimable, beyond restoration, and with biotic functions that are fully destroyed. Ellipses indicate negligible amounts.

Effects on Productivity

Dataon the effects of degradation on global produc-
tivity are necessarily very rough. Pimentel, Allen,
and Beers (1993) estimate, based on available sec-
ondary data, that global production is 15-30 per-
cent lower asaresult of all thevariouseffects of soil
erosion. Buringh and Dudal’ s (1987) estimates are
even higher. Using an International Institute for
Advanced Systems Analysis (IIASA) model that
assumes no soil conservation, they predicted that
just between 1984 and 2000, 22 percent of the more
productive crop, pasture, and forest land—includ-
ing 14 percent of the most productive soils—would
be degraded. Erosion-induced soil nutrient deple-
tion would result in a 29 percent decline in rainfed
crop production and a19 percent lossin total poten-
tial production (South Americawould lose 10 per-
cent, Africa17 percent, Southwest Asia 20 percent,
Central America 30 percent, and Southeast Asia 36
percent).

Other figures for the effects on global produc-
tivity, based more on empirical evidence, are much

lower. Dregne and Chou (1992) estimate that more
than athird of irrigated land in Asiaand more than
half of rainfed land in Africa and Asia had experi-
enced a 10 percent loss in productive potential,
while 8 percent of irrigated and 10 percent of rain-
fed land in Asia had experienced at least a 25 per-
cent loss in potential productivity, with lower inci-
dence elsewhere. They estimated that over half the
rangelands had experienced more than 50 percent
lossin potential productivity. Using GLASOD data,
Crosson (1995b) estimated an aggregate global loss
of 11.9-13.4 percent of agricultural supply, assum-
ing a 15 percent, 35 percent, and 75 percent yield
decline, respectively, for light, moderate, and
strongly degraded cropland soils, and a 5 percent,
18 percent, and 50 percent decline for pasture soils.
Global productionwould be 12-13 percent higher if
the 15 percent of strongly and extremely degraded
lands were restored to full productivity. Oldeman
(1998) used Crosson'’ s coefficientsto calcul ate that
global cropland production was 12.7 percent lower
and pasture production 3.8 percent lower than they
would have been without degradation, for a total
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agricultural loss of 4.8 percent. With higher esti-
mates of pasture yield decline, global lossincreases
to 8.9 percent (Table 8).

Economic Effects

While environmental economists have used re-
source valuation techniques to estimate the global
value of other natural resources, no such studiesare
availablefor soil (Costanzaet al. 1997). Early crude
estimates of the annual cost of soil erosion hovered
around U.S.$26 billion, about half the cost borne by
devel oping countries (UNEP 1980). A decadelater,
Dregne and Chou (1992) proposed $28 billion per
year as the cost of dryland degradation. Pimentel,
Allen, and Beers (1993) valued the plant nutrients
lost annually just through sediment loss and nitro-
gen in water runoff at $5 billion, or 0.4 percent of
the annual global value added in agriculture.

Effects on Consumption by Poor Farmers

There has been no global mapping of the relation-
ship between poverty and soil quality or soil degra-
dation. However, a number of factors suggest that
soil degradation affects the rural poor in a particu-
larly negativeway. Studiesin Asiaand West Africa

in the 1980s (reviewed in Malik 1998) found that
the rural poor were more dependent on agriculture
than the nonpoor. The poor depended more on an-
nual crops, which typically degrade soils more than
other crops. They also relied more on common
property lands, which tend to suffer greater degra-
dation than privately managed land. When the prin-
cipal assets of the poor comprise low-productivity
or degrading lands, and their ability to seek morere-
munerative livelihood options is restricted by eco-
nomic, political, or social conditions, they may fall
into a poverty “trap,” in which they lack sufficient
assets to undertake the land husbandry and invest-
ment necessary to maintain or increase productivity
(Malik 1998). The poor tend to be “ pushed” to mar-
ginal lands by political forces, expulsion of squat-
ters from higher-quality lands during moderniza-
tion, or the inability to compete for higher-quality
land. Because the poor use fewer inputs, they rely
more on intrinsic soil quality.

Poverty may also exacerbate degradation when
poor people can meet subsistence food, feed, and
fuel needs only through overexploitation of natural
vegetation and consumption of organic residues
from farming and livestock-keeping that would other-
wise help replenish the soil. The poor play asignifi-
cant role in expansion of farming into marginal

Table 8—Average cumulative loss of productivity during the post-Second World War period asa
result of human-induced soil degradation, worldwide and by region

Crops and pastures Crops and pastures (high

Region Cropland Pastureland (low estimates of impact) estimates of impact)
(percent)
Africa 25.0 6.6 8.1 14.2
Asia 12.8 3.6 4.7 8.9
South America 13.9 2.2 4.1 6.7
Central America 36.8 33 8.7 145
North America 8.8 18 3.0 5.8
Europe 7.9 5.6 4.6 9.0
Oceania 32 11 12 3.2
World 12.7 3.8 4.8 8.9

Source: Oldeman 1998, 4, Table 1.

Notes: Thesefigureswere calculated by multiplying the areaby acoefficient of yield lossfor each soil degradation category. Inthe case of crop-
land, the coefficients were 15 percent loss for “light” soil degradation, 35 percent for “moderate,” 75 percent for “strong,” and 100 per-
cent for “extreme” degradation. Inthe case of pasture land, the corresponding coefficientswere 5 percent for light, 18 percent moderate,
and 50 percent strong. For combined crop and pastureland, two different sets of coefficientswereused: 5 percent for light, 18 percent for
moderate, 50 percent for strong, for pastures; and 15, 35, and 75 percent, respectively, for cropland.



lands, especialy when nonfarm employment
opportunitiesdecline. Thusanegatively reinforcing
relation between poverty and soil degradation can
develop. Thereisalso evidence, however, that poor
farmers may respond effectively to soil degrada-
tion, both to reverse degradation and to cushion its
effects on their livelihoods (Scherr 1999).1*

Agricultural Land Loss

Estimates of the annual rate of loss of agricultura
land due to degradation range from 5 to 12 million
hectares, or about 0.3 to 1.0 percent of the world’s
arable land. On the higher end are Lal and Stewart
(1990), who estimated that 12 million hectareswere
being destroyed and abandoned annually. UNEP
(1986) estimated that 6 million hectares were being
lost each year through desertification processes.
GLASOD calculated that since the mid-1940s 56
million hectares per year had been permanently lost
to agriculture through human-induced soil degrada-
tion, a rate (0.3-0.5 percent of the world's arable
land area) comparableto earlier estimates by Dudal
(1982). Rozanov, Targulian, and Orlov (1990) esti-
mated that 6—7 million hectares per year are being
irreversibly lost.

Effects of Soil Degradation in
South and Southeast Asia

Regiona studies and studies for Bangladesh, China,
India, Indonesia, and Pakistan show that soil degra-
dation—mainly from nutrient depletion and salini-
zation—has a significant effect on national agricul-
tural supply in South and Southeast Asia. Estimates
of thetotal annual economiclossfrom soil degrada-
tion range from under 1 to 7 percent of agricultural
gross domestic product (AGDP). Given that more
than half of all land is not affected by degradation,
the economic effects in the degrading areas would
appear to be quite serious.
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Extent of Degradation

The extent of soil degradation in Asiawas evauated
infivemgjor studiesin the 1980sand 1990s. A litera-
ture review by FAO (1986) found that 31 percent of
the total land areain 13 Asian-Pacific countries was
degraded, with the highest incidence (>30 percent) in
China, India, Laos, Thailand, and Viet Nam, and the
lowest incidence (<10 percent) in Tonga, Bangladesh,
and Myanmar (Table9). Themain hazard was soil nu-
trient depletion, though waterlogging and salinity also
posed significant problems.

Dregne and Chou's (1992) literature review of
dryland degradation concluded that 71 percent of
Asan drylands are degraded, and 39 percent “se-
verely” so. They estimated that degradation affected
35 percent of irrigated lands, 56 percent of dry rainfed
lands, and 76 percent of rangelands.

Y oung (1993) and national soil expertsin eight
South Asian countries™ revised the continental
GLASOD figures, incorporating the best available
national data. GLASOD data indicated that a total
of 43 percent of the agricultural land in these eight
countrieswas affected by sometype of degradation.
Most nondegraded land was either in rainfed lands
of the humid zone or irrigated alluvial areasin both
humid and dry zones. The revised figures showed
that 25 percent of the region’s agricultural land had
been degraded by water erosion, of which 60 percent
was moderately or strongly degraded (that is, costly
or nearly impossible to reverse). Another 18 percent
had been degraded by wind erosion (of which 77 per-
cent was moderately or strongly degraded), and 13
percent by soil fertility decline (less than 10 percent
was moderate or severe). Two percent was degraded
by waterlogging (three quarters was moderate or se-
vere), 9 percent by salinization (72 percent moderate
or severe), and 6 percent by lowering of the water ta-
ble (40 percent was moderate).

Using amore detailed and nationally represen-
tative GLASOD-type methodology, however, the
Assessment of Human-Induced Soil Degradationin

ealthier farmers, agricultural investors, and multinational corporations typically control more total land area than the poor, and
play a prominent role in large-scale clearing of natural vegetation, overuse of agrochemicals, large-scale degradation of grazing

lands, and overexploitation of soilsfor commercial production.

12 Afghanistan, Bangladesh, Bhutan, India, Iran, Nepal, Pakistan, and Sri Lanka.
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Table 9—Degraded cropland in selected countriesin the Asian-Pacific region

per manent cropland

Total
degraded land

Arable and

Arable and as a per cent of total Total as a per cent of

Country Total land area per manent cropland land area degraded land total land area
(thousand hectares) (thousand hectares)

Bangladesh 13,017 9,292 71 989 74
China 932,641 96,115 10 280,000 30.0
India 297,319 168,990 57 148,100 49.8
Indonesia 181,157 21,260 12 43,000 24.0
Laos 23,080 901 4 8,100 35.0
Myanmar 65,754 10,034 15 210 32
Pakistan 77,088 20,730 27 15,500 17.3
Philippines 29,817 7,970 27 5,000 16.8
Samoa, Western 283 122 43 32 113
Sri Lanka 6,463 1,901 29 700 10.8
Thailand 51,089 22,126 43 17,200 33.7
Tonga 72 48 67 3 45
Viet Nam 32,549 6,600 20 15,900 48.9
Asian-Pacific region 1,710,329 366,089 21 534,734 31.3

Source: Watershed Management in Asia and the Pacific: Needs and Opportunities for Action, Technical Report FO:RAS/85/017, FAO, Rome,
1986 (cited in FAO 1992). Arable and permanent cropland data are for 1989.

South and Southeast Asia (ASSOD), found 20
times greater decline in soil fertility and organic
matter, triple the extent of salinization, and nearly
100 times the extent of waterlogging than in the
GLASOD study (van Lynden and Oldeman 1997;
also see Table 10). Agricultural activity had led to
degradation on 27 percent of all land and deforesta-
tion on 11 percent; overgrazing played aminor role.
ASSOD collaborators collected data on type of
farm management for nearly half of the degraded
land. They found little association between land
management and degradation: 38 percent of de-
graded lands were under a high level of manage-
ment, 36 percent under medium management, and
25 percent under low management (defined as “tra-
ditional” systems existing for more than 25 years).
In recent years, however, degradation increased
more often under low and medium management.
Two unique historical data sets based on soil
surveys dating from the 1940s recently became
available for China and Indonesia. These data sug-
gest that nutrient depl etion may not have been as se-
vere since the 1940s as commonly assumed (Lin-
dert forthcoming a and b; Lindert, Lu, and Wanli
1996a and 1996b). The researchers found declines

in organic matter and nitrogen in Java and North
China, with arise in total phosphorus and potas-
sium in Java. Therewas little overall changein nu-
trient status in South China over the period. Crop-
ping intensity correlated with nutrient depletion;
erosion appeared to have had aminor effect on soil
degradation.

Agricultural Supply

Dregne (1992) concluded in a literature review that
well-confirmed instances existed of permanent soil
productivity loss of at least 20 percent due to human-
induced water erosion in sgnificant areas of China,
India, Iran, Israel, Jordan, Lebanon, Nepal, and Paki-
stan. Strong presumptive evidence of such effects ex-
isted in Indonesia, the Philippines, Syria, Thailand,
and the Caucasus region. He concluded that wind ero-
sion, whilewidespread in dry areas, had not had much
effect on long-term soil productivity.

Using the GLASOD data, Oldeman (1998) cal-
culated that since World War 11 soil degradation in
Asiahad led to acumulative loss of productivity in
cropland of 12.8 percent, and 4.7-8.9 percent loss
in cropland and pastures together (Table 8).



ASSOD data showed major, irreversible productiv-
ity loss® (that is, strong or extreme degradation)
only in small areas. However, moderate degrada-
tion was found on a tenth of al lands, and serious
fertility decline or salinization on morethan 15 per-
cent of arableland (van Lynden and Oldeman 1997,
Table 4.5). In South and Southeast Asia, 11 percent
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of agricultural land had badly degraded soils. In
terms of proportion of land area, degradation was
reported to be most serious (morethan 20 percent of
land badly degraded) in India, Pakistan, the Philip-
pines, and Thailand.

Studies in China found that degradation had re-
duced grain yields. One calculated that for the period

Table 10—ASSOD estimates of the area and effect of soil degradation in South and Southeast Asia

Land degraded by degree of degradation

Degraded land
Nondegraded or Strong or as a percent of
Type of degradation negligible Light Moderate extreme total land
(percent)

Loss of topsoil from water erosion 84.3 9.5 5.3 0.9 15.7
Terrain deformation from water erosion 95.1 12 0.9 18 49
Off-site effects in uplands from water erosion 99.7 0.2 e 0.6 0.3
Topsoil loss from wind erosion 94.6 4.0 09 0.4 54
Terrain deformation from wind erosion 95.8 0.4 0.6 3.2 4.2
Off-site effects from wind erosion 99.2 0.1 0.5 0.2 0.8
Fertility decline

Total land 93.8 3.7 24 0.1 6.2

(Arable land) (69.6) (18.0) (11.9) (0.5 (30.4)
Salinization

Total land 97.9 11 0.8 0.2 21

(Arable land) (89.8) (5.5) (3.8) (0.9 (10.2)
Dystrification

(Arable land) (99.3) (0.5 (0.2) (0.7)
Aridification

Total land 098.7 1.3 cee 1.3

(Arable land) (93.3) (6.3) (0.4 (6.7
Compaction

Total land 99.9 0.1 . . 0.1

(Arable land) (98.7) (0.8) (0.4) (1.3)
Waterlogging

Total land 99.6 1.0 0.3 0.1 14

(Arable land) (92.9) (5.0) (1.9) 0.7) (7.2)

Source: van Lynden and Oldeman 1997.

Notes: Estimatesof arableland degradation were calculated by the author using FAO dataon total arableland area, and assuming that all land re-
ported by ASSOD with these types of degradation were arable lands. Thisis generally but not always true, and thus these figures may
overestimate soil degradation on arable lands. ASSOD stands for Assessment of Human-Induced Soil Degradation in South and South-
east Asia. The total area surveyed was 1,843.4 million hectares. Thetotal area of arable land reported by the Food and Agriculture Or-
ganization of the United Nations was 380 million hectares (20.6 percent). “Light” degradation implies little impact on productivity.
“Moderate” impliesmajor impact and aneed to compensate for degradation with high management. M edium management does not com-
pensate and |low management | eadsto significant productivity decline. “ Strong” or “extreme” impliesamajor impact on productivity that
cannot be compensated for even with high level sof management and i sunproductive under |ow management. Ellipsesindicate negligible

amounts.

13 Changesin productivity were expressed in relative terms, that is, the current average productivity compared to the average produc-
tivity in the nondegraded situation, assuming agiven input use. For instance, if yield averaged 2 tons of rice per hectare previously,
but only 1.5tons at present, despite high inputs (and all other factorsbeing equal), “ strong” degradation was present (van Lynden and
Oldeman 1997, 8-9). “Moderate” degradation indicates either that no change in production had occurred despite high management
levels, that a small decrease had occurred despite medium management, or that a large decrease had occurred under low

management.



1983-89, total grain production would have been
60 percent higher in the absence of a deteriorating en-
vironment. Increased floods and drought caused 30
percent of thisyield loss, erosion 19 percent, sdinity
0.2 percent, and increased multi ple-cropping intensity
11 percent. Environmental degradation during the pe-
riod cost the country as much as 5.6 million metric
tons of grain per year—a figure equivaent to nearly
30 percent of China syearly grainimportsin the early
1990s. Without the effects of a deteriorating environ-
ment, mostly erosion, rice yields would have grown
12 percent faster in the late 1980s and early 1990s.
Eroson affected maize, wheat, and cash crops in
North China the mogt, reducing production by up to
20 percent in the 1980s and 1990s (Huang and Ro-
zelle 1994 and 1996; Huang, Rosegrant, and Rozelle
1996). A grain-yield function estimated for 1975-90,
pooling data for 23 provinces, found yield to be Sig-
nificantly influenced by degradation, with elasticities
of grain yield of —0.146 for soil erosion, —0.003 for
sdinization, and —0.276 for multiple cropping inten-
gty. The latter elagticity was probably due to nutrient
depletion (Huang and Rozelle 1994 and 1996).

For India, Sehgal and Abrol (1994) synthesized
the results of national soil surveys, a survey of
national soil experts, and crop experimental datato
estimate the scale and productivity effects of soil
degradation. They concluded that although no sig-
nificant degradation affects 36 percent of the land
areainIndia, 5 percent of theland is suffering from
low degradation (lessthan 15 percent lossinyield),
11 percent from moderate degradation (15-33 per-
cent loss), 43 percent from high degradation (33-67
percent loss), and 5 percent had become so de-
graded that soils were unusable.

A 1985-86 household- and plot-level study in
four villagesin Uttar Pradesh, India, found significant
effects of salinization and waterlogging on productiv-
ity over the preceding 10-year period (Joshi and Jha
1991). Paddy yield declined by 61 percent and whest
yield by 68 percent on salt-affected soils. The average
yield of high-yielding paddy varieties on akaline
plotsdecreased by 51 percent and locdl varietiesby 46
percent. Under waterlogged conditions, the corre-
sponding figures were 41 percent and 26 percent. Al-
kalinity accounted for as much as 72 percent of the
difference in gross income between normal and salt-
affected plots; the other 23-28 percent could be attrib-
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uted to reduced input use on degraded soils (Joshi and
Jha 1991).

Ali and Byerlee (1998) used district-level data
for 33 crops, 8 livestock products, and 17 input
categories to estimate changes in total factor pro-
ductivity from 1971 to 1994 in 4 irrigated produc-
tion systemsof Punjab province, Pakistan. Average
annual growth intotal factor productivity was mod-
erately high, at 1.25 percent for both cropsand live-
stock, but wide regional variation in productivity
growth was observed, with negative growth in the
wheat-rice system. A second disaggregated data set
on soil and water quality was then used to analyze
underlying effects of resource degradation through
application of a cost function. Ali and Byerlee
found that continuous and widespread resource
degradation lowered productivity growth in the
province by about 58 percent on average. The larg-
est effect was in the wheat-rice system, where re-
source degradation more than offset the productiv-
ity effects of technological change.

More subtle types of degradation in Asia’sin-
tensive, irrigated agricultural systemsareagrowing
concern in the scientific community (Olk et al.
1996; Cassman and Harwood 1995). Long-term ex-
periments on plots representing the major farming
systemsin Indiafound mixed evidence. There were
negative trends in soil productivity without the use
of farmyard manure, and flat trendswith manure, in
an annual, double-crop, irrigated rice system in the
warm, subhumid tropics of Orissa. In the warm,
subhumid subtropics of Uttar Pradesh, an irrigated
rice-wheat system showed negative soil productiv-
ity trends for rice and flat trends for wheat. In the
warm semiarid subtropics of the Punjab, a maize-
wheat cropping system showed flat productivity
trends for maize and positive for wheat (Cassman,
Steiner, and Johnson 1995).

Agricultural Income and Economic Growth

Y oung (1993) estimated the annual cost of soil deg-
radation in South Asia at $9.8-$11.0 hillion, the
equivalent of 7 percent of AGDP. Water and wind
erosion accounted for more than two thirds of the
loss, salinization and waterlogging for about afifth,
and soil fertility decline the rest. In Pakistan, the
value of reduced wheat production due to waterlog-



ging and salinization in 1993 equaled about 5 per-
cent of AGDP, whilein India, annual cereal produc-
tion loss amounted to about 5 percent of AGDP.
Pagiola (1995) concluded that total factor produc-
tivity in Bangladesh had declined between 1975
and 1985 due to deteriorating nutrient balance and
loss of organic matter. Significant negative trends
over time were found for both farmer production
and experimental plots.

The densaly populated and intensively cultivated
idand of Java appears to have experienced high soil
degradation (De Graaff and Wiersum 1992; Diemont,
Smiet, and Nurdin 1991). Magrath and Arens (1989)
calculated that agricultura productivity was declining
by arate of 2-5 percent ayear dueto soil erosion, cre-
ating annua economic losses of nearly 1 percent of
the gross nationa product (GNP) (or approximately 3
percent of AGDP). Repetto et al. (1989) found that for
two crop groupson 25 soil types, the one-year costs of
erosion in Javain 1984 equaled 4 percent of the an-
nual value of rainfed farm output—the same order of
magnitude as the annual recorded growth in agricul-
tura production in the uplands. The capitalized losses
in future productivity equaled 40 percent of the total
value of annual production.

Huang and Rozelle (1994 and 1996) and
Huang, Rosegrant, and Rozelle (1996) calculated
that the economic loss from soil degradation in
Chinain the late 1980s reached $700 million (1990
prices)—an amount equal to China' s budget for ru-
ral infrastructure investment, though less than 1
percent of AGDP. But Lindert's (forthcoming b)
study showed that despite some nutrient depletion
in China, the economic value of topsoil rose by
nearly 8 percent between the 1950s and 1980s (4
percent in the north, 16 percent in the south). The
shifts to soil-preserving products and practices
largely accounted for this gain.

Consumption by Poor Farmers

None of the Asian studies analyzed the impact of
soil degradation on food consumption by the poor.
However, an econometric analysis of the effects of
policy on soil eroson and salinization, using
district-level data in China, showed that degrada-
tion had a much greater effect on poor and densely
populated areas than other areas, and that general
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agricultural policies had a greater impact on this
outcome than specific land management policies
(Rozelle, Huang, and Zhang 1997).

Effects of Soil Degradation in
Sub-Saharan Africa

Soil degradation is widespread in Sub-Saharan Af-
rica. Agricultural lands are especialy prone to ero-
sion and nutrient depletion. Reported yield losses
range from modest levels (2 percent decline over
several decades) to catastrophic (>50 percent), de-
pending on crop, soil type, climate, and production
systems, with most studies reporting significant
losses. Direct economic losses due to declining
yieldsand lost nutrients arelarge in terms of the na-
tional economy, even in recent studies using more
conservative methods of estimation. Several stud-
ies assessed the effects of degradation on rural pov-
erty, but results were not consistent.

More subnational studies of the economic ef-
fects of degradation exist for Sub-Saharan Africa
than for other regions. These studies are concerned
mostly with marginal lands that are experiencing
rapid population growth and a shift from short-
fallow systems to permanent cropping, and with
high-quality rainfed landsthat have high popul ation
densities.

Extent of Degradation

Five continental -scal e studies have assessed the ex-
tent of soil degradation in Africa. A literature re-
view by Dregne (1990) of 33 countries found com-
pelling evidence of serious land degradation in subre-
gions of 13 countries: Algeria, Ethiopia, Ghana,
Kenya, Lesotho, Mali, Morocco, Nigeria, Swazi-
land, Tanzania, Tunisia, Uganda, and Zimbabwe.
In another literature review, focused on drylands
only, Dregne and Chou (1992) estimated that 73
percent of drylands were degraded and 51 percent
severely degraded. They concluded that 18 percent
of irrigated lands, 61 percent of rainfed lands, and
74 percent of rangelands located in drylands are
degraded.

The GLASOD expert survey found that 65
percent of soils on agricultural lands in Africa had



become degraded since the middle of this century,
as had 31 percent of permanent pastures, and 19
percent of woodlands and forests (Oldeman, Hak-
keling, and Sombroek 1991). Serious degradation
affected 19 percent of agricultural land. A high pro-
portion (72 percent) of degraded land was in dry-
lands. The most widespread cause of degradation
was water erosion, followed by wind erosion,
chemical degradation (three-quarters from nutrient
loss, the rest from salinization), and physical degra-
dation. Overgrazing accounted for half of all degra-
dation, followed by agricultural activities, defores-
tation, and overexploitation.

Lal (1995) calculated continent-wide soil ero-
sionratesfrom water using datafromthemidtolate
1980s, and then used these rates to compute cumu-
lative soil erosion for 1970-90. The highest erosion
rates occurred in the Maghreb region of Northwest-
ern Africa, the East African highlands, eastern
Madagascar, and parts of Southern Africa. Exclud-
ing the 42.5 percent of arid lands and deserts with
no measurable water erosion, La found that land
area affected by erosion fell into the following six
classesof erosion hazard: none, 8 percent; slight, 49
percent; low, 17 percent; moderate, 7 percent; high,
13 percent; and severe, 6 percent.

Stoorvogel, Smaling, and Janssen (1993) un-
dertook acontinental-scal e study of soil nutrient de-
pletion in the early 1990s. They calculated that av-
erage annua nutrient loss on arable lands in
1982-84 amounted to 22 kilograms per hectare of
nitrogen, 2.5 kilograms of phosphorus, and 15 kilo-
grams of potassium. The main loss of nutrients oc-
curred through the harvest and removal of the crops
and inadequate use of organic and inorganic inputs.
The authors extrapolated that the average nutrient
loss over the past 30 years equaled 1.4 tons per hec-
tare of ureafertilizer, 375 kilograms of triple super-
phosphate, and 896 kilograms of potassium chlo-
ride. Rates of nutrient depletion were especially
high in densely populated and erosion-prone coun-
tries in East and Southern Africa—Ethiopia,
Kenya, Malawi, and Rwanda in particular. Coun-
triesin semiarid environments, Botswanaand Mali,
for example, experienced low or zero depletionrates.

Subnational studies of nutrient depletion found
annual losses of 112 kilograms per hectare of nitro-
gen, 2.5kilograms of phosphorus, and 70 kilograms
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of potassum in the western Kisii highlands of
Kenya; and significantly lower losses in southern
Mali (Smaling 1993; Smaling, Nandwa, and Jans-
sen 1997). Farm monitoring and modeling of nutri-
ent cyclesfor thewestern highlands of Kenyafound
that more nitrogen (63 kilograms per hectare) was
being lost through leaching, nitrification, and vola-
tilization than through removal of crop harvests (43
kilograms per hectare). Depending on type of farm
management practice, net nitrogen balances on
cropped land varied between —39 and 110 kilo-
grams per hectare per year, and net phosphorus bal -
ances between —7 and 31 kilograms per hectare per
year (Shepherd and Soule 1998).

Agricultural Supply

Using GLASOD data, the productivity loss in Af-
rica from soil degradation since World War 11 has
been estimated at 25 percent for cropland and 8-14
percent for cropland and pasture together (Oldeman
1998; also see Table 8). Thesefiguresare consistent
with Dregne's (1990) estimates that irreversible
soil productivity losses of at least 20 percent dueto
erosion had occurred over the past century in large
parts of Algeria, Ethiopia, Ghana, Kenya, Lesotho,
Morocco, Nigeria, Southern Africa, Swaziland,
Tunisia, and Uganda. More dramatic productivity
declines under agricultural intensification are sug-
gested by a review of African farm-survey and
experimental data, which shows that in originally
fertile lands, under continuous cropping without
nutrient inputs, cerea grain yields declined from
2-4tons per hectareto under 1 ton per hectare (San-
chez et. al. 1997).

The effectsof erosion on crop productivity may
be smaller, though still important. Crop yield losses
in 1989 dueto past erosion ranged from 2 to 40 per-
cent, with a mean of 6.2 percent for Sub-Saharan
Africa (8.2 percent for all Africa). Inthe absence of
erosion, 3.6 milliontonsmore of cereal (8.2 million
for the continent), 6.5 million tons more of roots
and tubers (9.2 million), and 0.4 million tons more
of pulses (0.6 million) would have been produced in
1989 (Lal 1995).

Country-level data on productivity effects are
quitevaried. A study of the effects of soil erosionin
Malawi (World Bank 1992a) found that annua



yield lossfor specific cropsgrownin Malawi varied
from4to 11 percent. National - and district-level es
timates for Lesotho showed negative but statisti-
cally insignificant yield declines for maize and sor-
ghum that were associated with degradation (Bgjo
1991b). Grohs 1994 (reported in Bgj6 1996) evalu-
ated the effects of erosion on yield across eight
provinces in Zimbabwe and found no statistically
significant influence of erosion on the yield trend
for maize, possibly due to the overriding impor-
tance of rainfall variability in these areas. A crop
growth simulation model for the Chaouia Plainsin
Morocco showed that erosion had a significant im-
pact on yieldsonly on slopeswith agradient of over
15 percent. Yields declined 20-30 percent over 50
years, but returns to wheat declined 40-50 percent
(Pagiola 1994).

Field studiesin three ecoregions of Tanzaniathat
included experimenta trials and field surveys of crop
growth under different erosion and acidity conditions
were used to construct models of soil erosion-
productivity relationships. For every millimeter of
topsoil depth reduction, maize yields declined by less
than 1 percent to 5 percent for different soil types.
Highland maize yieldsin four farming systemsin dif-
ferent ecozones declined significantly, athough with
application of fertilizer, the decline was only haf as
much. Fertilizer-induced soil acidification reduced
highland maizeyield to zeroin 20 years; with applica-
tion of lime, yieldsdropped to half in 30 years. Cotton
yields could be maintained with adequate chemical
inputs, coffee yields were aso stable (Aune et al.
1997; Aune 1995). A large field survey in Tanzania
found that yields were 30 percent higher in the least
eroded soil classes than in the most eroded classes
(Kilasara et d.1995).

Agricultural Income and Economic Growth

Perhaps due to the centrality of agriculture in Afri-
can economies, the economic effects of soil degra-
dation are relatively high. Bgj6 (1996) evaluated
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evidence on the economic losses due to soil erosion
from 12 studies completed in 8 countries in Sub-
Saharan Africa (Table 11). The gross annua imme-
diate loss (the lost value of that year’s production)
ranged from under 1 percent of AGDP in Ethiopia,
Madagascar, Mali, and South Africa, to 2-5 percent
of AGDP in Ethiopia** and Ghana, and exceeded 8
percent in Zimbabwe. The gross discounted future
loss (the value of the stream of |osses due to a par-
ticular year’ s soil degradation) ranged from <1 per-
cent in Ethiopiaand Zimbabweto 18 percentin Ma-
lawi. The gross discounted cumulative loss (which
assumes a continued process of degradation over
time), calculated for five countries, ranged from un-
der 1 percent of AGDPto ahigh of 36—44 percentin
Ethiopia. Except in Zimbabwe, most erosion effects
were less than 5 percent of AGDP.

For Zimbabwe, using experimental data from
the 1950s and 1960s on four soil types and numer-
ous cropsto derivethe cost of fertilizer replacement
for soil nutrientslost through depletion and erosion,
Stocking (1986) concluded that nitrogen and phos-
phorus losses on arable lands were equal to three
times the level of total fertilizer applications in
1984/85 (not including nutrients in run-off water).
The total annual 1oss from arable land amounted to
US$150 million ($5—-20 per hectare), and to US$1.5
billion for all land.

Estimates of the effect of soil degradation on
the broader economy in Ghana show productivity
losses due to soil degradation of 2.1 percent per
year in cocoaand 2.9 percent per year in all agricul-
ture. As a result, economic growth declines by
1 percent, even with increased fertilizer use. In
some scenarios, real economic growth declines up
to 4.8 percent over the course of 8 years (Alfsen et
al. 1997).

Household and field survey datafrom Rwandail-
lustrate farm income effects of erosion. Farm fields
with higher erosion have lower margina value
product (MVP) of land—30 percent lower on the
more eroded soils. The MV P for labor is 15 percent

14 Estimates for effects of erosion in Ethiopiavary with the methodol ogy used. Sutcliffe found the economic value of damage from
soil erosion to be only atenth of that of the 1986 Ethiopian Highlands Reclamation Study; however, he reported much higher costs
from nutrient loss (Sutcliffe 1993; Bgj6 1996). Bgj6 and Cassells (1995) reassessed Sutcliffe’ s data, concluding that net yield loss
from cropland was half or less of the gross figures used in the Sutcliffe analysis, though they also emphasized nutrient depletion

problems.
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Table 11—Compar ative analysis of national-level annual economic effects of soil erosion in Africa

Grossannual

Gross discounted

Grossdiscounted

Study Country immediate loss futureloss cumulative loss
(US$ million)
FAO (1986) Ethiopia 14.8 (<1) — 2,993 (44)
Sutcliffe (1993) Ethiopia 155 (5) 15 (<1) —
Bgj6 and Cassells (1995) Ethiopia 130 (4) 22 (<1) 2,431 (36)
Convery and Tutu (1990) Ghana 166.4 (5) — —
Bej6 (1991b) Lesotho 0.3 (<1) 3.2(5) 31.2(5)
World Bank (1988) Madagascar 49-76(<1) — —
World Bank (1992a) Malawi 6.6 —19.0 (3) 48 - 136 (18) —
Bishop and Allen (1989) Mali 29-116(<1) 19.3-76.6 (4) —
McKenzie (1994) South Africa 18 (<1) 173 (4) 503 (<1)
Stocking (1986) Zimbabwe 117 (9) — —
Norse and Saigal (1992) Zimbabwe 99.5 (8) — —
Grohs (1994) Zimbabwe 0.6 (<1) 6.7 (<1) 44.7 (<1)

Source: Calculations are based on Bgj6 1994 and 1996 (methods detailed by author from original studies). Costs of erosion include yield |osses

and value of nutrients lost through erosion.

Notes: Datain parentheses indicate percent of agricultural gross domestic product (AGDP). AGDP data are based on figures for 1992 from the
World Bank (1994), inflated by 3.9 percent per year to 1994. Percentages are based on midpoint values of economic losses, whereanin-
terval isused. A dash indicates that the figure could not be calculated because data were not available.

lower on high erosion farms than on those with low
erosion. Conservation investments on less degraded
farms increased MVP by 27 percent. For moder-
ately and very degraded farms, the incrementswere
28-34 percent and 42 percent, respectively (Clay,
Reardon, and Kangasniemi 1998; Byringiro and
Reardon 1996). Data from monthly farm monitor-
ing in three districts in Kenya found that the aver-
age cost of replacing depleted soil nutrients was
equivalent to 32 percent of average net farmincome
(Jager et al. 1998).

Consumption by Poor Farmers

Geographic information systems have been used to
examine the correlation of key poverty indicators for
West Africawith the GLASOD data on soil degrade-
tion and agroclimatic zones. The proportion of chil-
dren who died before the age of five was highest
(more than 30 percent of children) in areas with high
soil degradation. A little over half of al mortality oc-
curredin areasof high or very high degradation. Other
variables, such as adult female literacy, rate of pri-
mary school enrollment, and incidence of children
with stunted growth do not show a clear relation with
degradation as measured by GLASOD. Poverty in-

dexes are correlated more with agroclimatic zones.
The incidence of child mortality declines moving
from arid to moist subhumid climates (that is, from
north to south) and adult femaleliteracy rates and pri-
mary school enrollment rise strikingly (UNEP/GRID-
Arenda 1998).

A bioeconomic linear programming model us-
ing nutrient budgets from a sample of farmsin the
western highlands of Kenyafound that farmerswith
low and medium resource endowments had only
7-13 percent of the farm income of farmers with
high resource endowments, dueto lack of resources
for soil nutrient replenishment (Shepherd and Soule
1998). However, a study based on monthly moni-
toring of 26 representative farmsin three other dis-
tricts of Kenya found no relation between net farm
incomeand soil nutrient balance (Jager et al. 1998).

Effects of Soil Degradation in
Mexico and Central America

Summarized here are two regional studies and ten
national studies, all published in English. Several of
these studies concern degradation in densely popu-
lated marginal lands, particularly hillsides. Agricul-



tural supply and income effects in these areas ap-
pear to be very significant; large rural consumption
effects due to degradation areimplied but not docu-
mented. Policy issues include erosion and off-site
effects of agrochemical use in some high quality
landsin CostaRicaand Mexico. Salinization of irri-
gated lands in Mexico aso was cited as a problem,
but its effects were not documented.

Extent of Degradation

Dregne and Chou (1992) estimated that about 430 of
the 570 million hectares of drylands in South Amer-
ica, Central America, and the Caribbean had been
moderately to very severdly degraded. A quarter of ir-
rigated lands had been degraded through salinization
and waterlogging, 38 percent of rainfed cropland
through water erosion, and 80 percent of rangeland
through degradation of natural vegetation.

The GLASOD study found that nearly athird of
land in Central America (excluding Mexico) was
degraded, including 74 percent of agricultural land
and 38 percent of forest land, largely due to water
erosion. Half of the degraded soilswere moderately
affected and half were strongly or severely affected
(Tables 6-8).

Agricultural Supply

Using the GLASOD data, Oldeman (1998) cal cul ated
that agricultural productivity in Central Americawas
37 percent lower than what it would otherwise have
been without soil degradation—the largest loss of any
region. The cumulative loss for South America was
13.9 percent, only alittle more than Asia (Table 8).
Lutz, Pagiola, and Reiche (1994) examined the
potential profitability of soil conservation measures
in Central America and the Caribbean. Without
conservation measures, over a 10-year period, pea-
nut yields would remain stable in the Dominican
Republic; maize yields would decline by 20-25
percent inthe subhumid hillsides of Honduras; bean
yields also would decline by 2025 percent in the
Dominican Republic; coffee yields would decline
by 10 percent in the Costa Rican highlands; maize
and sorghum yields would decline by 60 percent in
the hillsides of Haiti; and cocoyam yields would
drop to zero in the humid lowlands of Costa Rica.
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White and Jickling (1994) evaluated soil ero-
sion effects in the humid, bimodal Central Plateau
of Haiti, finding an annual yield declinein corn and
sorghum of 6 percent in the first 10 years without
conservation, with smaller declines thereafter. Net
financial returns declined to zero after 24 years.

Cuesta (1994) compared the effect of uncon-
trolled soil erosion on crop production in three sites
in different ecozones of Costa Rica. Highland cof-
feeyields declined by half in 3 yearsand to zeroin
20 years. Highland potato yields declined more
slowly, by 40 percent after 50 years. Lowland co-
coyam yields declined by more than half the first
year and to zero in the fourth year.

These studies probably underestimate the ef-
fectiveness of farmers soil protection practices,
particularly on more erosion-resistant soils and in
permanent crop fields. Pagiola and Dixon (1997)
assessed the qualitative effect of soil erosion in El
Salvador through a household and plot survey.
Farmers reported that erosion was causing signifi-
cant problems on 36 percent of fields on mild
slopes, 70 percent of fields on moderate slopes, and
82 percent of fields on steep slopes. However, se-
vere long-term productivity declines were only ex-
pected on 16 percent of fields on steep slopesand 5
percent of fields on moderate slopes.

Agricultural Income and Economic Growth

Solorzano et al. (1991) evaluated the economic ef-
fects of soil erosion in Costa Ricaby measuring the
cost of replacing lost nutrients. Annual replacement
costs were found to equal 5.3-13.3 percent of an-
nual value-added in agriculture in the same year.

Mclntire (1994) examined typical farming situa:
tions in five tropical and eight highland or semiarid
states of Mexico. Erosion led to an average estimated
loss in maize production valued a 2.7 percent of
AGDP, reaching 12.3 percent in some states. Eco-
nomic losses were nine times higher in the highlands
and semiarid regionsthan in the lowland tropics. Gen-
erally, losseswerefour timeshigher without than with
soil conservation measures. At a5 percent discount
rate, losses were 34 times higher than those calcu-
lated at a 10 percent rate.

Alfsen et al. (1996) constructed anational CGE
model integrating soil erosion effectsfor Nicaragua



based on local expert assessment of productivity
losses. Annua productivity loss due to erosion in
1991 was assumed to be lessthan 1 percent per year
for bananas, rice, sugar, and vegetables; 1-2 per-
cent per year for coffee, cotton, and sorghum; and
more than 2 percent per year for sesame, maize,
beans, and pasture. This level of erosion would
have major national economic effects: GDP, im-
ports, exports, and consumption in the year 2000
are projected to decrease by 4—7 percent from the
baseline scenario, while total investment is pro-
jected to decrease by 9 percent.

Consumption by Poor Farmers

Few of these studies addressed the effectson farmer
welfare. In a study of four villagesin central Hon-
duras, Casey and Paolisso (1996), using household
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surveys, soil sampling, and group interviews, found
that declining household income due to soil degra-
dation had led to reduced male labor in farming and
increased off-farm labor. An increase in women’'s
labor in maize production occurred in poor house-
holds despite declining returns to labor.

The Alfsen et al. (1996) CGE model calculated
that erosion in 1991-2000 in Nicaraguawould lead
to arisein the producer and domestic price indexes
by 1.7 percent and 2.1 percent, respectively, com-
pared to the 2000 baseline, while consumer price
indexes would increase by 4.0-5.8 percent for dif-
ferent socia groups. A large part of the cost of ero-
sion is passed on from smallholders to other social
classes through price effects. Assuming no unem-
ployment in the rura sector, net urban migration
would increasefrom 3.5 percent of urban labor sup-
ply to ailmost 4 percent per year.



4. Future Effects of Soil Degradation and Threats to
Devel oping-Country Food Security

The coming quarter century will witness still an-
other dramatic transition in agricultural production
systems in the developing world. Predicting future
soil degradation policy priorities, given existing
data limitations and major uncertainties about key
variables, is rather like gazing into a crystal ball.
However, consideration of how projected trends
may relate to soil quality may help to outline the
major issues for monitoring and debate.

Future Trendsin Agricultural
Demand and Supply in Developing
Countries

Changes in population, food demand, trade, tech-
nology, and climate between the present and 2020
are likely to modify many of the underlying deter-
minants and effects of soil degradation.

Population Growth

Between 1995 and 2020, globa population is ex-
pected to increase by 35 percent, reaching 7.7 bil-
lion people,™ of whom 84 percent will bein devel-
oping countries. The population of Africa will
almost double. By 2015, 94 percent of the world’s
rural population (3 billion people) will bein the de-
veloping countries (UN 1995 and 1996). Demand
for food and other products from cultivable land

will increase, and per capitalandholdingsin devel-
oping countries will decline from 0.3 hectare in
199010 0.1-0.2 hectarein 2050 (FAO 1993), to par-
ticularly low levelsin Asiaand North Africa, which
are expected to reach such alevel of land pressure
by 2025 (Table 12). Demand for land for nonagri-
cultural purposes (homesteads, infrastructure, and
S0 on) and vegetation and water resources to meet
subsistence food, fuel, and raw material needs will
also rise with increasing population.

Food Demand

Food production must rise by even more than popu-
lation to meet new demands expected from income
growth, placing further pressure on soil resources.
IFPRI’s IMPACT model™® projects that global de-
mand for cereals will increase by 41 percent be-
tween 1993 and 2020, with 80 percent of increased
demand coming from the developing countries.
Meat demand is projected to increase by 63 percent,
and demand for roots and tubers by 40 percent, with
90 percent of this increase coming from the devel-
oping world. Sub-Saharan Africawill generate the
largest increases in demand, albeit from very low
levels (Pinstrup-Andersen, Pandya-Lorch, and
Rosegrant 1997).

Rising incomes, urbanization, occupational
changes, more advanced marketing systems, and

5 This is the medium-variant projection of the 1996 revised United Nations projections (Pinstrup-Andersen, Pandya-Lorch, and

Rosegrant 1997).

16 |MPACT is a partial equilibrium, nonspatial global trade mode! that represents a competitive market for 17 crop and livestock
commodities covering 37 countries. It isspecified asaset of particular country or regional submodels, withinwhich supply, demand,
and prices are determined. The submodels are linked through trade. Demand is afunction of prices, income, and popul ation growth.
Growth in crop area and yield per hectare for each crop and country are determined by crop prices and the rate of technological
change. The world price of acommaodity isits market clearing point. The model links income growth in the agriculture and non-
agriculture sectors. The projected yield growth rates, however, include a “ best assessment” of future yield reduction due to soil
degradation, taking into account the available information on past effects of soil degradation on yields and expert assessments of

future effects.



Table 12—Current and projected levels of
cultivable land

Per capita landholdings

Region 1990 2025
(hectares)
Sub-Saharan Africa 1.60 0.63
West Asiaand North Africa 0.22 0.16
Rest of Asia (without China) 0.20 0.12
Central and South America 2.00 117

Source: Norseet al. 1992.
Note:  Chinawas not included in this analysis.

cultural changes will likely increase demand not
only for meat (and cerealsfor animal feed), but also
for fresh fruits and vegetables, fish, and processed
and semi-processed foods and seasonings (Huang
and Bouis 1996). These changes offer the possibil-
ity for farmers to diversify production away from
the typically more erosive basic grains.

Trading Patterns

The IMPACT model projects that developing
countries as a group will have annual growth in
cereal production of only 1.5 percent during
1993-2020 (assuming that rates of soil degrada-
tion do not change), compared with 2.3 percent
during 1982-94 (Pinstrup-Andersen, Pandya-
Lorch, and Rosegrant 1997). Thislevel will bein-
sufficient to meet the expected increase in de-
mand. With the exception of Latin America, de-
veloping countries are projected to more than
double their net imports of cereals. Demand for
tropical tree products (coffee, cacao, oil palm)
will grow and their production should improve
soil protection, assuming production methods en-
courage good canopy cover and no tillage.

Some have predicted that agricultural produc-
tion will move even more sharply away from the
tropics because of biophysical constraints, includ-
ing soil quality (Sachs 1997). However, it seems
unlikely that poorer countries will develop a com-
parative advantage inindustry or international serv-
icesby 2020, and it isnot clear how even theimport
levels projected above will be paid for, particularly
by the poorer African countries.
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Malnutrition and Poverty

IFPRI research suggests that prospects for a food-
secureworld in 2020 look bleak if the global commu-
nity continues with “business as usua.” Under the
most likely scenario, 150 million children under the
age of sx years are projected to be malnourished in
2020, just 20 percent fewer than in 1993 (Pinstrup-
Andersen, Pandya-Lorch, and Rosegrant 1997). One
out of four children would be malnourished, down
from 33 percent in 1993. Child malnutrition in Sub-
Saharan Africa, however, could increase by 45 per-
cent. A prolonged economic downturn in Asia could
increase the global and regional numbers.

Beforethe economic downturnin Asiain 1998,
growth rates for developing countries as a group
were expected to be amost double those for devel-
oped countries. However, even under that optimis-
tic scenario, unless significant and fundamental
changes occur in many developing countries, dis-
parities in income levels and growth rates both be-
tween and within countries are likely to persist.
Poverty islikely to remain entrenched in South Asia
and Latin America and to increase considerably in
Sub-Saharan Africa (Pinstrup-Andersen, Pandya-
Lorch, and Rosegrant 1997). Any increase in the
rate of soil degradation will significantly increase
rural poverty and malnutrition rates, especialy in
Africa. In South Asia, the effects may be felt most
by the rural landless, who depend upon farm em-
ployment. Increased rural poverty will also reduce
input use, push more poor people onto marginal
lands, and reduce capacity for land-improving
investment.

Climatic Changes

Climaticfactorsarelikely toincrease uncertainty in
agricultural production over the next few decades.
Major weather fluctuations associated with El Nifio
(a periodic large-scale warming of the sea surface
off the South American coast) have brought flood-
ing and drought to many producing areas and re-
duced fish stocks (Pinstrup-Andersen, Pandya-
Lorch, and Rosegrant 1997). This severe weather
will exacerbate soil degradation, for example, by
increasing rainfall intensity in some areas and re-
ducing vegetative cover in others.



Global warming may change soil degradation
patterns. On the positive side, increasing carbon di-
oxide levels will increase photosynthesis and, po-
tentialy, improve vegetative cover. There may be
greater precipitation in some currently water-
stressed areas. However, increasing temperatures
will not only have negative effects on plant growth,
but accelerate soil degradation processes. In a
warmer world the intensification of weather phe-
nomena such as storms, floods, droughts, and heat
spells will not only exacerbate production instabil-
ity, but intensify soil degradation. Warmer tem-
peratures in northern latitudes may extend agricul-
tural production areas, and could increase the
global importance of temperate zone agriculture
(Rosenzweig and Hillel 1998).

Nontraditional Food and Fiber

Over the next few decades, it is likely that we will
see some significant additions to traditional food
and fiber sources arising from what are currently
economically minor products. Many perennial
trees, shrubs, and palms are being tested and devel-
oped for production of human foods—starchy sta-
ples, ails, and proteins, aswell asfruitsand vegeta-
bles. As varietal selection advances, management
systems improve, and marketing systems develop,
some of these foods could become economically
important (L eakey and Newton 1994). These peren-
nial plants could play avaluablerolein agricultural
environmentsthat arerisky for, or proneto soil deg-
radation under, annual crops production. Many
countries will rely increasingly on biomass energy,
which can be produced from perennial plants on
lower-value farmlands. Farm-produced timber and
pulp areincreasingly likely to replace natural forest
sources, with potentially positive effects on soils
(Dewees and Scherr 1996).

Aquacultureisalready thefastest-growing food
production system in the world, and prices for this
food are projected to increase by 2020 (Pinstrup-
Andersen, Pandya-Lorch, and Rosegrant 1997).
Seafood products and species that today are con-
sumed mainly locally or regionally may develop
broader markets and new uses in food processing
and the food industry. In highly populated coastal
areas, seafood products could substitute for distant,
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inland food product sources. Further development
of inland aguaculture will increase political pres-
sure for farmsin upland watersheds to improve soil
management to ensure high water quality for
fisheries.

Technological Advances

With scientific and technological advances in soil
management, the cost of sustainable, intensive crop
production (or the cost of rehabilitation) could de-
cline for many types of soils now susceptible to
degradation. Brazil’ sincreasing successin learning
to manage the acid and highly weathered cerrado
soils suggests that research and public investment
can transform the productive potential of many of
these “prablem” soils. Effortson asimilar scale are
needed to develop low-cost management systems
accessible to poorer, small-scale producers in
densely populated marginal lands. Examples are
new crop varieties now being developed by the
Consultative Group on International Agricultural
Research (CGIAR) and their collaborators that are
adapted to degraded soil conditions. These include
acid- and drought-tolerant grain varieties, im-
proved agroforestry systemsfor tropical forest mar-
gins, savannahs, and highlands, and sustainable
hillside management systems.

The productivity and profitability of new tech-
nologies for staple food production, and their com-
plementarity with soil-improving practices, will in-
fluence the intensification and extensification of
farmland production. Advances in hydroponics,
multistrataintensive gardens, and other production
systems fundamentally different from plow and
hoe-based agriculture may aso begin to reduce the
dependence of some countries on large expanses of
farmland.

I nfrastructure

Continued investment in transportation and com-
munication infrastructure will gradually transform
the economies of many agricultural regions, espe-
cially those in more densely populated marginal
lands. This should open up more options for mar-
keting farm products, makefertilizer and other farm
inputs more widely and cheaply available, and



create rural nonfarm income opportunities. The
siting of new transport infrastructure will influence
land expansion and land use intensity. Information
on agricultural technology and land management
should flow more freely and widely asthe telecom-
munications revolution proceeds, making possible
unprecedented direct exchange between farmers
facing similar soil management challenges in dif-
ferent parts of the world.

However, in large areas of humid and subhu-
mid Africa (and other remote areas, like some
mountain ranges in Asia with fairly large popula-
tions) there will be little likelihood of providing
sufficient rural road investment to achieve even the
infrastructure levels existing in India in 1950
(Spencer 1994). Thiswill serioudly limit the appli-
cation of purchased, input-intensive, Green Revo-
lution technology, and require very different devel-
opment strategies that depend more on localy
available inputs and organizations. Little attention
has yet been paid to these |atter strategies.

Future Trendsin Agricultural
L and Management in Developing
Countries

In 2020, irrigation-related soil degradation prob-
lems will become increasingly urgent in Asia
Combating soil degradation in the high-quality
rainfed lands will be important mainly in areas of
high population density and poverty. The greatest
policy challenges from soil degradation in coming
decades will be in densely populated areas having
soils of lower resistance and higher sensitivity to
degradation, and where degradation will increas-
ingly limit agricultural supply, economic growth,
and rural welfare. For countries with little high-
quality rainfed and irrigated land, such limits may
be acute.

Soil degradation in extensive agricultural
systems in marginal lands may become a lower
policy priority for 2020. Though widespread con-
version to permanent cropping may accelerate
degradation in these areas, policymakers may
worry more about degradation in places where
economic effects are greater, including urban ar-
eas with a burgeoning agriculture, as this be-

comes morecritical to food supply and welfarein
cities. Each agricultural pathway (Table 13)
should be examined in turn.

Irrigated Agriculture

Expansion of irrigation between 1993 and 2020 is
projected to dow significantly worldwide, to lessthan
half the growth rate of 1982—93. In developing coun-
tries, irrigated area is expected to increase by only
about 40 million hectares (to 227 million hectares), a
an annud growth rate of only 0.7 percent, compared
with 1.7 percent during 1982-93 (Table 14). Of dl the
irrigated areain developing countriesin 2020, 80 per-
cent will be located in India, China, West Asa and
North Africa, and Pakistan. Despite a 50 percent in-
creaseto 7.4 million hectares, the areaunder irrigation
in Sub-Saharan Africawill remain low. Thus, degra-
dation of soils on irrigated lands in 2020 will be
largely an Asian problem. A few countries el sawhere
are likely to depend on irrigation for half or more of
agricultural production: Peru, Mexico, Costa Rica,
and Chile in Latin America; Madagascar and Swazi-
land in Africa; and the new areas in southern Africa
planning to expand irrigation. They will face similar
degradation challenges.

Increased demand for water from outside the
agricultural sector islikely to make irrigation water
more scarce and expensive (Pinstrup-Andersen,
Pandya-L orch, and Rosegrant 1997). Whilethereis
ample scope to raise yields in many under-
performing irrigation systems, scientists are begin-
ning to believe research yields will soon hit an ab-
solute ceiling for some major cereal grains and
pulses in the best-managed systems. There may be
difficulties in sustaining currently high yields over
the long-term in some systems, due to micronutri-
ent or other soil-related problems.

An expert consultation on land degradation,
convened in 1995 as part of IFPRI’s 2020 Vision
initiative, identified severa “hot spots’ for soil deg-
radation in irrigated agriculture. Nutrient depletion
was seen to be apotential problemin the Nile Delta
due to reduced silt deposits following construction
of the Aswan High Dam. Salinization was consid-
ered a prablem in the Indus, Tigris, and Euphrates
river basins, northeastern Thailand and China, the
Nile Delta, and northern Mexico. It was expected to
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Table 13—Projected changesin agricultural land use and associated degradation concer ns, by
pathway

Projected trendsin

Projected trendsin

Land type Projected changes on-site soil degradation other resour ce conditions
Irrigated lands Much slower expansion of « Increased area of salinization, « Increased conflict with other sec-
irrigated area, mainly in Asig; waterlogging; tors over water alocation; water
greater mvestment in dr_al nage; + Some soil-related yield cailings; quality concerns;
Increase in water prices; diversi- « New institutions for conflict
fication to higher-value crops. « Degraded land out of production. .
resol ution.
High-quality Comparative advantage in grain  Improved soil husbandry « Reduced agrochemical pollution
rainfed lands production; major science-based (nutrient, mechanization prac- with new technology, education;

Densely populated
marginal lands

Extensive agriculture
in marginal lands

Urban and peri-urban
agriculture

yield improvements integrated
with good soil husbandry.

Continued intensification in most
countries; gross—but typically
not net—outmigration; mainte-
nance of food production for lo-
cal consumption, but diversifica-
tion to higher-value products
with emphasis on agroforestry
(using perennial trees, palms,
grasses, and shrubs).

Much slower expansion of exten-
sive agriculture, mainly in Af-
rica; more integration of agricul-
ture with forest and
environmental development
strategies.

Rapid expansion and diversifica-
tion; institutional changesto fa-
cilitate urban agriculture.

tices) where favorable agricul-
tural economy exists.

« Accelerated degradation in small-
holder cropping where no techni-
cal advances adopted,;

« Land-improving investment
linked to productivity increase
where favorable economy and
policy support exist.

« Management through land use
mosaics; economic use of natural
vegetation/perennials;

« Erosion reduced, but chronic nu-
trient depletion.

« Increased degradation, soil
pollution;

« Improved nutrient management.

« Conflict with nonagricultural
land uses.

« Increased conflict over multi-
objective land use (settlement,
agriculture, environmental serv-
ices);

« New institutions for conflict
resolution.

« Deforestation and loss of biodi-
versity slows alittle;

« Watershed degradation still a
problem.

« Increased off-site effects on wa-
ter, land, health;

« Innovation to improve urban en-
vironment with farming.

become an important problem by 2020 in the An-
dean highland and South American irrigation sys-
tems. Soil quality may also limit yieldsin the rice-
wheat system of south and west Asia, and in irri-
gated rice production under intensive management
in Java, China, the Philippines, and Vietnam. More
water conflictswere also projected in the Euphrates
and Jordan River systemsin Asia, and the Nile, Ni-
ger, Logone, Chari, and Senegal River systemsin
Africa Rising water scarcity inthe Paramoin Latin
Americaand water depletion from over-pumping of
wellsin Syriawere also noted as potential threatsto
agricultural production (Scherr and Y adav 1996).
These changes have two major implicationsfor
future soil degradation trends and policies. First,
problems of salinization and waterlogging are likely

to increase, as recently developed systems with in-
adequate drainage infrastructure or water manage-
ment age. Whether governments and local people
will be willing to divert infrastructure investment
capital to provide proper drainage in new systems
and prevent degradation or rehabilitate older sys-
temswill depend on the general profitability of irri-
gated agriculture. Systems that depend on flushing
large amounts of water to manage salinization may
become much more vulnerable to degradation as
water pricing is introduced. All these reasons may
encourage production of higher-value cropsin irri-
gated areas, athough the scale may be limited by
market size.

Second, without proactive efforts, a considerable
amount of irrigated land will go out of production.



Table14—Current and projected irrigated area

Land area 1993 2020

(thousand hectares)

Latin America 17,147 18,748
Sub-Saharan Africa 4,850 7,375
West Asiaand North Africa 23,819 31,186
India 50,101 68,619
Pakistan 17,120 20,538
Other South Asia 7,526 8,719
Southeast Asia 14,316 16,195
China 49,872 53,075
Other East Asia 2,877 2,878
All developing countries 187,628 227,332
All developed (United States,

Europe, Japan, former

Soviet Union) countries 65,375 68,632
World 253,003 295,964

Sources: 1993 figures from FAO 1994. 2020 figures are projections
from Pinstrup-Andersen, Pandya-L orch, and Rosegrant 1997.

Indeed, whereirrigation systemswere built under un-
sustainable conditions, thiswill beinevitable. In some
countries this loss of irrigated land will affect aggre-
gate agricultura supply. In far more cases, especially
in South Asia, serious loca repercussions for eco-
nomic growth and for poverty will be felt.

High-Quality Rainfed Lands

High-quality soils, which are highly suitablefor in-
tensive, continuous cultivation, may become in-
creasingly responsible for supplying commercial
markets for basic grains in the developing coun-
tries, especidly if irrigated lands shift to higher-
value crops. Moretemperate and favorable climatic
conditions, lower production risks, and better infra-
structure and market linkages should provide con-
siderable opportunities for yield increases through
improved inputs, biotechnology borrowed from
temperate-zone agriculture in more developed
countries, and integrated soil, water, and pest man-
agement systems. National agricultural research
systems, especially in the expanding private sector,
arelikely to target producersin high-quality rainfed
regions, especialy inthelargemajority of countries
without substantial irrigated lands. As farmers and

investors increasingly recognize the need for good
soil husbandry, degradation rates would seem
likely to decline.

The 2020 expert consultation identified few hot
spotsinthe high-quality rainfed landswhereland deg-
radation affects productivity. Erosion and compaction
problems caused by mismanaged mechanization were
considered most important in northern, western, and
southern Africa. Technological congtraints to further
yield increases were perceived to be amgjor threat to
future production in the densely populated, naturally
fertile (if sometimes degraded) highland areasin Bu-
rundi, Kenya, and Rwanda. Agrochemical pollution
due to poor nutrient management practices was seen
as a critical problem on cotton farms in Turkey, on
high density farming and coastdl farming in East and
Southeast Asia, and on banana plantations and in
some intensive agricultural centers like Santa Cruz,
Bolivia (Scherr and Y adav 1996).

Densely Populated Marginal Lands

With agricultura development and evolving property
rightsin irrigated and high-quality rainfed areas, ur-
ban development, and economic diversification,
many farmersin the densaly populated marginal lands
may migrate or find nonfarm employment. This can
be anticipated especialy in countries with abundant
high-quality agricultural land (Table 15) and dynamic
nonagricultura economies. Even in these countries,
however, rapid rura population growth meansthat net
outmigration from margina areas on a scae large
enough for reduced land pressure to offset the eco-
nomic threat of soil degradation is unlikely by 2020.
For the many countrieswith arelatively small endow-
ment of irrigated or high-quality agricultura land,
large agricultural populations, and economies de-
pendent upon agricultural production or with limited
capacity to finance food imports, large-scale with-
drawa from marginal lands by 2020 is out of the
question. Onthe contrary, land pressureislikely toin
tensfy greatly due to rural population increase and
market expansion.

In situations where current land pressure is
moderate, technology is available for sustainable
intensification, and economic incentives for its use
arefavorable, sometypesof soil degradation (water
erosion, for example) can be expected to decline.
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Table 15—Arableland resour ces of the developing countries, 1994

Population pressure on arable land (hectares per capita)

Very high High Medium Low
Extent of arable land (under 0.15) (0.16-0.30) (0.31-0.45) (over 0.45)
Very extensive China India Brazil
(over 30 million hectares) Indonesia Nigeria
Extensive Ethiopia South Africa Argentina
(10.0-29.9 million hectares) Iran Sudan
Mexico Thailand
Myanmar
Pakistan
Moderate Bangladesh Algeria Malaysia Cameroon
(5.0-9.9 million hectares) Viet Nam Irag Morocco Zambia
Colombia Zaire Syria
Philippines Uganda
Limited Egypt Burundi Angola Central African
(1.04.9 million hectares) North Korea Chile Benin Republic
South Korea Dominican Republic Bolivia Chad
Sri Lanka Coéte d'lvoire Burkina Faso Mongolia
Nepal Ecuador Cuba
Tanzania Ghana Cambodia
Guatemala Honduras
Kenya Libya
Malawi Nicaragua
Madagascar Niger
Mali Paraguay
Peru Togo
Mozambique Tunisia
Rwanda Uruguay
Senegal
Saudi Arabia
Venezuela
Zimbabwe
Very limited Congo CostaRica Botswana Gabon
(<1 million hectares) Israel Cambodia Guinea-Bissau
Jordan Laos
Lebanon Mauritius
Puerto Rico Namibia
Papua New Guinea Panama
Puerto Rico
United Arab Emirates
El Salvador
Haiti
SierraLeone
Trinidad

Source: FAO 1995.



Research suggeststhat land-improving and -protec-
ting investments for some environments can trans-
form them into moderately high-productivity areas.
However, grave economic effects from further soil
degradation can be expected in areas with high
population growth rates (even from a low base),
where technologies for more intensive, sustainable
soil management are still unknown, and where un-
favorable economic policies and incentives under-
mine farm investment.

The 2020 expert consultation identified many
hot spots for soil degradation in densely populated
marginal lands. Nutrient depletion was considered
critical in the mid-altitude hills of Nepal, the sandy
soils of northeastern Thailand, the semiarid crop-
lands of Burkina Faso and Senegal, the humid East
African highlands, the subhumid Central American
hillsides, the semiarid Andean valleys, northeastern
Brazil, the Santa Cruz area of Bolivia, and the Car-
ibbean Basin lowlands. Technological constraints
to yield increases were perceived to be a major
threat in the marginal arablelandsin Syria, Jordan,
Iran, and North Africa, and the humid lowlands of
West Africa. Erosion was cited asaparticular prob-
lem in the Himalayan foothills, the southeast Asian
hill country, the west Asian rangelands that have
been converted to grain production, the Sahel (from
wind), the subhumid Central American hillsides,
the semi-arid Andean Valley, Haiti, and the cerra-
dos of Brazil. Devegetation threatens rangelandsin
many parts of Asia and Africa. The spread of Im-
perata grasslands due to degraded soilshasreduced
production in large areas of Southeast Asiaand Af-
rica, as has the spread of Chromalaena in Africa
(Scherr and Y adav 1996).

If irrigated lands do convert increasingly to
higher-value products, and high-quality rainfed
lands dominate basic grains and annual crop pro-
duction for urban and export markets, the product
mix in densely populated marginal lands may be
able to—or be forced to—change to better reflect
the comparative advantage of these lands. Already
there is a trend by producers with more degraded
soilsto move from grasses and pulsesto moretoler-

ant roots and tubers (for example, cassava) and to
crops with higher calorie yield per hectare (for ex-
ample, sweet potatoes). Food production to meet
the basic needs of rural producersand local demand
will be essential, but will have to be combined with
production and marketing of higher-value cropsfor
income generation and regional economic devel op-
ment. The latter crops will have to be produced us-
ing practicesthat control degradation. Ideally, mar-
kets will develop for more products from perennial
trees, shrubs, palms, and grasses that can be inte-
grated in an environmentally strategic way into a
variety of landscape niches. Soil-quality improve-
ment would be an essential part of any of these
strategies, taking advantage of improved markets
for chemical fertilizers and other inputs, as well as
locally or regionally produced organic amendments.

Extensive Agriculturein Marginal Lands

Although considerable potentialy productive land re-
mains, areaunder crop production isonly projected to
expand a further 12 percent by 2010, mainly in Latin
Americaand Africa Thisisdueto environmental lim-
its, lack of infrastructure, opportunity costs for forest
and pasture uses, and potentia recovery of currently
degraded lands (Crosson 1995). IFPRI’s IMPACT
model projects that globa area under cered produc-
tion will increase by only 5.5 percent, or 39 million
hectares, between 1993 and 2020, amost two thirds of
which will be in Sub-Ssharan Africa (Pinstrup-
Andersen, Pandya-L orch, and Rosegrant 1997). Sur-
plusland can still be found in Angola, Mozambique,
Tanzania, Zaire, and Zambial’

A simulation model of land use transformation
in Latin Americafrom 1980 to 2030 predictsthat 1
million hectares per year will be transformed to
shifting agriculture. The advancing agricultural
frontier, mainly in tropical rainforest, would have
the most critical effects in Central America. This
shift, aswell as forest exploitation on another 0.88
million hectares per year, would lead to significant
additional soil erosion in the tropical and subtropi-
cal rainforests of Centra America, the Andean

17 A reviewer of this paper noted that much of this “surplus’ land in Angolaand Mozambique s actually unusable due to the wide-
spread presence of land mines—a reminder of the limitations of our models.



countries and Brazil, and, to some extent, the Ar-
gentine pampas. The model projects advancing de-
sertification in many of the extensively managed
drylands (Gallopin 1992).

Intensification of production on land that was
first cleared in the past generation may present
more serious economic problems than new clear-
ing. By 2020, much of the now cleared and exten-
sively managed land will be under semi-permanent
cultivation or else abandoned due to degradation.
Currently identified hot spotsinclude areaswith nu-
trient depletion in remote upland areas in East and
Southeast Asia; poor quality soils in northeastern
Indiain transition to permanent agriculture; and ar-
eas of Africa undergoing transition to short fallow
systems. Erosion is a major problem in sloping ar-
eas in southern China and Southeast Asia (Scherr
and Y adav 1996).

On the other hand, there will be new opportu-
nitiesfor rehabilitation of degraded lands, such as
the technol ogies now being devel oped for Imper-
ata grasslands (Garrity 1998), sustainable pas-
ture management systems, and improved fallows
using agroforestry. Development programs are
likely to promote “mosaic” landscapes (Forman
1995), with areas maintained under natural vege-
tation and crops and management systems
adapted to various production niches. Production
systems economically appropriate for low land-
use intensity will also be used. The simulation
model for Latin America (Gallopin 1992) sug-
gests that more sustainable production systems
and economic policiesthat emphasize productive
rehabilitation of deteriorated ecosystems would
radically reduce the land under shifting cultiva-
tion to only 3 percent and decrease the area of
grazing lands. Programs for international carbon
emissions trading may create new financial in-
centives for local people to protect some forests
from agricultural conversion (Lopez 1996).

Urban and Peri-Urban Agricultural Lands

Soil degradation in urban agriculture is only be-
ginning to be recognized as a policy issue. By
2020, the urban population of developing coun-
tries is expected to double, reaching around 3.6
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billion. Itislikely that in some countriesasignifi-
cant proportion of total agricultural supply and
value will come from cities and peri-urban areas.
Urban agriculture may play a growing environ-
mental rolein the recycling of urban solid waste
and wastewater, although it also contributes to
some environmental problems that need to be
addressed, for example, health problems from
contaminated food, air pollution caused by insec-
ticides, water pollution from wastes and agro-
chemicals, and downstream flooding due to poor
farming practiceson slopes and streambanks. But
there are also likely to be increasing production-
related effects from urban soil degradation. Con-
tamination of soilswith heavy metals, chemicals,
waste, and other urban pollutants may pose a
health hazard to consumers and also reduce or
halt production. Overgrazing can damage grass-
lands and urban forests. Insecure access and ten-
ure may reduce farmers’ incentives to use good
soil management practices. Soil quality and envi-
ronmental concerns raised by urban agriculture
may begin to take policy priority over other pro-
ducing areas because of the greater visibility of
and political sensitivity to urban concerns, even
though poverty related to soil degradation may be
more acute elsewhere.

Potential Threats of Sail
Degradation to Developing-
Country Food Security

In light of the above, to what extent will soil
degradation pose serious threats to devel oping-
country food security in 20207 Some general pat-
terns are predicted below in relation to agricul-
tural supply, economic growth, rural poverty, and
long-term national wealth. Policy, however, will
need to be guided by a country-by-country as-
sessment, with consideration given to the impor-
tance of agriculture in the economy, the vulner-
ability of agricultural land to degradation (land
scarcity, soil vulnerability and resilience, and the
anticipated rate of change in cropping intensity),
and the capacity of farmersto respond effectively
to the threat of degradation (profitability of
farming, availability and cost of soil-conserving



technology, and availability of financing for land
improvements).'®

Agricultural Supply

Crosson (1997) notes that the Dregne and Chou
datarepresent a0.3 percent per year declinein agri-
cultural productivity over 50 years and the
GLASOD data 0.1-0.2 percent per year over 45
years. He assumes an accelerating future rate of
degradation, 0.4 percent, to calculate a 17 percent
cumulative global productivity loss by the year
2030. Applying the GLASOD rate through 2020,
thelosswould be much lower. In any case, soil deg-
radation, even at high rates, isnot likely to be a seri-
ous threat to international food trade between now
and 2020 because of the global capacity for supply
substitution from nondegrading lands and the domi-
nance of temperate producersin international wheat
and maize markets.

However, important regiona supply and price
effects could arise from the accelerated loss,
through salinization, of irrigated land in the “rice
bowl!” and “breadbasket” areas of South and East
Asia and from degradation in Africa. There could
be significant effects on national agricultural sup-
ply in countries with widespread degradation, in-
ducing shifts in producing areas and increased im-
ports. Lal (1995), for example, predicts that by
2020 water erosion alone may reduce productivity
by 16.5 percent for all Africa and 14.5 percent for
Sub-Saharan Africa.

Agcaoili, Perez, and Rosegrant (1995) used the
IMPACT mode to smulatethe effects of a10 percent
decline, relative to the baseline scenario, in crop pro-
ductivity in the developing countries after 25 years.
This represents a modest acceleration of degradation
above the implicit rate reflected in historical produc-
tivity trends. A second scenario assumed the same
rate of degradation, but also further reduction of crop
yield growthin Pekistan by 50 percent (a1 percent per
year declinein crop areg, reflecting possible effects of
sdinization), afurther 5 percent declinein the growth
of rice yidds, and a 21 percent decline in other crop
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yield growth in China. The study concluded that the
first scenario would result in world prices higher by
17-30 percent in 2020, particularly for maize, rice,
roots and tubers, and wheat. The second scenario does
not significantly increase pressure on world pricesbe-
yond the level of the first scenario. However, it does
result in higher wheat imports, especially in Pakistan
and China These effects are quite significant, a-
though the authors argue that the impact of inadequate
conventional agricultural research and investment
would be even larger than that of soil degradation.

Agricultural Income and Economic Growth

It seemslikely that the greatest impact of future soil
degradation will befrom persistently lower agricul -
tural incomes, dueto reduced yields or higher input
costs, in the irrigated, high-quality rainfed, and
densely populated marginal lands. The current esti-
mates of 10ss as a percentage of national AGDP are
large, ranging from 1 to 5 percent per year in ama
jority of the studies. It is hard to evaluate whether
these figures are overestimates or underestimates.
On the one hand, they do not take into account mar-
ket and price effects and responses that would tend
to dampen the impact of degradation; on the other
hand, few of the figures reflect the economic multi-
plier effects of lost income.

Soil degradation in marginal lands with low
population density islikely to have amodest effect
on national or subregional agricultural income or
growth in 2020 because of weaker market linkages.
Economic effects from soil degradation on urban
and peri-urban agriculture are hard to predict; they
may be limited by the smaller scale of production,
but may be larger because of the typically higher
value products grown. Almost by definition, the
major effects will be in those countries or subre-
gionsthat depend upon agriculture asthe “ engine of
economic growth.”

Of course, whether farmers, governments, civil
society, and international institutions will deem it
worthwhile in the short and medium term to invest
in improving soil quality will depend on the actual

®Bsuchanana ysisexplainstherelative lack of urgency about responding to soil degradation in countries such asthe United States,
whereprimary agricultural productionisaminor part of the economy; where most soils, particularly inthe corn belt, arehighly resis-
tant to degradation; where land is abundant; and where farmers have many options to address degradation if they so choose.



costsof doing so, and the perceived potential for in-
creasing production and economic growth through
other types of investments that compete for limited
resources.

Consumption by Poor Farmers

Future soil degradation threatensto have significant
negative effects on consumption by poor farmersin
2020 wherever the productive potential of farmland
declines. Thegreatest problemswill probably occur
in the densely populated marginal lands of Sub-
Saharan Africaand Asia, especially where markets
are less developed and industrial inputs expensive.
A bioeconomic model for dryland agriculture in a
villagein Burkina Faso predictsthat the cost of soil
degradation to farmers by 2020 would equal 20 per-
cent of village income in that year (Barbier 1996).
Many poor farmers in South and Southeast Asiawill
also be affected, but because the poorest people are
therural landless, effects on poverty and malnutrition
may be transmitted through changes in employment
and local food costs.

Both scenarios of soil degradation in the
IMPACT model simulations predict deterioration
of food security, not only from contraction in pro-
duction, but also from reduced demand due to
higher prices. While the total number of malnour-
ished children declines by 7.6 million (nearly 3.6
percent) from 1990 to 2020 in the baseline scenario,
the total number remains nearly constant in thefirst
degradation scenario and actually increases by 1.5
million (0.6 percent) in the second scenario. The
major wheat- and rice-producing and consuming
countries (in Asiaand some countriesin West Asia
and North Africa and Latin America) exhibit the
largest incrementsin malnutrition (Agcaoili, Perez,
and Rosegrant 1995).

National Wealth

Assuming that the lowest of existing estimates (5
million hectares per year) of land lost irretrievably
to degradation continues between 1990 and 2020,
an additional 150 million hectares would go out of
production by 2020—1.7 percent of total agricul-
tural land. Using the highest estimates (12 million
hectares per year), the loss would be 360 million
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hectares, or 4.1 percent of agricultural land. A high
proportion of thelosswould be in devel oping coun-
tries. Thisisin addition to the 3.5 percent of agri-
cultural land lost to degradation since the mid-
1940s, and other agricultural land lost to urbaniza-
tion and infrastructure. The loss to global produc-
tion would be proportionately less, as much of this
islower quality land and soil quality improvements
and yield increases el sewhere in the next few dec-
ades could potentialy offset some of the supply ef-
fects. Assuming that global population stabilizes
late in the next century as projected, total agricul-
tural land losswould appear to pose amodest threat
to total global wealth in soil assets.

Of greater concern would be a serious decline
inthe quality of soilsthat remain in production. Al-
ready in 1990 Oldeman, Hakkeling, and Sombroek
(1991) estimated that there had been moderate or
severe soil degradation on 19 percent of agricultural
land in Africa, 16 percentin Asia, and 31 percentin
Central America. Although many were inclined to
consider GLASOD figures overestimated, the more
detailed ASSOD study for South and Southeast
Asiareported even higher figures. Whileit isessen-
tial to assess more carefully which of thelandsthresat-
ened with degradation are redlly important economi-
caly inthemedium to long term, complacency would
seem unwarranted.

In the relatively short time to 2020, there are
unlikely to be major structural shiftsin agricultural
supply away from land-based production or away
from the current breadbaskets and rice bowls. How-
ever, in the long term there may be significant
shifts, particularly due to climate change and new
trade patterns. For the sake of future generations, it
is especially important that the highest quality soils
be preserved—the great loess areas of temperate
South America (Nearing 1998), the fertile deltas of
South and Southeast Asia, and the deep volcanic
soils scattered throughout the tropics. Uncontrolled
urbanization and salinization caused by misman-
agement of irrigated cropland may be the greatest
threats to these lands.

Countriesblessed with large areas of high qual-
ity agricultural land may not need to be concerned
about long-term soil wealth. About half of all the
developing world’ sarableand perennial croplandis
currently located in just five countries—Brazil,



China, India (which alone accounts for 22 percent
of al cropland), Indonesia, and Nigeria (Table 15).
For these countriesit is short-term food supply and
rural poverty—rather than a concern for long-term
soil wealth—that argue for careful attention to en-
hancing the quality of rural lands; all but Brazil
have high population densities and rural land pres-
sure and all have high rural poverty rates. Another
nine countries, with more than 10 million hectares
of cropland each, account for 21 percent of all crop-
land resources. In those with lower popul ation pres-
sure, some land can be lost to degradation without
threatening national economies or long-term na
tional wealth.

However, countriesthat are not so blessed may
not only consider putting more emphasis on soil
protection, but developing long-term, large-scale
investment programsto enhancethe quality and sta-
bility of some of their vulnerable lands. The 57 de-
veloping countries with only 1-10 million hectares
of cropland must look carefully at thelong-termim-
plications of allowing soil quality over large areas
to degrade or lose productive potential; already
population pressure on the land ishigh or very high
in half these countries. And the 38 developing
countries with less than 1 million hectares of crop-
land, most of which already have high or very high
pressure on the land, should probably consider con-
serving farmland quality to be astrategic long-term
food security issue.

Of course, unforeseen changes may greatly in-
crease the importance of tropical soils that are not
valued highly at present. Large-scaledisasters, such
as the Chernobyl nuclear plant explosion in the
Ukraine, could contaminate and take out of produc-
tion expanses of fertile, productive soils from the
world’ s breadbaskets and rice bowls. Global warm-
ing may eventually (but not before 2020) take out of
production large areas of low-lying fertile crop-
lands (for example, in Bangladesh).

Environmental Effects of Soil Degradation

The economic impact of the environmental effects
of soil degradation, such as that on species habitat,
hydrological function, water quality, and global
carbon cycles, is not addressed in this paper. It is
likely to be considerable, raising the social costs of
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soil degradation in al five agricultural pathways,
although in different ways. These economic costs
must clearly be taken into account, together with
productivity-related effects, in setting overall pol-
icy priorities and strategies.

Environmental policy debates, especially relat-
ing to marginal and peri-urban lands, are often nar-
rowly framed as a choice between allocating land to
agricultural use or keeping land out of such usein
order to preserve important environmental values.
By the year 2020, however, as pressures on the land
rise, removing land from agricultural production
will be even lessfeasible asolution than it istoday,
except in the most highly valued and lightly popu-
lated environments. In the majority of developing
countries that anticipate dense rura populations,
urban agricultural activity, and close physical prox-
imity of farmsto human settlementsin 2020, segre-
gated land use in the manner practiced in devel oped
countries in the twentieth century will become im-
possible. The challenge for scientists, land manag-
ers, and policymakers is to find strategies for sus-
tainable agricultural production that produce
positive environmental externalities within multi-
purpose landscapes.

Overall Priority Concerns

A qualitative weighting of the plausible global eco-
nomic effects of future soil degradation suggests
that the greatest problems for food security in the
developing countries in 2020 will be found in the
densely populated marginal lands (Table 16). These
areas also havethe highest probability of significant
degradation without policy action, because combat-
ing degradation will require mobilizing long-term
investment and new technol ogy devel opment. Deg-
radation of irrigated lands through salinization and
waterlogging poses the second greatest threat, be-
cause these lands play a central role in commercial
food supply in Asia. Degradation of high-quality
rainfed lands can be expected in many areas, but
may be* self-correcting” in situationswherethereis
general support for agricultural development and
suitable technologies are available for adoption.
Agricultural land quality and preservation in urban
and peri-urban areas will become much more prob-
lematic by 2020, especially in the devel oping coun-



Table 16—Relative impact of soil degradation in different agricultural pathways

Anticipated impact of soil degredation on

Dependence
Consumption Agricultural on direct
In order of global by poor mar ket Economic National Severity of  policy action
policy priority farmers supply development wealth problem to resolve
1. Densely populated marginal lands ood oo goo oo ood ood
2. Irrigated lands oo 0ooo ooo ooo 0o oo
3. High-quality rainfed lands oo ood goo ood O O
4. Urban and peri-urban agricultural lands O O O O O ood
5. Extensively managed marginal lands oo O O O O O

Notes: To resolve soil degradation problems (see last column), all of these agricultural pathways require a strong agricultural economy, so that
farmers haveincentivesand capacity for good land husbandry. Thiscallsfor sensible general agricultural and rural policies, infrastructure
investments, and so on. Thelast column refersto the need for policies and public investments specifically aimed at controlling soil degra-

dation. 000 indicate high, 00 medium, and O low.

triesthat are highly urbanized and where urban po-
litical interests are paramount. Degradation in
marginal landsthat arelightly populated isunlikely
to impose major global economic costs (as distinct
from the likely and significant global environ-
mental costs), though many of the poorest of the

poor may farm in theseregions. National policy pri-
oritieswill vary widely and must be determined by
each country’s resource endowment, the structure
of agricultural supply, the geographic distribution
of poverty, and the principal agricultural sources of
economic growth.






5. Policy and Research Priorities

The period since World War I has seen remarkable
growth in agricultural production and productivity
in the developing world. Whilein many farming ar-
eas this growth has apparently been sustainable, in
othersit derived from two unsustainable processes:
the clearing of new lands of lower productive po-
tential or higher vulnerability, and the intensifica-
tion of production by mining or destroying the soil
resource base. The challenge of feeding and supply-
ing the much larger population projected to livein
the devel oping countries by 2020 has to be met not
only by raising production from current levels, but
by substituting for supplies no longer available
from land-clearing, by finding sustainable methods
of intensive production on soils not previously used
for this purpose, and by substituting for or rehabili-
tating degraded soils where there is continuing de-
mand for their use.

L eadersin the economic and agricultural devel-
opment communities, as well as environmentalists,
must draw the attention of policymakersto soil deg-
radation concerns and work with them to set priori-
tiesfor public investment, farmer services, and pol-
icy. A necessary though not sufficient step is to
provide supportive policies for broad-based agri-
cultural development. Targeted policiesand invest-
ments will also be needed to address many serious
degradation problems. Better characterization and
diagnosis of soil degradation effects will be needed
to guide and support these efforts.

Support Policiesfor Broad-Based
Agricultural Development

If the 2020 Vision policy agenda (IFPRI 1995) is
seriously pursued, many soil degradation problems
can “self-correct” to aconsiderable extent by 2020.
Farmer investment in known land-husbandry tech-

nologies should increase where agricultural mar-
kets perform more effectively, reducing the costs of
inputs and increasing farmgate output prices; where
profitable farming opportunities raise the value of
agricultural land; where technological change
makes higher, sustainable yields possible; and
whereland tenureissecure. In someareas, in such a
supportive policy environment, simply promoting
information dissemination about good land hus-
bandry practices and supporting research on tech-
nologies to reduce conservation costs may be suffi-
cient for addressing degradation concerns.

Target Land-Improving Palicies,
| nvestments, and Resear ch

It isdoubtful, however, that indirect policieswill be
enough. Agricultural growth can have mixed ef-
fects on resources, due to widespread lack of infor-
mation, institutional failures, and market failures.
And many areas cannot count on having adynamic
economy or suitable technology. An integra ele-
ment of devel opment strategiesto promote the 2020
Vision must be the policies, investment, and re-
search that promote soil protection and rehabilita-
tion where soil quality most affects agricultural
supply, economic growth, rural welfare, or long-
term national wealth.

Soil rehabilitation demands going well beyond
smply applying fertilizer to replace chemica nu-
trients; it may involve restoring organic matter, im-
proving soil dructure and waterholding capacity,
controlling the flow of water across fields, restoring
soil flora and fauna, buffering acidity, and establish-
ing vegetative cover. Community- and watershed-
scale planning will often be needed in the trans-
formation to more sustainable, higher-productivity
landscapes.



However, efforts to improve soil qudity must
complement—not substitute for—other types of agri-
culturd investments, and reflect economic redities
and farmer resource congtraints. Conservation efforts
should maintain, stabilize, or increase productivity,
not necessarily optimize soil condition. Direct action
and researchinterventions must be designed to fit spe-
cific development pathways, farming systems, soil
types, and degrees of degradation.

Densely Populated Marginal Lands

Policy action in densely populated marginal lands
should focus explicitly onimproving soil quality as
akey element inincreasing yields and reducing risk
and yield variability. Nutrient depletion can be ad-
dressed by increasing nutrient inputsand improving
nutrient use efficiency; reducing nutrient off-take
(that is, reducing harvests) is not often areasonable
option. Chemical fertilizers will play an increas-
ingly important role as marketing costs decline.
However, few of the vulnerable soils on these lands
can be managed intensively and sustainably over
time with chemical nutrient applications alone. Or-
ganic matter management is critical for protecting
the physical structure of soils and using nutrients
efficiently (Sanchez et a. 1997). For soil typesthat
cannot sustain continuous cultivation, economi-
cally productive perennialsand cover crops must be
incorporated into the farming rotation (Garrity
1998; Tengberg and Stocking 1997). For areas still
not well integrated into markets in 2020 (much of
Africa and the remote mountains) and for farmers
who practice subsistence production, low-cost
sources of plant nutrients must be found urgently to
replace or supplement fertilizer use. Beyond nuitri-
ent maintenance, policies are needed to help farm-
ers organize and finance investment in land
improvements.

The research challenge isimmense: to develop
nutrient management systems for specific soils,
low-cost soil rehabilitation techniques, and eco-
nomical methods for incorporating more perennial
plantsin farming landscapes. Profitable systems to
manage local forest and grazing lands are needed to
justify good land husbandry. The more effective
soil management practices from intensive farming
systems need to be documented and shared with
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farmers working with similar soils elsewhere and
who have only recently begun the transition to in-
tensive systems.

Irrigated Lands

The two priority policy actions to combat irrigated
land degradation are fairly well known: improve
system- and farm-level water management regimes
and invest in proper drainage systems where this
has not been done. Plans must be made to retire
lands that are irreversibly degrading with minimal
disruption to farm communities. Diversification to
higher-value crops may help to justify reinvest-
mentsin irrigation systems and higher-priced water.
Priorities for research include exploring prob-
lems of micronutrient depletion and other soil-
related factors that may lead to yield stagnation,
identifying effective water management regimes,
developing low-cost methods to control or reverse
salinization, and utilizing saline lands.

High-Quality Rainfed Lands

Policy action for high-quality rainfed lands must
seek to better integrate technology development
and extension for productivity growth with good
soil husbandry through tillage practices, agricul-
tural machinery use, and agrochemical manage-
ment. Market-based mechanisms should be devel-
oped to improve distribution systems for fertilizers
that reduce cost, improve nutrient balance, and en-
courage complementary use of organic nutrients.
Recommendationswill vary with changing ratios of
output to nutrient prices.

Research priorities must devel op recommenda-
tions and technologiesfor fertilizer and organic nu-
trient management for specific soils, climates, and
crops and identify or develop low-cost organic nu-
trient sources for smallholder producers. New bio-
technology and other technical advances should be
designed for integration into sustainable resource
management systems.

Urban and Peri-Urban Agricultural Lands

Much of the policy action needed to promote better
soil quality in urban and peri-urban agriculture is



institutional . Zoning rules, land access, controls on
agricultural land conversion, and regulation of
agrochemicals and livestock waste disposal need to
be changed to improve the security of urban farm-
ing. Community gardening opportunities on public
and unutilized private land should be protected and
promoted.

Research priorities need to focus on designing
technologies to improve the use of urban waste
productsin soil nutrient management and livestock
feed and minimize toxic agrochemical use. Studies
are needed to understand the patterns and strategies
for controlling livestock disease in urban environ-
ments. Physical and institutional barriers to protect
farmland from urban soil pollutants aso need to be
developed.

Extensive Agriculturein Marginal Lands

Inextensive agricultural systems, policy action should
am to limit the environmental damage of farming
practices at aminimal cost to farmers and help farm-
ers make the trangtion to more sustainable short-
falow or permanent cultivation systems. Extensive
farming can only be regulated or prohibited economi-
caly in a small number of drategic Stes. Farmers
need support from extension servicesto “farm lightly
on the land” using technologies that do not require
high labor use or purchased inputs. M osaic patterns of
land-clearing and controlled burning can be encour-
aged on cropland and rotationa grazing and grazing
reserveson rangeland, in order to maintain more natu-
ral vegetation. In areas with vulnerable soils, policies
that raise the value of forest and tree products can re-
duce land clearing, raise local incomes, and initiate a
long-term transition to an economy based on perma-
nent crops. Improved employment opportunities for
the landless outsde agriculture, in other farming
areas, or in forest management can reduce farmer
incentives to clear new lands. Infrastructure invest-
ments need to be concentrated in areas of existing
Settlement.

Research should focus on technologies for low-
input farming, higher-value products that encourage
gpatia concentration of production, and perennia
crops. Crop, forest, or range management systems
will ideally meet both local economic and broader en-
vironmenta objectives, jugtifying the transfer of re-
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sources from outside the region to help finance this
dual agenda.

| dentify Priority Soil Degradation
Problems

Currently available data are insufficient to guide
and prioritize such targeted policy action. Accurate
information is needed on the actual areas and farm-
ing communities where serious soil degrada-
tion—and soil improvement—aretaking place, and
the nature of the effects on agricultural supply, eco-
nomic growth, rural poverty, and soil wealth.
Analysis should focus on the subnational level,
where soil quality change and its effects can be
meaningfully measured and interpreted, and where
policies need to be implemented. National and in-
ternational priorities can best be developed by ag-
gregating this subnational information.

The design of sampling frames and the collection
of agricultural production, farm income, and rural
poverty data need to be made spatidly explicit, or at
least the different land classes, agroclimatic zones,
land use intengities, market environments, and types
of producers should be distinguished from each other.
For the design of specific interventions, more detall is
needed on type of soil, resilience from and sengtivity
to degradation, and management history. Advancesin
remote sensing methods (for example, in spectrome-
try) will soon offer the potential for monitoring key
soil characterigtics on alarge scale. Internationa sup-
port is needed to expand resource characterization and
monitoring systems such as the international soil and
terrain database (SOTER), the Land Quality Indicator
program (Pieri et d. 1995), and the global database on
farmer use of conservation technologies (WOCAT
1997), which draw on amix of information from re-
mote sensing, spatially informed agricultural and
household surveys, and key informants.

Geographic information systems can be used to
integrate and manage databases of various types
and spatially analyze the economic effects of soil
quality change. Time-series data can be used to ex-
plore the relationships between soil quality change
over time and farm management, loca economic
and socia conditions, and the policy environment.
Soil quality indicators can beincorporated into eco-



nomic and policy modeling of agricultural trends at
subregional and national scales. Where adequate
information about the linksamong soil quality, deg-
radation, and productivity and the geographic loca-
tion of problems exists, models can help identify
priorities for action. Where information is sparse,
modeling can help identify priority data needs and
encourage dialogue among soil, agricultural, and
environmental experts, policymakers, and the larger
agricultural community.

Economists need to use more creative methods
to analyzethe effects of soil degradation on agricul-
tural supply, in order to reflect the geographic struc-
ture of production, the price effects, and the con-
sumer and producer responses to those effects in
different geographic regions. Studies of the effects
of soil degradation on agricultural income (includ-
ing multiplier effects) and rural poverty similarly
require more systematic design and analysis. More
conceptual work is still needed to determine appro-
priate methods for evaluating soil wealth.
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Final Comment

We should not take lightly the long-term economic
threat of accelerating soil degradation. Historical
evidence suggests that the economic decline of em-
pires in Mesopotamia and the Indus Valley was
due, at least in part, to widespread salinization and
waterlogging of irrigated lands, while declinein an-
cient Isragl, Lebanon, Greece, and Romewas dueto
topsoil lossin the rainfed uplands of the Mediterra-
nean (Hillel 1991). We have more knowledge and
tools at our disposal today, but the output demands
and pace of change in soil resource management
have also vastly accelerated. The difficulties of
measuring and valuing soil quality changes and
their effects mean we must approach the challenge
with care. However, this should not deter econo-
mists and policymakers, but rather inspire them to
focus greater attention on soil quality management
as a central natural resource issue for sustainable
agriculture in the devel oping world.



Appendix—Types of Soil Degradation: A Glossary®

Acidification: A lowering of soil pH by mobilizing or

increasing acidic compoundsinthe soil. Itischar-
acterized also by theloss of exchangeable cations.
The problem may be caused by overapplication
of acidifying fertilizers, planting of acidifying
vegetation, or draining soils containing pyrite
(creating acid sulphate soils). Acidification may
occur in humid and subhumid climates through
nutrient leaching of naturaly acid soils having
low-activity clays and low organic matter. An-
other term used for thisis dystrification.

Alkalinization: See salinization.

Aridification: Decrease of average soil moisture

content. Possible causes are the lowering of
groundwater tablesfor agricultural purposes or
drinking water extraction, or decreased soil
cover and reduced organic matter. Most types
of degradation resultin alossof plant-available
water capacity, the most important factor af-
fecting soil productivity in many soils.

Biological degradation: A decline in carbon bio-

mass, reduction in organic matter content, and
decrease in flora and fauna populations or spe-
cies resident in the soil (for example, earth-
worms, termites, and microorganisms). It is
caused by intensive row cropping, mechanical
soil disturbance, accelerated soil erosion, ex-
cessive application of pesticides, or industrial
waste contamination.

Compaction: Deterioration of soil structure by tram-

pling of cattle or theweight and/or frequent use of
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heavy machinery. Factors that influence
compaction are ground pressure and frequency of
the passage of heavy machinery, grazing pres-
sure, soil texture, soil moisture, and climate. Soils
with low organic matter, poorly sorted sand frac-
tions, and appreciable amounts of silt are more
prone to compaction and sedling.

Crusting: Clogging of soil poreswith fine soil ma-

terial and the development of athinimpervious
layer at the soil surface that obstructs the infil-
tration of rainwater. Possible causes include
poor soil cover, alowing a maximum “splash”
effect of raindrops; the destruction of soil struc-
ture; and low organic matter.

Dystrification: See acidification.

Eroson: A decrease in depth of the topsoil layer due

to more or less uniform removal of soil material
by runoff water (sheet erosion) or wind. Erosion
may result in other types of soil degradation, such
as nutrient loss, acidification, changes in water-
holding capacity, loss of organic matter, and
crusting. Water eroson may be caused by inap-
propriate land management (insufficient soil
cover, unobstructed flow of runoff water, deterio-
rating soil structure) and can lead to excessive
surface runoff and sediment transport. It may
cause off-gite effects: sedimentation of reservoirs
and waterways, flooding, or pollution of water
bodieswith eroded sediments. Wind erosion may
be caused by insufficient protection of the soil
against thewind by vegetation or other means; in
sufficient soil moisture; or destruction of the soil

19 Terms have been adapted from the ASSOD study (van Lynden and Oldeman 1997, 5-7).



structure. Wind erosion may cause off-site ef-
fects, such as the covering of the terrain with
wind-borne soil particles from distant sources.

Eutrophication: An excess of certain soil nutri-
ents, impairing plant growth. It may be caused
by imbalanced application of organic and
chemical fertilizer, resulting in excess nitrogen
or phosphorus, or by overliming.

Fertility decline: A net decrease of available nutri-
ents and organic matter in the soil. Fertility de-
clineis caused by a negative balance between
output (harvesting, burning, leaching, and so
on) and input of nutrients and organic matter
(manureffertilizers, returned crop residues,
flooding) of nutrients and organic matter.

Nutrient depletion: Seefertility decline.

Pan formation: Naturally occuring physical
changesin soil structurethat result information
of alayer impermeable to roots or the flow of
water. Examples are laterization, hard-setting
soils, fragipan formations, and clay-pan forma-
tions. Some soil types are prone to pan forma-
tion, especially under cultivation.

Pollution: Soil degradation as a consequence of the
location, concentration, and adverse biological or
toxic effects of a substance. This may include
both pollution from loca sources (such as waste
dumps, spills, and factory sites) and diffuse or air-
borne pollution (atmaospheric deposition of acidi-
fying compounds and/or heavy metals).

Salinization: A net increase of the soluble salt con-
tent of the soil root zonein concentrationstoxic
to plants, thus leading to productivity decline.
Salinity problems may be due to intrusion of
seawater, improper irrigation methods, or
evaporation of saline groundwater. Saline soils
usually have high accumulation of soluble salts
like sodium chloride or sodium sulphate; alka-
line soils have abundant sodium carbonate and
bicarbonate salts, with even higher pH.

Sealing: See crusting.

Subsidence: Lowering of the soil surface, espe-
cialy of organic soils. Possible causes are the
oxidation of peat and settling of soilsin general
dueto lowering of the water table. It may occur
due to the solution of gypsum in the subsoil, or
the extraction of water or gas.

Terrain deformation: An irregular displacement
of soil material causing clearly visible scarsin
the terrain. It may be caused by water (as with
gully or rill erosion) or mass movements of
land, or by wind action (causing deflation hol-
lows, hummaocks, and dunes).

Waterlogging: Effects of human-induced hydro-
morphism (excluding paddy fields). Causes are
arising water table (for example, due to con-
struction of reservoirs or irrigation) or in-
creased flooding caused by higher peak flows
of rivers.
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