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1 . INTRODUCTION

Soil is an essential input to farming. And yet agricultural land nse often resuits in the
degradation of natural soil fertility and reduced pmductiﬁty Soil degradation under farming
- also .inflicts off-site costs, through the processes of erosion, sedimentaiion and Ieaching.
Productivity losses and negative external impacts resulting from soil degradation’ are part of
the social cost of agricultural production. However, these costs- are often neglected by
farmers and public planners, Part of the reason is-that the negative consequences of soil
-degracation are usually unintended, ofien indirect or diffuse, and may be perceptible unly
aver long periods of time.. A more fundamental cause is that these costs are not fully
_r&ﬂactad in market prices of agricalivral inputs and outputs, and are therefore &asﬂ},r neglected
in publzc: and private decmmn-ma.kmg

Land users wltimately deternﬁn’e the rate at which soil resources are degraded through their
chaice of land use and production technology — eg. their selection of logging and mining
practices, crops and farm machinery, animal stcrckmg density and rotations, Governments
influence these choices through a range of economic incentives, laws and regulations,
infrastructure and institutional arrangements — from the location of public roads and dam
. sites, to impaosition of agricultural taxes and subsidies, or regulation of land sales and leasing.

Current rates of soil degradation thus reflect both public and private choices, but they almost
always exceed the rate that would be selected by an objective social planner, due to market
and policy failures which mask the full cost of degradation to society. An imgortant task for
policy analysts and decisicn-makers is to identify ;the underlying causes of excessive soil
degradation, to evalvate their economic significance, and to create incentives for less
destructive land use practices. Appropriate policies can help by making the full costs and
benefits of alternative land use practices more apparent to land users, -

This paper begins by reviewing the basic concepts and techniques used in economic analtysis
of soil degradation, with selected examples from a range of countries, In Chapter 2, soil
degradation is deseribed in terms of physical phenomena. The impact of soil degradation on
~ agriculture is discussed in terms of productivity, farmer response and techncrloglcal change.
‘Alternative, formal economic models of farmer decision-making with respect to soil |
degradation are briefly described. The chapier concludes with a review of the various market
failures and policy distortions which often underlie excessive soil degradation. Chapter 3
goes on to deseribe a range of techniques for assessing the economic impact of soi
degradation in menetary terms. The focus throughout is on agricultural land use znd the
depletion of soil fertility under cuitivation of rain-fed field crops. Most of the arguments
apply to other forms of land use as well, such as animal husbandry and forestry, a.lthuugh the
spexnﬁc prucesses of degradauﬁn and: cnnsamtmn will differ,

Chapters 4 and 5 present results from recent case studles of the on-site egonomic cost of soil
erosion on farm land in two African countries: Mali and Malawi. These studies illustrate the -
technical problems that arise in the valuation of soil degradation, practical methods of
overcoming these difficulties and some implications of valuation for agricultural policy.

Finally, Chapter 6 reviews the main methndmlcrglcal difficulties and research prmnues for
economic analysis of ‘soil degradation 1n a‘,nculture Data and methods 0sed in the case
studies are presemed ina. serles of techmcal annexes







2 SOIL DEGRADATION AND AGRICULTURE
21 Soil Fertllity and Suil Degradation

Sml ferl:ﬂlt},r is a ﬁmctmn of many physical, chenical and biclegical pmpemes which, -
together with climate and other factors, determine the suitability and potential productivity

of fand for agricultural uses. The essential attributes of natural fertility include soil structure

and rooting depth, organic matter and trace nutrient-content, plant-avaﬂable water TESETVES
and soil biology (Lal, Hall and Miller 1989). :

Soil degradation is. not always the result of human actwlty Soils are both created and
destroyed through naiural processes; they build up frem alluvial deposits, weamared rock and
accumulated organic-matter, and are both augmented and protected by natural vegetation.

- Natural soil dagradatmn resuits from geologic erosion, ie. the destructive effects of exposure.

to sun, wind and rain.- -From a human perspective, these namifal processes tend to dccur
slowly, although occasional sudden landslides can have catastrophic consequences.

Human activity typically accelerafes natural soil degradation. The irapact of human land use
arises primarily from.soil disturbance, for éxample through clearing and tillage, which
Temove prutccﬁve natural plant cover and expose the soil surface to harsh climatic influences.
The result is soil cnmpactmn ‘reduced water infiltration and moisture holding capacity,
increased rmn-off and erosion, and selective loss of nutrients and organic matter. Although
the impact of scil disturbance will vary with scale and timing, and with soil depth ‘the
mewtable effe:t is'a rclatwely rapid depletion. uf natural soil fﬂI‘tﬂlt}f

Soil degradation inc_ludes.bcnth on-site deterjoration in soil quallt},r, as w'eIl as the physical
removal of soil by wind and rain, i.e. soil ercsion. Erosion is expressed in terms of the loss
of soil mass or depth per unit area and per unit of fime (eg. tonnes/ha/year, crn/ha/year).
Soil dlSilll‘bal]E:E refated to human land use ganf:rally aggravates the natural process of soil
loss, resulting in accelerated erosion. Steep slopes. are especially susceptible to increased
rainwater fun-off and erosion when cleared. - :

-S::ul erosion is a comprehensive form of soil dcgmdatmn enmmpassmg chemlcal ph},rsmal
and biological degradation. Erosion depletes nuirient stocks, decreases effective rooting

: d::pth and reduces plant-availzble water reserves, all of which reduce crop yields (Lal 1981;

‘Lal et al. 1989). ‘Hence soil loss is frequently used as a proxy for general fertility decline. -
Soil erosion also affects yields directly, through lnss of crop stand when ﬂeed and seedlings
are washed or blown away, or buried. :

Thc nnpact nf 50i1 de.graclaucm also mcludes off~fann effects, such as sedlmentatmn, siltatmn R
and pullutmn of surface and ground water resources and infrastructure. Sediment yield and
silt depnmts m waterwa}'s are a functmn of soil lnss upstream although ::ml}r part of it may.

1 Climate is also a determuung'facmr of natural soil fertility, Although climsate is not an inherent
property of the land, there is growing evidence that land use practlcas may affent local or reglunal
chmanc stabﬂ]l:y [Schnexder 1991} :




‘be due to erosion on farm land. FPollution of water resources can__be:traced more directly o

o agriculture, as natural soil degradation rér_al:,r results in contamination of water resources, . .

Both on-farm-and off-farm impacts of soil degradation are difficult to measure. Scientists
have therefore developed predictive models, based on statistical analysis of datz from a few-
careful measurements. Such models are used to predict physical changes in soil properties,
Or to estimate soil loss, sediment delivery and deposition, infiltration and leaching, However,
most models require considerable input data on climate, tepography, - soil type, vegetation and
land use, which -may be difficult to obtain. ' S D

Empirical models used to describe the ‘processes of soil degradation range from simple
regression models, relating soil and nutrient loss, to complex multi-equation models for -
analyzing soil and water interactions in watersheds. Probably the most widely-used model
for predicting erosion under rainfall is the USLE, or Universal Soil Loss Equation
(Wischmeier and Smith 1978). Developed in the United States ko assist soil conservation
planning, the USLE appears deceptively simple, The form of the equation is:

A=R-K-SL-C-P

‘Where A is the mean soil loss per unit area, R is an index of the erosivity of rainfall, K isan

index of soil erodibility, S is a stope steepness factor and L is a slope length factor, C i5 a
crop cover and management factor, and P is a factor to allow for any erosion control-
practices, _ s -

Although simple to use in its final form, the underlying sub-models required to generate the
input variabies for the USLE are quite complex, Moreover, while the USLE model has been
tested and confirmed across North America, some researchers dispute its validity in other
parts of the worid, as the sub-models used- to estimate Input varizbles appear to be highly
 location-specific (Stocking 1987). The model is also not suited to soil loss prediction beyond
the field level, i.e. for entire watersheds or geographical regions. Many alternative soil loss
models have been developed to address the short-comings of the USLE (eg. Williams 1975;
Elwell 1978; Elwell and Stocking 1982). '

2.2 Seil 'Degradatiﬂ._n and Agricuitural Productivity

The degradation of natural soil fertility, whether from cultivation or from natural phenomena,
atfects crop yields and farm income by reducing the ability of land to produce plant biomass,
Of course, soil fertility is just one of many inputs to agricultural production; its relative
importance varies with the farming system in place. Where fertile virgin land is easily
accessible, farmers faced with declining yields may simply clear new fields, Where land is -
scarce, on the other hand, farmers have developed conservation measures. o protect soil
fertility or to reverse degradation. Protective measures range from seo-called cultural
methods, such-as mulching and contour plowing, to mechanical means such as masgive -
_lerraces and drainage systems. Soil fertility may be renewed or enhaiced under cultivation, -
by application of organic and inorganic fertilizers, crop rotition (ﬁﬂlﬂw}, planting of "green
manures” or other improvements, Such efforts can offset the destructive éffects of natiral
or "man-made” soii degradation and prolong the productive life of the sail,
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Empirical research on the impact of soil degradation on crop yields has concentrated on the
effects of spil erosion. Most of this work is based on data from farms in North America,
Leading predictive models based on this research include the Soil Productivity Index (Pierce,
Larson, Dowdy and Graham 1983; Kiniry, Scrivner and Keener 1983), and the Erosion
Praductivity Impact Caleulator (Williams, Diyke and Jones 1982). These models use statistical
data to link changes in soil physical characleristics to the mean yeilds of standard crop
varieties. Like the soil luss prediction models which underlie them, most erosion-yield
models are voracious consumers of data. They are inappropriaté for use where empirical
statistics or the resources to collect them are scarce, i.e. throughout much of the tropics.

Empirical research on the erosion-yield relation under tropical conditions is extremely scarce.
Some data suggest that the .impact of soil erosion on crops may be more dramatic in the
tropics than under temperaié conditions, due to the relative fragility of troplcal soﬂs or mote
- -extreme chmatic condmnns (Lal 1981, 1987; Stuclﬂng 1984] :

2.3 SmI Cnnsenratmn and Technologtcai Change -

Technical progress.in agriculture has been rapld during the last century, pamcularly for
temperate lands and crops. Significant advances have been made in crop breeding,
mechanization and the use of chemical fertilizers. The technelogy of soil conservation has
developed alongside other improvements, In addition to traditional conservation measures,
farmers can now make use of plastic. mulching, drip irrigation, "no-till' cultivation or even
Iaser-guided levelling machinery.: Certain technical advances are achieved and .undertaken
in direct response to soil degradation: these may be described as induced technological.change
(Walker and Young 1986). Other exogenows refinements of farming practice may arise
indépendently of concerns about soil fertility, but they can directly affect farmers’ perceptmns
of or decisions re.ga:dmg s.ml degradation.

The 1mpact of s0il degradatmn on productivity may be partly or entirely masked by exogenous
technological change. -Adoption of new hybrid crop breeds, for example, may boost yields
30 much that declining soil fertility is not perceived. Nevertheless, soil degradation clearly
- affects the long term productivity and profitability -of farming. The benefits of improved
technology are generally greatest on non-degraded land, while yields and profits would often
be much higher if not for the effects of soil degradation {Young, Taylor and Papendick 1985).
Moreover, the scope for additional exogenous technical improvements in agriculture remains
urnicertain, as many important tropiéal crops stubbornly resist the efforts of smenuﬁc research
(Pmstrup -Andersen and Ha.zell 1587},

In many tropical cuuntrxes techmcal prr_-gress in agnculture has been llmllbd espema.ll}r for
food crops. Meanwhile demand for arable Jand has increased with populations, leading
farmers to reduce or abandon the traditional practice of letting degraded land recover through
long fallow périods. The loss of soil fertitity under continuous cultivation has been associated
with stagnant or even declining yields, reflected in' persistently low farm incomes. In some
areas yields have fallen so far as to discourage further cultivation; arable land has been
. reduced to virtual desert and whole areas have beccme permanently unculuvable (Elmlue and
' Brookﬁeld 1987).




2.4 The Snil"':as an Econantic As,set .

Evidence of the exhaustion of arable land under agricuiture is found throughout history and
in all parts of the world (Brown 1981; Stocking 1984). Some soil degradation may be related
to long-term climatic trends, but most can be attributed to the effects of farming. A host of
explanations have been offered for such commonplace destruction, from population growth
and the advance of capitalism to policy failure, poverty and sheer ignorance on the part of
farmers. These and nther facwrs are mscussed m more detail in Secnc:n 2.5.

Whatever the underl},rmg socio-economic cause uf sml degradatmn frum an economic
perspective the effect is the same, namely-that farmers behave as if they value the short term
profits obtained from activities which degrade the soil more highly then they value the
benefits of soil conservation. Such behaviour is mot necessarily irrational. In fact, a
.comparison of the costs and benefits of conservation almost always justifies some amount of -
501l degradation, simply because the vaiue of fertile soil is not infinite relative to other human
neads. Om the other hand, arabie land is neither limitléss nor costless to obtain, hence some
form of conservation is often warranted. As with any econordic asset, determination of an
optimal rate of exploftation depends ull:m],atﬂl}i’ 011 a comparison of the bemefi ts of
- comservation to potential returns.from other investrents and activities (Hoteliing 1931; Clark
1976; Smith 1977). Farmers may be justified in liquidating the capital value of soil fertility,

if the profits derived from non-sustainable agriculture will- yield a higher economic rate of
" relun i some- other enterprise than in soil conservation.?

Farmer declsmn—malung about soil degradation and conservation is explored in an extenswe
literature. Agricultural economists have developed a range of miodels to analyze incentives
for and against soil conservation; usually interms of changes in net farm income over timé. .
The leading modeis are based on observations of farming practices in North America (see
-especially McConnell 1983; Shortle and Miranowski 1987; Walker 1982). Published
empirical illustrations are also based largely on data collected from ercsjon-prone areas of
the American Northwest and Canada (eg. Burt 1981; Dickson and Fox 1989; Miranowski
1884; Taylor and Young 1985; Walker and Young 1986}. Attempts to develop models which
account for the particular farming practices and Impacts of land degradation in tropical
coungries include work by Abel 1990; Barbier 1990; Biot 1991; Bishop and Allen 1989; -
Cruz, Francisco and Conway 1988; Dixon, Jamies and Sherman 1939 and 1990; Lutz, Pagiola
and Reiche 1994; Magrath and Arens 1989; Stocking 1986; Southgate 1986; van der Pol
1992; Veloz, Southgate, Hirzhusen and Macgregor 1985.. The most rigorous models permit
analysis of the relative importance of dxffcrent variables over time, including: "

mput and Dutput prices (mcIudmg the opportunity cost of land lahour and caplt&l}
risk, uncertainty and information about conservation technulcgy,

the impact of cultivation techniques and crops on soil fertility;

the impact of soil degradation on futare crop yields;

2 medatmn of the capital vaiue Df the l,ancl tor -:IIrccl: consurnptlon 1f not cumpe.nsatad b}r some
equivalent investment, would not be consistent with a strict economic definition of sustainable
development, which requires that-each generation pass on an equal or better Tesource epdowment to
its heirs than it received (P&arce Barbier and Markandya 1950}, - :

6




the: relation t:etween mean yields, farmers’ chmce of crop and myuts, net farm i 1n-::ﬂme
and land prices;
the impact of on-farm soil ercsion a.nd resulting pnIlutmn or sedlmentannn on
.dﬂwnstream Water users; '
" the time horizon over which potential crop iasses are cnnmdered
_ the rate at which future losses are discounted relative to the present

Vi:mauy all aconur’mc decision models suggas;: t.har. same depletian of seil fertility can be
Justified on economic grounds.  The efficient or 'optimal' rate of depletion is defined as the.
point-where the costs and benefits of soil conservation are exactly balanced (in marginal,
present value terms). While the costs of soil conservation are easily determined, the benefits..
are. often ambiguous and depend on a-number of factors.. In general, the benefits of soil
conservation may be expressed. in terms of the value of increased future crop yields, relative
to yields on degraded soils (the on-site impact}, plus the valwe of any aff—sua costs avoided
_(eg sedimentation, sﬂtatmn and pullutmn) co

-2.5 - Ihagnosis of Ineff' clent L'md Use

Dn& of the most widely- invoked explanaunns of land degradatmn in developing - cnuntnes is
a high rate of population growth, leading to so-called “demographic pressure” on land
resources and the spectre of more and more people competing for a fixed level of output.
This Malthusian nightmare has been thoroughly discredited both in theory and practice and .
would not be worth rehearsing here except for its tenacious hold on the public imagination.
Suffice it to say that studies from around the world have.failed 1o establish a direct causal link

between population growth -and the degradation of soil and other renewable natural resources -

(for a recent review see Clay, Guizlu and Wallace 1954).°

More penetratmg analysis has, hmw&r 1dent1ﬁed a number of reasons why farmers may not
choose an economically optimal tate of soil degradation. The widspread prevalence of.
market, policy and institutional failures means that farmers do not always take into account
- the full.costs to-society .of soil degradation.® - Such failures distort economic incentives,
leading farmers to deplete. soil asséis at an economically inefficient rate, which may be two
fast or too slow compared to the hypothetical ideal or socially optimal course of soil
- exploitation. Different authors use- slightly different terminology but"broadly speaking the
underlying causes of 1nefﬁczent land use may be t=r1:r::r.11:u.f3:r::1 into the follﬂwmg categﬂnes

3 Cia;.r et al. (1994} accept that demugraph:c préssure may have an indirest effect on land use and
can delay the adoption of soil. conservation measures, through its impact on. farm size and the
fragmentation of holdings. The empirical evidence, however, is scanty and inconclusive. In fact, -
some’ studies find 2 positive correlation beoween - increasing population dénsity and -resource -
unnsemﬁnn-(Mortimnre 1992; English, Tiffen and Mortimore 1994). These authors suggest that
increasing regional economic integration and opportunities for income diversification. which bave
accompanied popuiation growth .are more important determinants of mvestme:m: in rtesource
conservation and rmprmred productivity.

¥ Fur & seneral discussion of marker and policy . fa11ura and narurai ESOUICES See B]Shﬂ[},
 Aylward and Barbier {1?91}, Pearce, Barbisr and ‘viarkandya {1990); Repetto (1988), ' ”
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_thf. presenﬂe of non-markated and uncompensated external meaczs :

high rates of fime preference that diminish the present value of future yield lnsse:s
the availability of technical substiruzes for natural soil fertility and alternative assm
inappropriate policy incentives which inadvertantly discourage soil conservation; =
other technical and economic constraints which prevent farmers from adnpnng 5011-
conserving practlces

'I‘hf.:se factors are discussed in more detail below.
2.5.1 External impacis

External impacts or ar:emafmes are any costs or benefits which are not reﬂectad in ma.rket'
prices. A typical negative externality resulting from soil erosion on agricultural land js the
sedimentation of downstream reservoirs, hydroelectric facilities or irrigation channels. The
protection of watersheds provided by tree plantations, orchards and. other perennial crops is
an example of & positive externality. Such off-site costs and benefits are not reflected in the
prices of agricultural outputs, nor in farmer decision-making, but they are an integral part of
* the economic contribution made by agriculture, Because externalities -gscape the arena uf '
existing markets, however, their effects are rarely ducumented “In addition, such
environmenial extemalmes are nften ditficult to measure.

2.5.2 Time preference

Time preference refers to the simple fact that most people prefer current income to future
income. Pure time preference can be dlsnngms]'led from the marginal opportunity cost of -
capital, which represents the scarcity value of savings and returns to-alternative investments.
Both pure time preference and the marginal epportunity cost of capital are reflected in the
discount raze, which is commonly used to compare present and future costs and benefits,

‘Private individuals are often presumed to have a high degree of time preference, and thus
employ higher discount rates, on average, than society as a whole, The rationale is that
society can more effectively minimize risk by diversifying its investments; and of course
society 'lives' forever while individuals do not. This divergence berween public and private
rates of time preference leads individuals to discount future benefits excessively and thus to -
consume assets that society ‘as a whole would have them conserve (Markandya and Pearce
1988). In other words, society will ascribe a higher value to future crop yiekls foregone due -
o soil exhaustion than will farmers. Society s also Tikely 1o be more concerned about long
run stability, sustainability and equity in agnculture all of which may depend in some
‘measure on conservation efforts {Conway 1988). Hence a socially optimal level of soil
depletion will usually be significantly below the level tolerated by farmers:

Clearly all farmers do not display the same time preference.- Private discount rates and
patterns of resource use will vary with the level of household income, food security and
access to opportunities for investment. "High rates of private-time preference may be
associated with extreme poverty, when immediate subsistence is uncertain. Land tenure -
problems can also engender high rates of time preference, wherever insecure land use rights
or shared ecess 10 scarce resources discourage itvestment and prudent exploitation (Magrath
1989a; Southgate 1988). Private ume preference is notoriously hard. to measure, Some
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stud:aa erpioy the market rate of interest, ie.the appamnuty cost of capltal as a rough
praxy, but the two .are not aquwalent

Mast industrialized countries are Endawad with well developed markets, clearly defined and
secure private ownership of agricultural Tand, large non-agricultural sectors and relatively
_high farm incomes;.hence we might expect only slight divergence betweerl social and private
discount rates:” In many developing countries, however, the combination of widespread’
poverty and poorly developed land tennre institutions and rural capital markets may imply
high rates of private time preference, hence significant divergence batween public and private
dla-::cmnt rates (Batbier anci Burgess 1992a) :

2.5.3 Subatltutes

Technical innovation is largely devoted io devising substitutes for, or increasing ‘the
pmductlvlt}f of scarce factors. The depletion of a scarce natural resource pnaaa a threat when.
it 13 considered essential to fumire economic opporfunities, ie. if there is no apparent
substitute for the resource, if degradation is for all practical purposes irreversible and/or if
its future-value is uncertain but believed to be high (Pearce, Barbier and Markandya 1990).
Fertile land may be considered an essential resource, particularly in ‘many developing
-countries, where subsisience agriculiure accounts for a substantial proportion: of national
incorme and an overwhelming segment of the labour force. The prominent role of agriculture
in national welfare in snch countries justifies concern about the possible lack of substitutes
for natural soil ferulit}r, and the scarcity of alternauve ecanan‘aa appartumues

Natural soil f&rt:llty majr saem less essential i m the -mﬂuatrzahzed naticns, where fertilizer,
irrigation and other technical inputs offer farmers considerable flexibility, and where
alternative econemic opportunities are more widely available. Similarly, from a private
perspective, there are almost always substitutes for arable land, since individual farmers can
often find alternative or supplementary accupaﬁaﬂs and few people-consider the value of
.their land in terms of national economic security. Hence farmers tend to freat soil fertility
as Just one mcama—praduamg asset among many

2.5.-4 Pﬂllt}’ 1ncentwes R

Most countries bave instituted a host of policies affecting agriculture, including measures
which stimulate production, others which dampen cntput, and a2 number with influence the
way crops are grown. Many of these schemes have significant impacts on land use and soil
conservation practices, because of the way they modify relative remrns to certain crops, .
inputs or methods of cultivation. Policies may aggravate the prablem af axcaamxra s0il
degradation, or alieviate it. : -

Changes in land use pattcrua can arise directly and intentionally, through policies affecting
the price of farm land or incentives for conservation {eg. land taxes or subsidies). In many
cases, however, the effect of agricultural policy on soil conservation efforts is entirely
incidental. For example, limited evidence suggests that subsidies for non-labour inputs,
notably inorganic fertilizers, can artificially reduce the private costs of soil degradation, as -




they cheapen the pefceive'd cost of substitutes for ﬁan.u:al fertility (Bafbier 1980).° Similarly,; -
. price supporis and export subsidies for ‘certain crops can lead to cultivation of margma] or '_ '
vilnerable Iands which might otherwise be left to pasture or wundland :

In addition to agrmultural pnllc},f, o:her economic policies can also have prafound effects on
land use. Virtually any policy which distorts the market prices of agricultural inputs and
outputs can alter incentives for soil conservation. The impact of specific policies on farmer
decision-making and land degradation is often ambiguous, however, making generalization
difficult. 111 addition, impacts on households wiil vary to the extent that policies affect certain'
groups more than others. The links ‘between economic policy and land use are expiored in -
more detail o Barbier and B‘ﬁﬁhﬂp {1991} Barbiey and Eutgeﬁs {1991’@}, Barret {1939} and
Southgate (1988).

2.5.5 Other factors

Sofl conservation requires access to labour, capital (including land, equipment and materials,
. or the funds to obtain thern) and information {technology). P'oerer farmers often lack access
to one or more of these inputs, preventing them from adoptmg conservation measures. They
may fail w perceived the gravity of soil degradation or iack information about available soil
conservation measures. Even when they know of appr-:-prlate technologies, farmers may lack
access 10 sufficient Jabour to undertake soil conservation measures on their own, and may
.also suffer himited access to capital with which to hire additional manpower or purchase an}r
tools requlmd

For exammpie, in. many areas the best time to install or maintain sml c:onservauun structures,
Is at the beginning of the growing season, when soils are softened by rain and vegetation
cover is light. But this is also the moment of peak labonr demand for field preparation and .
planting. The -true opportunity cost of soil conservation is thus often higher than at first
appears, when considered in relation to other demands on farmers’ resources. :

2.6 Cnnc'hisiun

- This chapter rewawe:d basic concepts in the econninics of seil t‘emhty and dvag,radauﬂn
mcludmg a descnptmn of: : :

the physical processes of soil formation and erosion,

- methods of measuring and predicting soil degradatation,
the impact of degradation on agriculture and farmers' responses, and
the role of technical progress in counter-acting soil degradation,

_ 5 On the othér hand, lack of access o modern inputs can perpetuate farming practices that

needlessly damage the soil. Moregver, input subsidies may raise farm incomes, enabling poor farmers .
to engage in mere far-sighted behaviour and thus enCoUTaging lncmased investinent in land assets
{Barbier and Burgess 1943k,
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" The main focus of the chapter was on the economics of optimal soil management and, in

particular, why farmers do not always choose a level of soil conservation that is most
efficient, from society's point of view. A range of factors were 1nvc-ked tﬂ explam this
dlscrepancy, mcludmg

external costs and. heneﬁts
high rates of me preference,
- _the avaiiability of substitutes,
public distortions, and '
lack of access w0 labour, capital and mformaucrn

In the foliowing chapter we discuss a range: of different economic techniques which may Ee

used to elicit the cost of soil degradation or the benefits of soil cnnsarmtmn in mumetary
terms, with illustrations drawn frﬂm the hteratum.
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3 VﬁLU'ING THE CDS’IS OF SD]L DEGMAHDN

The negative mnsequences of scil degradation under agnculture are Wldﬂl}" reccgnwed but

until recently few attempts had been made to estimate the magnitude of the costs fnvolved.
Economic Josses arising frony soil degradation may be divided into on-site and gfiSsite costs.

Oui-site costs fefer to the direct effects of soil degradation on the quality of the land resource

itself, often expressed in terms of reduced agricultural productivity.® - Off-site costs refer o

the indirect effects of soil degradation, and usually take the form of externaliries, as described

~ above. Most off-site costs can be traced to the effects of silt, soil nutrients or agro-chemieal

‘products washed into surface v.ater or le.ached into suhten‘anm aqulfers by rainfall and

irrigation Tun-off.

- A range of analy't’tcal techniques are used to evalvate the impacts of soil degradatinn in.fser_ms _
of economic costs and benefits, - Published empirical studies are confined largely to analysis

- -at the level of individual farnis or watersheds. On-site impacts are most frequently studied,

generally by analysis of the effect of scil loss on crop production, Assessment of off-site

effects has been hampered by a lack of physical data. ' :

Attempts.to estimate the costs and benefits of scil conservation on a regional or national level
encounter serious methodological problems, Significant errors can arise when data and
techniques obtained at the level of individual field plots are extrapolated on a broader scale
(Stockinig: 1987).- One major complication arises from the fact that eroded top soil does not

simply disappear. Most eroded sediment is deposited in low-lying areas, to the potential _ '

‘bénefit of floodplain agriculture. This effect may be significant, as in the Nile River Valley,
~where farmers traditionaily depended on silt deposited by the river to feriilize their land. Any
- assessment of the cost of soil erosion upstream must be balanced by an account of potential
henefits to downstream land users. Other problems can arise from the aggregate nature of
agricultural statistics. 1In addition to the masking effects of increased fertilizer use or
technological progress, or expansion of agriculture onto virgin land, aggregate yield and land
-use data can hide important shifts in cr-::nppmg patterns, as farmers adapt o soil degradation.

Efforts to evaliate the wlder economic impact of sml degradamm muyst be ca.rned out with
extreme care. . :

3.1 _. 'Land_ Values (Hetiﬂl'l.ic Pricing)

Ostensibly the most direct approach to valuing soil degradation, hedonic pricing compares the
sale or rental price of plots which differ Onl}F in the extent of physmal degradation. In
* principle, the difference in productive capacity will be reﬂected in pnces, whlc:h in- turn
' reﬂect the present value of ast returns uve.r time.. -

* Hedonic pricing has been used to value the éffects:of soil degradauun or agncultura.l land -
prices in North America, with mixed results. Hertzler, Ibafiez-Meier and Jolly (1983)

- % Some on-site lmpaﬁm of soil degradation may be indirect, for example when shifting cultivation
exhansts the natural fEﬂillt}' of plms of iand, ledving them Iass productive of valuable sac::rndarj.r wild
plant and ammai spacles :
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evaluated the loss of future productivity due to soil erosion on farm land in Iowa at over $400.
per hectare, but found that this cost was not reflected in land prices, Gardner and Barrows
{1985) demonsirate that conséTvation 15 only capitalized into tand prices when the need for
such investment is obvious, using data froi S.W. Wisconsin. These studies suggest that soil
degradation is not automatically reflected in land prices, even where markets are relatively
well developed, due to lack of information on the extent of erosion and its effe-ct on

productivity, and to the masking effect of exogenous techmcal Impmvements '

Hedcmlc pricing is genera]ly not apphcable where land markets are ponr]y developed due to _
. tenure insecurity, or when land markets are distorted by speculation or public policy. These
constraints are often particularly acute in some developing countriés. FEven when such
_complications do not arise, hedenic pricing may understaie the full cost of soil degradation
to society, as it captures only costs and benefits perceived by the parties .to market
‘transactions, i.e. the reduced productive capacity of the land. Off-site costs are jgnored, as
are logses arising from any divergence between private and social time preference.

3.2 Productivity Effects

Soil degradation affects agricultural productivity directly - for-example when erosion washes
away or buries crops - or indirectly, due to changes in scil properties. An intuitively
appealing method of valuing these on-site costs is to estimate farm revenues foregone due o
il logs or reduced twp soil depth. This approach relies on empirical estfimates of the impact:
of erosion on ::rnp or livestock yields, combined with farm hudget data. -Off-site costs are -
ignored. R

In an early study of the costs of soil erosion in Java (Magrath and Arens. 1989), the
discounted present value of current and future ner farm income foregone due 1o anmuai -soil
loss was evaluated. at $63 per hectare, based on rough estimates of yield decline over time. .
In agpregate erms this was equivalent 1 abﬂm 3% of apricultaral GDP.

Other studies suggest far more modest losses. A recent case study of Zimbabwe links
estimated soil erosion to crop yields using two empirical models of the erosion-yleld relation
(Grohs 1592). First, average annual sheet erosion on cropland is estimated for every district
using the Soil Loss Estimation Model for Southern Africa (SLEMSA), originally developed
by Elwell and Stocking (1982). Yield impacts are then calculated using the CERES and EPIC
models. The former links erosion, expressed as a reduction in the depth of the fertile
“horizon, to soil water holding capacity and thus to maize yield. - Yield losses for maize per
centimeter of soil loss are estmated at 0.3 - 1.4%. EPIC links erosion to changes in both soil
chemical and physical properties {f.e. nutrient losses as well as depth) and accordingly:
generaies slightly higher estimates of yield loss (0.7 - 3.3% per ¢m soil loss for maize),
- Calculated yield losses are combined with farm enterprise bu_dgats and data on average yield -
- and cultivated area to derive estimates of the on-site cost of eresion, reported as US$ 0.7 -

2:1 million in 1988/89. Finally, priority areas for conservation investment are identified on - R

' the basis c-f predicted erusmn current agricultural pmductmn ami ag,rlcultural potentiai,

A major dlfﬁcult‘_l," with' this approach is that rthe link between soil degradannn and yields of
crops of livestock is often not well defined. A common error is to compare yields on eroded
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soil to yields on 'virgin' land. The gap is suppesed to reflect the cost of soil loss. However,
_ this approach impliciﬂy assumes that crops could be grown without having any effect on soil
fertility, which is almost never the case. More realistic methods account for the higher costs
or lower average yields associated with conservation farming, by comparing long run net fa.rm
income with and without cunsm'auorn measures (Fox and Dickson- 1988} '

An altematwe method u_.rhlch '51des._teps thf_.': dlfficul_t Hnk' hetween-emsmn and yields is to
estimate the productive life span of the soil, based ‘on estimates of the depth of the fertile
- hotizon, the rate of soil formation and mean annual soil loss, and the minimum soil depth -
needed to support agricuiture (Elwell and Stocking 1984}, This apptﬂach is shown to good
effect in studies of soil degradation under communal livestock grazing in central Botswana,
‘'using the EPROM erosion-productivity model (Biot 1988, 1991). Resuits indicate a mean soil
life of 420 years under prevailing stocking densities. No significant difference was found -
between ground cover and estimated soil loss under current livestock densities and under the -
much lower, officially recommended densitiés, calling into question the long-standing efforts
of government to promote destocking on communal lands as a means nf reducmg land
degradation (Abel 1950). : :

3.3 Replacement Cost -

Another means of measuring the or-site cost of soil degradation is to estimate the cost of
additional inputs required to compensate for reduced soil ferdlity. This may include increased
labour inputs, or increased @pplication of fertilizer to compensate for the loss of plant
nutrients due to erosion, leaching and volatization, or removed in crop residues.

One such study evajuated losses-of thrée major plant nutrients based on measures of soil
erosion on farmiand in Zimbabwe (Stocking 1986). Losses were expressed in terms of the
cost of applying equivalent quantities of nutrients in the form of chemical fertilizer. The
study concluded that the total cost of replacing plant nutrients lost to soil erosion on
agriculiural land in 1986 would have. been US$1 5 billion (3. 5% of GDP), or abnut :
$Sﬂfhaf}rear on communal: fa:m land.”. '

A more recent stud}r dev&lnped detailed nutrient ba.lances fur the main cropping systems in
southern Mali, including both annual additions to and subtractions from soil nutrient content
(van der Pol 1992). Large deficits were found for nitrogen, potassium and magnesium under
cultivation of traditional cereal crops, cotion and especially groundnuts, Nutrient losses are
attributed mainly to crop uptake, erosion (average 8 tons/ha for all crops) and volatization-

denitrification. Based on estimates of current soil nutrient reserves, the author predicts a

. catastrophic. breakdown in prn&ucuve capacity about 30 years hence, due te loss of soil -
. structure and irteversible erosion. Nutrient losses are further expressed in terrns of equivalent -
quantities of chernical fertilizér and valued using prevailing market price. - Mean estimated
losses are US$59 per hectare, or about 40% of average gross margins. By comparison,

" 7 Note that losses estimiated by this method are significantly greater than those obtaired using the
pmductmty approach (Grohs 1992). Such contrasting findings underscore the n&ed ﬁar caution in
usmg a mplar.:ement cost appmach :

-
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current rates of fertilizer use are equivalent to about $18 per ha. Nevertheless, the author

acknowledges that increased fertiiizer apphcatxons are. not _]usuﬁed gwen current pnces and- g

potential vield beneﬁts B.

Wlme the replace:mrmt cost appmach is mmmvely appea.lmg and ralanvely mmple i} apply,
it can be misleading, Normally, we would expect a farmer faced with declining yields to
- select the least expensive available option to maintain productivity. The same principle

Aapplies when using a replacement cost approach to value the loss of natural soil fertility.

Thus it is not appropriate, for example, to wvalue nutrient losses in terms of the . cost of -
chemical fertilizer if; in fact, Xis more pmﬁtablafm afa:mer 0 clem a new fHeld (assuming - -

land is abundant and labour is cheap)

Even where such pmhlems do not arise, the replacement cost approach may exaggerate or
under-state the impact of soil erosion. For example, nutrient losses do not reflect the effects

of erosion on soil structure or depth, which are aiso important determinants of fertility

(Stocking 1984), Use of a nutrient replacement approach would not capture this effect. On

the other hand, on-site costs may be overstated if no allowance is made for the natural -

process by 'whi;_:h plant nutrients become available for crop growth (eg. the mte of

- mineralization of nitrogen), It is not always &lear just what portion of total eroded rutrients -

would have been taken up by crops and thus boosted yields.® Finally, as with the productivity
. approach and hedonic valuation method, off-site costs are ignored.
3.4 Net Benefits of Conservation

Finally, the on-site cost of soil degradation .may_be approached from ancther direction
altogether, drawing on empxrical measures of the net benefits derived from soil conservation,

. These are usually expressed in terms of }ueid differentials, relative to vields on similar

mntml‘ plots without conservation. |

" The benefits of soil conservation are normaily expressed net of cost. Since most conservation
measures involve an up-front investment, while benefifs are spread over subsequent years,
the calculation of net benefits implies 2 comparison of current expenditure with future income.
Conventional analysis requires that futcre income be discounted, -hence the benefits of

A subsequent focused study of a single cropping svstem — the mﬁﬂﬂn-ﬂereal-cereal rotation
promoted throughout the region — uses van der Pol's data on soil nutrient balances but adds the impact

of grazing and manuring by draught animails (Girdis 1993), Using different price data and more

modest assumptions about the efficiency of nitrogen replacement by chemical fertilization, the author
~-¢stimates average losses of US$738 per hectars {of which 316 per ha for draught cattle), compared to

gross revenues of about $253 per ha generated by this system. The author further assesses the
sensitivity of these results w potential policy reforms, ie a dw&luanon and the remmra] of EC

_ subsidies which depress-the price of domestic besf.

? A further cnmplmatmn is that eroded SEdlm&:l‘lts contdin higher concentrations of plant nutrients.
than the soils from which they come (the difference is expressed in terms of the "enrichment ratio’). .

Hence data are required on the nutrient content of eroded sediments as well as gross soil loss.
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conservation will be discounted relative to its cost. Depending on the rate of discount, the
present value of net benefits may be positive or negative.

A recent review of cost-benefit analyses of smi and water conservation pmgrama in Central
America found that rates of return were- negative where soils were very deep, i.e. where the
irhpact of erosion on crop yield is negligible (Lutz, Pagiola and Reiche 1994}, The authors.
noted a high correlation berween apparent profibility and rates of adoption, suggesting that.-
farmers are aware of the relative costs and benefits of alternative cultivation practices and
consérvation measures, Another study of the use of Vetiver grass and contotir bunds in soil

_conservation compared yield benefits to farmer costs, per hectare treated (Magrath 1989b).

Estimated rates of return in net present value terms for the two technologies varied from 22%
to 95%, depending on the assumed level of yield increase and the proportion of soil loss

: prsvented. Sensitivity analysis examined the effect 'of changes in the length-of the planning

horizon, the dimunt rate used and the share of benefits capturexi by. thE farmer

A 1:!:;u'i:l(::.tlaﬂ:\:r ambltmus case study of Ghana and ngena cumhmed an a.ssessment nf the |

potential benefits of soil conserving technologies with estimates of the negative impact of sail’
degradation and shortened fallow periods on crop yields (Knowler 1993). Erosion estimates
were genieratéd with the USLE. Potential yield benefits are derived from the literature, while
the impact of soil degradation is obtained from various sources, including existing models of
the link between erosion and crop yield (Lal 1987), previous estimates of the minimum fallow
period required to maintain soit productivity, for different soil types, and-early measurements’
of yield decline under continuous cropping (Nve and Greenland 1960)." These data are used
to conduct cost benefii “analyses of 18 different technologies. Potential benefits include
reduced annual decline in yields, relative to the base case, as well as any immediate yield
increment. Costs include the loss of land area available to crops and incremental labour.
Resnits include the estimated -financial and economic rates of return (IRR and ERR) for each -
technology, as well as returns to labour and the subsidy that:would be required in order to
achieve a benefit-cost ratio of 2:1, in preseat value terms. Estimated economic returns
account for various factors which farmers might not consider on their own, such as the impact
on. national food security (evaluated. in termis of the border price of _imported " food),
sedimentation of reservoirs, loss of nun~nmber forest products, shadow wages, eéxchange rate -
distortions and programme manggement costs,  Assuming a re]atwely high discount rate of
20%, for the financial analysis, only a handful of technologies were found to exhibit superior
returns and then only under certain cundmnns_ (2 technologies in Nigeria and 6 in Ghana).

Note that the net benefits of consgrvation measures, in terms of retainin& the soil in sitte, mﬁy
be difficuit o distinguish from other effects, notably water retention am:l silt capture. Most
measures reduce the impact and/or run-off velocity of rainfall and thus increase infiltration

and sml moisture. In arid or drcught—pmne areas the effect on’ ylelds ean easily exceed that

of soil retention. . In mote humid. afeas, on the other hand, the same water-harvesnng effect
may resiit in water-logged soils-and reduced yields, Another tesult of soil conservation
measures is o gapture and accumulate silt suspended in run-off {from areas upsiream of the
conserved field, The additional increase in yields from such soif hamem'ng 15 distinct from
the benefit of retaining top soil that was already on the field and, in some cases, may be the
mam aim of farmers. cnnse.waucn efforts.
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3,5 'fo-Slte Eusts Pﬂllutiun and Sedunentatlun .

Esumanng the off-site costs of 50il degradanan involves a shghtly dlfferent approach than that -

deseribed above. In generdl, off-site costs arise from the negative impact of agricultural run-

_ off on downstream water users. Increased costs may be associated with changes in the
quantity or the quality of run-off, : -

Whereas natural vegetation effectively soaks up rainfall for its own use, _reieaéing much nf

it into the atmosphers through evapo-transpiration, tiled fields and grazed pasture capture less . -

water overall and release it rapidly in the form of overland flow, resulting in brief but intense
run-off events, In areas of high rainfall and steep relief, a. change in run-off volume and
variability under cultivation can result in {ncreased risk of flood damage or reduced reliability
of flows 10 downstream users.

High levels of soil loss under agricultare can lead to increased sediment load and heavy
deposits of silt. downstreamt. Agricultural land is typically a minor source of sediment yield,
relative 1 the effects of mass soil movement and stream bank disturbance arising from road
building or other major construction projects. Nevertheless, the 1mpact of farming on iotal
sediment yield is significant in many -vatersheds (Southgate 1986). While increased
sedirnentation may benefit floodplain agriculture, it will increase costs associated with
dredging and clearing frrigation and shipping channels, ports and harhoues, Sitation will also
reduce the life span and storage capacity of reservoirs, resulting in diminished benefits from -
hydrp-electric power generation and gravity-fed irrigation systems. Furthermore, siltation
increases the turhldlty of public water supply, requiring increased filtering and reducing
equipment Jife in water treatment plants, - : .

Analysis of soil erosion on Java (Magrath and Arens 1989) estimated annual off-site costs at
- US$ 25.6 - 91.2 milljen, as-compared to $315 miilion for on-site costs (productivity losses).
Off-site cost estimates were as follows: increased operation and maintenance costs to remove
accumulated silt in irrigation systems ((8$7.9-12.9 million); total dredging costs to remove
silt in major ports and harbours (US$1,4-3.4 million); reduced hydroelectric output and.
irrigated crop production resulting from sedimentation of reservoir capacity (US$16.3-74.9
million}. A similar analysis of two watersheds in the Philippines (Cruz, Franciseo and
Conway 1988) estimated annuel off-site costs at 2bout USEP.4 milkion. 99% of this amount
reflects the opportunity cost of reservoir capacity-devoted to the accumulation of sediment
“{"dead' stcraua}, expressed in terras of net irrigation benefits furegane

Agricultural run-crff may also contain remdues from fertilizer and pesuclde products, or frem
farm wastes. These may be leached into sublerranean aquifers or washed into surface water,
polluting potable water suppiies. They can also impinge on natural: fisheries and hatcheries,
with direct effects on returns to fishing, as well as indirect effects on animal and human
heaith. However, litde empirical information is available to quantify these impacts, let alone
to estimate their cost in economic térms {Conway and-Pretty 1991).
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3.6 Valuation for Policy Analysis

In practice, land hushﬁndrjr policy should be based on an assessment of the marginal
economic costs and benefits of soil conservation (including adjustment for policy distorticns).
. Analysts should zlso atlempt to anticipate potential price changes or shifting patterns of land

use ‘which may be associated with widespread adoption of soil conserving technologies.

Marginal analysis implies that conservation measures and/or subsidies should be applied to
the point where the cost of conserving another unit of soil (i.e. avoiding another unit of soil

loss) just equals the benefit of dﬂmg so, from the perspective of society as & whole. An’

adequate accounting for potential price and production shifts requires an explicit treatment of
the linkages hetween total output, prices, wages and patterns of land use, any or all.of which
may vary if land husbandry policy results in 51gmficant cha.nge in culhvauun pracnces ACTOSS
a IEng[I. or IlallDl'l

Where sufﬁcient data are gvailable, it may be. pﬂSSlhlE to estimate- the aggregate loss of
economic welfare arising from excessive soil degradation, and thus the potential gain from
increased conservation efforts.” This implies estimation of marginal cost-and benefit curves
for soil conservation. Estimating the former is Ttelatively straightforward Even where data
on the direct costs of conservation technologies are not.available for a given area, it is often
. .possible to zdapt data from other locations, provided thdt allowance is. made for reai
differences in labour inputs and costs. Some adjustment of marginal cost figures may also
be required to account for subsidies for conservation efforts, .in the form of agriculitural
extension services or direct 'pa}rmenti for land taken out of. pmducticm

Un the uther side of eguation, the benefits of soil conservation can be e:cpmssed in terms of
on-site and cff-site costs avoided. In general, margmal benefits will decline with the
proportion of soil loss avoided, in accordance with the law of diminishing marginal returns.

However, marginal benefits may vary widei}r from one country to another, due to differences
in crops and yields, use of agro-chemical inputs, returns to agriculture and. the level of
development -of hydroelectric, irrigation and river transport infrastructure.

. By distinguishing uﬁ_—sit&-fmm off-site costs and private from social dischunt ‘Tates it may be

‘possible to define two marginal benefit curves: one private-and one for society as a whole, -

This difference is depicted in Figure 1, where Q, indicates the amount of soil conservation
chosen by private preducers and Q, shuws the quantity preferred by society.'® The shaded

area between the private and social marginal benefit curves, up to the p-::umt (,, represents -

economic welfare faregone if pnvate interests prevadl..

® ) may also refer to top soil depth, reduction in run-off or some other measure of conservation
effectivengss, P refers w price. The marginal benetit and cost curves shown in Figure | are .
hypothetical but conventional, implying that benefits decréase and costs increase with the extent of

conservation, [t is assumed that the marginal cost of cnnservatmn i$ equivalent for sc:t:lety and fior
private pmducers
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Figum 1: Marginal Costs and Benefits of Scil Conservatiocn .

Price

P 5 Quantity

~ With respect to the.analysis of potential price changes and other general equilibrinm effects, - -
additicnal information is required on the relevant linkages at a sectoral or national level. A
good example of this type of analysis is provided in a study of the linkages between economic
policy, land use and labour markets in Asiz (Coxhead and Jayasuriya 1992). The authors
develop a simple general equilibrium model of an economy with two regions (upland and
lowland) linked by national markets for labour and food. The upland area comprises twe
sectors (exportable tree crops and non-traded food crops) and two factors of production {fand -
and labour). The lowland area COmprises two sectors {exportable manufactunng and non-
traded food crops) and three factors {capital, Ianr_f and labour). Labour is assumed to be
mobile across sectors and, in certain simulations, across regions. Land in the uplands is
mobile across the two different types of crop. Upland foed crops are assumed to be relatively
labour-demanding and. erosive, There is a-single national market for food, with prices
determined endngenously and explicit treatment of income effects.

The authors use the model to explore the direct and indirect implications of various exogenous
shocks, including technical progress in lowland food crops, upland food erops and upland tree
* craps as well as foreign investment in manufcturing. The appeal of the model is the way
that food and labour markets transmit the effects of shocks in one sector or region to another, .-
and vice versa, ‘For instance, the authors argue that technical progress in lowland food crops
(the "Green Revolution™) will lead farmers in upland areas to produce less food and more tree:
crops. This will tend to reduce erosion, although upland wages will decline if labour markets
are segregated. In contrast, a manufactunng boom will raise lowland wages, ‘drawing labour
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out of lowland agriculture and encouraging food production in upland areas and thus resulting
in increased erosion. The authors conclude that investment is required in both upiend tree
crops and lowland food crops in order to avoid unintended adverse 1mpaet5 on upland Incomes
or the environment. :

3.7 Cenelusinn

This chapter rewewed a range ef valuation metheds used to assess the en—s:lte €conomic costs
of eml degradation, meludmg

the impact of soil degradauen on land values (hedonic pnemg} _
the impact on crop yields and net farm income (productivity effects),

+ . the costs of compensating for soil degradation (replacement east], an_d
estimating the net benefits of soil eenservahen

The off-site Impaets of soil degradauen were also ebnmdereﬂ, with various ways to account
for them in economic terms. . Finally, the use of valuation for policy analysis was briefly
reviewed, including the need to consider margmal costs and beneﬁls price effects and
mterseeteral Imkages.

The fell_cmrm'g two chapters present fllustrations of the change-in-productivity approach to
va.lumg the on-site costs of soil degradation. These are drawn from economic studies of soil
erosion on agricultural land in two ‘African. countries; Mali and Malawi. ‘The study of Mali
hzs heen previously published by the World Bank (Bishop and Allen 1989). The study of
Malawi is based on a consuitant report but has not been published before (Bishop 1990). The
paper concludes with a brief summary and discussion of the main methodological issues and
priorities for further research.- :
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4 THE ON-SITE COST OF SOIL EROSION IN MALI
4.1  Background and Introduction -.

Mali is one of the poorest countries in West Africa and the world, with a per capita incorme
of about $280 in 1990. In that year, agriculture accounted for almost half of Mali's gross
domestic product (GDP) and the bulk of export revenues, Over 80% of the labour force is
directly involved in farming. Virtually all agricultural production in Mali is labour intensive,
and carried out by hcruseholds Gpe:ratmg at a subsistence lcvel Conservation efforts are
rudimentary at best. I '

Iu recent years both drought and demographic pressure have put enormious strains on the

-natural environment of Mali. Tree and grass-cover have dwindled, - with dlsastrous
consequences for the soil, which is left bare to the erosive winds and rajns of the tropics.”
Crop and animal production has certainly suffered: from declining soil productivity, although
to ‘what extent is unclear.. For a nation still largely dependent on agricnltural production,
these phenomena appear to constitute a serious threat to future economic welfare.

Seme efforts have been mads to quantify the extent of physical decline locally (eg. Delwaulle
- 1973, Lal 1976, Roose 1986); far fewer to evaluate ecological detericration on a national or
regional scale. Little progress has been made -in determining the economic impact of
envlronmental degradation, nor in distinguishing efficient depletmn nf natural resources from
excessive E-xplﬂltﬂtlﬂﬂ : - : :

T]ns chapter describes an attempt to answer the latter questions for one important renewable
resource - the soil.  Section 4.2 presents various reasons why Malian farmers are not -
managing soil resources efficiently, in economic terms. Section 4.3 defines the scope of the
analysis and the approach used to assess the economic impact of soil degradation. Section
4.4 describes the construction of a Geographic Information System (GIS], based on an
existing atlas of land rescurces. - This database is used to estimate average rates of soil
eresion, in ph}rsmal terms, for dlfferent areas. Section 4.5 poes on to link estimated soil
losses to crop yields and then, in Section 4.6, to changes in net farm i income. The resulting
estitnates of economic losses are compared, in Section 4.7, to the costs of alternative soil -
conservation technologies, in order to identify priotity areas for conservation investment. In
Section 4.8, total losses are calculated for the nation as a whole, including estimiates of the
. aggregate loss of economic welfare due to inefficient soil management. Fmall},r, in Section
4.9, scnsmwty analysis 1s conducted on key vanables '

4.2 Market Failuxes in the Agricu]tural Sector

Eﬁ_lpirical and anecdotal evidence suggests that land degradation in Mali is not octuring at
an efficient rate, due to various market imperfections. High rates of time preference on the
part of subsistence farmers, lack of secure rural land temure and nncompensated nff-sm:
unpacts combine fo create a wedge between pnvate and social costs.

As d:scussed in Chapter 2, the depletion of_non—essenual renewable resources-can sometimes
‘be justified on the basis of simple time preference. - However, there is reason to believe that-
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the rates of time preference implicit in the land-use decisions of Malian farmers are not -

socially optimal. Their rates of time preference are certainly far higher thap the range of -

“discount rates used in investment decxsmns by the Malian gnvernment or by furelgn aid
ageficies.

The difficulty is how m measure farmer tlme preference The upportumt}' mst nf cap:tal is-
a rough but imperfect indicator. Studies of informal rural credit systems in West Africa
suggest that rural producers’ nominal cost of capital is between 50 and 150% annually
(Shipton 1987).!! -Such high rates of interest imply that farmers will require a high rate of
reflin On investment, although we cannot assume that rural producers rate of time preference
is equwalent

Anocther reascrﬁ for believing that farmers' rates of time preference are very high and that
land degradation is excessive lies in the insecurity of rural land tenure in Mali (Gorse and -
Steeds 1987). " As in most West African countries, tural lands are held in comamon, under
indigenous systems of management. The Malian state generally recognizes only usufmnct
rights over land, except where it has formally granted frec hold title (mostly confined to
urban areas). Because the state has not formally recognized indigenous land management
systems, and can transfer use rights at will, rural producers cannot be certain of long-term
access to the land. © It -is thus arpued that they will discount the-future benefits of land
husbandry at an excessive rate, leading them to deplete the land in order to maximize present
income. Recent drought conditions and acute rural poverty are added mcentives to unpatxent
econornic behavior, :

Finally, Malian farmers canmot be expected to account for any off-site impacts of land
degradation in their decision-making, as there are no mechanisms in place which would lead
- them to-do so. Siltation and. sedimentation duve to soil erosion on farm: land may affect the
productivity of fresh-water fisheties, clog irrigation systems and inctease the cast of keaping
shipping lanes open. On the other hand, the deposition of nutrient-rich eroded sediments n
low-lying areas may benefit floodplain agriculture, The net off-site impacts of soil erosion
are ynknown.

4.3  Scope of the Analysis and Valuation Method

The focus of the.study is the depletion of soil resources under cultivation of annual field
crops in Mali. This choice is a function of the relative importance of this type of farming
in ‘overall primary production, the vulnerability of the resource to-depletion in this use, and
the potential for conservation. Moreover, only the on-farm economic impacts of soil
depietion are considered and only on currently cultivated land. Lack of relevant data prevent '

H Private money lenders may be obl1ged io charge such high rate:s dine to the simall séale of thmr
operations and the extreme vulnerability of the rural economy fo climactic fluctuations, Creditors are
unable to spread loans across areas and actwmes wide ranging enough to compensate for the fmquent
loca! droughts typical of the Sahel. : :
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an analysis of off-site costs, as. well as the 1mpact of sml depietion on fallﬂw, forest and
rangelands, aithough these may be mgmﬁcam: 12

The study examines the effects of soil degradatmn on hm:h trachncmal subs:stence farmmg and
export agticulture. The food crops considered are those covering the Jargest surface areas,
i.e. millet, millet with cowpea, sorghum, and maize. Rice is excluded from the analysis, as
virtually all of it is grown on seasonally flooded lands, which do not suffer significant net soil
loss. The impact of soil degradation on cotton and groundnut prnduc:ﬁan——twn of Mali' 8 most
- lmportant. export cmps--ls also evaluated

The methud of valuatmn used is the change-in-productivity appmach 13. Mnre direct valuatmn
methods were rled out due to a lack of relevant information. In particular, hedonic pricing
.is not feasible because there is essentially no fega/ market in agricultural land in Mali and
data from the illicit market are difficult to collect. The value of the soil is therefore
deterrined mdm:cﬂ}r, by.linking soil degradation, crop prnducuvlt}' and farm income. The '
first step is te estimate current rates of sail degra-:iatmn 111 physical terms. '

4.4 Estiating Soil Erosion

. Based on previons research in Nigeria, carried out at the International Institnte for Tropical

Agriculture (IFTA), physical soil loss in tons per bectare per year can be considered a proxy

for declining =oil fertility. Multiple rcgressmn analysis of data from controlled EXperiments

at ITTA revealed that scil loss measured in tons per hectare was a reliable predictor of

changes in soil mutrient content, soil pH, and moisture etention (Lal’ 1981). Moreover, the
latter varz,ables accounted for almost all of the amml va:xatmn m yields of maize and .
cl::wpea :

The Universal Soil Loss Equaticn {USLE) is employed to estimate current rates of soil

erosion in Mali. The main reason for using the USLE is that nmch of the climatic and soil
. data collected in West Africa during the past three decades were intended for its use. More .
specifically, the data available on land resources in Mali are readily converted into a form
usabls h}r the USLE model; while the data requirements of more: sophlstlcaled sml luss.
predlcuun models cannot be met with current mfarmatmn '

The Modified Univcrsal So'ﬂ Loss Equation {W illiarns 1675}, for example, is designed to
estimate soil loss oma regional scale but requires_ estirnates of umnoff volume and _peak flow

2 A pntennal tupm for ﬁlture research is the economics of rangeland degraclatmn Analysis of
the productivity of Sahelian rangelands suggests that sustamablhty carmot be maintained at any useful -
level of production (Penning de Vries and Djiteye, 1982). While traditional, extensive production will
prolong the life of pasture, virtually every level of use will eventually deplete the resource. This
argument, if true, implies that. Mali should consider its pastures a non-renewable resource. ' The
questmn then becomes une of deciding how qmr:kly to liquidate the asset.

B Annex A descnhes and compares the results nbtamed using a replacement cost approach, which
involves estimating the cost of replacing essential soil nutrients with chemical fEII;:IIIZEI substltutes,-
based on a mode] develﬂped for Zimbabwe {Stoclcmg 1936}
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rates, neither of which can be readily derwe-:i frum available data Data are also too thin to
permit use of two soil loss estimation models which, although less widely tested,” were )
developed for the same agro-climatic zone as Mali (southern Niger), by Heusch (1980) and
Vuillaume (1982). The former requires measurements of suspended sediment load at regular
intervals along a watershed. The few gauging stations situated along the Niger River would
permit only very. gross estimates of soil loss and would neglect a great deal of erosion and
re-deposition in small upland catchments. : :

Vnillaume's models aré even more demandmg of data. The following parameters are all
unavailable for Mali: the depth of surface runoff, precipitation during the first 20 minutes of
each storm evant and the time separating the start of each storm from its maxirnum mtenmty

Another mndel cﬂnSIderEd for this study. is the Soil Loss Estunatmn Model for Southern
' Africa (SLEMSA), developed by Elweli and Stocking {1982). SLEMSA requires only three
input parameters: the rainfall energy interception of each crop, the mean soil loss on a bare
fallow polot of known slope and a topographic factor for other slopes. The first parameter
hag been measured for crops in Zimbabwe and may be appiicable to Mali. The topographic
input required by SLEMSA might be inferred from existing data on Mali, as is done for use
with the USLE .(see Section 4.4.4). "The difficulty lies with the second variable, which
“combines climatic erosivity and inherent soil erodibility. SLEMSA thus requires empirical
data for rates of erosion on bare soil, over a representative range of environmental.
conditions. The few published measurements of seil erosion on bare fallow plm:s from
counries Il&lghhﬂrmg Mali are not sufficient.

While the USLE is better adapted to the available data, it remains a compromise solution, for:
two reasons: (i) the USLE is designed for the study of smail field plets, not for regional
surveys, and (ii} its validity in the tropics, despite three decades of study, is still a matter of
controversy. The former is a more critical issue, since the USLE ignores soil deposition.
Considering that as little as 10% of the sediments eroded in any period reach a major river
(Walling 1984, Crosson 1983), it is clear that soil deposition will have a significart mitigating
effect, at least where such deposits oceur. . To allow for soil deposition in catchments, the
model used here ignores all predicted seil loss on land areas known to receive significant
alluvial deposits.’ As for the applicability of the USLE in the tropics, Roose {1977)
maintains that the equation is a reliable predictor of soil loss for the majority of cultivated:
tands 1'11 West Africa f:spec:ially for the gentle slopes and ircm-rich scils typical of Mali,

The most important caveat op use of the USLE in this study, or fc-r that matéer any soil lc}ss :
estimation model, stems from the lack of published measurements of soil erosion in Mali,
It is thus mmpossible to verify estimates of soil loss except, very roughly, by reference to figld

" Soil loss ami aednmm ‘deposits have 'm-.en mtaauted at ﬂz‘.ﬁ?&mﬂt gmg:raph}t smles in West- -
Afnca, from field plo’r.'-?- of a few square meters to watersheds of many tens of square Eilometers. ~
These studies suggest that most eroded sedithent is deposited in large natural 'sinks,” In this stady, -
therefore, soil erosion is presumed to equal zero for all sofl types subject to.high rates of deposition.
For all other areas the USLE predictions are used direcfly, The mechanics of this adjustment are
described in more detall in Annex B. S : - o
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Ineasurﬂmﬂnts carried out in neighboring conntries. The rates of soil erosion estlmated in this
study fall within the range uf such measurements.

Recall from Chapter 2 that the USLE predml:s average annual soil luss (A) in tons per -
hectare, as a function-of five composite variables: the erosivity of rainfall (R), the inherent -

susceptibiity of the soil 1o erosion by water (K), a.combined slope length and steepness factor
{51.), crop cover and s0il management {C), and a. correction factor for sup'piemental‘
conservation practices (P). For each of these vanahles a range of vahies is established
appro:mnatmg the variation in climate, soil, tﬂpugraphj;, and Jand use enceuntered in Mali.

4.4, 1 Physical data and area of stady

Information on soil resaurces yegetation, ramfall and land ase in Mah is cﬂntamed in.an

atlas prepared frem satellite Images (Tippetts, Abhﬂtt McCarﬂly and. Straiton 1983).
Comprising a set of maps. 4t a scale of 1:500,000 and extensive suppcmng documentation,

the atlas also identifies land capability, the put&nual for water resources dﬂvelupmﬂnt and

other mfcrmatmn not used here The atlas. is described further in Annex C..

The TAMS atlas contains three types of maps: soil and vegetatmn, ramfall and groundwater,
and land use, The atea covered by the maps (582,778 km*) accounts for 47% of Mali's total
surface area, and ail of the i:l::untry s arable land. - That part of Mali rem:lﬂng less than 200

mm mean annual precipitation is net covered. The mapped area is dmded into eleyen -

sections, or map.sheéts. {Figure 4.1). For this - smd}r we analyse three map sheets (NARA,
_BAMAKD & BOUGOQUNI), covering 32% of the total TAMS study area. The three maps
run North to South, providing a representative slice of the major agro- -climatic zones of Mali,

Figure 41
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Using & geographic information system (ARCINFO), the three different types of map foreach
of the three miap sheets were digitized and overlgid.  This-allowed the identification of 1,281
'map units,’ each characterized by a unique combination . of surface area, soil type,
topography, rainfall and land use. These characteristics were then translated inte the five
varizblgs of the USLE, based on parameter values estimated empiricaily in previgus studies
in West Africa. The average annnal rate of s0il less on cultivated land is then calculated for
each map unit, The estimation procedure f-::rr each of the five Varr.ai:slcs in the USLE 18

described in the fullowmg Sectmns :

4.4.2 Raiofall emsivit_:,r (R},

Attempts to define the erosivity of rainfall in West Africa have heeﬁ.ver}r localized. Inevery
case, erosivity has been found to vary widely from one year (o another, following swings in
the level of anonal precipitation.

On a broader scale, Delwaulle {1973) proposes a bivariate linear equation (o predice rainfall
erosivity (R) throughout the Sahel, based on an econometrically derived relation. -Delwaulie's.
equation, however, requires data on the meximum intensity of rainfall, which few
meteorological stations have collecied. Roose (1977} argues that the ratio between ¢limatic
erosivity and the depth of annal precipitation is always about 0.50 in West Africa, except
for seaside and mountain regions. Drawing on rainfall levels recorded over 20 to 50 years
at widely spaced stations, Roose derives a multipiier of 0.45 for the Ivory Coast savanna,
with two_distioct reiny seasons, and 0.55 for ihe Sudaman and- Sahelian steppe, With one
annual rainy season.

The two methods of esfimating rainfall erosivity yield roughly comparahle results (within
10%). Roose's estimates are generally higher than Delwaulle's, possibly reflecting the fact
that'the latter uses precipitation records from a period of low rainfail, relative io long-term
levels.

For this analysis Roose's approach is-adopted; a constant coefficient of 0.55 is uvsed to
calculate rainfall erosivity (R} for each map unit, based on average annual precipitation. The
entire study area is thus divided into fourteen classes of climatic erosivity, corresponding to
the precipitation ischyets provided in the TAMS atlas. Estimated values of R vary between
250, in the North, to 800 near the Guinea border. Given the rough equivalence of the other
USLE variables throughout the study area, most of the variation i predicted soil loss reﬂe.cts
dlffercmes n clunanc eTosivity, :

4.4.3 Seil erodibility (K)

. The TAMS atlas provides only a qualitative indicator of soil ercdibility for each of 68 land

classes. This relative randdng incorporates both inherent soil emdlbihty and average slopes.

Any assignment of numerical values to this ranking for use with the USLE model must be .
somewhat arbitrary, and will not reflect inberent soil erodibility where slopes are steep. For
lack of better informaficn, however, the qualitative rankings. contained in the atlas are used
as a relative index of inherent soil erodibility (K), independent of slope. Numerical values
of soil erodibility are derived from published studies of soils in West Africa (Table 4.1). .~
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" K value 1 Location . Source

023-027 Burkina Faso ®F) | -Fauck 1978
0.04 <0.17 | Sefa, Senegal o Charreau 1974
005-032 | Gampéla, BE. | CTFT 1979

|| 0.06 - 0.20 Sariﬁ;__B_.F. . |crFT M

.. Table .4f1 Soil erodibility factor (K).

0.004 - 0.137 I-Iulmd and suh -humid t:ropxcs " | Lal 1983

Ferruginous tropical soils from | Roose in Boodt and Gabriels
gra.nit; (B.F. and Céte d‘IT_miI;): {eds’) 1980 '_

0.01-003 |- gravelly soils (seif-mulching) -

0.03 -0:15 |- aftef clearing old fallow
0.20 - 0.30 . after 3-4 years cultivation -

Fer smls ﬂf “lnw Erﬂdlbﬂltjf as deﬁnﬂd bjf the TAMS atlas, a value- uf ¢. —:}5 is nsed; for
"medium” erodibility: 0.15; and for "high" erodibility: 0.25. Where individual map units

. include soils of varying erodibility, the value of (K) for the unit as a whole is caleulated as

a weighted average of the different (K) values assigned to each of the soil types on which

_cultivation typically occurs. The weights on each soil type reflect not enly the prevalence

of that type in the map unit, but also the frequency with which each soil type is used for
cultivation. . Thus land which is grazed, as well as cultivated, or land only occasionally
cultivated, is weighted less than land used only for agriculture,. The weights are 25% for
"occasional” cultivation, 50% for.cultivation with. "long fallow, " 75% for land used for heth :
farming and as pasturé, and 100% for land used- only for cultwatmn : :

Values for (K} are alsc weighted by the density of clearing and cultivatien in each map unit,
based on the findings of Roose (1980} and Lal (1983) that soil erodibility increases after land
clearing, due o a decrease in organic matter content and & decline in the structural stability
of the soil. The TAMS atlas identifies. four categories of land use density, refering to the
percentage of cleared or cultivated land within a map umit. . Where that propottion is between
30 and 60 percent, (K) is multiplied by 1.5; where dens:tjr is above 60% cleared or
cuitivated, (K) is multiplied by 2.0. The resulting values of soil emdlblllty vsed in the mﬂdel
range between zero and 0,301, with a mean value on cropland of 0.064.5%

15 The same procedure was used to calculate the erodibility of all seil types identified in the atlas,
mdepf:ndent of whether théy are cultivated, This results'in 2 slightly higher average valne of 0.10,
which is fairly constant across the study area. In ::rther wnrds cultivation occurs mainly on soils of
relar.n'eI}r low mherent erodibility.
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4.4.4 Slupe length {SL‘,I

This vartable is calculam-d in much: the same way as soil emdlhﬂ:ty Dnljr cultwated soil
units are considered, and slope values are weighted both by the relative importance of the soil.
type in each map unit and by the relative frequency of cultivation. From the range of
_ gradients given for each soi] type in the TAMS atlas, the minimum value was used. A shert

slope length is sssmmed {22.12 meters), based on the recommended benchmark value for
._West Africa (Centre Technique Forestier Tropical 1979). Both proceduires tend to bias the
estimates of soil l0ss downward (Figure 4.2), Slopes on regularly cuitivated land in the study
aréa rarely exceeded 6%, while the weighted average slope is only 3%.. The cnrrespendmg. '
slope. length values range from zero to 0. '.r'ﬁ with & mean of 0. 28

Figure 4.2 Slope length factor (SL)
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: 4 4.5 Crep cn?er and soil maﬂagement {C]

The TAMS atlas 1dEII.tlﬁﬂS thres major crops grown in each land use wap uaic. For ear:.h
crop a value is assigned representing the average crop cover factor during the growing
season, based on data from previous field studies in West Africa (Table 4.2). For
comparison, the table includes representative crop cover values (C) for other types of ground
Caver, such as l‘lCE! fallow, am:l fm:est Note that the benchmark value on a bare plﬂt is equal

o one.




Table 4.2 Crnp cover and mﬁuagement factor (C)

. Techniques 1
- Lo o Rural en Greenland and | Singh et al.
Crop cover Fauck (1978) -} Afrique (1969) | Lal (1977) -] (1985) .~
Traditional millet o o _ : L
or sorghum - 04-09 06-08 | 03-09
Peanuts . 0.4-0.8 . ' 0.4-08
.Cotton- 0.5-0.7 _ _ 0.5.
‘Fallow 0.3
| Prairie in good | _ ' : o
.~ condition B EER K1) S B 0.01
Prairie burned S - '
or overgrazed | 0.1 . : : o
"'.’Den&a forest B . -0.001
- Bare plot B N B - .
Cowpsa ' o : 0.28
Maize - . _ _ ' - ' 042
Rice {paddy) - ' L 5 0.28

Values used in this study are as follows: for millet, sorghum, peanuts, and cotton, C = 0.6.
For maize, C = 0,42, and for cowpea C = 0.28, These are average values, as the crop
cover factor varies during the growing séason, mirroring the degree to which foliage protects
the soil from the erosive effects of rainfall. The final value for each map unit is a weighted
‘average of values for each of the three major crops, using arbitrary weights of 50, 30 and
20% for the first, second and third crop, respectively. - Since the first and second crop in
almost all map units where cultivation occurs and where there is no mgmﬁcant soil depnsumn'
is either millet or scrrghum the i‘mal values afl cluster around 0. 6

4. 4 6 Cﬂnservaﬂﬂn practlces [P}
The USLE allows for conservation practices such as -:nnmur plowing, mulchmg, or terracing.

' The benchmark value of 1.0 refers to conventional plowing executed perpendicular to the
slope of the ficld. Sample values of (P) are prﬂsented in Table 4.3, usulg data from Burkma

- Faso, Ivory Coast, Senegal and nger

Fpr this study an arbitrary value of 0.8 is used in areas where anmial rainfall is above 600
and a value of 0.6 is used elsewhere. The distinction is based on the fact that farmers.in less

hurid areas typically do not iill their mostly. sandy fields; but sow directly into small pockets.

As they do not disturb the surface crust, there is subsequently less soil loss, Farmers in more
humid zones, on the other hand, are obliged to turn the seil completely in order to reduce
weeds. The majority of the farmers in the study area till by hiand, leaving no channels for
runoif. - ' . ' '
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_ Ts’.l:_lle 4.3 Swmeﬁml -iunservatinn pras:iices %]

: ' - Technigues Rurales

Conservation practice " Roose (1977} en Afrique (1969}
U contour trench (tied ridges) 0.1-02 : o

Strip cropping -0.1-0.3 0.3 -0.45

straw mulch - 001 '

it dry stone ridges _ -0l
grass fallow =~ - - G1-05 .
conteur plowing - :

ter races

4.47 Estimated suﬂ erosion (A

Using the data described above, estimates of soil erosion on Mahan farms in the study area

were generated for each map unit. The results are presented in maps in Annex P- Estunatf:d :
soil loss on cultivated land averages only 1 ton per hectare per year, in the North, but over

10 tons/ha/yr, oR average, in the far South. For the study area as a whole, the average

gstimated soil loss is 6.5 tons/ha/yr, : '

Empirical measurements of soil erosion were not availabie for Mali when the study was
conducted. Hence it was not possible o verify directly the soil loss predictions obtained with
the USLE. However, the estimated values for Mali are comparable to data obtained from
erosion plots n nﬂlghborlng West Atrican countries, under a similar range of conditions
{Tablz 4.4). :

The highest rates of estimated erosion in Mali (31 tons/ha/yr) occur in southern-most areas
and resuit from both relatively high rainfall, and somewhat higher values for soil erodibilicy
(K}. The latter may be attributed to the greater density of cultivation in the area, which in
turn probably reflects relatively high population densities. Although the maximum estimated
annual soil loss exceeds the highest rate cited in Table 4.3, it is still low compared. to
measured erosion at some stations in Coie d'Ivoire, which have recorded losses over S{H}
tons/ha/yr (Rm::se 1986).
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Table 4.4 Measured soil loss under traditional cultivation in West Africa

; . Mean Erosion
_ -Mean . (toms/hafyr)

! . Rainfall Slope - | .
' Country | Station Source anm) | (%) Crap * |  Fallow'
Nigeria | Ibadan .Lal (76) 1282 1 07 ]

- ’ 1282 5 35
" C1282 10 34
" 1282 15 13.9°

“ Senegal | Sefa CTET (79) 1200 1.5 7.3 4.9

Ghana | Nyankpala | Bonsu (81) w082 |2 0.2,
Burkina .| Ouagadougoy | Chareau (72) | = 850 | .5 4.3 0.08
' -(Gampela | Roose {84 73l - ] 4.1
Gonsé - 691" 5 . 0.15
+ Saria " 643 ) 6.0 .50
" " - 830 17 7.3 .17 “
Lineghin " 636 1.3 . - (.80
Sirgui Koutaba {86} 692 - 08 | 73 - 5.7
C. Ivoire | Bivo . - - Roose {86} 1550 1 o 43
' Bouake St 1260 4 13.0° 035
-Kdrhogo " 1350 3 - 4.0 11
-Niger. 'Kﬂuntkc}umut Vuillaume {82}. 450 _ 1. 1.4
. o 450 -3 12.7 6.4
o N 12 17.0 8.9
Allokoto Dalwaulle {73y 440 3 9.3
MEAN: . 20mm| 4% 681t 2.4 1

| STANDARD DEWATIGN: 362 mim 4 % 491t 341

MAXIMUM: 1550 mm | 15 % 17.0¢ D91

17 S Secondary regrowth EnIinwmg cuItnratmn grass savannah I MOSt cases.

4.5 The Effect uf Sail Ernsmn on Crﬁp Ylelds

Te ASSESE fhﬂ economic 1mpact uf Emsmn tuns uf sml loss per her.:tare per year may be
translated into foregone net farm revenue that would have been earned if the soil had stayed
put. Of course, crop yields are-a function of many variables, of which soil feriility is just
one. Furthermore, physical soil loss is only a rough proxy for declining fertility. It may also
be ofiset by nrgamc or chemical fertilization, or other soil management techniques.
Nevertheless, id side-by-side experiments which attempt to control for other variables, it
appears that loss of top soil has a measurable and genera]ly negative affact oz crop yields (see
Sectmn 2. 2) : .



Little cmpmcal research on the relation betwlf:ﬂﬂ s0il erosion and c:mp productivity- has been
conducted anywhere in Africa. However, one model of the erosion-yield relation has br:en
developed by the International Institute for Tropical Agriculture (IITA} in Ibadan, Nigeria .
(Lal, 1981). The effect of cumulative soil loss on crops under continmous cudtivation was
estimated econometrically, by -::omparmg maize and cowpea }flelds on side-by-side plots under
varying levels of namra] s0il ems:on

Both suuthern Mali and suuth—westem Nigeria share soils of ponr mhcrent femhty, weak _
_ -structure, and low erodibility (Lal 1987a). The two countries are also both characterized by -
an erosive climatic regime, with intense, ‘highly variable rainfall. Tt is assumed that crop
yields in ‘Mali are no less sensitive to soil loss than they are in Nigeria, although actual rates
of erosion may vary. The mode! jtself consists of a sitple exponential reiation, ag follows:

Y = O
- where: Y = yield in tons per hectare
- € = yield on uneroded (newly cleared} land
e = the namril log (2,718282)"
[ = coefficient varying with crop and slope
x = cumulative soil loss in tons per hectare

'The form of the equation implies that incremental yield losses will gradually decline with:
curnulative erosion. This conforms to the intuition that crops will be relatively intolerant of o
initia] soil losses, due to the shallow fertile horizon of the soils studied. Lal estimated eight
equations, one for each crop and four slopes (1, 3. 10, and 15%). The estimated coefficienis
(B) varied between 0.002 and 0.036 for cowpea, and between 0.003 and 0.017 for maize.
All but one of the Beta coefficients relaﬂng vield to soil loss are s:gmﬁcant to at least 5%,

For- the Mali study, the ITA model is applied uniformly to all crops and in alI Tegions.
Because hoth crops and yields are different in: Mali, however, the variable C is dropped and
the following equation:

?=I—e'ﬂx

is used to calculate a percentage change n }rxeld ¢ R fcrr every level of soil erosion. Of
course, crop yields ate probably not equally sensitive to soil loss across all of Mali. Yield
Tesponse may vary l:ry crop, soil type. rainfall, and other factors. Unfortunately, the available
data base does not support such distinctions. However, by varying the exponential coefficient
{P)  range of yield penatries may be derived, which are assumed to bracket the true impact
of soil logs. Four coefficients are used: B = 0.004, §.006, 0.010, and 0.015, all of which
lie within the range of values estimated by IITA. Figure 4.3 shows the change in yield -
imcurred for each of these coefficients, for various levels of cumulative soil loss. :

oAn ﬂ&t[lﬂ[ puhhcaus:m of these results (Bishap and Allen 1989) 1mdvem:ml:,r {:.mmed. the
cnnstant This is the rorrect version of the model, as reporl:ed by Lal {1981).

41]




Figure 4.3 The effect of soil erosion on crop yields
for a range of regression coefficients (Beta}
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. Source: Lal 1 BE‘_I

Note that the functional fcrm of the ems10n~}'1eld equation unplles a constant efcz.';ncs.!jr
relation between cumulative soil loss and vield. In other words, the percanmge yield loss in
the first year is axacﬂ}; the same as the percentage loss in the tenth year, assuming a constant

‘rate of erosion. It is enough to know the annuaI rate Gf soil Toss and mean current ]nelds to
estimate current crop losses.

Dne way to check the- }ueId penalties est:lmated using Lal 5 equatmn is by comparisen with -
measured yield trends under continuous culivation. Experimenis carried out in Kano,
Nigeria, between 1931 and 1953, provide average annual yields for gmundnut millet and -
sorghum, with and’ without manure, under continnous cultivation from clearing (Nye and
Greenland, 1960). We assume that over 24 years of measurement, annual climatic variation
cancels put, so these ﬁgures are taken to reflect both s0il “erpsion and axhaustmn of soil
nutrients (Tahle 4.5).. .

It wculd be curious if anmal changes in yield estimated using Lal's regression equation were
.miich greater than the highest arinual rate of yield decline measured at Kano, for all crops
{i.e. 9.9%)." In practice, mean esfimated yield penalties only exceed this lével when Beta is
assigned a value of 0.01 or higher, and then only for lands in the far south of Mali. The
average vield penalty for the BOUGOUNI map sheet, for example, is about 16.5% when -

Beta eguals 0.015. Ome may argue, on the other hand, that today's soil is less capable of
© sustaining yields, after decades of increasingly intense exploitaiion and the extension of
cultivation to less fertile, marginal lands. This interpretation is supported by more recent
studies of continuous cropping in West Africa, one of which shows maize }rlalds dropping by
an average of 43% per year aver fnur years (Sobulo and Dsmame. 1986).
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~ Table 4.5 Declim‘ﬁg crop yields under continuous cultivation

wio w/ wio | W .| wio w/ w/o

1931 - 35 1015 1283 922 ¢ - 1164 3431 1141
1936 -40 [ 784 1126 453 Bi6 | 32871 1014 -9.2
1941 - 45 698 | 1015 | 318 658 | 105 942 | -9.9
1946 --30 323 634 346 1 1053 . 91 9357 -2.3
1951 - 53 311 848 330 864 - ~1 + 0.4

Total o S
decline .t 34 64 26 L 12
(%)

e ——

Note: All yield figures are in metric tons per hectare. (w/o} designates plots cultivated
without manure; {w) designates plots re.camng 6.7 tnnsfha manure each year.
Source: Nye and Greenland, 1960. '

4.6 From Crop Yields to Farm Tocome

The relation between crop yields and farm income is not strictly pmpumc-ﬂal A declma m -

yield, for €xample, may result in a more than pmpumunata £all in farm income; die to the.

Groundmat - Millet Sorghurn Mean percent
' _ o change per year

inflexibility of certain fixed costs. Likewise, an increase in yield will entail some additional

effort for weeding, harvesting, and storage, but becanse many input costs are fixed, the
percentage increase in farm income may exceed the percentage yield increase.

'Crop budgets may be used to capture these effects when valuing yield losses. Budgets nsed .
in the model are from the International Crops Research Institute for the Semi-Arid Tropics .

(CRISAT) as reported by Matlon and Fafchamps (1988). They were.derived from smdies
of village farm land in Burkina Faso which had been contimicusly cultivated for- about ten
years, on average. Soils, climate, prcrductmn systems, and prices are all camparable to thc-sef
of Mali. The farm budgets include 21 {:mp cumbumtmns in 3 climatic zones. '

Sever cmp combmauuns are used here, corresponding to the major crops identified in the
TAMS atlas. These are: millet, millet with cowpea, sorghum, maize, cotton and groundni:t.
Rice is excluded from the analysis as wrtuaﬂy all of it is grown on seasunally flooded lands
which do not suffer significant net soil loss. Moreover, the ICRISAT budgets are condensed

to distinguish just five COmMpONEnts; crop value, fixed capital mputs fixed labor, variable -

labor and returns o land.. All values are. expressed 1n terms Df 1983 CFA francs per hﬂctare
The condensed budgets are lrsted in Amnex E. ' : _

For each of the three ma_lur crc-ps found in every map unit, the SCONOMIC impact of }fzeld._

foregone due to estimated soil erosion is caleulated as follows:
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1) apply the percentage yield foregons, estimated from the regression equation, to the
gross value (pcr hectare) of the harvest of each crop;

2) apply the same proportion te that part uf the labor input that is a fl.m:m}n of yiekl
{(weeding and harvestmg cost per he,ctare) : :

3) suhtract (2) from (1) to obtain the net revenue foregone for each cmﬁ;

4)  ‘weight net returns foregone by the relative importance of each crop in the map unit
to obtain average net revenve foregone per hectare per year. -

The .wéights used to adjust for crop importance are not constant across the study area.
. According to Matlon and Fafchamps (1988), in Burkina Faso the relative proportion of the
total cultivated surface area occupied by each crop varies according to the agro-climatic zone
. {Table 4.6). Crop mixes are more diversified in the-South, a fact the authors attribute to the
greater flexibility offered by more generous climate and soils. Assurmiing that cropping
patterns in the study area are similar to those in Burkina Faso, and generalizing from the
figures provided by Matlon and Fafchamps,. the foregone income caleulated for the first,
second and third crops is weighted as follows: N. Guinea zome: 40, 30, and 30%, -
respectwel}f, Sudaman ZODR: 60,30, and ]ﬂ% Saheilan zone: 90,5, and 5%

Table 4.6 Per_*éentage of cultivated land ou:upiq:d- by each crop -

Agro- § . BN - :
climatic Miliet Sorghum | Maize | Groundmut | Cotton |- Other
Zone _ ' -

N. Guinea .22 37 5 1

Spdan” 27 - 60 2 8

- Sahel 93 3 1 0

Recall that rice is excluded from the calculation of erosion impacts, on the grounds that rice
is grown exclusively in natural depressions or on alluvial plains which may incur some soil
loss but probably alsc recejve significant sediment deposits. This exclusion only makes a
- significant different to average losses per hectare in the BAMAKOQ-map sheet, due to the
relatively large prnpnrtmn of land davuted to rice alcrng the Niger River.

The resultmg fnrenrnne mmmc per hectare, derwed from the calculauons {Iescnbf:d abave, -

doés not account for the entire economic loss incurred. Land degradation in the current year
is presumed to affect yields in future years, even if no further soil loss occurs. In other
words, every single instance of soif loss results in a permanent decrease n yield, ielative to
what would have been obtained otherwise. For the sake of su:ﬂpllmty it is assumed that the
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nominal value of this loss Temains constant over time. " The pmse:nt value of the stream of
‘foregone income stream is then calculated for various rates of discount and time hur{zuns
assnming thar the land is evenmually fallowed (Flgurc 4.4) %

. Figure 4.4
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- For the base case, assume a conservative discount rate of 10 percent and a moderate time:
horizon of 10 years until fallowing. Recall that crop budgets are based on 1983 prices. With
these assumptions, for the study area as a whole, the mean present value of income foregone
over ten years, due to one year of soil loss, ranges between 2 and 8 thousand CEFA/hz, for
Beta = 0.004-and 0.015, respectively. To put these sums in perspective, note that average
net farm revenues, over the entire study area, are about 9,700 CFA/bafyr (excluding rice).”

7 If continous cropping erodes the productive potential of the soil, even without erosion, and
if the torm of the relation beiween cumulative erosion and yield conforms to Lal's description, then
annnazl income foregone due t0 onhe year of erosion will actuaily decline, while remaining constafnt as
a percentage of yield in each vear. However, since the yields reported by Matlon and Fafchamps are
average values over the entire cropping cycle (from inifial land clearing to abanﬂnnment] F0IS
de::lme in yield is already implicit. :

12 This assurmes complete restoration of soil fertility and crop y1eld3 through fallowing. Given
the ever shorter duration of fallow periods, this assumption may be too generous. Faflowing may not
" fully. compensate for damage done by erosion, in which case the.value of future losses is
‘underestimated. Yields are assumed to decline even without erosion, due to exhaustion of soil fersility
by crops. We ignore the likelihood that, without erosion, cultivation would be prolonged. -

'* Ciross farm income was estimated using the crop budgets provided by Matlon and Fafchamps
and information comtained in the TAMS atlas. On the basis of 1979-80 land use data (from TAMS),
the total cultivated surface area was estimated at 31,255 km® (see Annex C). Using the budgets for
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Analysis of estimated revenue foregone by agro-climatic zone reveals differences which
reflect niot only varying levels of soil loss, but also the relative profitability of farming in the
North and the South (Figure 4.5). Average erosion losses are greatest in the Sounth, on the.
BOUGOUNI map sheet, where even modest estimates of average income foregone (Beta =
-0.004) are equivaient to 54 % of the regmn 5 average net returns to dry land fam:mg (9,100 -
CFAfhafy:} '

- Fi-gure 4.5 Present value of income fnmgﬁne due to one year uf.-ernsihn
{r = 10%,.t = 10 yrs., 1983 CFA/ha)
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Regmnal averages, in turn, obscure very high levels of revenue fnregc-ne 0N -50INe Map Units,
especially in central and southern areas (BDUGDUNI and BAMAXK(Q). The highest losses
per hectare are found on the BAMAKO map sheet where, for the same assumptions of time™ -
preference and time: horizon as above, maximum losses reach about 20,000 CFA/ha (Beta =
{.004), for every year of soil erosion. Average pet returns to farming, on these same map
units, do not exceed 13,000 CFA/hatyr. These figures imply that net real returns from
farming may be negative,.on land subject to high rates of erosion, when the value of foregone
fature yields, doe to sm] loss, exceeds net farm income in the current year -

all cm]_::-s (inclading nce} an esmnate of; grnss natmnal income fmm farmmg was derived by suxmmng o
up gross farm income in. each map unit (i.e. the value of the harvest), The resultmg figure, using
1983 prices, is 154 billion Francs CFA. “The mean value per cultivated hectare on this basis is 46,272
CFA. Actual income is probably lower, due to tha increase in cultivated are between 1980 and 1583,

% Note that when the rate of discount exceads 65% per year, as might well be the case for many
poor farmers, the present value of yields foregone over a ten year time horizon will never surpass
current net income. From such a perspentwe erosive farmmg appears pruf" table even on the most
: w]nﬂrable. lands - :
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4.7 Ernsin;l _L'ns._ses and the Cost of Cnn;servaﬁun.

Angther way to look at erosion losses is to compare the value of income foregone to the cost
of soil conservation measures. The only technologies for which the costs of implementation
are cmnparable to the estimated losses presented above are simple water harvestmg and
erosion control measures, such as contour plowing, tied ridges, rock lines or contour bunds,
“and grass strips. More expensive measures, such as-terracing, do not appear to be justified
by the level of losses resuiting from soil erosion in the study area. Data are taken from three
cost-benefit analyses of a relatively inexpensive water harvesting and erosion conirel method
‘promoted in Mali (CILSS 1988) and in Burkina Faso (CILSS 1938 Matlon 1985). The
studies cvaluated the use of rock lines 2iong contours {combined with grass strips in Mali),
in terms of capltal and maintenance cost, and the bt:neﬁts of increased crop yields.™ - -

Relative to vields on adjacent untreated plots, various authers cite increases from 9% to 90%
. due to the use of rock Hnes along contours in Burkina Faso {Table 4.7). These benefits
reflect not just the conservation of soil on-site, but also increased moisture availability due
to reduced runoff, and possibly deposition of fertile sediments from land above the treated
plots, According to Matlon (1985), the benefits of increased water availability will dominate.
the effects of erosion control, where rainféll is scarce. No atiémapt is made to quantify the
magnitnde of such additional benefits here, although clearly the:.' wiil makc any tech:mlogy
- more attractive.

Tabie 4.7 Yield benefits of water harvesting measures
(relative to adjacent untreated plots)

" Technigue employed ' 'Yie'ld benefit- (%} | o S@u;rcé

stone bunds (farmers) : 12-90 - | Reij et al. 1988

rock bunds (farmers) - 59 ' v

"diguettes en pierre’ : ' 40 Critchly & Reij 1987
rock ridges’ ' o 35 - - | CILSS 1988

Matlon 1985

rock bunds {station) g - 40

In their estimates of the cost of Tock hnf:s the three analyses mted above repﬂrt a single
capital investment, ranging from 21,500 to 30,000 Francs CFA/ha (in 1985 prices). All three
"also report indefinite annunal maintenance costs ranging from 2.5% to 33% of the initial
investment. They determine the present value of those costs, over fifteen and twenty year
time horizons, using discount rates of 15% and 10%. Thesé figures are casﬂ}r notmalized
to a ten year time hunzun and 10% dlsmunt rate, as in Table 4 8. :

. Water hanr&stmg is virtually synonymous with smI cmnsewauﬂn Both aim to reduce. runuff
from rainfall, the primary cavse of sofl erosion.
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Table 4.8 Present cost of sail. conservation measures
{r = 10%, t = 10 yrs,, 1985 ¥rancs CFA/ha)

Technique and location - ' - Present Cost (PV) Source
horizontal rock ridges : '

- (Burkinz Faso} _ ' 47,300 CILSS 1988
rock lines and grass strips . ' .
. "(Mali) . 69,100 "
rock bunds: 30,000 CFA/ha with _ N

10% maintenance (Burkina Faso) 47,300 Matlon 1985
rock bunds: 21|,525 CFEAfha with -

7% maintenance (Burkinz Faso) 30,200 "

Note that these capital costs cover only the outlay by farmers, in the form of dry season
labor. Fumnds spent by governments and foreign agencies, to feach and encourage farmers
to adopt the technology, are excluded. Some information on the latier comes from Wright
(cited in Reij, Mulder and Begemann 1988), who estimated administrative costs per hectare
treated, for a program in Burkina Faso. Even there, the salary of government agents Was
exciude:d as was the depreclauun of the pr{ue.ct § capltal Equlpmf:nt

anht s figures are nnnﬂtheless instructive, He estimated project costs at T?l 400 CFAfha
in 1981, declining to 17,300 CFA/ha in 1985, and 8,510 CFA/ha in 1986 (assumed to be
nominal amountsy. Assuming that only one year of average project expenses would be
charged to each hectarg treated, and taking the lowest capital cost figure from Table 4.8, the
minimum average cost of the technology may be estimated at about 40,000 CFA/ha (30,200
+ 8,500). Assuming shghtl}' higher administrative and capital expenditure, the estimated
cost rises to 65,000 CFA/ba (47,300 + 17 ,300). . Finally, for the first years of a pr-::-_lect
total costs will EXEEEd 100,000 CFA.Fha -

In cnmparmg these costs of conservatmn t0 the asnmates of furegnne farm mmme ‘one more
adjustmenj: is reqmrcd 2 Figure 4.5 shows the present value of income foregone due fo
erosion in the current year-only. In’ cnmpanng erosion losses to conservation costs, it is
important t¢ consider losses that cccur in ever}r vear of the time horizon, until fallowing.
With a ten year horizon, for example, gross losses include the present value of foregone
futore income attributable to erosion in the current year, plus the present value of all losses
resulting from erosion in the following year, and so on for ten years (Figure 4.6). B

' Note that the value added deflator for agriculture in Mali was 96.4 in both 1983 and 1985,
hence it was not necessary 1o adjust the crop budgets fur price changes f‘Wﬂrl-:i Bank 1994).

# As above, we ignore the likelihood that cultwatmn would be prolonged, w1ﬂluut grosion, and
thus underesumate the value of total losses. : '
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_ Figure 4.6
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After allowing for recurring soil loss, and nsing the assumed 10% discount rate and 10 year
time horizon, it is relatively easy to identify map uniis where the present value of foregone
net farm revenue, due to ercsion, exceeds the cost of installing and maintaining rock lines
along contours, These are shown on maps presented in Annex F, assuming the lowest cost
of installing and maintaining rock lines. for a range of assumptions about the impact of
erosion on crop yields (Beta). In principle, these are areas where yield losses due to erosion
may justify conservation efforts. By varying the magaitude of the impact of s0il loss {Beta},
it is possﬂ:-le to cstahllsh a priority ranhng of areas which merit attention.™

Thc information is summarized in Figure 4.?, which also shows the effect of varying the cost
of conservation {see Annex F for more detail). The figure presents the number of map units
where ercsien losses exceed the cost of conservation, as well as the total cultivated surface

rea.™ For example. if the impact of erosion on crop vields is moderate (Beta = 0.006) and
it costs 65,000 CFA, in present value terms, to install and maintain contour bunds over 10
years, then the model identifies 48 map units, with a cultivated surface area of about 70,000
hectares, where the present value of net farm income foregene c-w.rer the same period exceeds
the {:ost crf the bunds.

® It is assumed that contour bunds are 100% effective in halting net soil loss. Relaxing this
assumption would reduce the nmumber of map units where foregone income exceeds the cost of
conservation, without altermg their distribution. Increasing the assumed cost of conservation has the
same effect. :

. B A unifunn.cmp—faliow ratio of one-to-one is assumed, In other words, 30% of the land
identiffed as cleared or cultivated in the TAMS atlas is presurned {o be sown in any year. Putentl,al
future incomme lost as a result of erosion on fallow land is disregarded.
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Figure 4.7 Surface area where erosion losses exceed the cost of conservation
(t = 10%, t = 10 vrs., 1985 Francs CFA)
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Note that this method of distinguishing map units depends critically on the choice of a
discount rate. Since the largest cost component of soil conservation occurs in the initial year,
while the cost of erosion is spread out over the entire cropping cycle, a lower discounnt rate

would increase the number of map units with losses exceeding the cost of conservation.

" Of course the greatest losses occur where there is a combination of relatively steep slopes,
high' rainfall, and dense cultivation. Assuming that soil loss has a large impact on yields
(Beta = 0.015), there are 36 map units, with a total of 59,783 cultivated hectares, where
losses exceed 200,000 CFA/ha over ten years. These map units are all situated in what
Matl-::m and Fafchamps call the Sudanian zone, where traditional farming is most pmﬁtahla

% The proportion of land cleared or cultivated on these map units is between 31 and 60 %, higher
than the average agricultural density over the entire siudy area (about 20%) but below the maximum
density reported by TAMS: {category 4: > 60%). The principal crops 1n these map umts are sorghum
and miller, typical for the region.
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4.8 The Cnst ﬂf Sm] Erosion at a Nﬂtmnal Level

The final cc}mpcrnent of the analysis is © evafuate the cost of soil erosion to the Malian

economy as a whele. The simplest appreach is to add up annual losses in each map unit,.-
extrapolate to areas. ontside the stdy zone, and thereby derive the total value of net farm

income foregone due to erosion nation-wide. This is the first method used. A more

sophisticated amalysis is also illustrated, based on estimates of the marginal benefit and

marginal cost of seil conservation. Using the latter method, it is possible to evaluate the

proporiion of foregone income that represenis excessive s0il erosion and a real loss of
- welfare, and derive the level of adjustment to be made to current national income (GDP),™

" The results presented so far are based on analysis of just three of eleven TAMS map sheets;
Bougouni, Bamako and Nara {see Figure 4.1). In estimating losses on a national scale, it is
assumed that these map sheets are representative of the rest of Mali. For éach map unit,
weighted average net revenue losses per hectare are multiplied by the total surface area of -
the map unit and by the relative density of farming, Summing over all map units yields the
total ioss. ‘Fo account for the varying levels of losses occurring in different agro-climatic
zones, the northern and southern halves of edch map sheet are aggregated separately.

Extrapolation to the national level simply involves extending total 10sses, estimated for each
of the siX sub-map sheeis, to comparable regions. The TAMS atlas provides the surface area
of map sheets not analyzed here, over which we extrapolate the total losses estimated for each
sub-map sheet. “An adjustment is made for the infand delta of the Niger River, a vast
floodplain where little erosion occurs.™

Table 4.9 presents fﬂregunc farm income resulting from an average year of soil erosion,
under the mest conservative assumptions of the impact of soil loss on crop yields (Beta =
0.004), and with the same assumed time horizon and time preference nsed above (ten years
nriil fallowing, 10% discount rate). Total estimated losses under thesa assnTnptions are 9.3
biltion Francs CFA, or zbout 1.5% of 1938 GDP.”

** Both approaches ignore the possible price effects of increased agricultural production, if erosion
did not pecur. )

® After adjustmg for the inland delta, the study zone accounts for about half of the arable surfa-:e
area presumed subject to erosion in Mal:,

2 Estimated lu'sses are compared here to. 1988 GDP, rather than using 1985 prices as above,
mainly in order to avoid the distorting effect of the US Dollar exchange rate, which was unusually
high in 1985 {449 CFA/$ as opposed to an average of 325 CFA/S between 1930 and 1991}, Price
inflation in the agriculture sector was about 3.7% berween 1985 and 1988 (World Bank 1994).
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Table 4.9 Esiimated annual nation-wide foregone farm income
(r = 10%, t = 10 yrs., Beta = 0.004, est. 1988 prices, US$1 = 298 CFA)

One Year Map Comparabie ' One Year
: Sheet Loss _ Surface Area National Loss
Map Sheet : {CFA millions} {Multiplier) . fCFA millions)
Bougouni (Santh) " 42 | 1.25 303
Bougouni (North) 154 1.25 192
Bamako (South) 159 o 2.83 451
Bamalko (MNorih) - _ 91 3.48 318
Nara (South} 25 3.50 _ 88
Mara {North) & 4.35 25
- US Dollars | Francs CRA | % Mali' | % Agric.
. . | (Millionsy (Millionsy - | GDP* GDP*+
Marionwide énnual':iﬂcome .
losses on Farm land 4.62 ' 1.377 0.22 0.530
Discounted present value ' o >
foregone farm income. 31.21 2,301 1.51 3.38
oles: * = 4 Billion CEA

** 1988 = 275.3 Biillion CFA (farming, forestry, fishing and livestock)

Finally, in order to determine what proportion of total farm revenne foregone due to soil

erosion represents a real loss of economic welfare we compare the marginal bepefit of soil - -

conservation to the marginal cost. Recall that the cost of conservation was calculated above
as 40, 65 or 100 thousand CFA/ha, depending on administrative expenses and technology.
Taking the lowest cost estimate {40,000 CFA/ha) and adopting conservative assumptions of
erosion impacts {Beta = 0.004), the mode] identifies 103,463 hectares of cultivated land in
the study zone where foregone income exceeds this cost. When the cost of conservation is
.. assumed to be 65,000 CFA/ha, this figure falls to 9,817 hectares.

- These two points permit the c:onstructiun ofa h}rpnthetical marginal benefit curve or, in other
‘words, a demard function for soil conservation.in the study zone. Assuming a constant
elasticity of conservation with respect to cost, and converting CFA values into their doliar
equivalents (at an exchange rate of 298 CFA/USS$), the implied margmal benefit function
derived from these two' points. can be expressed as follows: 30 '

N The parameters of the equation were estimated using a generalized, non-linear, coustant -
elasticity demand (or marginal benefit) curve. We start with the following equation:

Q=kP " | R 0

Where: @ equals the area of cultivated land where foregone income exceads the cost of conservation,
P equals the cost of curnservatmn and & and ¢ are the parameters we wish to estnnate This equnation
may be re-written as:

5.1. :



P = 145092 x Q%0613

C where: . P = margmal benefit of conservation, in terms of net farm |
' revenue saved {US$/ha)
Q = iumber of hectares of farm land affected (ha)

With this marginal benefit curve it is simple to calculate the welfare loss arising fmm'
excessive soil eroston in the stady zone. Assuming that the current level of soil conservation

in Mali is negligible and taldng 40,000 CFA/ha (or US$134) to be the constant marginal cost
of soil conservation, the shaded area-in Figure 4.8 represents the total welfare loss in the

smdy zone. -Simple. extrapolatior as above yields an estimate of the nation-wide loss,

Figure 4.8

Woelfare Losses from Soil Erosion in Mali
Bougouni, Bamako and Nara map sheets only
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Note: Beta = 0.004; r = 10%; t=10 years

The resulting estimated loss of economic welfare due to inadequate soil conservation is about
U8%7.3 million (2.2 billion CFA). This is equivalent to about 0.35% of GDP (compared io
gross losses estimated at 1.5% of GDP in the previous section). On the other hand, if the -
marginal cost of conservation is assumed to be higher (at $218 per ha) then the corresponding

P= 2 =1fe . :
{ k] | .{2}
Substituting A={1&yE - and g=If into (2), we obtain:
' ' P=AQ™® r 3

Given two points: [Q=103,465 ha for P=40,000 CEA] and [Q=9,817 ha for P= 65 000 CFA], and .
converting CFA values into USH equivalents, we then solve for A and o,
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welfare loss is about US$1.1 million, or less than one tenth of one percent of GDP. In other
words, the loss of economic welfare due to the imnpact of soil erosion on future farm income
is only significant if we assume the lowest possible cost of soil conservation. Increasing the
severity of the erosion-yield relation {Beta) raises the magnitude of total welfare losses, as
would a decrease in the discount rate or a longer time horizon. ' '

4.9  Sensitivity Analysis

The figures above rely on a mumber of assumptions that are not easily verified. Predicted”
soil losses are an cbvious instance, and the most fundamental. Verifying the estimates of
erosion would require years of painsiaking measurement in the field. Other components of
the model are also susceptible to criticism, but their influence. is more readily checked.

Figure 4.9 presents estimated total-farm income foregone nation-wide as a percent of
agricultural GDP, for a: range of discount rates and time horizons,.and for various

assumptions about the severity of erosion's impact on crop vields (Beta).! These agsumptions

appear to have the gréatest effect on the magnimde of estitnated losses. With a short time

horizon and a high discount rate, income foregone due to soil erosion is small (2 to 8%)

relative 1o current agricultural income. Taking a longer view, erosion losses seem far more

significant. - Additional factors that affect the magnimde of estimated losses include the length

of slopes on farm land, the ratio of cultivated to faliow land, and the change in variable costs

resulting from a change in yield. The latter parameters are ot tested here.

Figure 4.9 Sensitivity Analysis -
Nationwide losses as a % of 1988 Mali Agricultural] GDP
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3! Based on total income foregone rather than welfare losses, due to the uncertainty of the latter.
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5 THE ON-SITE COST OF SDTL EROSION IN MALAWI
5.1 Imiroduction

This chapter describes a study of the economic cost of soil degradation on farm land in
Malawi, using soil erosion as a proxy for overall fertility decline. Section 5.2 reviews the .
reasons why smallhelder farmers in Malawi may not manage soil resources efficiently, in
gconomic terms. Section 3.3 defines the scope of the analysis and the vaination method
employed. Section 5.4 reviews the existing empirical data on soil degradation in Malawi and
describes a simple model used to estimate soil erosion, in physical terms; based on 2 previous
study of erosion hazard. The model is used, in combination with published data on land use,
to estimate average rates of soil erosion for different areas. Section 5.5 goes on to link
estimated soil losses to crop yields, using the same statistical relations that were employed .
- Tor the Mali study (Lal 198?} Yield losses are. expressed in terms of foregene farm incoms,

. using national cTop budgets and data on cropping patterns in different regions, to determine -
- on-site econemic losses from land degradation at both a farin level and for the nation as a
whole.. Finally, in Section 5.6, sensitivity analysis is‘conducted on key variables. '

5.2  Market Failures in the Agricultural Seeter

Agriculmre in Malawi accounts for about one th]:d of national income, and abr:-ut 80% of
toral empiu}fmer[t (CEM/IL, 1989). Most production is by smallholder faxmers, cultivating
-srnall scattered plots by band with minimal use of fertilizers. The major crop is maize,
accounting for about 70% of the total cultivated surface area nationwide. No more than one
third of households use chemical fertilizers on their crops. Under these conditions careful
land hushandry is essential; the alternative is steadily de:clnnng vields and reduced rural
incomes.

As in Mali, however, few farmers nndertake soil conservation measures and, -as before, the-
principal cause is poverty (GDP per capita was just $200 in 1990}, A majerlty of the rural
population lives at the margin of subsistence and can hardly afford to undertake such
measures, even where they are aware of them. Moreover, with few assets and litile or no
"social safety net," most households are extremely vulnerable to even slight shorifalls in
income. Such desperate circumstances are often associated with risk-averse behaviour and
high rates of time preferenee i.e. a tendency to discount long-tetin COSts andheneﬁts heavily, -
especially where major ehanges are mvelved (Barbler and Burgess 1992}

On the other hand, unllke Mall, eustemar}' land tenure systems do not appear o be a
significant constraint on the adoption of soil conservation measures by smallholder farmers.
Studies in Malawi suggest that households allocated farm land under customary tenure are
generally assured of permanent access to it. Lack of legal title does not prevent farmers from -
making improvements, inciunding afforestation and soil conservation works. Onthe contrary,
studies of the Lilongwe Land Development Project suggest that the registration and titling 61
stnallholder plots has little impact on land husbandry practices (Mkandawire 1984, Pervis
1984). Moreover, registration has not significantly improved farmers’ access to commercial
credit for purchase of agricultural inputs or capital investment. :
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A problem of tenure security does arise, however, where there has been significant expansion
of the estate sector, [n some areas, smallholders have been displaced to make roota for new
estates (Mkandawire and Phiri 1987), Where there is also high turnover of tenant farmers
{as o many iobacce estates), there may be reduced incentives for 'me'lemenratiun of soil
conservation measures. A more widespread problem created by estate expansion has been
the contraction of uncultivated land available to smaliholders. This has hastened the opening
of marginal land for farming (especially. on steep slopes), as well as the shift to continuous
cuItwanou and the exhaustmn of soil fertility.

In amnmftry, widaspread rural poverty and p-DEII’l}’ developed rural capital markets, combined
.with tenure insecurity in some areas, implies a general tendency for smaliholders to discount
fature costs and benefits at a relatively high rate. This in torn will tend o discourage farmers
from investing in soil conservation measures except in areas that are highly vuinerable to
erosion, where the payback is large and immediate.

5.3  Scope of the Analysis and Valuation Method

Recall that soil erosion can impose econontic costs im two ways: through on-site reductions
in crop productivity and farm income, and through off-site effects resulting from increased
runoff, siltation, and water flow irreguiarities. The latter may affect the quality and
reliability of urban water supply, the life span of hydro-electric power facilities, dredgmg
costs for. irrigation schemes, and fisheries productivity. -

Data to estimate the off-site costs of erosion In Malawi are unavailable, but a. number of

factors suggest that these costs may be low. Ground water is plentiful in most areas, while * -

fillering costs are-a very small fraction of water suppiy-costs.. Malawi also has little-hydro- ... .
electric and irrigation infrastructure. Fisheries may be more seriously affected, but the data
needed to determine costs imposed by eroded sediments are not available. On the other hand,
the size of the agricultural sector, combined with apparent market failures which lead farmers
to deplete top soil at an inefficient rate (Section 5.2}, suggest that on-site costs may be high.

- The on-site costs of soil erosion may be evaiuated in a number of ways: mn terms of reduced
crop yields, the replacement cost of eroded plant outrients, or most directly in terms of the
- reduced resale or rental values of agriculfural land. Evaluation of the replacement cost of
eroded nutrients is an approach that has been applied in the neighboring country of Zimbabwe
{Stnckmg, 1986). The method is based on a set of statistical relations linking soil loss to -
nutrient losses, derived from mmlti-year data from across Zimbabwe. Financial analysis

2 A minority of farmers in Malawi undertake soil conservation measures. Sume are relatively
‘well-off, large-scale farmers in the “estats™ sector who invest in elaborate and ‘expensive soil
conservation measures, such as graded terracing. Others, including some of the very poorest farmers
cultivating #teen, tocky slopes with thin and highly erodible soils, undertake far simpler, labor-
intensive measures such as piling np rocks extracted from their fields in lines running perpendicular
to the slope of the land. The latter measures are typically not very effective but farmers. working
these marginal lands often cannot afford any better for lack of access to credit and/or {abour. Thar
they do anything at all is testament to the impact of erosion on productivity.
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estimated annual losses of Nitrogen and Phosphorus worth US$150 million on arable land
alone (30,000 km?). As pointed out in the report, these losses understate the true cost of
erosion, as they do not account for losses of soi! organic matter, which can affect soil
struciure, water-holding capacity and nutrient availability. ™

" Evaluation of vield losses has the benefit of capturing all of the on-site effects of soil erosion
on soil tertility and thus on farm productivity. Yields reflect not only the presence of major
nutrients, but many other aitributes of soil fertility. The problem is to find a link between
soil degradation and crop yields. The first step is to quantlfy in physical terms, the rate of
soil degradation on farm land.

5.4  Land Degradation and Seil Erosion in Malawi
5.4.1 Existing field data

" Data from field studies of fertility decline and soil loss in Malawi are scanty. From the.
farmer's perspective, the most relevant measure of land degradation is yield decHne. Results
of continuous maize trials at Chitedze Research Station, from 1955 to 1963 and for six
different treatments of crop residues, reveal a mean decline of 49% over eight years for

. unfertilized maize, or a 9.1 % average annual decline during the peried {Dept. of Agr. Annual

Report for 1962/63, pub. 1965). A more recent depiction of yield decline for unfertilized

local maize compares avérage vields for four ADD's in 1957-62 versus 1985-87, revealing

a mean total decline of 41% over the period, or an average annual decline of about 2% .

{TW}"f{)I‘d 1988} : :

Another measure of fertility decline is a decrease in organic matter and plant ntrients under
cultivation. Analysis of soil sample data from fertilizer trials carried out at Bvambwe
Agricultural Research Station, on land continnously cropped with tea ever 25 years and with
. minimal application of fertilizer (45 kg N ha yr), revealed a 41 % total decline in organic.
matter, a 38% decline in total Nitrogen, and a 5% decline in total Phosphorus, relative to
uncultivated land {Maida and ‘Chilima, 1981).

The measure of land degradation employed in this analysis is physical soil loss, in tons per
hectare. The justification for this simplification comes from studies showing that soil loss is
a reliable predictor of changes in soil nutrient content, soil pH, and meisture retention (Lal
1981). A few field studies have measured soil erosion under various crop cover and lind
husbandry regimes in Matawi (Table 5.1). Reported soil losses are not strictly comparable,
due to widely varying plot sizes (from 1 - 170,000 m®). On the average, however, annnal
soil loss under traditional cultivation (ie. maize, weeded and ridged) is about 19 t/ha.

" Average anmual rainfall recorded at the five stations was 950 mm, and the mf.:an slope was

14%. :

# The replacement cost approach is not used here, although data from the Soil Erosion Research
Project at Bvumbwe would permit an estimation of the relation between scil loss and nutrient loss
lll'ldf:l' conditions in Ma]am (Amphlett 1935)
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Table 5.1 Field measurements of soil ernsiqn'in Malawi

—

‘Mean | Plat MEHI_[I
_ Slope | Rainfall Size | Crop Cover Sail Loss
Station - Source (%} | (mmdyr) | - (ha) & Husbandry (t'hatyry
Bvumbwe | Amphler 86 7.2 | 987 7.8 | physcial structures & full 0.1
land nse plan
I .
Mindawo " 8.8 | 964 5.3 | traditional cultivation 0.6
“Mindawo 1T - 81 | 1032 6.7 | physical siructures & 2.0
traditional cultivation
Mphezo ! 7.1 1004 [7.2 | eucalyptus plantation 0.1
Nkhande | Chome 89 44.0 | 1300 0.02 | ridged maize 54.2
" " " " " ridged maize alley 7.2
eropped with leucacna
M'mbelwa | Machira 8¢ 60 | 824 0.005 | bare soil, unridged 112
| . . :
" " " . - Rhodes grass 2.8
i " " " maize, ridges slong the 7.9
slope
K " " " mazie, ridges acioss the 1.z
slope
Funde Kasambara 84 | 3.0 | 770 0.005 | bare soil, unridged 25.0 l\
" ! ! " * | Rhodes grass 2.3
" " " " maize, witidged 24.5
o B " - " v | maize, ridged 15.3 |\
Bunda Weil 82 6.0 | 886 0.0001 | maize, weeded 1z
" " " | - " | maize, unwoeded 4.5
I — e ———— —

5.4.2 TPredictive mndels.nf soil erosion -

The leading predictive model for soil erosion research is the Universal Soil Loss Estimation
{USLE) model, developed in the U.S.A. (Wischmeier and Smith, 1978). Although widely
tested and corroborated, some authors dispute the validity of the USLE model under the- -
conditions found in southern Africa (Stocking 1987). : .
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An alternative medel for this region is the Soil Loss Estimation Model for Southern Africa
(SLEMSA), developed in Zimbabwe (Elwell, 1978; Elwell and Stocking 1982). SLEMSA
was designed for use in countries with limited capacity to generate the physical data required
by the USLE and other models. A preliminary evaluation of SLEMSA under Malawian
conditions compared the predictions of the mode! to actual seil loss measured on experimental
catchments near the Bvumbwe Agricultural Research Station {Mwendera 1988). The results
were inconciusive, from a statistical standpoint, due to msufficient data.

A modiﬁed version of SLEMSA has been deve]-:-pad, ‘again in Zimbabwe, for reconnaissance
level evaluation of erosion hazard {Stocking, Chakela and Elwell 1988). The methodology
is' designed to assess the relative risk of erocsion over large areas, expressed in Erosion
‘Hazard Units (EH{U). The model uses precipitation data to estirnate rainfall energy (E),
which is combined with an index of soil erodibility to calculate an erosion hazard index (I,).

The protection provided by vegetal cover is also incorporated, along with’ average slope (X).

The authors stress that the model i3 not designed to predict soil losses in tons per hectare,

sitice it fails to account for the deposition of eroded sediments within catchments. The
technique was first applied in an Erosion Hazard Mappmg of Zimbabwe {Madhm and
Manyanza, 1989).

5.4.3 Erosion hazard mapping of Malawi

An evaluation of erosion hazard in Malawi was carried out by two members- of the Land
Hnsbandry Branch of the Department of ﬁgnculture {Khenje and Machira, 1987}, vsing the
methodo!ogy developed in Zimbabwe. = The authors prepared a 10%10 km grid map of
Malawi at 1:1.000,000 scale, which displays the mean erosion hazard (EHU) for 1,044 grid
squares (Annex (). The results are also presented in tabular form in an appendix to their-
draft report, with rainfall energy (E), erosion hazard index (I,), vegetal cover ratio (C), mean
slope (X and EHU listed for 1,048 grid squares.* EHU values range from 0 to a maximum
of 7,195, with a mean value of 328 (weighted by the estimated proportion of each grid square
falling inside the boundaries of Malawi). Mean slope on all aréas is 6.3%.

In their report the authers ptesent a simplified EHU map (scale 1:3,000,000}, on which EHU

scores have been grouped into eight categories. For each category they assign an expected

value of anmual soil loss, in tons per hectare {ignoring the explicit warning of the method's
designers not to do so). The rule used for conversion is shown in Table 5.2.

3 The copy of the report used for this study was incomplete and lacked paris of the appendix.
Moreaver, 127 grid squares shown on the map and listed in the report are recorded as having different
values. This analysis generally used values reported in the appendix, in preference to those on the
map, except where the former are missing in the available copy. It was possible to reconstruct mean
slope values for grid squares missing in the repert appendu: b}r extrapolating from EHU value.s shown
on ﬂm map .
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Table 5.2 Erosion Hazard and Espected Soil Loss
{From Khonje and Machiru, 193‘?}

" Erosion Hazard (EHU) : Soil Loss (tunsﬂlafyrj "

Category

.0-10 1 0-5

11-725 2 6-10

26 - 50 3 11-15
51 - 100 4 16 - 20
141 - 250 5 21 - 30
251 - 500 & 31 - 40
501 - 1000 7 41 - 50

> 1000 8 > 50

While recognizing the danger of exaggeration inherent in converting EHU into soil loss, the
estimates of annual erosion made by Khonje and Machira are adopted here. Tt cannot be over
emphasized, however, that the anulysis presented here is only an jlustration of the possibie
&x.':em distribution, cmd casts of land degradation, rather than an exact r&'presenm:mn

The conversion rule used by Khonje and Machira is 4 step function, and ignores mterme.dlatc
values within -categories. Their rule is easily transformed into a general eguation for
converting EHU into expected soil loss, using simple ragressmn analysis. The hest fit was
established with a set of three equations: .

For: 0 <EHU <500.......... E = 1.968(EHU)?4 O

Adj. B2 = 0.976
T-statistic = 15.7°

500 < EHU < 1000 ........ E =30 + 0.02(BHU) @) .

1000 < EHU

.
+
4
.
+

50 | e

The estimated relationshup is depmttﬁ i Fig-.m: 5.1, A maximoam sml loss rate of 5{} thafys
was assumed for all grid squares with EHU greater than 1000.
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Figure 5.1 The Relation between Erosion Hazard and Soil Loss
Malawi, Southern Africa (after Khonje and Machiru, 1987)

4]

Estimated soil loss (tans/hafyr)

4] .1' .I ] i 1 L 1 ] 1 ] _ ]

0 . 200 400 . 800 800 1,000 1,200
- Erosion Hazard Units (EBU}

+ Obserwed data ... Estimated equations -

5.4.4 Land use data base

Information on land use in Malawi was derived from 1:1,000,000 scale maps provided by
the Land Husbandry Branch, showing the limits of Districts, Rural Development Projects
{RDP),.Special Crop Authorities (SCA), National Parks, Forest and Game Reserves. By
manually tracing and overlaying ali of these maps with the erosion hazard map of Khonje and
Machira, and estimating the proportion of each EHU grid square lying within a particular.
- administrative unit, a data base of 1,855 land use units was compiled. The mean surface area

of the map vnits is about 51 km®. - For each unit six attributes were recorded, of which the '

first three are taken directly from Khonje and Machira:

) grid coordinates,

(ii) EHU score, :

{(iii) —mean slnpc {0.8%,2.6%,52%, 9.0%, or 13. 5%),

(iv)  estimated proportion of grid square falling within the boundaries of Mal&w1 :
(v) esiimated preportion falling within a specific administrative area,

{(vi) the name of the specific administrative area.

The last of these attributes assigns to each map unit one of 155 labels, corresponding to the
RDP, district, special crop aathority, game or forest reserve in which it Hes. The data base
thus generated is by no means a definitive analysis ‘of land use in Malawi. However, the
estimates of the surface area of major land use categories used here cnrrespond closely to
previously puhhshed ﬁgures (see Annex H). '
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The land use data base permits the distinction of reserved areas, which are excluded from
* analysis of the costs of 30l erosion, on the assumption that most if not all of this land-is
. aneuktivated. . K is also assumed that some unfeserved swampy tand is either not caltivated
or 1eceives mgmﬁcant deposits of eroded sediment (i.e. no net soil l:::ss) Finally, the very
steepest slopes are assumed to be uncultivated.

Three sources give estimates of the total area of "uncultivable” swainps and steep slopes in
Malawi (Table 5.3). These figures were used to specify rules for excluding cerrain grid
squares: uncultivated swampy land was defined as all grid squares with mean slope egual to
(.8% and EHI! scores below 8. Uncultivated steep slopes were defined as all sguares with -
mean §lope equal te 13.5% (the highest range). - The latter rule results in an exclzded area
somewhat smaller than other estimates of land with slopes over 12%, which are considered
unarabie by the Land Husbandry Branch, but are in fact often cultivated.

Table 5.3 Uncultivable land in Malawi (xm?)

' =— —_—
Source’ : . Dambaos, swamps : Steep slopes
' ~ and flovdplains .

MNational Physical _ : :
Developmert Plan (1986} 6,190 % 23,606 ¥

Brurit; Mitchell and _
Zimmerman (FAQ 1984) 8,800 ¥ 20,500 ¥

Stobbs and Jeffers {1985) 6,935 ' 7,155 ¢

Present analysis 5,964 16,720 *

Notes: af Unreserved, uncultivated
- bf Unreserved, slope > 12%
¢/ Uncultivated swamp, marsh, dambo; water surface
d/ Uncultivable steep & regeed couniry, siope > 13° .
e/ Grid squares with mean slope = 0.8% and EHU < 8
7 Grid squares with mean slope = 13.5% '

With these mles of exclusion and the data base described above, the total surface of each
administrative area is calculated, distinguishing uncultivated reserves, swampy land and steep
slepes. ‘Gross arable land is what remains apd is the area assumed subject to crop losses
arising from erosion. These estitates may be compared to previously published figures on
land use in Malawi, which vary widely (Tabie 5.4). A full tabulation of Jand use estlmates
" generated in this study and a comparison to other estimates, by RDP and by District, is

provided in Amnex H.
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Table 5.4 Land use in Matawi (km?)

C Present |- Mkandawire NRBP' Brunt of al. NPDT Stobbs &
Land Use Amnalysis . [ & Phiri 1987 198 1984 1986 Jeffors 1985

]

Tatal Area® 4,407 94270 Q4,273 94,400
Exclusions:
- Parks & Game .
- “Reserves 10,729 10,004 HAG13
Forest Reserves 1{},351} 9870 §,660
Dambao, swamp, ) .
il steep slopes - 22684 | 23,67 29,863
Gross Arable’ _ 5{},'146 - A BaY [ 43,395
Motes: Malawi Natfenal Rural Development Program, World Bank repurt No. TSE?MAL 1985,

1.

2. National Fhysical Development Flan, 1986,

3. Excluding lakes Majawi, Malombe, Chiuta, Chilwa, Chikukun

4. Gross arable surface may be less than total area minus reported exclusions, due to some stodies’
consideration of settlements and infrastructure, rock cuteraps, surface water.

5.4.5 Estimated soil loss -

Finally, for each map unit not excluded, the mean anmual rate of soil erosion (in tons per
hectare) is estimated using the equations derived from Khenjé and Machira (1987). Summing -
across map units, it is simple 1o calculate the mean rate of soil loss by RDP and by District
‘on gross arable land (weighted by the surface area of each affected map unit). Detailed
results are presented in Annex 1.

For Malawi as a whole, the estimnated mean current rate of soil erosion is 20 t/ha/yr on gross
arable land. Recalling that the approach used here assumes a maximum rate of 50 t/ha/yr
011 any map unit, the highest estimates of erosion on arable land occur in Nkhata Bay District
{43 t/ha), Chiradzuli Dlstrlct (39 t/ha), and Dowa Hills RDP (36 t/ha}. The minimum
estimate (10 t/ha) occurs in Balaka and Kawinpa RDP' S

5.5 .- The. Economic Impact of Soil Eméiuu
5.5.1 From seil loss to i:rnp yields

There are very few data linking crep yields to soil erosion in Malawi. Experiments at
Nkhande Research Station on a 44% slope show vields under traditional cultivation falting
62% between 1985/86 and 1986/87, from 815 to 308 kg/ha, where annual soil loss was 76
t/ha. -On an adjoining alley-cropped plot, soil loss averaged only 3.7 t/hafyr, and yields rose
over the same period from 2,050 to 2,700 kg/ha (Chome, 198%). While the example is
illustrative of the effects of soil loss {and the potential benefits of alley-cropping), it cannot
provide a general rule for estimating yield losses arising from erosion. :
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This analysis therefore adopts the same model used in the Mali study to predict crop yield
losses from estimated rates of erosion. Recall that the model is a generalized version of -
statistical relations between crop yields and soil loss, which were estimated using data from
-side-by-side, multi-year trials carried out in Nigeria at the International Institute for Tropical
Agriculture (Lal, 1987). Agricultural conditions in Malawi and southwestern Nigeria are of
colrse not comparable, but the general form of the cmp response to soil erosion is assumed
to be similar. "As in the Mali study, the equation s used to calculate a percentage yield
decline for every level of soil erosion, ‘usmg 2 range of nuefﬂcwnts (f) to estimate a wide
range of potential yield. Iossea

The generalized IFTA equation is applied to every map unit in the data base, excinding
reserved and unarable Jand. Results by RDP and by District are presented in Annex . For
Malawi as a whole, estimaied mean annual yield losses lie between 8% and 25%, for B
equals 9.004 ard 0,015 respectively. Maximum yield toss lies berween 18% and 53%, for
soil loss of 50 t/hafyr. :

5.5.2 Crup hudgens

Crop budgets provided by the Planning Division of the Ministry of Agricilture (MOA) are
used o value yield losses arising fiom soil eresion. Farmers are assumed 0 reduce the use
of variable inputs in the same proportion as gross revenmues decline. Applying the estimared
percentage yield loss directly to gross crop margins gives an estimate of the gross vahie of
losses arising {Tom erosion. :

Gross margins are defined. as total.revenue per heciare {(imean-yield multiplied by official -
ADMARC prices), less the total cost per hectare of wsing all recommended nputs (seed,.
fertilizer, and pesticides); but not including labour inpnis. In other words, intermediate -
jmputs are excluded, leaving value added. Labour is asswmed to be a fixed cost of
production. An alternative financial analysis from the farmer's point of view applies
estimated percentage yield losses to pef farm income, on the assumptmn that labonr is not
fixed. :

Gross marging for twelve crops or crop mixtures are taken from current MOA, data tables,

- using valies for 1989/90. Where values are not available for specific crops, figures are taken
from Agro-economic Survey (AES) Report No. 55 (1987). AES gross margins are inflated
from 1884/85 to 1989/90, using the growth rate of gross margins for the same or similar
crops, as reported in the MOA data tables. AES data also includes net farm income, which
is similarly infiated to 1989/90. Both gross margins and net income as used in the study are -
reported in Annex J. '

5.5.3 Cropping paitern

Estimates of the tntaI surface area culuvated each vear var:f w1de.15r amung different sources.
The baseline figures used are from the 1987/88 3rd Crop Estimate, prepared by the Planning
Division (MOA). These give the total cultivated surface area, by. crop and by Agriculiural
Development Division (ADD), According to this source, the total cultivated area of Ma]am
in the 1987/88 crop year was 18,218 km?, : :
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Data on cropping patterns in each ADD are taken from the Annual Survey of Agriculture
(ASA} for 1980/81 to 1985/86, as reported by the World Bank (NRDP; 1980}, combined
with data from the 1987/88 ASA and the AES Report No. 55. Unfertilized 'local’
{indigenous) maize accounts for about 37 % of the total cultivated surface area of Malawi,
while all maize varieties taken fogether account for 65% of the cuitivated surface. Major
cash crops, including coiton, tobacce, coffee and tea only account for about 5% of total
cultivated area. Detail for each of sixteen crops, by ADD, is preserited in Annex J.

By combining information on gross margins and cropping patterns it is easy to estimate the
.mean contribution of each crop to average gross margins per hectare on cultivated land.*
Summing the contributions of each crop in each ADD yields compesite gross margins for all
crops taken together, in Kwacha per hectare. For. Malawi as a whole, composite gross

margins are estimated at 249 K/ha in 1989/90 (weighted by the baseline estimate of cultivated - o

surface in each ADD).* Again maize accounts for ahout 70% of this figure. The highest
value is in Lilongwe ADD (302 Kfha), while the Jowest is in Karonga ADD (161 K/ha).
Detailed results by crop and by ADD are presented in Ammex J. '

5.5.4 Economic lnsses baseline results

Finally the estimated percentage vield losses, for various values of J, are applied to

composite gross margins. - Ehe result is an estimate of average anmual losses due to erosion,

in Kwacha per hectare.®” For Malawi as a whole, estimated annual losses are in the range

of 20 - 64 K/a (for p = 0.004 and 0.015, respectively), or between 8% and 26%- of -
composite gross margins, excluding rice and root crops.  The greatest losses occur in
Lilongwe ADD (25 - 81 K/a, for f = 0. 004 and 0.013), due to the relauvcljr h1gh gross_
MArging obtained there.

Mu]tiplying mean annmal losses per her:tare by haseiine-estim&tea of cﬁlt_ivatcd area }'iEIdS an’
estimate of total losses by ADT», for various values of f, Summing acress ADD's gives 4n
estimate of the annnal loss of national agricultural income arising from seil erosion. For B
= 0.004 and 0. 015, these calenlations yield roughly 36 and 116 million Kwacha, respectively
(equivaient to US$13 and $42 million). To pit these numbers in perspective; they correspond -
t0 2.4% and 7.7% of Malawi's gross agricultural product (GDP) in 1990. Detailed resuits
are presented in Table 5.5 a_m:l in more detail in Amnex K.

' % Rice is excluded from the ‘analysis, on the assumption rhat it is grown on relatively flat lowland
soils, which are not subject to serious soil erosion. Root crops are also excluded, . despite ther.r
importanee in cropping systems, for lack of budgetary data.

» Mull:ipl}ring composite gross marging by the baseline cultivs:ted surface area frieids a value of
453 million Kwacha, which may be considerad a rough estimate :}f the contribution of these crops to
total 1990 agricultural GDP (£.510 billion K). ;

7 I contrast to the Mali study, baseline erosion losses are expressed here as a one-tire cost
rather than as the discounted present value of a series of losses over a defined periad of time. See
Section 5.5.3 {and Annex K} for an estimate of the capnal:zed value of recurrent losses.
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Table 5.5 - Estimated annual gross margin losses by ADD
(1985/90 prices, U531 = 2.75 Malawi Kwacha)

== —— - e —
ERaDD | MZADD | KADD | LADD [ BLADD | LWADD ELADD

Gross Margin (K.n"hﬁj a1 231 206 302 227 221 200

' Mean loss (K/ha'yr) :
Beta = 0.004 . I7 9| .22 23 14 11 22 12
' Beta = 0.015 35 6| 74 s1| 46!, 38| as 20,

| Cultivated area fkan®} 663 L417 | 2615 | 3215|1046 3,057.F 3,187 | 1,018

Total loss (K million) ;
Beta = 3004 1.1 2.7 549 13.0 1.4 34 6.9 i2
Beta = Q015 | 6 39 19.3 42.4 4.8 11.4 215 4.1

| Percent of total 32% 7.7% | 16.4%
—_————

36,45

5.6 . Sensitivity Analysis
5.6.1 Higher estimates of cropped area

Some assessments of total cultivated area by ADD are considerably higher than the baseline
3rd crop esiimates obtained from the Ministry of Agricolure. Land use data from Mzuzz,
Kasungu, Lilongwe, Blantyre and Ngabn ADD's suggest cultivated suiface areas up to twice.
those reported in baseline estimates, Using these higher values where available results in a
total cultivated surface area of at.least 25,556 km?®.  Aggregate .income losses are

. correspondingly- higher, ranging between 3.4% and 10.9% of 1990 agricuirural GDP.
Detailed results by ADD and for different values of P are contained in Amnex K.

2.6.2 Financial analysis

Farmers will tend to define erosion losses more narrewly, in terms of reduced net revenues

(i.e. farm income net of all inputs ineluding labour). Data on net revenues for varicus crops

is provided by AES Report No. 55 (1987). Assume thai farmers will adjust Iabour and other

‘inputs in the same degree 43 yields decline and then apply percentage yield losses directly to
composite net revenues, which are caiculated in the same manner as composite gross margins.

The resulting estimates of annual financial losses range from 10 o33 Krha, for Malawi as

a whole, or between 8% and 26% of composite net farm income.

5.6.3 Recuwrrent lu_sses

Soil erosion in one year has an effect on yields in fature vears .a_s well, as soil fertility
declines absohzte]ly. As in the Mali study, the present value of recurring losses is caiculated
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by smunming the discounted valze of future losses over a defined time horizon.®® A
benchmark discount rate of 10% and a ten vear planmng horizon are used here, for
comparison with the Mali study. : .

When the impact of current erosion on future vields is accounted for, the range of estimated
field level and aggregate losses for Malawi as a whole rise dramatically. Using composite
gross margins, the resulting estimates of field level losses range between 140 and 456 K/ha
for every year of soil loss, or between 56% and 183% of composite (anmnal) gross margins
(p =0.004 10 0.015), Estimated aggregate losses based on these figures are equivalent to
17% and 55% of 1990 agriciiltural GDP. Figure 5.2 presents results in terms of agricultmral
GDP, for a range of discount rates and time lmnznns .

Note that _famers' private rates of time preferenr:e will tend to be higher, on average, than

for society as a whole. Evidence from studies of the informal credit sector in Malawi suggest

private rates of mterest as high as 50 1o 100% per vear (Malawi Draft Financial Sector Study, -
World Bank, 199{]} "While interest rates are not necessarily an aceurate reflectioni -of time

preference, it is clear that as the discount rate becomes large, funire iosses appear less

important. In other words, smallholder farmers will tend to ignore all but currenr yield losses

arising from soil erosion. -

5.6.4 Uther areas of uncertainty

"Yield estimates used by the Ministry of Agnculture in the calenlation of €ross marging am:l
net revenues may be considered somewhat higher than typical yields achieved on smallholder
farms in Malawi. On the other hand, the prices of agricultural commodities in rural markets
are typically somewhat higher than the official ADMARC prices nsed here. Lack of reliable
alternative crop price and yield data prevented the construction of more "realistic" crop
budgets but it is assumed that discrepancies in the official figures more or less cancel out.

= For smlpliﬁcatiﬁn it is assumed that the nominal loss in the baseline year is repeated in
subsequent years. The present value of current and discounted future losses arising from one year of
average 30il loss is then calculated as the sum of a geometric series, which simplifies as:

a"-1.

L.=Lf par )
where: L, = NPV current and future losses
L, = current ane-year loss
ca = Ul4+r -
n = time horizon {years}
r = discount rate
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Anather information gap i¢ the cost and the approximate exwent of adoption of soil
conservatien measures by farmers. If such data were available, it would have been possible
to estimate net welfare losses due to soil erosion in Malawi, as was done for Mali.?

Figure 5.2 Sengitivity Analysis )
Capitalized nationwide losses as a % of 1990 Malawi agricultural GDP
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Beta (crop sensifivity to erosion)

* A recent independent study compared the estimated loss of farm income, as reported above,
with the costs and potential vield beneiits {due to reduced erosion) of 2 no+4ill cropping system (Baton
1993). In most cases, the costs of the no-till system were found to exceed the inctemental yieid
benefits both on an anmmal basis and in present value terms. Thus if viable alternatives do not exist,
farmers can be expected fo maintain their traditional cultivation practices, in spite of the apparent
magnitude of erosion losses, :
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6 CONCLUSION

Soil degradation occurs beth naturally and as a censequence of economic activity. The costs -
of soil degradation include reduced productive potential and off-site impacts. - Soil degradation
in agriculture arises primarily from clearing and cultivation, tesulting in accelerated erosion
of fettile top soil under rainfall. The impact of soil degradation on agriciltural productivity
and on downstream water users can be measured and evaluated in economic terms, although
relevant data are often difficult to obtain. There is an urgent need to reinforce efforts to
coliect baseline data on a regular and widespread basis, with an emphasis én measurement
of soil degradation at a regional level. Efforts are also reguired to. improve our
understanding of the link between physical degradation, on-site productivity impacts and off- -
site effects.

Land i:rusbandr}r strategies adopted by farmers may be described in terms of the private costs
and bepefits of soil comservation.- The decision to conserve soil is a function of many
variables, including the marginal product of fertile soil, agricultural 1nput and outpit prices, |
risk and uncertainty, time preference and the opportunity cost of labour and capital, and
information. More research is needed to improve.our understanding of the perceptions and
motivations of producers with regard to soil conservation, and how different factors affect
their land use decisions. :

Careful cansideration of underlying social and economic conditions, policies and institutions
can reveal when and why private soil conservation efforts may be inadequate, and the type
of policy response required to modify private incentives. Quantitative analysis of the costs
and benefits of soil conservation can indicate the magnitide of economic losses due to
inefficient land use, and help to detérmine the appropriate scale of public intervention where
necessary. If sufficient data are available, analysts may also atiempt to determine the relative
importance of different factors affecting land use decisions, and the potential impact of
specific policy changes.

Analysis of the cost of soil erosion in both Mali and Malawi is based on the assumption that
~ soilresources are being depleted by most farmers at-an excessive and economically inefficient
rate. The presumed cause of over-exploitation is-the relatively high rate at which farmers
discount future incorne and the failure to account for any off-site costs. Farmers' high rate
of tirne preference is attributed to insecurity of land tenure, thin capital markets, and acute
poverty in rural areas. -

Economic losses due to soil erosion in both countries are probably high encugh in certain
areas to justify moderate investment in farm-level seil conservation, even urider relatively
conservative assumptions. -In Mali, vnder more extreme assumptions about the impact of
erosion on crop yields, and more favorable assumptions about the cest of soil conservation,

most of the productive agrlculmral land (south of the capital, Bamako) may merit attention.

This analysis does not appear to justify soil conservation efforts on farm land north of
Bamako, although the additional benefits of watﬂr-hawestmg in these areas may make
profitable investments that are not justified on the basis of erosion alone. Total welfare losses
arising from excessive soil erosion are significant only for low estimates of the cost of
conservation. Given this caveat, the general implication for public policy is that government
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should undertake measures to relicve Qr counter the market faﬂures which lead farmers to
over-exploft soil resources.

Lack of data on the costs nf snil conservation measures in Malawi prevents a sirilar analysis
of priority areas for conservation, However, econcmic losses are generally higher in
Malawi, as a percentage of farm income, reflecting higher rates of s0il loss on hilly land.
This suggests-that the economic justification for scil conservation efforts is probably at least
as strong as in Mali, if not more so. Table 6.1 compares and summarizes the results of ﬂle
analyses of the on-site cost of soil erosion in Mali and Malawi.® :

Table 6.1 The On-Site Cost of Soil Erasion
in Mali and Malawi: A Comparison of Results

Mali Maiawi

Reference year | - 1988 1990 -
Per capita GDP (current US$) $ 240 } 200
Agricuitieral GDP (current $ millions) $ 924 $ 549
Agr. GDP as % of national GDP 45% 30%
Cuitivated area (km?) 31,255 "18,218
Farm gross margins (Value Added in USH/ha)  § 165, } $90.
Farm net revenues {Profits per ha) $33 : $ 46
Mean soil loss (fonnes/halyr) ' 6.5 - _ 20
Maximum soil loss (tonnes/ha/yr) _ 31 _ ' 50
Mean yield penalty (B = .004 - .015) 2o 0% 8. 25% -
Curient net revenue Ioss o

(3 = 0.004 - 0.015, per ha) $2- 6 $5- 15
Capitalized net revenue loss (r=10%, t=10yr5.) § 7 - 26 - $33-106
Aggregate cap. loss {millions) $31-123 $ 59 - 195
Aggregate cap. loss (% of Agr. GDP) 3 - 13% 17 - 35% g

Aggregate cap. loss (% of Nat'l GDP) 1.5-6.0% 38-164%

# Certain adjustments must be made 1o reconcile methodological discrepancies berween the two
studies. In particular, the Mali study considers net farm income forgone whereas the Malawi report
focusses on 'gross margins.” The former considers labour a variable input and uses real prices, while .
the latter treats labour as a fixed input and thus charges yield penaltiés to ii; the latter also uses
official rather an market prices, Table 5.1 attempis to reconcile these differencés, using. a net.

revenue forgone approach (as in the Mali sudy). Both studies consider only currently coltivated land | -

(no fallow}. Values are based on exchange rates of 298 CFA/$ and 2.75 ME/$. Mali and Malawi
GDP and Agriculmral GDP are taken from the World Bank World Tabies {1954). Note that farm
gross margins ror Mali ms::.}udﬁ rice, while all DEhEr figures esclude it, as well as some other minor
¢rops.
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Analysis of the on-site costs of soil erosion in both Mali and Malawi appears to reinforce
arguments for improving the security of rural land tenure among smallholder farmers.
Economic theory suggesis that permanent, tradeable property rights to farm land would help
to reduce the rate at which farmers discount income foregone due o soil erosion and improve
their access to formal credit. Recent experiments with large scale land titling of small
holders in some East African countries, however, have had mixed results. Land tenure
" security may be less of a constraint on soil conservaticn than other factors.

A more premising area for intervention may be rural capital markets. Institutional credit is
available in some areas at relatively low rates, but the supply is limited and gt:nerzilly
-restricted to the purchase of inputs for the production of export creps. Informal creditors do .
not impose such resirictions, but because of the scale of their operations they are generally
obliged to charge very: high rates of interest. = This increases the effective cost of soil
conservation, while decreasing the value of potential fufure benefits. Possible responses
include direct provision of credit for conservation investinent, relaxation of legal and other
policy constraints on providers of informal credit, and promotion of risk-sharing links
between informal providers of credit, such as rural credit unions and savings clubs. Finally,
efforts to educate farmers about the costs and benefits of soil conservation techmques may
also increase the llkellhoﬁri of their &dﬂptmn

Mc-rc dctailed prescriptions for policy or programs would require a higher level of confidence
about land degradation and its economic impact than these studies can provide. Better
. estimates of soil erosion must await an expanded physical data base, including multi-year field
measuremers of soil loss in various regions against which to calibrate synthetic predictions.
Betier economic ‘data ‘on farming systems would alsc improve the analysis, as would
information on how farmers perceive and respond to reduced soil fertility. :

The weakest link in this study is the relation between land degradation and agriculiural
productivity. A better understanding of this relation is critical to the evaluation of
environimental problems in Africa and in the tropics generally. It is a topic especially
deserving of additional research efforts.
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ANNEX A

We attempted an independent approach to the evaluation of soil erosion in monetary terms, .
_ inspired by a study carried out for Zimbabwe (Stocking 1986). This study related erosion
to losses of three organic nutrients: nitrogen, phosphorus, and organic carbon. As we saw
above, field experiments suggest that soil losses in tons per hectare are a relatively good
proxy for losses of nutrients'and other soil characteristics favorable to plant growth. Stocking
sought to-convert soil losses directly into nutrient losses, since the latter could be ronghily.
valued in terms of commercial fertilizer equivalents.. The resulting estimated losses for
Zimbabwe are striking: 1, 5 billior: US doHars of losses per year, on all land; 150 miilion US -
dollars per vear on arable land alongs.. This werks out to about $50/ha/yr on eemmuual farm
land. :

COur estirnates for losses on Malian farm land, using a sumnilar approach, are far more modest,
They are comparable, however, 1o the losses estimated by way of yield effects, provided that
we express both in the same terms. Recall cur assumption above that the impact of erosion
on yields would continue until fallowing. This led us to capitalize yield losses over many
years. In contrast, we do not assume thar eroded nutrients would have been available to
plants more than once. Hence we do not capitalize nutrient losses. This procedural
difference accounts for much of the divergence berween losses estimated by way of crop
yields, and losses derived from the nutrient approach.

.F' [ r L] Nlu L]

Stocking's paper relates soil loss, in tons per hectare, to erosion of three ‘organic nutrients:
total organic carbon (0.C.), total nitrogen (N), and available phuepherue (P). The relation
was established for each nutrient by way of. bivariate regression equations,. generated frem
data coliected durmg soil erosion research in Zimbabwe over many years. The relation was
found to be reliable (R? >> 90%), suggestng thet soils are fairly uniform across Zimbabwe,

The form of the equation is as follows:

Y=pX .

whére: . Y = nutrient loss (kg/ha)
B= eeefﬁexent varying by nutrient,

L
X = soil leee (kgfhe)

AL




Given the distance between Mali and Zimbabwe, 4nd the possibility that soils are not similar

- in the two countries, we chose to recalculate identical regression equations, using data from
IITA in Nigeria (Lal 1976). As noted above, southwestern Nigeria is also far from MaH, but

soil maps of West Africa suggest that the two countries share roughly comparable soils.

The IITA data include the weight of eroded sediments, and of eroded nutrients, under four
scil management treatments, on four slopes, over four seasons. Due to the availability of
.records on losses of exchangeable potassium (K), in addition to the other nutrients measnred
by Stocking, we were able to add a fourth equation, reproduced with the others, below.

The relation Eehvaen soil erosion (tons/ha) & nutrient loss (kg/ha)

(based on data. from ITA, Ibadan, Nigéria}

Organic Carbon (Y} v. Soil Loss {30 _
InY = 3096 + 0938La X :  Ad.R*=0.94
Y = 22.11 X 0o 55 observations

Total Nit_rngen (Y} v. Soil Loss (X)
LnY = 1.04 + 0.872 En X : Adj. R = 0,97
Y = 2,83 X0 | | 36 abs.

Available Phosphorus (Y} v. Soil Loss (X)
InY = -3.15+1.052°Ln X Adj. R* = (.87
Y = 0.043 X 2 . 55 gbs.

Exchangeable Potassium (Y) v. Soil Loss 30 o
inY = -136+08MnX Adj. R* = 0.96
Y = 0257 X % 55 obs.

These equations are readily compared to those used by Stocking by plotting points, for any
level of soil loss (figures A 1-A.4). As may be seen from the graphs, regressions based on
data from Nigeria predict slightly higher losses of organic carbon and total nitrogen than
" Stocking's equations, while predicted losses of phosphorus are considerably Jower.
Presumably this reflects differences in the nutrient content of soils from Ibadan, Nigetia,
relative to the average for Zimbabwe. - _ - '

A2



LFavhan Lans Lhydhe]

Organiz

T50E0 Moreasen Lysy CEGIETG

oL

Figure A.1

QREGANI D CARDON LD_SS v, SC1L LOSS

[ T - BIDE2 130 5 CIUELIDT

n iy 11

Gail Eragran [LOFxlrag
2 IR P R * S1seting 5 B.I. 1255

Figure A.2

SREDIGTZD 4ITROGEK LCS3 %. S0:L LOBS

1°Th az1z ¢. Stocx1ag 5 ezueliza

sl

N | ;ﬁﬂ;z/fiijif,fw’";Wﬁ
T T ]
I /E'/j__.-"/‘*/

.#/rffﬁf'

- T T T . = . d T
] n B 0 . 1 5L

tarr Zrosisn [loratkba]
a P11A 4 lpas + Gracking 5 K 13493

A3




Araciebie Prasphaies Levs [Eqiun

Esctangecale PaLmstioen L5y Ieghies

N

Figure A.3

MREDICTEC THOSPHORLS LO5S v. SOIL L0OSS

PITh diny w. Slarkeng s &1 ion

1 1] ra EH] €1

. Scol £vac-nr llasacka]
(=] PR TR 1 I Slackieg &+ = agss

Figure A.4

EXCH&HWE. FCTASSIUM LOST v. SCIL - 055

=

TITh-dave enlr

T T
a 1a 1 ir L1

a1l Ergaged [oaraine]

Ad




The mechanics of estimating mitrient losses, and converting those losses into equivalent
values of commercial fertilizers, are as follows: :

i) estimate the mean fa_te {Uhafyr) of soil loss for different typeé of .I:mp land;
ii) estimate ﬁutrient lesses fkgfha} a_ssnciﬁted 'w_it-h each rate of soil lpés;

iii) estimate aﬁd price_ {$/ha) the fertilizer equivalents of those mﬁienté;

iv) estimate the total r_:ultivate:;i surface are:ﬁ (ha} subjec.t.m erosion;

V) calculate gross losses in national income (in dollars, and as % of GDP).

ient 1. F

To translate kilograms/ha/yr of nutrient losses into equivalent weights and values of
commercial fertilizer, we must make assumptions about the proportion of eroded nutrients
that would have been available 1o plants, and the nutrient content of typical fertilizers. We
then apply current prices (1988), including. the cost of delivery to Mali.. Nutrient contents
and prices are from 8. Carr (Wnrld Bank, pers. comm. 1989).

As may be seen by inspection of the equations used to estimate nutrient ercsion, the total
weight of losses is greatest for organic carbon. Following Stocking's e.xample however, we
do not attemnpt to value O.C. Josses in monetary terms. Organic carbon is assumedito be a
vital but transient constituent of soil fertility {Lal 1987, Stocking 1986). The only
comparable fertilizer would be manure, which decomposes so rapidly under tropical
conditions that it may be misieading to ascribe a monetary value to it. .

The second greatest losses, in terms of absolute mass, are of total nitrogen. For the base
case, we assume that only 4% of total nitrogen would have been available to plants in any
year (Stocking 1986, Nye & Greenland 1960).! We therefore discount the portion of eroded
nitrogen that would have become available to plants in subsequent years. With a 10%
discount rate, this has the effect of more than halvmg the present value of eroded nitrogen.

We then translate tons of "presant" available nitrogen lost to erosion, for every map unit, into
equivalent weights of Urea, with the assumptinn that every 100 kg of Urea contains 46 kg
of available nitrogen. Finally, we apply a price of US $235!mn {1988), whmh includes an
estimated $65;’tun for frmght and delivery to Mah .

Similar calculations are camed aut for the much smaller cstmlated losses of phosphorus and
potassium. In the first case, based on Stocking's example, we assume that all of the
phosphorus lost ("Bray P") would have been available to plants in the same year, We make

' Hobbs et al. (1980) suggest that mineralization of total nitrogen may be as high as 25% per
year, In the tropics. In our calculations, using a 10% discount rate, this would increase the present
value of available nitrogen losses from about 40% of total annval physical losses to about 87%.
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the same assumption for-exchangeable pntass.lum The respective conversion raiios and prices
are: 23 kg P per 100 kg of Triple Superphosphate, at US $243/tom; and 46 kg K per 100 kg
of Potassium Chloride, at US $168J’tnn )

The resuit of these calculations is the approximate cost of *replacing” the nutrients lost by

way of soil erosion on crop land, in each of the TAMS map units. Since these losses vary

directly with the rate of soil erosion, we did not generate a separate set of maps showing the

value of nutrient losses. ‘We can show, however, the average and maximum value 6f nutrient

losses across the area anmalyzed, as in Table A.1. Note that the relative proportions of -

estimated monetary losses made up by N, P; and K are r.:nnstant at about 'f?% 10%; and
13%, respectwﬂl}r :

Table A.1 Annnat losses of N, P, & K on cropland
4% N avail./ yr., r = 10%, 1988 prices, US §1 = 298 CFA)

Avérage loss -Maximum loss
Map sheet. US$/ha | CFA/a US$/ha | CFA/ma
BOUGOUNI 546 1,627 102 3,046
BAMAXO 232 |- 5,331 22.32. 6,651
[waRA - |- 0.79 235, - 200 509

The average mutrient.loss, for the three map sheets stndied as a whole, is estimated at US
$3.07/hafyr {CFA 915}, To compare this to losses estimated by way of crop yields,
. however, we need to make ancther adjustment. We can reduce both approaches to a one
year perspective, by considering only the nuirients that wanld have been available to plants
in the current year, and only the effect of the current year's soil 10ss on current income.

On this basis, the two approaches yield comparable estimates of average losses over the threg.
map sheets studied. Using the nutrient loss equations, and assuming that only 4% of total
nitrogen would be available to plants in the current year (100% of P and K), averape losses
are about US $0.90 per hectare. If we assume that a higher proportion of total nitrogen
becomes available to plants in any year, nuwrient losses will be bigher - $1.60/ha at 2 25%
mineralization rate. By comparison, using crop vields and farm bodgets to determine average
current losses, in 1988 prices (US $1 1983 = $1.15 -1988), we derive values between
$0.79/ha (Beta = 0.004) and 33.11/ha (Beta = 0.015).

In general, when the two approaches are compared over a common time horizon, the value _
of nutrient losses is lower than the value of yield losses. This may be attribufed to.the fact
* that nutrient logses capture only a gmall part of the total impact of sail erosion. They do not
reflect, for example, the deterioration of water helding capacity or scil structure, or the
developinent of surface crusts which impede the infiliration of nmoff.
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Table A.2 Estimated annual natidn-wide nutrient Ibsses;
(r = 10%, Avail. N = 4%, est. 1988 prices; US §1 = 298 CFA)

_ : ‘Map Sheet Loss Swrface Area National Loss
Map Sheet ' (CFA millions}) (Multiplier) {CFA millions}
Bougouni (South) ' ©392 1.25 ' - 450
Bougouni {(Naorth) : 236 1.25 _ 195
Bamako {South) _ 223 2.83 631
Bamako (North) ' 172 3.48 - Lo 59G
Nara (South) 32 ' 350 112
Nara (Morth) 20 435 87 -

US Dollars | Frames CFA % Mali
(Millions} {Millions) GDPp*

Nationwide annual r}utn'aht o
losses on farm land B | . 2,214

otes: = 615.8 Billion CFA
#% 1088 = 275.3 Bu]lmn CFA (farming, forestrjr fishing and livestocich

Table A.2 (above) presents estimated anmual BrOSS natlﬂna_l nutricnt Tosses. Table A3, -
‘below, presents a range of gross national nutrient losses from anmmal soil loss, under different

assumptions.  We vary the proportion of total nitrogen that is mineralized, i.e., available to .. =. ...

plants in the current vear, as well as the discount rate applied to the eroded l]_itmgen that
would have been mineralized in subsequent years.

Table A.3 Sensitivity analysis: nation-wide nuirient losses
' {% of 1988 agricultural GDF)

Proportion total Nitrogen mineralized
4% - 10% 25%

15% 0,65 1.09 e 1.48 '
0% I 081 1.25 1.56 |
5% 111 1.46 1.66

Discount rate

AT
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ANNEX B
| Soil D ition § .

The argument for modifying the USLE arises from the fact that the mode! ignores soil
deposition and thus, when applied on a large geographic scale, -it systematically over-

estimates soil loss (Stocking 1984}, While USLE estimates of soil loss may be accurate for

specific locations, other areas are gaining soil. Current estimates suggest that only 5 - 10%

of eroded soil reaches the major rivers (Walling 1984). Thus 90 - 95% of the soil loss’
oceurring on upland plots is redeposited somewhere down-slope, along the watershed.

But where is the soil redeposited? For this study, Some light is shed by measurements carried |
ont on vastly - different scales for three separate stiudies of soil erosion in the neighboring
country of Niger {mean annual rainfall = 400 Inm] On a 0,34 ba plot at Allokoto, under
rraditional cultivation, measured soil losses from 1967-71 varied from 3.5 - 18.5 t/ha/yr
{Delwaulle, 1973). On a eultivated watershed of 3.5 ha.near Kountkouzout, with comparable
slope and soil type, sediment load measurements from 1965-67 revealed soil losses of 12 -
13 t/hatyr (Vuillanme, 1982). When sediment load measurements were made on the
neighboring 117 km2 Ibohamane basin, from 1969-75, total soil loss was found to average
40 t/ha/yr (Heusch, 1980). 56% of the later was found to result from erosion of gullies and
stream banks, lmplymg that sheet ercsion averaged 17.6 tfhafyr thrcnughuut the basin.

All of these measurements fall within the same order of magnitude, from pthS of less than :
a hectare to over 100 square kilometers. When we move (o the next level of study, however,
soil loss falls dramatically. Sediment Joad measurements carried out on major rivers
throughout West Africa reveal net soil loss on the order of 0.1 - 2 t/hafyr {Table B.1). This-
immplies that most eroded soil is deposited in large naimral "sinks," or in man-made reservoirs.

If we assume that the measurements made in Niger are applicable to Mali, we might conclude
that the USLE estimates of soil loss are accurate for zll but the largest floodplains and
depressions. In that case, little adjustment of the model would be required, except in a few
strategic spots, such as the Inner Delta of the Niger. o

For the present study, we simply set the soil erodibility parameter (K} equal to zero for all
soil types subject to high rates of deposition, aﬂcurdmg to the soilfvegetation unit descriptions
in volume IT of the TAMS atlas (pp. B-41 to B-61). This accounts for 19 of the 68 soil-
vegetation units defined in the Mali atlas and 12.7% of the total surface area (Table B.2).

Tri fact, many of these units are receiving sediment from upstream or up-slope, of which only
part is deposited and part passed on. Some may lose more soil than they receive, through
gullying and scouring of stream beds. Without better data than are available, however, it is
impossible to estimate the rate of deposition, let alcne the effects of depositioni on crop
pdeuctht}'
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Tahle B.1 Sedunent lnal:'l for selected African watsrsheds

R:l.vaz: — [ mj__ﬂ_mlm—_

' gediment load - Catohiment

fefhalvrl Country
0.13-0.47 Sanegal Sanagal 7

Malij Niger

Gambia Gambla
0,331 Sanegal Higer 1,114,000

Suinea :

Higer

“Mali

. Higeria )
0,85 Camarocn  Mbam 42,300
0.28 R Sanaga 77,000
z.1l n Teanaga 1,535
-1.55-4.39 Higerila 4 riveras Sokotc basin
2.1%-7.358 LW 5 rivers . Hadediia-
. Jamaare pasin

0.2-0.8 Higerila 'major rivera"
40 Higer Ihohamane 117
0,084 . 2. I. Amiticne 170
0.038. - Chad . Chari £00,000
0.149 u Logona 85,000
4.5 Nigeria Nigex 1,113,000
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communication
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Heaugech, 1980

Mathieu, 1971

ORSTOM, personal
communication -
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From D.E. Walling, "The stdmmnt vields of African rivers” inB.E. Walling, 5.8.D.

Foster, & P. Wurzel (em)mmwlammm_ -

" (Proc. Hara.re Sympusru:m Inly 1934} [AHS Publ. no. 144
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Table B.2 TAMS Soil/Vegetation units subject to soil deposition

S2¢ll greup I igg

Eroded dunes:
Plains of clayey
matarial:

Plains of pilty &
loamy matarial:

EFlaing of loamy .

material:.

Hydromaorphlc lands,

not flooded:

Fleondad landa:

Roocky lands:

Special land types:

TOTAL AREX (%)

Rate of acil deposition’

B3

{% of area) ‘high (% of aveal
DA3 ' 1.1
PAL 1.2
PA2 0.3
PR3 0.6
PL4 1.1 BL3 0.3
PLS 2.1 ELB 0.5
PL6 0.5 PL12 0.2
PL7 0.7
PL3 2.2
P31 1.4
. TH2 0.8 TH1 D.2
TH4 0.3 TH2 0.8
TH? 0.3 THS 0.3
THS 0.4
iy 0.4 TIL 1.5
: TIZ 0.4
TI3 . 1.5 -
TIE 0.4 -
TIS 0.1
TI6 0.4
TR2 . 1.7
x1 0.1 p a7 0.4
10.2 12.7
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The TAMS atlas of Mali's land and water resources includes maps showing average annual -
rainfall, computed from multi-year precipitation recerds at stations throughout the country.
The maps present isohyetes for every 100 mm interval of average precipitation. The
isohyetes are roughly parallel from East to West, with increasing rainfall as one moves south
away from the Sahara desert. Additional imformation on ground water is not used here.

TAMS soil and vegetation maps distinguish 68 units of association in ten broad groups that
share cominon physiographic andfﬂr s0i} features.. The relative importance of the ten groups
is shown in Table C.1. Due to the scale of the atlas, map units typically include two or more

é.ssm:zated soilfvegetation classes. The relative prevalence of each class within every map- :
unit is indicated on the atlas in percent of mtal surface area. T

Table C.1 Surface area of Major Seil/Vegetation Groups

Surface area Percent of total

Stable-dunes - 100378 17.2
Eroded dunes o 58,089 100
Plains of clayey material 12,656 L2200
Plains of silty & loamy material 92,140 T 158
Plains of loamy material - 21410 3.7
H},rdmmnrpmc lands, not flooded _ 19,657 ' 3.4
Fiooded lands =~ " o 26,208 .45
Rocky lands 43,912 7.5
Lands underlain by iaterite - - 123,854 o213
Special land types 34259 5.9

' Inclusions | 50,220 | 8.6
TOTAL -~ 582,778 100.0
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The soil/vegetation units are described in detail in Volume II of the TAMS atlas. Information
used here includes the typical uses, and the range of slope gradients associated with each -
soil/vegetation unit. The atlas notes which units are used exclusively or predominantly as
pastuse, those which are cultivated, and the relative intensity of cultivation (i.e. continuous,
occasional, or only with a long fallow period). -

Topographic information is more Mmited, with a range of slopes ascribed to certain |
soil/vegetation units. Five ranges are used to rank map units: "flat to almost flat" (0-2%},
"gently sloping” (2-6%), "sloping” (6-13%), "moderately steep™ (13-25%), and "steep” (25-
53%}. TAMS identifies 18 of the 68 map units, covering 37% of the total study area, with
slopes over 6%. Eleven of these units {23% of the study area), however, consist of dimes -
in the North of Mali, and are only occasionaily used for millet farming. On more regularly
cultivated land, slopes rarely exceed 6%, :

o |
Land use data is presented in a sepatate set of maps. Individual units are distinguished by
the type, site, distribution and density of land use; the crops grown in order of importance;
and the species of [ivestock grazing each separate map unit. Not surprisingly, there is a close

correspondence between the map units demarcating seil and vegetation resources, and those
identifying land use. - :

Nine types of.land use are recognized, within five general classes: ‘pastoral, agro-pastoral,
agricultural, bush pasture {i.e., devoid of human settlement and not within pastoral grazing -
areas), and unused (comprising only one unit of inaccessible platean, in the far West of
Mali). Because we do not consider soil erosion on rangeland, we did ot encode any of the
data on pasteral land use for this study. : :

Generally each map unit will correspond to & unique type of land use or site. Where an
additional land use type or site is important, within a unit, the atlas designates inclusions.
This occurs frequently in the south of Mali, where rain fad cultivation is dominant, but
scattered throughout is irrigated farming- (principaily rice} in smali, seasonaily-flooded
depressions. - . : '

To account for the fact that particular land uses do not always ocour evenly thronghout a map-
unit, the atlas distinguishes 17 types of agricultural sites. The atlas further distinguishes three
possible patterns of distribution of agricaltural land vse: continuous {contignous fields),
discontinuous (resembling beads along a string), and dispersed (scattered fields separated by
non-agricuitural land). Twenty principal crops are recognized. For each land use unit, the
atlas shows the dominant crops grown, with the first three listed in descending order of
importance. ' -

. Four categories of agricultural density refer to the percentage of cleared or cultivated land -
within a map unit. The ranges are 0 - 10%, 11 - 30%, 31 - 60%, and above 60%. For the
purposes of this study, we adopted average values of 5, 15, 45, and 80%, respectively. On
this basis, the average agricuitural density in the study area (BOUGOUNI, BAMAKO, .
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NARA) is 12%, with a maximum Df 16% in the Sudaman zone and a minimum of 8% in the
Sahelian zone.

Both recently fallowed and cultivated fields are combined in this measure of density, as the
two are indistingnishable on LANDSAT images {Vol. II, D-11). Field surveys conducted by
~ the TAMS team revealed no consistent fallow period. In southern Mali, for example, fields
adjacent to villages often undergo continuous cultivation, due to the relative ease of
transporting roanure and other organic fertilizers. ‘More distant fields may be fallowed less
than five years or more than twenty, depending on availability of | inputs, population pressure,
and other local conditions. :

For this smdy, we assume a uniform average crop-fa]lﬂw ratio of ong-to-one. Thus 50% of
the cleared or cultivaied land identified by TAMS is assumed to be sown in any year. This
. assumption is based on observations in Mali by recent World Bank missions {Bremen et al.
1988), and on data collected in the preparation of crop budgets in Burkina Faso (Mation &~
Fafchamps 1988), If the agsumption is correct, we would conclude that the total surface area
cultivated in any one year will account for 4 to 8% of all available land.

This range is higher than densities suggested by recent statistics on agricultural production
in Mali. The World Bank {Levine 1983) reports 1.8 - 2.0'million hectares under cultivation,
in the period when the TAMS atlas was prepared (1979-80), which comprises less than 4%
of the surface area receiving over 200 mm anmual rainfall. Other sources, however, consider
the official statistics on crop acreage to be underestimated, at least in Mali's southern:regions
(cf. Bremen & Tracré 1987). Qur manipuiations. of the TAMS atlas unply & total: cmpped
Surfact area of about thres million her:tares {Table C.2). o o
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ANNEX D -

ing of Spil Frogion in Mali
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ANNEX E

. B _

In calculating erosion impacts, we assurne thaf labor for weeding and harvesting is a variable.
input, which farmers will adjust in proportion to yields. The household wage assnmption is
50% of the prevailing regional wage (see Matlon & Fafchamps, pg. 45}, All expenditures
and revenues are expressed in 1983 Francs CFA per hectare.

- SAHEL STUTDAN H. G-'[II_HE‘A
SORGHUM e
Price {CFR/kg) _ 50 SRR Y
Crop value 20,520 . 38,874 : 19,564.
Fixed nnﬁr;ahcr i 1,405 1,721 78
Fixed labor o Z2,104 . 1,823 4,824
Variable labor 11,051 6,741 p 5,788
Return to land 6,260 . 28,579 - . -_3;7?3
ey
Price (CFA/kg) 53 . 62 52
Crop value 17,755 _ _é5,544 17,680
Fixed non-laber o477 954 - 228
'Fixed labor E6H © 1,408 4,612
_Variable labor - 7,542 6,364 5,298
Return to land 9,068 16,778 1,444
WILLET & cowesn T
Frice [(CFR/kg) C .
Millet ' : 7 : 62 . B2
Cowpaa . 7 84 o 1a3
Crop value ._19,959_ _ 51,355 _ 12,533
Fixéd non-labor C 477 . 1,337 - ‘873
Fixed labor 1,022 1,712 3,312
variabla labor 8,614 - 4,871 5,S8S
Return to land 5,846 . 13;535 4,153

Sahel bhudget constructed from incomplete data;
fixed cogtg and prices aseumed similar to millet.
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SAHEL SUDAN N. GUINER

AR NS RN e A o e
MATGE
. Frice (CFA/kg) 28 83 o 25
Crop valuae 22,352 122,016 ' 29,028
' pixed non-labor 2,785 5,161 . 8,250
Fixad labor, . - 12,327 . §,208 : 9,948
Variable labor 5,312 4766 . 5,401
Return ‘to land 2,048 105, 883 5,432
sromoNOT [ T
Price (CFA/kg) 11z ) 112 ' 125
Crop value "21,504 . 35,056 45,500
#ixed non-labor 16,007 ' 22,788 B 5,671
Fixed labor . 1,538 . . 2,954 : 3,713
variable labor _ 1,493 : 7,539 : 15,879
Return to land 2,466 1,775 ' 16,137
Sahel budget based on 10% household wage )
agosumption, Lo ensure pousitive raturns.
corron T CTTTTm T
Price {CFRA/kq) _ . . &2
Crop value : ’ 47,3208
Fixed non-labor tnly budget available 6,588
for the Northern Guines

Fixed labor zone, usad in all zones, 2,583
variable labor . - . 14,533
Return to land ' _ ' 23,202
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ANNEX F

Eronomic Mapnine of Prioritv Areas for Soil Conservation in Malj
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Table F.1 Surface area where erosion fosses exceed the cost of conservaiion
{r = 10%, t = 10 yrs., 1985 Francs CFA)

Cost of soil conservation {CFA/ha)

‘Bougouni, Bamako, Nara 4, o5 65,000 100,000 200,000
Beta = 0.004 |
Number of map units 52 6 0 0
Cultivated surface (ha) 103,465 9,817 0 0
Beta = 0.006 | | |
Nurmber of map units - 158 48 6 0
Cultivated surface (ha) 279,410 69 D87 9,817 0
 Beta = 0.010 | -
Number of map units - 312 175 58 5.
. Caltivated surface (ha) 453,294 314,341 109,791 - 3,003
Beta = 0.015 _ |
Number of map units 402 309 172 36
Cultivated surface (ha) 554,165 452,696 292,111 59,733
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ANNEX G

ing Broston Hazard in Malawi
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ENVIRONMENTAL ECONOMICS PROGRAMME

DISCUSSION PAPERS

Discussion Papers examine a wide range of issues in environmental economics, including
theoretical questions as well as applications, case studies and policy analysis. They are
directed mainly at academics and researchers. Discussion Papers may be purchased for £3.50
each unless otherwise stated. ' '

DP 58-01
Septernber 1988

DP-83-02
October 1988

DF E8-03

Movember 1988 -

D §9-01
January 1989

.DP g5-02
Febroary 1989

DP 89-03
March 1089

DF 85-04
May 1959

DF 595
June 1939

DF B9-0&
June [989
DP §9-07
Tuly 1989

DP §5-08
July 1989

. DP'89-09
October 1989

DF 59-11
November 1930
DP 9-12
November 1989

DP 89-13
December 1980

Dravid W Pearce, Edward B Barbier and Anil Markandya
Environmental Economics and Decision Makihg in Sub-Sabaran Africa

" Edward B Barbier

Sustainable Apricultore and the Resovree Poor: Puliéy Tssues and Options

' David'W. Pearce, Edward B Barbier and Anil Markandya

Sustainable Development and Cost Benefit Analysis

Edward B Barbier and Anil Markandya
The Conditinnz far Achieving Environmentally Sustainable Developntent

Micholas Michael and Travid W Pearce -
Cost Bum:ﬂt Analysis and Land Reclamation: A Case Stumljr

Douglas Scuthgate ' _
Efficient Management of Bmloglcally Diverse Tmplcal Farests

Timothy Swansun
Iaternational R:gulatmn of the Ivorj' Tradu {£4.00)

Edward B Bzu‘bmr and Iuajme C Burgess

:\nalysls of the Demand For Raw Ivory: Case Stodies of .Iapan and Hong Kong
Scuu Barm:tt !
Deforestation, Blﬂlugical Cansmatmn, and the Dphmal Provision of Wi[d]ll’e

] Reserve.s

Scott Barrett
On The Overgrazing Prablem

Scott Bamett '
Dptlmal Soil Conservation and the Reﬁnrm of Agncultural Prll:mg Policies

Drouglas Southgate, Rodrigo Sierra and Lawrence Brown
Tlm Caum u[’ Trop:m! Defures!nhnn in Emladur A Statistical ﬁnal;qrsw

Charles Pamugs Alison Glibert, Daﬂd W Pearce and Anse Harrmnn
Natnral Resourse Acconnts for Botswana: Environmentat Acnnunt[ug far a Natural
Resource-Based Economy :

Gardner Brown Jr. and Wes Henry
The Economic ¥alue of Elephants

Charles Perrings
Industriat Growth, Rura] Encome and the Sustamahﬂlt}r of A.gnculturc in the Dual
Emnumy ]




DP 901
March 19490

DP on2
May 1990

Dr on-03
June 1994

DE 90-04
Detober 19900

BP o0-05
Ociober 1900

DD ad a5
November 1990

DP 91-01
January 1993

DF 9102
April 1991

P 9103
May 1991

PP 91-04
June 1991

DP 91.05

July 1981 -

DF 91-06
Movember 19591

DF 9107

November 1991 -

DP 92-01
Fune 19492

- TP 92412
June 1992

DF 92-03
June 1993

DP 92-04
Qctaber 1552

R Kerry Tutner am:[ David W Pearce
The Ethical Foundations af Sustainahle Ecunﬂmm Development

© Anil Markandya

Envirgnmental Costs and Power Sysicms Planoing -

Edward B Barbier .
The Economics of Cuntrn]hng Degradation: Rehabllltating Gum ﬁrahic: Systems in
Sudan

Charles Pertings
Biress, Shock and the Sustainability of Dptimnl Resuurce Utilization in a Stochastic
Environment

Edward B Barbier, foanne € Burgess and David W Pearce
Slawing Global Warming: Options for Greenhouse Gas Substitirion

David W. Pearce :
An Economic Approach to Saviug the Tropicat Forests

Dnugla.s Southgate -
Tropical Deforestation and ﬁ.grmult,uml Devclﬂpment in Latin Abterica

Edward B Barbier, William M Adams and EKevin Kimmag_e
Ecenemic Valuation of Wetland Begefits: The Hadejia-Tama'are Floodplain, Nigeria:

Timothy Swanson
Wildlife Utilisation a5 an Instrement for Natural Habitat Conservation: A Survey
of l:l'.u: Literature and of ¢the Issues

Gregor Bichner, Iuame ' Burgess, Victoria C Drake, Tom Gameson and
David Hanrahan
Gender, Euwmnmcntal D&gmdatmn and Developnient: The Extent of the Problem

Edward B Barbier
The Role of Smallholder Prodocer Prices in Land Degradatten: The Case of Malawi

Al Markandya and Charles Pertings )
Resource Accouating for Sustainable Development: A Review of Basic Concepts.
Recent Debate 2od Foiore Needs

Edward B Barhier

- Environmental Managemeiit and Development in the South:. Prerequisites for

Suostainable Development

Edward B Barbier,.luanné C Burgess, Bruce A Aylward and Joshua Bishop
Timber Trade, Trade Policies and Eovirenmental Degradaiton

Joanoe C Burgess
Impact of Wi]ﬂ]_it‘e Trade o Endzogered Species

Toanne C Hurgess

~ Economic Anzlysis of the Canses of Trnpn:al ]]efurastatmn

. Edward B Bathier

Vakuing Fuviroomental Fonetions: Tropleal Wetlands -



bP 02-05
November 1992

DP 9301
April 1993

DP 9302
June 1993

DP 93-03
June 1993

DP 5304
Tune 1993
DP 03-05

Trecermber 1993

DP 93-06
December 1993

DF 24-01
Sarguse 1994

DP 9501
Febmary 1995

DP 05.02
December 1905

Bruce A Aylward and Edward B Barbier

" What is Biodiversity Worth to a Developing Country? Captunug the Pharmacentical

Yalne of Species Information

Edward B Barbier, Joanne C Burgess, Nancy Bockstael and Tvar Strand
The Timber Trade and Trapieal Deforestaiion i Indooesia

Edwatd B Barbier
Policy Issnes and Options Concerning Lm[-mge.s Between the Trnpical Timber Trade
and Sustainable Forest Management

John M Perez-Garcta and Bruce Lippke
The Timber Trade and Tropical Forests: Modeling the Impacts of Supply
Constraints, Trade Constraints and Trade Liberalization

David Brooks
Market Conditions for Tropical Timber

Bruce A ﬁ}"lws.l'd
The Economic Valoe of Phannaceuur:ul Prnspe-cﬂng and its Tole in Biodlversity
Conservation . :

Bruce A Aylward, Jaime Echeverria, Liza Fendt and Edward B Barbier
The Economic Value of Specics Information and its Rele in Bmﬂwarsity
Cﬂmervatmm Cnsta Rica's National Btﬂdwersrt}f Tostitute

Caﬂﬂs E F Young and Ronaldo Seroa da Motta
Measoring Sustainable Fncomse from Mineral Extraction in Brazil

Rimu Karmar and Yasser Sherif - .
Economic Incentives For Pollution Frevention: A Case Study of Coal Processing
Industrins, Dihanbad, Bibar, Indla

Jozhma Bishop

- The Economics of Soil Depradation: An Mustration.of the Chnnge in Pruducl:mt}r )

ﬁpprnar:h to Valoation in Mali and Malam




ENVIRONMENTAL ECONOMICS PROGRAMME

GATEKEEPER SERIES

The Gatekeeper Series highlights key topics in the field of environmental and resource

eCcOnonics.

Each paper reviews 2 selected issue of contemporary importance and draws

preliminary conclusions of relevance to development activities.  References are provided to

important sources and background materials. The Swedish International Development

Authority (SIDA) funds the series, which is aimed especially at the field staff, researchers
and deciston-makers of SIDA and other development agencies. AlI Gatekeepers are priced -
£2.50 unless otherwise stated.

GK Rg-01
Jone 1980

GE 29-02
Angust 1939

GE 29.03
Octaber 1989

GE 89-04

November 1989

GE 90-01
Mzm:h 1990

GK 91- IJl
Jamaary 196,

GK 91-02
May 19891

GE 9103 -
June 1901

GK 81404
May 1991
GE 92-01
March 1992

GK 9202
September 1992

OK U2-03
October 1992

GK 5204

Becember 1992 .

GK 93-01
June 1993

Dmrm W Peance
Sustainable Development: an Econumic Perspective

Edward B Barbier : )
The Econemic Value of Ecosystems: [ - Tropical Wetlands

David W Pearce .
The Polluter Pays Principle

Joanne C Burgess
Economics of Cantrolling the Trade in Endaug&red Species: The African Eicphant

Edward B Barhler
Natural Respuree Degradation Policy, Ecenemics and Mapagement

Edward B Barhier _
The Economic Valoe of Ecosystems: 2 - ‘Tropical Foreste

Joshua Bishop; Bruce & Aylwar& and Edward B Barbier,
Guidelines for Applving Environniental Econontics in Developing Countries

Bruce A& Aylward
The Economic ¥alue of Ecosystems: 3 - Biologieal Diversity

David W Pearce
Afforestation and the Greenhonse Effect: The Ecnnumlcs uf Fixing Carhon by

{zrawing Trees

" Joshua Bishop

Economic Analyﬂs of Soil Degyadation

Edward B Barbger
The Nature of Economie Insteuments: A Brief Overview

James P G Spurgeon and Bruce A Aylward
The Econamic Value of Ecosystems: 4 - Coral Reefs

Dovglis Scuthgars

' The Rationality of Land Degrndatmn in Latin America; Sm:ne Lessons From the

Ecwadorign Andes

Brure A Ayiward, Joshua B:shup and Edward B Barbier
Econagmic Efficiency, Rent Captore and Market Failure in Tropical Furnst
Mauagem&m )



ENVIRONMENTAL ECONOMICS PROGRAMME

BOOKS

Edward B. Barbier |
Economics, Natural-Resource Scarclty and Development: Conventional aml Alternatwe
Views, Earthscan, Lundon, 1989 (paperback £17.50)

The h15tnr}r of enwmnmental and resource economics is reviewed; then usmg mmghts from
environmentalism, ecology and thermodynamics, Barbier begins the construction of a new’
‘economic approach to the use of natural resources, particularly to the problem of
environmental degradation. With examples. from the global greenhouse effect, Amazonian
deforestation and upland degradation on Java, Barbier develops a majur theoretical advance
and shows how it can be applied. This hunk hreaks new ground in the search for an
economics of sustainable development. ' : : :

o

David W. Pearce, Anil Markandya and Edward B, Barbier . _
Blueprint for a Green Economy, Earthscan, London, 1589 (paperback £8.95)

This book was initially prepared as a report to the Department of Environment, as part of the
résponse by the government of the United Kingdom to the Brundtland Report, Cur Common
Fumire. The government siated that: '...the UK fully intends to continue building on this
approach {environmental improvement) and further to develop policies consistent with the
concept of sustainable development.” The book attempts to assist that process.

Edward B. Barbier, Joanne C. Burgess, Timothy M. Swanson and David W. Pearce
.Elephants Ecnnumlcs and Ivun* Earthscan, Lnndun, 1690 (paperhack £10.95)

The dramam: decline in elepham: numbers in moest nf Africa has Been largely ateribied to the
illegal hatvesting of ivery. The recent decision to ban all trade in ivory is intended to save
the elephant. This bock examines the ivory trade, its regulation and its implications for
glephant management from an economic perspective. The authors' preferred option is for
a very limited trade in ivory, designed to maintain the incentive for sustainable management
in the southern African countries and to encourage other countries to follow soit.




Gordon R. Cnt:rrm.r:aqfr and Edward B Barbier
After the Green Revolution: Sustainable Agriculture for Develnpment Earthscan Puh
Ltd., Lnndon 1990 {paperback £10.93)

The Green Revolution has snccessfully improved agricnltural productivity in many parts of
the developing worid. But these successes may be limited to specific favourable agro-
ecological and economic conditions. This book discusses how mere sustainable and equitable
forms of agricultural development need to be promoted. The key-is developing appropriate
techniques and participatory approaches at the local level, advocating compiementary policy .-
reforms ar the nafional level and working within the constraints ﬂnpused by the mtcrnanunal
econoimic system.

- David W. Pearce, Edward B. Barbjer and Ani! Markandya
Sustainable Development: Economics and Environment in the Third World, Lﬂndc-n and
Earthscan Pub. Lid., London, 1990 (paperback £11.95)

The authors elaborate on the concept of sustainable development and illusirate how .
environmental econornics can be applied to the developing worid. Beginning with an
overview of the concept of sustainable development, the authors indicate its implications for
discounting and economic appraisal. (ase studies on natural resource economics and
management issues are drawn from Indonesia,-Sudan, Botswana, Nepal-and the Amazon.

Dade P::arce Edward B. Barbier, Anil Markandya, Scntt Rarrett; R, Eerry Turner and

: Tirnothy M. Swanson '
Blueprint 2: Greening the Wﬁrlﬂ Emnﬁmy, Earﬁsscan Pub. Lid., ~london, 1991
(paperback £8.93) .

Following the success of Blueprint for ¢ Green Econenty, LEEC has turned its atfention 10
global environmeéntal threats. The book reviews the rele of economics in analyzing global
resources such as climate, ozone and biodiversity, and considers economic policy options to
. addrass such probiems as global climate change, ozone depletion and tropical deforestation.

E.B. Barbier and T.M Swanson-(eds.)
Economies for the Wilds: Wildlife Wildlands, Diversity and Develnpment Earthscan Pub.
Ltd., London, 1992 (paperback £12.95). _

" This coliection of essays addresses the key issues of the economic role of natural habitat and
wildlife vtilization in development, .The book argnes that this role is significant, 'and
composes such benefits as wildlife and wildland products, ecotourism, commmunity-based
wildlife development, environmental services and the conservation of biodiversity.




Cnples uf pubhcatmns Listed above may be obtained from the bookshop at IIED. Please
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3 Endsleigh Sireet . ' '

London WC1H 0DD, UK ' ' Overseas customers: please do nof send
Tel: 071-388 2117 . payment with your order; you will receive
Fax: §71-388 2826 - : g pro forma invoice once the cost of

Telex: 261681 EASCAN G ' dispatching your order has been caiculated.

Publications Department

IIED, 3 Endsleigh Street

London WCIH O0DD -
PUBLICATIONS ORDER FORM

Name:

Address:

Reference/Title | Price Quantity

Payment enclosed: - £



ISSN 1357-924X
ENVIRONMENTAL ECONOMICS PROGRAMME

The Envircnmental Economics Programme (formerly known as LEEC})
conducts economic research and policy analysis for improved management
of natural resources and sustainable economic growth in the developing |
world, The programme's research agenda focuses on three broad themes in
the economics of environment and development:

o valuation of the costs and benefits of environmental goods and
services, and especially their sipnificance to the poor;

& analysis of the impact of economic policy on natural resource
managerent;

@ development of appropriate economic incentives linking
environmental conservation with poverty alleviation.

I
INTERNATIONAL  Tel: (44 171) 388 2117 Fax: (44 171) 388 2826
NSTITUTE FOR

I
ENVIRONMENT AND :
DEVELOPMENT :

3 Endsleigh Sireet, London WCIH 0DD, UK



