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INTRODUCTORY NOTE
 

This paper is intended to provide a frameworL for field analysis
 
of village level forestry programs, and to define the key policy issues
 

for such analysis. It is directed at non-economists as well as econo­
mists, for use within the limitations cf field data availability. A
 

number of the estimation techniques suggested could be treated more
 

elegantly in a setting where more data was available. However, the
 

objective of this paper is to serve as a usable working guide, and it
 
consciously sacrifices some theoretical precision in order to satisfy
 

this objective.
 
One important area of forestry benefits is not quantifiable within
 

the scope of a village level project analysis: the external (macroecon­
omic) benefits of environmental stabilization. Such benefits have,
 

accordingly, not been estimated here. However, the true value of all
 
forestry planning and intervention is strongly linked to the value of
 

external benefits. Many - though not all - of such benefits can be
 

realistically estimated if sufficient time and analytic effort is
 

devoted to the task. To do so should be a high priority of forestry
 

policy analysis.
 



PART ONE
 

ECONOMICS AND VILLAGE FORESTRY PROGRAMS
 

The Problem
 

Deforestation in rural areas of the Third World is a problem which
 

now threatens the already precarious subsistence of a large proportion
 

of rural populations. This "other energy crisis"1 antecedes the
 

petroleum-based energy crisis and is far more menacing in its implica­

tions. Trees are multipu',pose commodities, the progressive loss of
 

which is undercutting the productive base upon which rural economic
 

activities depend.
 

Trees are useful to man in two distinct ways: as producers of a
 
wide variety of goods, commonly called "forest products"; and as
 
custodians of favorable environmental conditions .... Both are
 
indisputably essential to the well-being, indeed to the survival,
 
of man02
 

In the majority of developing countries 70-90% of all domestic
 

energy use is of wood. Even in the large urban centers wood and
 

charcoal often constitute over fifty percent of household energy
 

consumption. Increasing population pressure on fixed land resources,
 

exacerbated by inefficient land-use practices (slash and burn, shifting
 

cultivation, etc.), have resulted in an imbalance in wood demand and 
accessible wood supply. Collecting firewood is rapidly becoming the 

most onerous task faced by rural families. In Molepolole - a village 

of about 10,000 inhabitants in Botswana - it is estimated that the
 

average villager must go 7.5 kilometers from home (on foot) to find
 
adequate firewood for cooking. 3 In Niger, recent studies estimate
 

travel time for wood collection at four hours per day.
 

1 	 The term is Eric Eckholm's.
 

2 	 Gunnar Poulsen, "The Role of the Tree in Tropical Africa." P. 5
 
in Man nad Tree in Tropical Africa, IDRC, 1978.
 

3 	 From author's personal field research.
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A U.S. AID analysis of energy use In the Mopti region of Mali revealed
 
the startling fact that women commonly travel over 30 kilometers to
 

collect firewood: "In Gagna, Syn and Goundaka women pointed out that
 
the physical trauma resulting from walking 15-17 km one way often ren­
ders 	them incapable of lactating or performing any strenuous household
 

tasks such as drawing water or pounding millet for two or three
 

days. 	"4 

In urban areas, where integration into cash economies makes fire­

wood 	a commercially exchanged good, wood scarcity has been reflected by
 
higher and higher prices. Over the last decade, prices for firewood
 

have 	risen faster than for petroleum products. 5 In Old Naledi (a
 

poor 	suburb of Gaberone, Botswana), from four to six weeks worth of
 
firewood for a family costs about $27 (US). The average household in
 

Bamako, Mali now spends over thirty percent of its income on energy, as
 
against only seven percent in 1970.6
 

The acute hardship created by wood shortage is only the most obvi­

ous effect of deforestation. "The adverse consequences of land iisman­
agement manifest [theiemselves] in numerous ways: flash floods, land­

slides, soil erosion, silting of canals and .3servoirs, and various
 
forms of terrestrial degradation." 7
 

Kitui District in Kenya is experiencing widespread soil erosion
 

due to deforestation and improper land use. Recent reports indicate
 
that agricultural production is declining at a rate of three percent
 

per year due to soil erosion alone.8
 

4 	 Theresa Ware. "Social Soundness Analysis for Mali Village
 
Reforestation Program," U.S. AID, 1980.
 

5 	 U.S. AID, The Socio-economic Context of Community Fuelwood
 
Projects, 1980.
 

6 	 Ousmane Sankare. Analyse de la Consommation des Besoins en
 
Combustibles Ligneux du District de Bamako, Katibougou, 1919.
 

7 	 Pant, Madan Mohan. "Economic and Social Costs and Benefits of
 
Forestry in Tropical Regions," Prepared for the Eleventh Common­
wealth Forestry Conference, Trinidad & Tobago, September, 1980.
 

8 	 Poulsen, Bollinger and Shaikh. "Kitui (Kenya) Tree Planting
 
Program for Ecosystem Stabilization," U.S. AID, 1980.
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Throughout the Sahelian belt of West Africa, severe drought in the
 

early 1970s, coupled with ecologically unsound herding and agricultural
 

practices, bush fires and uncontrolled woodcutting have intensified a
 

process which has been termed "desertification."9 It is a process
 

whereby marginal lands at the edges of the Sahara lose their vegetable
 

cover - setting in motion a sequence of reduction in soil nutrients,
 

loss 	of topsoil through runoff from rains and increased susceptibility
 

to wind erosion.
 

The Need for Action
 

The idea that protection of the productive capacity of the land is
 

among the highest of development priorities is gaining widespread ac­

ceptance in developing nations and among donor agencies. CILSS,1O
 

the organization of Sahelian countries attempting to combat deforesta­

tion in that area, has formulated, in coordination with the United Na.
 

tions Sudano - Sahelian Office (UNSO), a long term anti-desertification
 

plan for the Sahel. It calls for the planting of 150,000 to 300,000
 

hectares of trees per year - a 25- to 50-fold increase over present
 

levels - over the next twenty years.11
 

In India, the World Bank is undertaking a major watershed develop­

ment project in the lower foothills of the Himalayas to reverse en­

vironmental degradation and to protect soil fertility as well as to
 

reduce flooding in the lower catchment areas: "If the Himalayan eco­

system is not repaired in time by extensive afforestation, it may
 

jeopardize the entire system of the Indo-Gangetic agriculture. The
 

fertile Indo-Gangetic belt is capable of feeding a billion people dur­

ing the ensuing 25 years, but its fertility is inextricably dependent
 

upon a balanced Himalayan eco-system."12
 

9 	 UNSO, Analyse du Probl~me de la Desertification et Examens
 
des Activites en Cours et Prevues pour ]a Mise en Oeuvre du Plan
 
d'Action pour Combattre la Desertification en Republigue du
 
Mali,"1979, pp. 9-13.
 

10 	 Comite Permanent Inte-etats de Lutte contre la Secheresse dans le
 
Sahel (CILSS), Club des Amis du Sahel, Ouagadougou, May 10, 1977.
 

11 	 Robert Winterbottom. "Talking Paper on Environmental
 
Protection and Natural Resources Management Issues," FAO/AID,
 
1980.
 

12 	 Swammathan (1979) as referenced in Pant, op. cit., T).5.
 

http:years.11
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Several other donor agencies have initiated large-scale programs
 
either for reforestation or for the dissemination of renewable energy
 
technologies which reduce the burden on firewood resources. 
These in­
clude U.S. AID, the UNDP and FAO, the Beijer Institute of Sweden, Ger­
man and Dutch external aid agencies, semi-public, private and charita­
ble organizations. The United Nations and the CEA013 are now con­
templating a jointly-sponsored, large-scale, seven-year effort to pro­
mote the production and dissemination of renewable energy technologies
 
throughout CEAO member states.
 

National governments are equally aware of the problem. 
The
 
Government of Sri Lanka has committed itself to a fuelwood program
 
which is based on conservation, afforestation in catchment areas and
 
for fuelwood, encouragement of private woodlots (including a 
mass-media
 
campaign, a tree-planting campaign, and mobilization through temples,
 
schools and other voluntary organizations), and technology develop­
ment.14
 

Many governments indeveloping nations are 
inthe process of rede­
fining the traditional 
roles of their forestry services. InMali, the
 
Service des Eaux et Forets, which has historically played only a neg­
ative role intrying to discourage unauthorized tree cutting, now has
 
an entirely new mandate: to become a cooperative extension service
 
which works with villagers to enhance the preservation and management
 
of forest resources.15, 16
 

13 	 Communaute Economique de l'Afrique de l'Ouest.
 

14 	 Project Design and Recommendations for Watershed Reforestation
 
and Fuewood evelopment inSri Lanka, ISTI, July 19/9.
 

15 	 Private communication with M. Abou Lamine BerthO, 
 Service des
 
Eaux et Forets, Bamako, Nov. 1980.
 

16 	 For an insightful account of the ineffectiveness of forestry

service repression of unauthorized tree cutting, see Poulsen, G.
"Thoughts under a 
Prosopis Tree," Sylva Africana, 5, July 1979.
 

http:resources.15
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The search for new strategies has only just gotten under way. 
 It
 
is still tentative, and it has yet to uncover options; 
to sustain great
 
optimism, even on paper. Certain guiding principles have emerged, 
however:
 

a. The need to respect, protect, and carefully manage natural
 
resources - especially those which form the basis for agri­
cultural and rural productivity;
 

b. The need to restore the self-sustaining nature of rural pro­
duction systems, by withdrawing from excess've dependence upon

imported inputs - the provision of which the central govern­
ments are no longer able to onsure;
 

c. The need to foster village participation, both at the communi­
ty and individual levels, to assist in an effort that 
no other

level of organization has proved capable of doing.
 

The Economics Gap
 
We are now witnessing a surge of small-scale, decentralized
 

village energy projects aimed at either increasing energy supply,
 
protecting the environment, or reducing demand (or some combination
 
thereof). To date, economic analysis has neither provided the initi­
ative for this process, nor has it itmade particularly useful contri­
butions to the evolution of rural energy strategies. These two facts,
 
the causes of which are discussed below, have the following implica­
tions:
 

Many of the newly conceived rural energy projects have yet to
 
prove their economic merit, although they are already under
 
way; in several 
cases, projects which are patently uneconomic
 
have reached advanced stages of elaboration for lack of
 
adequate economic scrutiny.
 

Economic/energy planning, which has proceeded apace at the
 
national planning level, has failed to 
fully integrate the

potential of rural energy projects, the budgetary burdens they

imply and their role in an integrated national energy planning

framework.
 

Very little isknown about the econr',ics of fuel substitution
 
between traditional and fossil fuels (wood, charcoal, dung,

kerosene), or about the interactions between the urban and
 
rural energy crises. What information there is (and certainly

some very useful work has been done) tends to be anecdotal in
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nature. There is a paucity of analytic tools with which to
 
encompass the entire spectrLm of national energy uses.
 

To date, the lead in small-scale rural energy projects has been
 

taken by sociologists, anthropologists, foresters, technology-special­
ists and rural development specialists. Benefit/cost analysis, while
 

present, has often served 
as a kind of financial "signing-off." There
 
has been little attempt to enunciate the economic criteria around which
 

project formulation and development should occur. 
 The role of econo­
mics has tended to be peripheral and after-the-fact.
 

The Incentives Gap
 
It naturally follows that 
we should ask why this "economics gap"
 

exists. While a number of issues undoubtedly play a part, one issue
 
merits special consideration: the traditional tools of cost/benefit
 

analysis are riot well 
suited to the rural, small scale project design
 
exercises upon which rural energy policy is based. 
 This should not be
 
interpreted as an argument against use of such techniques ­ indeed,
 
their systematic application has been sorely lacking in many rural 
en­
ergy projects - but rather as an attempt to widen the scope of economic
 
analysis to include a broader range of the factors which affect econom­
ic decision-making in the rural project setting. Also, it must be
 
recognized that community forestry projects are a relatively new phen­
omenon, and increasingly refined estimation techniques for costs and
 
benefits are only now being formulated. Several useful approaches,
 
both at the macro (environmental/economic benefits) and the micro (val­
uation of time, production alternatives, etc.) levels have already been
 

defined.17
 

17 For example, the WorldBank developed means 
of measuring agri­
cultural losses from flooding caused by deforestation-induced

rainwater/tropical runoff into the Ganges River in India. 
 Other
 
innovative approaches can be found in AID's Project Paper for

Watershed Development in Sri Lanka (1980) and in recent work by

Weber (1979) (see Bibliography).
 

http:defined.17
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Nevertheless, there remain several important differences between
 

rural projects and commercial projects to which traditional cost/bene­

fit tools of analysis are applied. Let us consider a village-level
 

forestry program (VLFP) in comparison with, say, an industrial project
 

investment (IPI) in textiles:
 

1. In the VLFP, the initiative for the program comes primarily
 

from planners, not from the villagers themselves. In an IPI, on the
 

other hand, it is the potential investur who initiates the cost/benefit
 

analysis and who is,therefore, already motivated to invest should the
 

project be profitable.
 

2. In a VLFP, the planning objective is to bring about successful
 

afforestation in a large number of villages throughout the country.
 

The economic question is, therefore, "what characteristics of a given
 

project design will induce and sustain village participation?"
 

3. In most IPIs, the principal resource an investor commits to a
 

project ismoney capital. In village-level investments, to a much
 

larger extent, village land and labor are at issue. Money capital is
 

fungible. Itcan be put to a number of alternative uses. In a commer­

cial economy, the revenue it generates can confer social or economic
 

status quite independently of the uses to which it is put. Although a
 

villager's land and labor are fungible also, they are much more inti­

mately tied to his/her village social environment.
 

4. Items 1 to 3 above imply that a well-designed VLFP should be
 

one which maximizes the likelihood that villagers will participate in
 

it. A financial analysis (how profitable is it to the investor?) and
 

an economic analysis (how profitable is it to society?) provide only
 

partial insights on the likelihood of village participation. The pro­

gram design question must also include an understanding of the non­

financial motivation of villagers, the socio-economic and institutional
 

mechanisms which affect particpation, and the costs of project
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replication. In short, program design must orient itself towards
 
leading to the afforestation of a large number of villages, not just
 
towards the costs and benefits of a specific village forestry project.
 
The need to design socially and economically attractive projects is
 
further accentuated by the need to bring about relatively short-term
 
reversal of environmental degradation in many parts of the world. 
 In
 
much of Africa, for example, forestalling major economic and energy
 
disruptions involves designing and implementing successful environ­
mental stabilization programs within the decade.
 

5. VLFPs 
are the planner's alternative to the energy/environmen­
tal crisis. 
 From a given villager's perspective, however, this solu­
tion may have to compete with other options which are more advantageous
 
to him. 
 A number of factors may widen the gap between individual and
 
social attractiveness of the forestry project. 
 These include, from a
 
villager's standpoint, insecurity of land tenure, long lead times, 
un­
certainty of anticipated benefits, opportunities for emigration and the
 
fact that individual 
investors do not reap the "external" benefits of
 
environmental stabilization (these issues are discussed in greater
 
detail 
in Parts Two and Three of this paper).
 

There is no clear-cut means of successfully addressing all of the
 
above issues in the methodological approach to the economics of VLFP
 
design. 
However, certain important conclusions emerge:
 

The policy problem is to halt environmental deterioration or 
to
 
manage the environment so 
as to protect the productive base of
 
the rural economy.
 

The project issue is to increase wood supply to village as 
a
 
means 
of reducing pressure on the environment.
 

The economic question is to 
devise projects which are attrac­
tive enough to a large enough number of villages to realize the
policy objectives - within a relatively short time frame and
 
within budgetary and institutional constraints.
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.	 Financial analysis of VLFPs must depict a broader range of
 
incentives than iscaptured in traditional cost/benefit
 
analysis.
 

* 	Economic analysis must think through the mechanisms through
 
which individual projects will be replicated within the time
 
frame for achieving policy objectives.
 

The Economics of VLFPs
 
Parts Two and Three of this paper develop a framework for carrying
 

out an economic analysis of a village forestry project. The approaches
 
and tools developed are meant to be applicable within the village pro­

ject setting, and are therefore limited to the constraints of village
 
data availability. Frequently, theoretical categories have been com­

promised in order to devise estimable measures of costs or benefits.
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PART TWO
 

METHODOLOGICAL FRAMEWORK
 

I. 	Approarh to Village Level Economic Evaluation
 

"Economics" exists only i.,
the minds of those who have a defini­
tion for it. Particularly in , subsistence village setting, that
 

activity which we call economic is a largely un(ifferentiated part of
 
an ongoing process. Land, and its ability to .'ustain life,is at the
 
center of that process. It is at the core of the rural p,'oduction 
system and of social relations as well. Village-level forestry - be it 
communal or individual - depends upon land and its uses. It is, there­
fore, inextricably linked to social, productive and judicial systems, 

the interplay of which have a significant bearing on "economic" deci­
sions. This is more than the simple statement that village forestry
 
investments also depend on social factors.18 Rather, that the very
 

act of projecting economic costs and benefits to an 
investor is contin­
gent upon understanding the institutional constraints which affect
 

his/her ebility to make investment decisions in the first place and to
 
appropriate the fruits of that investment. In this respect, forestry
 
projects are more complex than rural technology projects. Improved
 
cookstoves, for example, would be used by women, would directly benefit
 

them., could be acquired upon the decision of those women and, in gener­
al would require an investment in cash and time by the very same women.
 

In forestry projects, the levels at which costs, benefits and decision­
making authority occur do not always coincide as conveniently. Many of
 

the complexities of forestry project evaluation merit close examination
 

in this respect.
 

1. Several levels of investment normally occur in a village level
 
forestry project (VLFP). 
 The villager or village unit undertakes an
 
investment; some level of government, however, must support it with
 

18 	 In which case it would be sufficient to have an accompanying
 
sociological analysis, which is normally done.
 

http:factors.18
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extension/training and more importantly, with nurseries and other in­
frastructure support. Government may also have either to bear or to
 

finance cash outlays, especially in the early years.
 

2. Severdl levels of benefit flow from a village forestry pro­

ject: direct and indirect benefits to investor , benefits accruing to
 
society as a whole, and "externalities" which benefit entirely separate
 

social groups. Moreover, these benefits may be prioritized differently
 
at different levels. For example, the overrid, igsocial objective in
 

refonesting areas of the Himalayan foothills is to protect the vast
 
Ganges Delta agricultural system from flooding. Yet the incentive sys­

tem for those who would have to plant the trees has lii tle or nothing
 
to do with the Ganges Delta. Finally, both costs and benefits may
 

occur in several dif-.erent forms: cash, labor savings, environmental
 
protection (windbreaks), improved leisure (shade), consumables (fruit),
 

and so on, all of which need to be valued on some uniform basis. 

3. Within a given village and its land use system, the distribu­
tion of incentives and of decision-making authority may not coincide.
 
For example, a survey of villages in the Mopti region of Mali found the
 

following: when the village as a unit was asked about tree planting
 
priorities, the male village leaders - who had the effective decision­

making authority - said yes, they wanted fruit trees and shade trees,
 
priiarily. Ma'2 heads of households, who have similar decison-making
 

authority over their own lands, expressed the same preferences. Women,
 
on the other hand, walk 10-15 km each way in search of firewood, but
 

are not authorized to make the land allocation decisions that tree
 
planting requires. Their first priority was to have trees for fire­

wood. This would not be a serous faildre if the men allowed tree
 
planting which they thought of as being for fruit and shade, while the
 

women got firewood as a secondary benefit. The problem is that if 
village elders, for example, are only motivated by fruit and shade, the 

intensity of those needs may not be sufficient to cause trees to be 
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planted in the first place. The existence of women's intense need for
 
firewood, therefore, may not necessarily be expressed in the decision
 

to allocate land for planting trees.
 

4. The economic incentive to participate in a communal woodlot
 

project will be strongly influenced by the means in which work burdens
 
and output are allocated. It is widely accepted that solutions to this
 

woodlot "management" prcblem must occur largely at the local level.
 
However, this raises problems of equity and of incentive. Nothing in
 

village power structures guarantees that burdens will be equitably dis­
tributed among groups, classes or sexes. How should we judge the eco­

nomic viability of a project (especially the economic incentive to par­
ticipate) if we 
have no idea in advance of how these structures will
 

evol ve?*
 

5. Property rights and land tenure relationships can have a siz­

able impact on the willingness and ability to undertake as long-term an
 
investment as tree planting. James Thomson 19 points out that the
 

landless poor - who may in fact not even have usufructory rights - face
 
substantial insecurity of tenure and that this uncertainty effectively
 
undercuts the expected value of tree planting benefits. Other sociolo­
gists interviewed by this author suggest that in the Sahel at least, it
 
is not clear that these tenant farmers even have the right to plant
 
trees. 20 A means of circumventing this problem which has been sug­
gested is to have projects only in villages without landless peasants.
 
This is clearly a project solution, not a development solution.
 

Marilyn Hoskins has dane some very interesting and useful work on
 
this 	question. She proposes a partial solution - that a project

management plan be discussed, agreed upon and signed by all par­
ties 	involved in the project at its outset. See Hoskins, Marilyn

V. "Community Participation in African Fuelwood Production, Trans­
formation & Utilization," in D. French and P. Larson, Energy for
 
Africa, September, 1980.
 

19 	 J. Thomson, "Firewood Survey: Theory and Methodology," in D.
 
French and P. Larson, Energy in Africa, U.S AID, August 1q80
 

20 	 Gerald Cashion, U.S. AID Mission, Bamako, Mali; Theresa Ware,
 
Sahel Development Program, Bamako, Mali.
 

http:trees.20
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6. Even when tree planting activities have been recognized (by a
 

villager) to be a preferred solution and there are no institutional
 

barriers, specific resource scarcities may prevent attainment of the
 

preferred solution. One such scarcity is clearly land, the commitment
 

of which involves considerable risk. Let us consider this from the
 

peasant's perspective:
 

" he is asked to commit 5% of his land (for example) for tree 
planting (agroforestry); 

" he is told he will thereby get wood, by-products and probably 
increased yields on the remainder of his lane (after several 
years); 

" he is sure that he will 
land; 

be losing the yield of that 5% of 

he does not now know whether the foregone output will be sur­
plus, since he does not know what kind of harvest he will have. 
In other words, he cannot now judge what the marginal utility 
of that output will be. If he has a bad year, that 5% could be 
crucial. He is asked to bear this risk, not for one season, 
but for many; 

. he does not now know whether his trees will grow (survival 
rates are often as low as 10-20%) and whether in 5-7 years his 
yields in agriculture will increase as promised. 

Economic theory has some rather elegant and useful techniques fo,
 

predicting "rational" behavior under thi6 kind of uncertainty.21
 

What they say, in effect, is that the amount of riskless income (5%of
 

the yield) you are willing to trade against uncertain gain (trees, in­

creased yields in 7 years) depends upon the size of the potential gain
 

multiplied by the likelihood (or the expectation) of receiving it. It
 

is not immediately clear that a rational farmer sho'Ild - given the
 

risks he perceives - in fact follow the recommended course.
 

The foregoing issues merely point to the number and the complexity
 

of the factors involved in determining the economic viability of a
 

VLFP. Explicit ref'cgnitizn of them should be seen as a positive act
 

which affirms a belief in t .e ability of project design to address such
 

issues rather than ignore them.
 

21 	 See the body cf microeconomic theory on insurance, gambling
 
and risk.
 

http:uncertainty.21


14
 

II. Levels of Cost/Benefit Analysis
 

Three economic judgments are necessary in order to determine that
 

a VLFP is an economically sound undertaking:
 

" it should be financially attractive for the purchaser or in­
vestor - after consideration of all factors, including those 
raised in the preceding section; 

" it should be in the economic interest of society; 

" 	its results should be replicable within reasonable constraints
 
of budget and other rescurces.
 

This last point merits elaboration. There is a pressing need to
 

do something to reverse the woodfuel crisis in the Third World. It is
 

rapidly undercutting the productive base for herding and farming. At
 

the same time, it imposes acrushing burden in the form of time spent
 

collecting wood. In the absence of successful programs to combat these
 

problems, the situation in many rural areas of the Third World will be
 

simply untenable within the decade. VLFPs are the individual compon­

ents of the solution to this larger problem. The basis on which
 

government or donors support an individual project must therefore be
 

consistent with affordable levels of support for hundreds of future
 

VLFP projects. A project which does not meet this criterion may not be
 
"uneconomical" per se nor should it necessarily be rejected; it will,
 

however, not be part of the solution set to the environmental/woodfuel
 

crisis. This, in turn, implies the need to identify different projects
 

which are part of that solution set.
 

It is obvious that a simple cost/benefit judgment will not capture
 

the range of economic information needed for project evaluation at the
 
village level The methodolcgical approach proposed here makes full
 

use of the techniques of investment analysis, but at the same time in­

corporates them into a broader framework. This information is inte­

grated into a systematic, though less formal, economic analysis. The
 
outcome of this analysis is not a single rate of return that serves as
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the trigger mechanism on which economic judgments are made. Rather, it
 

is a range of economic information which forms the basis for a better
 

informed decision on project feasibility.
 

Three levels of economic analysis are proposed:
 

" the investor perspective
 

" the social persp. rive 

" the project efficiency perspective.
 

Each of these is further subdivided as developed below.
 

1. The Investor Perspective
 

There are four steps to the economic analysis at this level.
 

(a) Financial Analysis, which relies on the tvaditional financial
 
tools: projections on revenue, cost, project life and discount rate.
 

It should be kept in mind that a sizable part of inputs and outputs in
 

a VLFP will occur in non-monetary terms. Their monetary values in the
 

financial analysis will be estimated on the basis of valuation tech­

niques which are frequently indirect.
 

(b) Sensitivity Analysis, which determines how sensitive results
 

of the financial analysis are to changes in key assumptions.
 

(c) Scarce Resources Analysis, which examines the likelihood that
 

specific resource limitations may prevent investment in a project,
 

regardless of its overall attractiveness. For example, the unavaila­

bility of sufficient cash (or access to credit) may block an otherwise
 

viable project investment.
 

(d) Incentives Analysis, which examines those economic factors
 

which are the principal determinants of an individual's desire to
 
participate in a VLFP. Factors to be examined include:
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• 	allocation systems
 

" 	correspondence of incentives and decision authority
 

" 	the effects of uncertainty on village perceptions.
 

2. The Social Pe-spective
 
The steps in the economic evaluation at the social level are as
 

follows:
 

(a) Economic Analysis, using the same techniques as in the finan­
cial analysis, but with several input substit, tions:
 

• 	shadow wages are used to reflect the social opportunity cost of
 
time; 

* 
shadow discount rates reflect social preferences as to present
 
vs. future income;
 

" 	social costs are included in the economic analysis. These en­
compass such things as 
extension costs and support infrastruc­
ture.
 

" social, or macroeconomic benefits are added to those benefits
 
already estimated in the financial analysis.22
 

(b) Sensitivity Analysis, which determines the stability of
 

project results with respect to key assumptions.
 

(c) Scarce Resource Analysis, which examines the likelihood that
 
resource scarcities at the social (regional, national) level will
 
inhibit the success, not just of a given prcject, but also of other
 

similar projects in the future.
 

22 For a discussion of valuation pronlems associated with exter­
nal (macroeconomic) Denefits, see Part Three.
 

http:analysis.22
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(d) Evaluation of national policy objectives wnich may influence
 

a project's economic value to society.
 

3. 	Tne Project Efficiency Perspective
 
From a national standpoint, the principal objective of VLFPs
 

is to redress environmental imbalances with regard to wood and trees,
 
and 	thereby to restore the stability of rural production systems. It
 

follows that no individual project can lead to the full benefits which
 
are 	eventually desired. From a policy standpoint, the measure of a
 

project's worth will be the degroe to which it contributes to the
 
efficient realization of policy objectives.
 

The central issue here is of replicability. To be a genuinely
 
useful program, a VLFP should be built upon individual projects which
 

can be replicated nationwide within institutional, budgetary, and time
 
constraints. The issue of replicability can, in turn, be broken down
 

into 	two components: first, in theoretical terms, what should the
 
public sector (government/donors) be prepared to contribute to any
 

given project? Second, what can the public sectir afford to
 
contribute? We will refer to the first as the "allocation problem" and
 

to the second as the "budgetary problem." For reasons discussed below,
 
neither question can give rise to precise quantitative answers.
 

Nevertheless, they are the context within which a working definition of
 
project efficiency must be formulated.
 

The Allocation Problem
 

Village reforestation does not just benefit villagers directly,
 

but is also in the national interest. How then, should the costs of a
 
given VLFP be distributed bet :een village and government? Put
 

differently, what level Ug non-reimbursed public sector expenditures
 
for a specific project should be considered economically justifiable?
 

We can define the theoretical (though not quantifiable) upper
 
bound of the acceptable level of government sLpport as being when:
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budgetary burden of project = 1(23)
 
external benefits from project
 

That 	is, government should be willing to subsidize a project up to
 
that point at which the subsidy equals the external benefits from the
 
project. The obvious economic justification for this is that "exter­

nal" or "macroeconomic" benefits are precisely those which do not
 
accrue to the investor, but rather to other members of society (or to
 
"society as a whole"); government is the vehicle through which these
 

non-	participants in th investment pay for the benefits they derive.
 
This, of course, leaves open the question of what the lower bound
 

should be. If a prrjecL were extremely profitable for a village (or
 
individuals withir it)without any government subsidy at all, 
should
 
villagers be a<Led to bear all 
costs? There is no clear-cut answer,
 
but the key issue involved concerns incentive. Up to the upper bound,
 

the value of public subsidy will be to increasu village incentive to
 
participate. The decision of whether to have some minimum level 
of
 
non-reimbursed government contribution depends upon:
 

" 	whether that level of contribution is consistent - given

budgetary limitations - with replication of project results
 
nationwide.
 

the adequacy of village incentives to participate in the
 
absence of government subsidy.
 

the existence of suitable allocation mechanisms to repay a
 
portion of government costs to bring it to any desired minimum
 
bound.
 

The Budgetary Problem
 

Even if the above ratio is less than or equal to one, it may not
 
be budgetarily possible to mount the effort required to replicate
 
results natiunwide. Therefore, we need to confront the issue of the
 

23 	 Clearly, it is the denominator of this ratio which is not al­
ways quantifiable in field economic evaluations. External bene­
fits from a project equal all benefits which do not accrue to the
 
project investors, most of which are difficult to quantify.
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expected budgetary burden within the given policy time frame, and to
 
determine if this burden seems reasonable - or if it is in keeping with 

the assumptions underlying project design.
 
In theoretical terms, v4 
 should like to be able to compare a pro­

ject's percentage contribution to the national policy objective with
 
the percentage of the budget available for that purpose which is used
 

up. That is,where:
 

Tp= 	trees to be planted by project (per year) 

Tn 	 number of trees needed (per year) to meet national 
objectives 

Bp= 	 budgetary outlay for project 

Bn = total budget available for national objectives 

The ratio we seek is: BpBn 

TP/Tn 

As in the case of the ratio of budgetary burden to macrobenefits,
 

there is,unfortunately, no way to quantify this ratio. Even if we
 
could estimate the other variables, Bn (hul9et available for policy
 

implementation) cannot be known it depends only on
- the amount of
 
funding which is succesfully obtained.
 

What realistically measurable criteria can be devised to capture
 
the information contained in these ratios? 
 The following specific
 
analyses are Proposed at the Project Efficiency level:
 

(a) 	The Economic benefits ratio
 

This 	ratio is defined as:
 

Present Value of Budgetary Burden for Project 
Incremental Economic Benefit from Project
 

The denominator is defied as follows:
 

Economic Net Present Value (exclusive of external benefits)
 
minus Financial Ne Present Value.
 

In other words, the denominator rreasures that portion of quanti­
fiable project benefits which does rot accrue to the individuaI in­

vestors.
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This ratio is identical to the one defined in the "allocation 
problem" discussion above, except that the denominator leaves out non­

quantifiable external benefits. Since we know these to be a central 
component of the benefits which society derives from VLFPs, what then 

is the value of this "economic benefits ratio"?
 

.	 if the economic benefits ratio is less than one, we know the
 
public commitment of funds is safely within the limits of
 
social benefits derived.
 

.	 if the ratio is at or just above one, we know that the non-,
 
quantifiable external benefits probably cover the excess of 
public expenditure over quantified social benefit.
 

* 	if the ratio substantially exceeds one, the "efficiency" of the
 
project - measured in terms of how much of the scarce budgetary
 
resources it uses up - is in question.
 

A precise number is neither possible nor necessary here. The eco­

nomic benefits ratio is not intended to serve as some mechanical cut­
off point for project efficiency. Rather, it provides feedback as to
 

the budgetary implications of a specific project design. It is most
 
useful when used as a comparative measure between two alternative pro­

ject designs, rather than as an absolute indicator.
 

(b) Changes in the Economic Benefits Ratio Over Time
 

Are there likely to be economies of scale in replicating projects
 
of a given design? Will information on varieties, planting techniques,
 

protection and so on be' disseminated through either structured or in­
formal social process? Will large-scale nationwide (or regional) pro­

grams bring down the unit costs of nUrsery, infrastructure and exten­
sion support? Or will costs per project rise as less socially profita­

ble projects are undertaken? The basic issue here is whether there are 
lower, higher or equdl costs associated with project repmication as 

compared with the original project. 

(c) Annual Policy Cost
 

Even if budgetary commicments are within the range of social bene­

fits derived from a project, we must know if the government can afford
 
it. We must confront tie annual budgetary implications of replicating
 

a project of the design beir;g evaluated. Specifically:
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Per Capita Budgetary Burden x Target Population
 
Annual Policy Cost = 

Policy Time Frame
 

Whether or not a government can sustain a given annual policy cost 
depends upon the social opportunity cost of budgetary resources. The 

usefulness of this number should be judged in the following terns: let 
us suppose that a project is financially and economically viable, and 

that The economic benefits ratio is less than one; but to reach the 
target population would require a $30 million program per year for ten
 

years. If such a resource connitment is not possible, then itmakes
 
little policy sense to initiate the first - even if it is profitable on 

its own terms. Unless one takes the extreme position that no profita­
ble and replicable alternative exists, it would seem preferable to
 

design a project whose replication is affordable, even if it meant
 
sacrificing some potential benefits for each project.
 

Conclusion
 

The main focus of this methodology is to capture and effectively
 

use a wider range of information on econcinic costs, benefits and
 
motivation than is encompassed by the conventional tools of financial
 

analysis. The output of this approach should not be a simple positive
 
or negative number, but a range of information which provides feedback
 

as to a technology's feasibility, including information on specific
 
economic characteristics and constraints which influence that
 

feasibility.
 

In VLFPs, one of the principal obstacles to determining project
 

feasibility is the difficulty of measuring the externil benefits of a
 
project. Yet these bcnefits can, to 
a large extent, be successfully
 

measured if adequate resource- are devoted to the effort. Already,
 
components of such E quantification have been undertaken by various
 

sources. The World Bank, in a recent enalysis of the effects of de­
forestation 'n the Himalayan foothills on the Ganges agricultural
 
system, developed reasonable measures of the cost of lost agricultural
 
output as a result of flood-ing. In an ana'jsis of deforestation in Sri
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Lankan catchment areas, a team of consultants to AID used time seriec 
data to quantify the relationship between loss of vegetative cover and
 

loss of topsoil from rainwater runoff as a means of estimating the
 

economic costs to agriculture in the area. Similar efforts should be
 

intensified and brought into a systematic effort to determine the
 
"macro benefits" of afforestation for major ecological zones. This
 

information will provide invaluable feedback on the true long-term
 

costs of inaction or projEct failure.
 

Finally, particular attention should be paid to the snowballing
 
effect of environmental decline. The budgetary cost of redressing
 

environmental imbalance does not remain fixed over time.
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PART THREE
 

VALUATION OF VLFP INPUTS AND OUTPUTS
 

I. 	The Physical Input-Output Table.
 

The first step in valuing inputs and outputs is to identify, on an
 

annual basis, all physical inputs and outputs of the project. Labor
 
should be further specified as being required at peak agricultural sea­

sons or off-peak times. Table 3.1 lists all expected inputs and out­
puts of the project, broken down into categories as shown. Table 3.2
 

shows how these inputs and outputs are distributed over the project
 

life.
 

"Investment Inputs" in Table 3.2 have been condensed, because the
 

are all assumed to occur in the same year and hence can be detailed in
 

a separate table at the point at which total investment costs are
 

valued. Fcr any given project, several specific inputs or outputs may
 
not erise at all. If this is the case, they should be excluded from
 

the analysis.
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TABLE 3.1
 

Physical Inputs and Outputs
 
of Village Reforestation Project


(Hypothetical) 

INPUTS OUTPUTS
 

Investment Inputs Direct Outputs 

Land (inhectares) Firewood (cubic meters) 

Land Clearing Labor Building Lumber 

" peak season Animal Fodder 
" off-peak season Marketable By-Products (fruit, 

Planting Labor (gum, etc.) 
" peak season Time saved in wood collection/ 

" off-peak season transport 

Training Labor 

Fencing Indirect Outputs 

Seedlings Increased agricultural yields 
Fertilizers "External" (macroeconomic) 

Other Capital Inputs benefits 

* construction 

* tools 

Recurrent Inputs 

Water 

Seedlings 

Fertilizers
 

Maintenance and Supervision Labor
 

" peak season
 

" off-peak season
 

Management Labor 

" peak season 

" off-peak season 
Harvesting Labor 

" peak season
 

" off-peak season
 

Collection and Transport Labor
 

. peak season
 

. off-peak season 
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TABLE 3.2
 

Time Distribution of Inputs and Outputs
Village Reforestation Project
 

(Hypothetical)
 

INPUTS 
 0 1 3 52 4 

Investment Inputs
 

Equipment
 
Land and Raw Materials 
Labor
 
" peak
 
" off-peak
 

Recurrent Inputs
 

Water
 
Seedlings
 
Fertilizers
 
Maintenance Labor 
. peak
 
. off-peak
 
Management Labor
 
" peak
 
" off-peak
 
Harvesting Labor
 
" peak
 
" uff-peak
 
Collection and Transport
 
Labor
 
" peak
 
" off-peak
 

Direct Outputs
 

Firewood
 
Building Lumber
 
Animal Fodder
 
Marketable By-Products
 

Indirect Outputs
 

Increased Acricdlture
 
Yields
 

" soil stabilization
 
" nutrient cycling 
" etc.
 
External Benefits 
" environmental
 

stabilization
 
" soil protection

" reduced river s'ltdtion 
" etc.
 



26
 

II. Valuation of Inputs and Outputs (Investor Level)
 

A. INPUTS
 

Inputs into the village forestry project may be of two types:
 

market inputs, which are as a rule commercially exchanged, and which
 
have identifiable market prices; and non-market inputs, including those
 

items which will be contributed to the project against the expectation
 
of some future benefit, but which are not bought or sold at market
 
prices. The principal categories uf non-market inputs are land, labor
 
and water.
 

1. Market Inputs
 

The market inputs to be considered - as identified in the 

Physical Input-Output Table (Table 3.1) - are: 

. seedlings 

" fertilizers 

• fencing 

" other capital inputs (construction, tools, etc.). 

In addition, in some projects, certain items which are normally
 

non-market may be considered as market inputs. For example, if the
 
land for the project is subject to a market pricing mechanism and it is
 
to be bought and paid for in money by the investor, then it is a market
 
input. Similarly, any labor which will be employed on a salary basis
 

by the investor at some market wage will be considered a market labor
 

input.
 

All market inputs will, for the financial analysis, be valued at
 

their market prices.
 

Information needed to value market inputs is summarized below:
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INFORMATION/SOURCE SUMMARY - MARKET INPUTS
 

Information needed
 

Market prices for market inputs
 

Sources
 

Suppl iers
 
Local Markets
 

2. Non-Market Inputs
 

There are three principal categories of non-market inputs to be 
evaluated: land, labor and water. As discussed in the previous sec­
tion, these may in some cases enter the project as market inputs, in
 

which case the following valuation exercise would be unnecessary.
 
In general, non-market inputs require some indirect means of esti­

mating their value, so that we may have a means of converting them into
 
monetary units of measure (dollars, francs, etc.) which are in common
 

with other inputs and outputs. The guiding principle in the estimation
 
process is the notion of opportunity costs. Every economic resource
 

has several potential uses. Employing a resource for one activity ne­
cessarily implies foregoing its use in other activities. The opportun­

ity cost of a given resource use, then, is the value of the most fruit­
ful activities foregone. The specifics of how this prinicple is to be
 

applied are developed below. 

a. Labor
 

What is the opportunity cost of labor? The answer depends
 

upon: 

The general income level and standard of living in the area;
 

The alternative production uses to which -abor might be put;
 

The extent to which projct labor impinges upon other
 
activities.
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Off-peak labor
 

If the labor required for a project occurs during times of normal
 

productive activity in the village, it can be assumed to have a value
 

equal to or less than the average hourly income in the area.
 

(i) If the regional (or local) per capita income is known, it can
 
serve as a starting point. Let us consider a hypothetical case:
 

" 	 regional income per person (per year): $250,
 

• 	 average household size in village: 'J people,
 

" 	 average ratio of household size to economically productive
 
household members: 2,24
 

• 	 average income per economically productive household member:
 
$250 x 2 = $500,
 

.	 average hourly income (assuming 50 weeks per year, 6 days per
 
week, 8 hours per day): $500/2,400 = $0.208
 

(ii) If there is a local market for labor, the going wage rate for
 
similar categories may be used as an approximation. However, there are
 

pitfalls associated with this: cash scarce local areas may undervalue
 
labor in terms of cash, even though its productive value is higher;
 

labor markets may be seasonal and may therefore be unrepresentative.
 

It is wise, in performing this estimation, to compare results from both
 

steps (i)and (ii)before reaching a conclusion.
 

(iii) If only the national per capita income is known, the same
 

steps as in (i)can be applied to the national figure, with the follow­
ing excepti3n: the national figure should first be scaled down to
 

reflect the much lower average incomes in rural areas. This scale
 

24 	 This implies that only half the household inemebers are engaged
 
in economically productive activity; the others are too old, too
 
young or infirm. The ratio cf 2, while serving here as an exam­
ple, also strikes the author as a reasonable estimate.
 



29 

factor should probably go as low as 0.5 for most developing countries.
 
It should be based on the best judgment of the project team (not neces­

sarily just the economist) and local officials.
 

The resulting figure estimates the value of adult labor time. 
 The
 
value of child labor (where it occurs) can be scaled down on a judgmen­
tal basis. A scale factor in the range of 0.5 or less is likely to be
 

appropriate in many areas, although specific values should be made for
 

each case.
 

The information to be gathered can be summarized as follows:
 

INFORMATION/SOURCE SUMMARY - OFF-PEAK LAOR
 

Information nieeded
 

1. regional per capita income, or
 

national per capita income
 

2. local labor market wage rates
 

3. average ratio of household size to number of economically

productive household members25
 

Sources
 

a. national or regional economic statistics (1)26
 

b. local labor markets (2)
 

c. village interviews (3)
 

d. demographic statistics (3) 

25 If this information cannot be gathered or estimated, the na­
tional ratiu of total population to economically active population

should be used. The latter figure is readily available in all
 
national demographic statistics.
 

26 The number in parentheses following each source refers to the 
corresponding information item.
 



30 

Peak season labor
 
In the rural areas of many African nations, one of the effective
 

constraints to greater agricultural production is the shortage of peak
 
season agricultural labor. Hence any tree planting or growing activity
 

which impinges upon labr time during peak activity seasons in agricul­
ture will have an extremely high opportunity cost for labor, measured
 

in terms of lost agricultural output.
 
The valuation of peak season labor will depend upon a number of
 

factors:
 

" 	the extent of idle labor available (if any)
 

" 	the value of crops being sown for a given crop season
 

" 	the degree to which non-agricultural tasks can be deferred
 

There is no clear-cut means of forming this estimation. Elaborate
 
theoretical formulations will not necessarily result in a more meaning­
ful answer at the village level; in any case, they will straia the
 

credibility of what meagre data exist. A step-by-step approach, with
 
the explicit recognition that judgment decisions will be called for
 

along the way, is the most appropriate way to proceed.
 

(i) The loss of agricultural output: We can suppose that crops
 
not planted during the planting season will not grow. As a simplifying
 
assumption, we can further suppose that the number of crops planted is
 

a linear function of the hours spent in the fields during planting
 
season. On this basis, let us consider the following example:
 

during peak plantinS season, economically productive villagers
 
spend 8 hours per day, 7 days per week, in the fields or
 
performing related agricultural activities;
 

tree planting - during the early years of a village woodlot ­
requires an average of 1/2 hour per day from each villager
during Llanting season; 

* 	the estimated loss in agricultural output would be 6.25%
 
(0.5/8.G) of the va.ue of that season's crop.
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(ii) Opportuity cost of peak season labor: the estimated loss
 

in crop output in (i) is only a starting point. It very likely over­
states the opportunity cost of peak season labor. We will want to ad­

just it in the following ways:
 

• 	 for excess labor during peak season, or 

" 	for other tasks (certain domestic chores, building and
 
maintenance, etc.) which could be deferred
 

Peak season labor should then be valued at less than the estimated
 

loss of agricultural output, This adjustment factor - let us call it 
"g" - will, in a field situation, depend entirely on the judgment of 

the evaluator.
 

The essential point that must come through, however, is that loss
 

of peak season labor entails (insome measure) loss of agricultural
 

output for the entire season.
 

There may, of course, be different peak seasons for different
 

crops. The analysis can easily be applied on a crop-by-crop basis.
 
Finally, it should be recalled that peasants are not unaware of
 

their own self-interest. We may, for purposes of financial evaluation,
 
value their peak-season labor inputs into a forestry project in terms
 

of 	the value of lost agricultural output. They on the other hand, may
 
react much more rationally, by simply withholding their labor from
 

non-agricultural pursuits during peak planting periods. Valuation
 
techniques do not address this issue, yet it is an essential component
 

of 	project success. 
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INFORMATON/SOURCE SUMMARY - PEAK SEASON LABOR
 

Information needed
 

1. 	average daily time (per economically active person) for
 
planting during peak season.
 

2. 	average daily time required for forestry project during peak
 
seas;on.
 

3. 	number of hectares of each agricultural crop being sown.
 

4. 	average output per hectare for each crop.
 

5. 	average unit prices (market) for each crop.*
 

6. 	extent of underemployment of productive villagers during peak
 
season.
 

7. 	extent to which non-agricutlural tasks can be deferred during
 
peak season.
 

Sources
 

a. 	village surveys (interviews) (1) (3) (6) (9)
 

b. 	project technical personnel (2)
 

c. 	agricultural/producion studies (4)
 

d. 	local/regional agricultural markets (5)
 

e. 	agricultural statistical bulletins/crop marketing boards (5)
 

b. 	Land
 

Land devoted to woodlots or other forms of tree planting may
 

have alternative uses. We first consider the case of potential
 
agricultural land which is 
to be set aside for tree growing, and then
 
examine land which either hs no agricultural potential or which need
 
not be withdrawn from agricuiture even while trees are planted on it.
 

* 	 Even if crops are not traded by the individual village household, 
there should be known market prices for them. 
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Potential agricutural land
 
If agricultural 
land is to be set aside for growing wood, it must
 

be 	 valued in accordance with the agricultural output foregone. If ten 
hectares of sorghum growing land is 
to 	be put aside for wood, how
 
should the land be priced? We need to know: 

• 	 the output per hectare of sorghum - say 650 kg 

* 	the proportion of land which would normally lie fallow - say 
50% 

• 	the market value of sorghum - say $0.25
 

.	 the cost of inputs - say $0.10 kg. 

Therefore, with appropriate inputs 
over time, the 10 hectares of
 
land (with 5 hectares fallow) could produce $487.50 worth of 
revenue
 
every year, in perpetuity. 
The standard method of determining the pre­
sent value of an asset which generat-es a fixed income stream in per­
petuity is to divide the value of the annual 
income by the annual rate
 
of 	interest (or discount rate). The discount rate we will use for this
 
purpose will correspond to that being used for the remainder of the
 
analysis. 
 For example, the village level analysis (financial) assumes
 
villagers have a very high discount rate (20%). 
 The social/ national
 
level analysis (economic) assumes a discount 
rate in the order of 10%.
 
In valuing the 10 hectares of land for the financial analysis, there­
fore, we proceed as follows:
 

488 
.20 = 2,440 = present value of the iO hectares 

This number can then be inserted into the investment costs
 
estimate, along with the market input items.
 

Here again, a note of caution must be injected. We can estimate
 
the present value of the income foregone, but that present value may
 
have no bearing on 
a peasant's (or a village's) willingness to divert
 
land from agricultural ises. If there is no agricultural surplus, then
 
the woodlot represents food foregone 
- and in any rational village
 

framework, it will 
simply not be foregone. This issue is further
 
developed in Part Three. 
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Non-Agricultural Land
 

If the proposed land for woodlots or tree planting has no alterna­
tive uses at present, its opportunity cost may be close to zero - both
 
from the investor's and from society's point of view. Two observations
 
are in order, however:
 

Ifsuch land is far from the village (as it commonly is)the
 
low land value will be compensated by the high cost in recur­
rent labor time required to go back and forth. This may, in
 
turn, reduce many of the benefits of woodlots as seen from the
 
villagers' perspective.
 

Tree planting (agroforestry) which occurs on existing agricul­
tural land without replacing the agricultural crop will involve 
little land cost in terms of agricultural output foregone. It 
may, in fact, enhance agricultural productivity as well al­
though farmers may not always perceive these benefits.27
 

INFORMATION/SOURCE SUMMARY - LAND INPUTS
 

Information Needed
 

1. 	Number of hectares needed for project
 

2. 	Expected location of land
 

3. 	Output per hectare (for each agricultural product)
 

4. Market prices for each product
 

Sources
 

a. 	Technical specifications of project (1)
 

b. 	Agricultural production studies (3)
 

c. 	Village interviews/discussions (2)
 

d. 	Local/regional markets (4)
 

e. 	National agricultural statistics/crop marketing boards (4)
 

27 	 For an excellent discussion of the role of trees in nutrient
 
cycling when combined with agriculture, see Poulsen, Gunnar.
"Shifting Cultivation: Soil and Vegetation, Nutrient Pumps and
 
Nutrient Cycling," inMan and Tree in Tropical Africa, IDRC, 1978.
 

http:benefits.27
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c. Water 
There are few readily available indicators by which to estimate 

the value of water. The following options may be available:
 

a 	If a well is dug and operates exclusively for a woodlot, the
 
water from it need not be valued separately. It has no oppor­
tunity cost and its "production costs" are already included in
 
the cost of labor ard capital inputs associated with procuring
 
it.
 

0 	In regions near nomad routes, water is frequently sold to
 
herders on a per head of livestock basis. These prices can
 
easily be converted Into unit prices and used as estimates of
 
water value.
 

In the absence of any other alternative and where water scar­
city is in fact a problem, reference may be made to prices

charged in other projects (agricultural projects, for example)
 
or in neighboring regions with similar water availabilities, or
 
indeed, in neighboring countries. 

If the key water problem is not the availability of groundwater,
 

but rather the transport needs in getting water from wells to the
 
trees, then the problem becomes a labor valuation issue, as well as a
 

logistical and technical problem for the project.
 

INFORMATION/SOURCE SUMMARY - WATER
 

Information needed
 

1. Price of water in local area
 

2. Price of water in neighboring cities or regions
 

Sources
 

a. Village/area surveys (1)
 

b. Public water agencies (2)
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B. OUTPUTS
 

1. Direct Outputs
 

a. Market Outputs
 
These include any wood which is sold commercially, as well as
 

other forest products (fruit, gum, etc.) which have a known market
 
price. Even where villagers themselves do not purchase firewood,
 

surplus wood may be sold as a means of generating cash income for the
 
project. All such items may be valued at their market prices.
 

b. Non-Market Outputs
 
Firewood is the principal non-market output to be considered. As
 

indicated above, fuelwood may in some projects be sold to villagers for
 
cash, and may thus be treated as a market output. However, the propor­

tion of fuelwood not sold, but rather distributed by some other alloca­

tion mechanism, should be treated as below.
 

Firewood
 

In or near many villages in the Third World, there is a market for
 
firewood, and firewood prices are known. it is tempting to say that
 
these prices should be used as the estimates of the value of fuelwood
 

provided villagers, even ifthey do not buy it in cash. This option
 
can be adopted only under the following condition: that the villagers
 

in question were, prior to the project, buying fuelwood commercially
 
rather than collecting it themselves. 28 If,on the other hand,
 
they were previously doing their own collection, then:
 

• the revenue (or benefit) from the villagers' standpoint is not
 
the wood itself (they were already getting it), but rather the
 
time saved incollecting wood.
 

The opportunity costs of the labor saved inwood collection
 
(including peak season) can be converted into monetary units
 

28 However, ifmost villagers were already buying wood commer­
cially, then the project should anticipate selling its output ­
thereby making fuelwood a market output of the project.
 

http:themselves.28
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usl;,.,q the same valuation as for labur Inputs intu the furestry 
projr.lct. The project agalysis is thereby put on a uniform 
basi,., 

Time saved in wood collection should be valued in exactly the same
 

manner as were the labor inputs into the project. Special attention
 

should be paid to two points: first, that a proportion of child or
 

young adolescent labor may be used in wood collection; second that
 

during peak planting seasons commercial wood purchases may supplant
 

personal collection, and/or peasants may draw on stores of wood built
 

up in advance of the peak period.
 

INFORMATION/SOURCE SUMMARY - DIRECT OUTPUTS
 

Information needed
 

1. 	Quantity of market outputs (by product)
 

2. 	Unit prices for market outputs (by product)
 

3. 	Average number or hours currently spent collecting wood (per
 
household - broken down between peak and non-peak seasons).
 

Sources
 

a. 	Project technical specifications (1) (4)
 

b. 	Local markets (2) 

c. 	Village surveys (interviews) (3)
 

2. Indirect Outputs
 

The principal indirect outputs at the level of investor (finan­

cial) analysis are the "environmental benefits" accruing to the indi­

vidual or illage. These include reduced soil erosion as a result of
 

wind and water damage and increased fertility through more efficient
 

cycling of soil nutrients, application of leaf mulch, etc. 
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When trees are not distributed on agricultural land, but rather
 
are concentrated inwoodlots which are exclusively devoted to wood pro­

duction, then, in general, none of these benefits will occur at a micro
 
level. 29 While the quantity of trees may be sufficient, -.hir spa­
tial distribution will not normally be appropriate to either protect
 
agricultural land from erosion or enhance its fertility,29
 

Trees planted as part of an agro-forestry system (dispersed at
 
intervals in agricultural land) will often lead to increased agricul­

tural yields, over time. The best estimate of the impact of this bene­
fit will come from technical personnel (foresters/agronomists) who are
 

able to estimate the yield increases from a specific agro-forestry pro­
gram. These estimates will be related to a number of non-economic
 
factors: type of land, type of trees, type of crops, planned tree
 
spacing, etc. A quantitative (percentage) estimate by technical
 

specialists of expected improvements in agricultural yields should be
 
the point of reference for valuing this indirect micro-level output.*
 

Equivalently, in areas where soil erosion is a substantial prob­
lem, the long-term impact of erosion on agricultural yields can be
 

estimated (however crudely) by technical staff for the project. For
 
example, a recent study of reforestation programs inKitui District of
 
Kenya estimated that agricultural productivity is declining by 3% per
 

29 	 They will, of course, have macro-level benefits e.g., re­
ducing the pressure on natural forest reserves see preceding
 
section).
 

30 	 There may be certain exceptions, especially in sloping terrain
 
where a properly placed woodlot can affect water run-off.
 

It is important to note that the technical specialist's estimate
 
of increased agricultu-al yields from agroforestry does not neces­
sarily correspond to the farmer's (investor's) perception of agro­
forestry benefits. The implications of this fact are discussed
 
elsewhere in this paper.
 

http:level.29
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year as a result of soil erosion.26 The value of windbreaks, for
 

example, can then be estimated from that figure.
 

To 	 recapitil ate: 

0 	Estimates of a percentage increase in soil fertility (j) can be 
obtained from technical personnel. These can then be applied
to 	the land where agroforestry is being used. The surface area
 
taken up by the trees themselves should be deducted from the
 
base to which "J" is applied. 

* 	Estimates of the annual percentage rate of soil erosion (k)can
 
be crudely approximated by technical personnel. By applying

this rate to the value of agricultural output on lands being

protected from erlosion, we derive an estimated annual benefit
 
from tree planting.
 

In all cases, indirect benefits should only be imputed to lands
 

specifically benefitting from tree planting, and not to all agricul­
tural holdings of the farmer or village.
 

Inestimating the amount of land benefitted it should further be
 
noted that only seedlings which survive to maturity will generate the
 

benefits being discussed. This implies, on the one hand, that there is
 
a substantial time lag before benefits begin. On the other hand, only
 

a small portion of the trees planted will in fact survive (seedling
 
survival rates in such projects are often as low as 10% to 20%).
 

The valuation techniques and the expected results at the level of
 
indirect outputs involve a great deal of gray area. Even the best
 

technical estimates will have a very wide margin of error. All esti­
mates will be, and should be, open to debate. The important fact, how­

ever, lies in understanding the structural relationships at work and in
 
trying to depict them in ou, analysis. Indirect outputs should be in­
cluded in a financial analysis mainly when direct costs and benefits do 
not themselves yield a clear picture of a project's economic viability. 

In additicn, indirect outputs should be evaluated as a sensitivity
 
factor, inorder to judge the order of magnitude of their potential
 

impact on rates of return.
 

* Poulsen, Bollinger, Shaikh. op. cit. 

http:erosion.26
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INFORMATION/SOURCE SUMMARY 
- INDIRECT MICROECONOMIC OUTPUTS 

Information needed
 

1. 	Number of hectares devoted to agroforestry
 

2. 	Number of hectares protected by windbreaks
 

3. 	Types of crops planted
 

4. 	 Yield per hectare per crop 

5. 	 Unit prices for crops 

6. 	Technical estimate (j) of increased agricultural yields from 
agroforestry 

7. 	Technical estimate (k) of reduction in soil 
erosion from tree
 
planting 

8. Tree survival rates 

Sources 

a. 	Project specifications (1) (2)
 

b. 	Technical personnel in agriculture/forestry (7) (8)
 

c. 	Village surveys (3)
 

d. 	Agricultural production studies (4)
 

e. 	Local/regional markets, national statistics, crop marketing
 
boards (5).
 



41 

III. Valuation of Inputs and Outputs (Social Level)
 

Indetermining the valuation of inputs and outputs at the social
 

level (economic) analysis, there are only two areas of divergence from
 

the investor level (financial) analysis. One concerns non-market in­

puts, and the other concerns indirect outputs.
 

A. INPUTS
 

1. Market inputs
 

All market inputs will be valued at the same market !frices
 

used in the financial analysis. 31
 

2. Non-market inputs
 

Land and water, both of which have already been valued at
 

their economic opportunity cost at the financial level, will be
 

valued at the same prices for the fconomic analysis.
 

Peak season labor has been valued in the financial analysis
 

at its opportunity cost in terms of agricultural output. Ac­

cordingly itwill be valued the same way for the economic an­

alysis. This is based on the premise that the value of lost
 

agricultural output isthe same to the village as it is to
 

society.
 

Off-peak labor may, however, be valued differently at the
 

social level than at the investor level. Society is likely to
 

value labor at considerably less then do private individuals,
 

Itmay be argued that shadow prices should be used. For items
 
being considered, valuaTtionwould be very cumbersome, local vil­
lage market would have little data to work from, wouldhav-e TiFtle
 
relevance in a setting of such isolated markets and would probably

have a minor impact on the rate of return. In short, it isn't
 
worth the effort in an actual village analysis situation. Commo­
dities purchased on national or irternational markets (fencing,
 
equipment, etc) should, however, be shadow priced using estab­
lished economic techniques.
 

31 

http:analysis.31
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since during times of labor surplus some of the village labor
 
pool may be idle. The social value (shadow wage) of this off­

peak labor will probably be inthe range of 50% of the private
 
value. Here again, It is a matter of how much free time is
 
available and what the alternative time uses are. The above
 
figure is not intended as an "average" to be used in analysis.
 
The shadow wage used ineach case should be carefully estimated
 
from available information.
 

It should be kept inmind that in much of Africa there is a
 
sizable out-migration of adult male labor during the dry 
season.
 
Thus labor supply dwindles to ompensate for decreased demand.
 
The opportunity cost of the time of remaining household members
 
may, therefore, remain higher than itwould otherwise have
 

been.32
 

B. OUTPUTS
 
All direct and indirect outputs included in the financial
 

(investor level) analysis will be given the same values in the
 
social level analysis. Inaddition, the following indirect
 
outputs will be included at the social level.
 

External benefits
 
This category of outputs includes the beneficial environmental
 

and soil fertility impacts Qf increased vegetative cover. They are
 
considered externalities because they are not directly recoverable pro­
ject outputs and, unlike the indirect micro economic benefits discussed
 
earlier, they do not accrue to any specific individual or group. Often
 
their impact is greatest on groups which have nothing to do with the
 
forestry project under consideration. For example, if a village wood­
lot reduces pressure on the surrounding natural enviornment, that may
 
benefit nomads (non-villagers) whose herds survive on the region's
 

32 	 This point particularly addresses the frequently used assump­
tion that male labor is available at off-peak times and that its
 
social opportunity cost is close to zero.
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vegetative matter. To take another example, if reforestation in up­

river catchments reduces water run-off, this may reduce flooding and
 
soil erosion thousands of miles down river.
 

External costs of deforestation may take several forms:
 

.	 increased soil erosion from rainfall runoff;
 

, 	increased stream/river siltation, affecting
 

- hydroelectric potential,
 
- irrigation potential,
 
- navigability potential;
 

* 	increased flooding down river, with attendant losses in soil
 

fertility and agricultural output;
 

6 	loss of wildlife species;
 

0 	compacting of soil from loss of micro-organisms, with
 
consequent loss of soil fertility;
 

a 	loss of animal fodder for pasturalists;
 

0 	population displacements (disruptions due to above);
 

• 	 desertification (temporary or permanent). 

Not all of these effects will occur in a given location. In the
 

Sahel, for example, desertification, loss of animal fodder for herders
 

and population displacement are the key factors. InSri Lanka, runoff,
 
soil erosion and river siltation are more important. In the Himalayan 
foothills, runoff and siltation are important for flooding and loss of 
agricultural output in the Ganges Delta - thousands of miles down 

river.
 
These external effects are, furthermore, subject to a cumulative
 

and mutually reinforcing intensification.
 
A number of options exist for valuing external benefits from
 

forestry projects. Examples of such options include­

estimated loss in sci fertility from rainwater runoff can be
 
correlated (using t~me-series data) with the amount of rain­
fall, runoff, loss of topsoil and changes in vegetative cover
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in order to obtain a measure of the imoact of deforesta­
tion.33
 

* 	benefits from reduced flooding can be measured in ter-,is of lost
 
agricultural output in flood zones. Informational requirements

would include size of potential flood zone, types of crops
 
planted, seasonal changes inwater levels, rainfall levels,
 
etc.
 

a macro benefits -- to herders -- of reduced environmental 
degradation can be estimated from study of grazing patterns,
size of herds, forage requirements, regenerative capacity of 
natural forests, wind and water erosion and the rate of 
acceleration of forest depletion. 

Similarly, other techniques can be applied to estimate most of the
 

key external benefits of village reforestation. However, it is obvious
 
that the tools and the effort required for such analysis to be meaning­

fully undertaken greatly surpass the resources available when doing a
 
field evaluation of a single VLFP. Therefore, as a practical matter of
 

field evaluation, the following approach is offered:
 

(a) Wherever possible, national or regional analysis (or ecologi­
cal zone analysis) should be conducted to establish, for an entire
 
area, the range of external benefits which can derive from village

reforestation, to attempt to quantify those benefits and to deter­
mine the key parameters which will influence the extent to which
 
those benefits will be realized by (can be imputed to) any speci­
fic project.
 

(b) Where such "macroeconomic norms" have been established, their 
values can be inserted into the economic analysis on the same 
basis as other project benefits.
 

(c) 	When such norms do not exist, itmay be useful to utilize an
 
indirect approach.34 It consists of including non-quantified
 
extcrnal (macroeconomic) benefits in the economic analysis, but
 
entering "X"for their value. The system can then be solved for
 
the value of "X"which makes the investment economically worth­
while. From here we can make a crude judgment as to whether the
 
macrobenefits can reasonably be expected to be inthe range of
 

"x .35 

33 	 See Sri Lanka paper referenced in footnote 14.
 

34 	 Developed in French, David. "Economics of Renewable Energy

Technologies," U.S. AID and al Dir'iyyah Institute, 1979.
 

35 	 Clearly only one benefit - or one group of benefits - can be
 
evaluated at a time inorder to have a determinate solution.
 

http:approach.34
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IV. Summary of.Information Needs.
 

Table 3.3 summarizes all information needs for performing an
 

economic analysis of a VLFP, based on the estimation and valuation
 

techniques developed in this Section.
 



46 

TABLE 3.3
 

Summary of Information Needs
 

Information Needed 
 For Estimation Of
 

1. market prices for market inputs 	 market inputs
 
2. regional per capita income, or 
 off-peak labor
 

national per capita income
 
3. local labor market wage rates
 
4. average ratio of household size to number of
 

economically productive household members20
 

5. average daily time (per economically active peak season labor
 
person) for planting during peak season
 

6. average daily time required for forestry
 
project during peak season
 

7. number of hectares of each agricultural
 
crop being sown
 

8. average output per hectare for each crop
 

9. average unit prices (market) for each crop
 
10. 	 extent of underemployment of productive
 

villagers during peak season
 

11. 	 extent to which non-agricultural tasks can
 
be deferred during peak season
 

12. 	 number of hectares needed for project land inputs
 
13. 	 expected location of land
 

14. 	 output per hectare (for each agricultural
 
product)
 

15. 	 market prices fcr each product
 
16. 	 price of water in local area water
 
17. 	 price of water in neighboring cities or
 

regions.
 
18. 	 quantity of market inputs (by product) direct outputs
 
19. 	 Unit prices for market outputs (by product)
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TABLE 3.3 (continued)
 

Summary of Information Needs
 

Information Needed 
 For Estimation Of
 

20. 	 Average number of hours currently spent
 
collecting wood (per household - broken down
 
between peak and non-peak seasons).
 

21. 	 number of hectares devoted to agroforestry indirect micro­
economic inputs
 

22. 	 number of hectares protected by windbreaks 
23. 	 types of crops planted
 

24. 	 yield per hectare per crop
 

25. 	 unit prices for crops
 
26. 	 technical estimate (j)of increased
 

agricultural yields from agroforestry
 
27. 	 technical estimate (k)of reduction in
 

soil erosion from tree planting
 

28. 	 tree survival rates 
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PART FOUR
 

CASE STUDIES
 

I. Community Woodlots inthe Mopti Region (Mali)
 
Project Description
 
To create a community-run woodlot which will 
serve the firewood
 

needs of a village of two hundred inhabitants in the region of Mopti
 
(Mali).
 

Per capita domestic fuel consumption is estimated at the equiva­
lent of 270 kilograms of wood per year.36 At present, approxi­
mately fifty percent of this need is satisfied by wood collected from
 
natural forests surrounding the village, and 50% is satisfied by burn­
ing agricultural residues. 
 The project isdesigned to meet half of the
 
total domestic energy needs of a village of 200 inhabitants (27,000
 
kgs/yr).
 

In addition to establishing a woodlot, the project foresees dis­
seminating more energy efficient wood burning stoves as a 
means of re­
ducing energy demand in the village. For purposes of this analysis,
 
however, we assume that energy demand will 
remain at current levels.
 
This isbased on the hypothesis that present energy consumption is
 
constrained by the inaccessibility of firewood, and will rise somewhat
 
after the project begins, thereby offsetting the improvements ineffi­
ciency brought about by improved cookstoves.
 

Key inputs and outputs are summarized in Table 1. The following
 
assumptions should be underscored with regard to the base case:
 

Wood isthe only useful output of the woodlot. No provision is

made for fruit trees or other income-producing activities
 
(intercropping, etc).
 

Commercial fencing rather than live fencing, will be used to
 
protect the woodlot.
 

36 Mali Village Reforestation Project, U.S. AID Project
 
Paper.
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TABLE 4.1
 

Inputs and Outputs of Village Woodlot 
(Mopti Region, Mali) 

INPUTS
 

Investment Inputs 

1. Land: 18 hectare plot* 

2. Labor:
 

non-peak season: 2,400 days adult labor for clearing, site
 
preparation, laying out and digging holes,

and weeding; 100 days adult labor in 
training.
 

peak season: 300 days adult labor for planting
 

3. Fencing:
 

The project assumes fencing of four-strand barbed wire:
 

900 meters, 766,000 MF
 

4. Seeds: provided at no cost to the village
 

5. Other Capital Inputs:
 

tools: No special tools, other than those villagers already
 
own, will be required. 

well: 	 The project assumes no well will be needed for the
 
community woodlot. Costs of well construction (labor

and materials) have been included in a sensitivity
 
analysis.
 

construction: none.
 

* based on a 4 m x 4 m spacing, with no inter-croppirig 
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TABLE 4.1
 
(cont' d) 

Recurrent Inputs
 

1. 	Labor:
 

non-peak season: . 125 days/year (adult labor) for"management" 

. 1,095 days per year for guarding the 
woodlot (3 shifts per day, 8 hours per
shift, 365 days per year), for maintenance 
and harvesting 

.	 462 days per year collection and
 
transport.* Of this, 50% is assuned to
 
be child labor** 

peak season: .. 	 115 days for collection and transport 
(50% child labor, 50% adult labor) 

OUTPUTS
 

1. Firewood: 27,360 kgs/yr (valued interms of labor saved in 
collection)
 

2. 	Labor saved inwood collection:
 

non-peak season: 1,390 days/yr of adult labor***
 

peak season: 345 days/yr of adult labor 

Assuming 25 households, and one hour round-trip each day (including
 
collection), 4 days per week. 

** 	 Adult labor is used inwood collection when distances are greater 
and significant effort is required. Access to a woodlot within the 
village would greatly enhance the use of child labor, on a casual 
basis.
 

*** 	 Assumes one member of each household spends, on average, 4 hours 
per day, 3 days per week, collecting wood. Thirty percent child
 
labor is assumed. Twenty percent of total collection is assumed to
 
occur during peak season.
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The project assumes that no well will be required, and that 
trees will depend entirely on rainwater (with some storage in

microcatchments). In areas where a well is necessary, a very

substantial addition to capital costs should be foreseen.
 

The project will yield 40% of full output by Year 3, and will
 
achieve full production by Year 6.
 

1. Investor Perspective
 

(a) financial analysis:
 

We make the following assumption,:
 

• Non-peak adult labor time is valued at MF 230/day.
 

* Peak season labor is valued at 2,580/day.
 

. Child labor is valued at 60% of adult labor rates. 

The discount rate villagers apply to future benefits is 20%.
 
This high figure can be justified on the grounds that villagers

have an extremely limited surplus over current needs, and
 
therefore place a high priority on current (vs. future) in­
come.
 

Agricultural land will be used for the woodlot. 
 Most land suf­
ficiently close to the village to lead to sizable time saving

in wood collection is likely to have alternative agricultural
 
uses, particularly in the Malian environment of flat terrain
 
and relative uniformity of land characteristics in the vicinity

of a given village.
 

Average agricultural output foregone on the woodlot is worth
 
MF 42,250 per hectare.
 

Sixty-six percent of the land (on average) would normally lie
 
fallow at any given point in time.
 

The value of output foregone is therefore:
 

42,250 x 18 x .34 = MF 258,570/yr. 

The land used aor the project is, accordingly, given a value of
 
MF 1,292,850 based on the present discounted value o' fLture
 
income foregone.
 

project life is twenty years, with a terminal value of 50% of
 
the initial capital investment. 37
 

37 	 This high terminal value reflects the fact that the trees will 
continue to exist. 
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(a) Financial Analysis
 
Table 4.2 shows the estimated costs and benefits for the project,
 

calculated for each of the twenty years of project life.
 
The project, as described, is not financially viable (from the
 

perspective of the investors). 
 The Net Present Value is -2,652,000 MF.
 

(b) Sensitivity Analysis
 
Several key sensitivity factors have been analyzed. 
They 	are:
 

" 	A change in the discount rate from 20% to 10% (Case 2). As the

20% rate is based on a specific hypothesis regarding villagers'

perceptions, it is useful to determine its 
impact on the out­
come of the financial analysis.
 

" 	A reduction in fencing costs, 
on 	the assumption that live
 
fencing can 
be 	used in place of the costly commercial fencing
 
now envisaged (Case 3).38
 

A reduction of land costs to zero, to reflect the assumption

that 	non-agricultural land (which has no 
alternative economic
 
uses) can be devoted to the woodlot (Case 4).
 

• A 20% higher wood yield per hectare with the increment being

sold commercially at 40 MF/kg (Case 5).
 

The assumption that in addition to producing wood for village

needs, the woodlot yields 1,000 kgs of fruit (valued at 100
MF/kg) per hectare per year for commercial sale (Case 6).39

This case involves a 20% increase in maintenance and harvesting

labor, and an increment of 50 days of non-peak labor for com­
mercialization of fruit.
 

38 	 Alternatively, commercial fencing could be "loaned" to a
 
village until trees reached maturity - and then passed on to
 
another village.
 

39 	 This amounts to the very conservative assumption that the
 
average yield per tree is 1.5 kgs/yr 
- in effect, that only a
small percentage of the wood producing trees 
on the woodlot are
 
also fruit bearing. This figure is not intended to serve as a
technical estimate; rather, it is merely illustrative of the

contribution of marketable byproducts to financial 
viability.
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RESULTS
 

The results of Cases 1-6 are presented below:
 

NET PRESENT VALUE
 
CASE 
 103MF
 

Case 1 (Base Case) -3,510 
Case 2 (10% discount rate) 
Case 3 (live fencing) 

-2,115 
-2,814 

Case 4 (free land) 
Case 5 (20% commercial wood) 
Case 6 (connercial by-product: fruit) 

-2,287 
-2,885 
+ 339 

The results of Cases 1-6 clearly suggest that the community-based
 

woodlot remains unprofitable, from a financial standpoint, under most
 
reasonable scenarios, except when some marketable by-product is intro­

duced. In other words, although it may be socially worthwhile to plant
 
more trees, the incentives of villagers to do so will be heavily influ­

enced by the degree to which those trees can serve as income producing
 
assets. Even under a severe cost-cutting scenario (a combination of
 

Cases 3 and 4), the woodlot would fail to be profitable from a finan­

cial standpoint. 

(c) Scarce resources analysis.
 
The principal scarce resources to be analyzed are water, peak-sea­

son labor and cash/credit. Of these, the first two are not subject to
 
formal economic analysis, although they warrant the following observa­

tions as to their economic implications.
 

The project does not foresee digging and equipping a well at
 
the woodlot. The capital costs of providing a well are esti­
mated to range from a few hundred dollars to five thousand
 
dollars - depending upon the depth of the watertable and the
 
sophistication of waterdrawing/pumping techniques. Only a
 
project with marketable by-products has any appreciable
 
prospect of being able to support the costs of a well.
 



55 

Both AID sociologists and Malian forestry officials have re­
lated conversations with villagers which suggest a reluctance
 
to undertake any tree slanting efforts which impinge upon peak­
season agricultural activity. In a bare subsistence economy,

villagers are reluctant to jeopardize food output - even if the 
financial returns were attractive on paper. Therefore, the 
incentive to participate will be greatly enhanced to the extent 
that tree planting can occur at non-peak times. The extent to 
which this is technically feasible - particularly using mini­
catchments and dams - should be explored. 

The cash/credit constrainLs can be examined mor straightforward­

ly. The issue is as follows: cash is an extremely scarce resource in
 
rural areas. Non-cash revenues (such as libor saved) cannot easily be
 

converted into income flows with which to repay cash outlays. There­
fore, in order to be viable, a project should generate enough cash re­

venues to offset any cash investments or recurrent costs.
 

The base case assumes a cash outlay f 766,000 MF for fencing, as
 

well as a present value investment of 1,293,000 MF of cash-equivalent 
income foregone (for land). Yet the project provides no cash income. 

On the other hand, either assumption regarding introduction of commer­

cializable by-products (Cases 5 or 6) makes the cash-cost/benefit
 

balance highly favorable. Case 5 yields a net cash income of 213,000
 

MF per year, while Case 6 yields 1,738,loo MF of net cash income annu­
ally. The importance of this fact should be seen in light of the
 
aggressiveness with which small farmers in many parts of the world have
 

sought to get cash benefits, even when the return on investment on an 
imputed value of land and labor basis is not attractive.
 

(d) Incentives analysis
 

The Mali Village Reforestation Project is still at an early stage 

,n its development. As only secondary sources of field research were 

available for this analysis, it is impossible to judge the village 

economic incentive structure in any depth. The following observations
 

are in order, however:
 

The primary decision-makers on village lanC allocation are male
 
village elders. The primary beneficiaries of village woodlots
 
(in the Base Case) are village women. Therefore, if the
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project were analyzed from the perspective of the investment
decision-maker, it would be significantly less attractive than
the financial analysis reveals. 
 Cash or other by-product in­comes have the advantage of accruing to
allocation - those who control land
thereby increasing the likelihood that the project
investment will, 
in fact, be undertaken.
 

" All 
of the cost items in the cases analyzed represent fairly
certain outlays of time or money. 
 The revenue side,
other hand, on the
is uncertain; it is contingent upon project
cess. Projects fail suc­for any of a number of reasons, including
improper execution by villagers and improper design by plan­ners. 
 From the village standpoint, the expected value of bene­fits is much lower than the nominal values assigned in finan­cial/economic analysis. 
 Where the margin for error 
i!.slim,
the risks associated with the project may seem quite high.
 
" Several 
avenues are available for alleviating perceived 
econom­ic risk. 
 In many instances, these lie outside the scope of
economic analysis. 
 Examples include increasing a sense or
trol, con­improving pre-project education and sensitizing, and
on. so
Potential economic mechanisms for reducing perceived risk
are not well 
defined, and should be explored further. 
Alterna­tives include insurance mechanisms, temporary income support,
and "revolving funds," among others. 

2. Social Perspective
 

(a) Economic analysis

For the analysis from society's economic perspective, we 
introduce
 

the following assumptions:
 

Off-peak adult labor is valued at 
115 MF per day. Off-peak
child labor is given an economic value of 0.
 
Peak season labor is valued at the same rates 
as in the finan­
cial analysis.
 

The social discount rate is assumed to be 100'.
 
The social capital costs of providing seedlings, nursery sup­port, extension and related infrastructure are 55 MF per sur­viving tree, or 653,400 MF (55 
x 660 trees x 18 hectares).
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This figure is based on estimated costs for nursery operations
 
in a similar project in the Kitui district of Kenya. 40
 

* The recurrent social costs of infrastructure and technical
 
support to the project are 100,000 MF per year in the first 5
 
years, and 50,000 MF annually thereafter.
 

• 	 External benefits from the project ore not estimated directly, 
but rather are compared to the residual value necessary to make 
the projects profitable (see Part Three for methodology). 

In the absence of macroeconomic ("external") benefits, the project
 
yields a NPV of -3,302,000 MF. If a value of 33 MF (approximately US
 

12.5 cents) is assigned to the annual microeconomic benefits deriving
 
from each tree, then the project just becomes viable from an economic
 

perspective (NPV = +0). Given the severity of environmental deteri­

oration in Mali, with effects on soil fertility, animal husbandry,
 
migration and climate, 53 MF per year certainly seems to be an accep­

table minimum bound for macroeconomic benefits. Therefore, we can
 
judge that, given reasonable valuation of "macroeconomic benefits," the
 

project is economically viable.
 

(b) 	Sensitivity analysis
 

The same sensitivity factors applied in Cases 3, 4, 5 and 6 of the
 
financial analysis are relevant to the economic analysis. In all
 
cases, the already acceptable economic rate of return is enhanced, with
 

Case 6 (commercialization of by-products) being, by far, the most at­
tractive.
 

(c) Scarce resources analysis
 
No resource constraints at the social level have been analyzed.
 

(d) 	National policy objectives
 
The clear national policy objective served by this project is to
 

halt environmental degradation. This objective is of overriding
 

40 	 See Poulsen, Bollinger, Shaikh, "Kitui (Kenya) Tree Planting

Programs for Ecosystem Stabilization," US. AID, January 1981.
 

http:Kenya.40
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importance to all the Sahelian states, since the current rate of defor­
estation jeopardizes the agricultural production base which provides
 
the livelihood of over 90% of their populations.
 

3. Project-Efficiency Perspective
 

(a) Economic benefits ratio
 
Present value of budgetary outlays = 1,330,000 MF
 
Incremental economic benefit 
= 278,000 MF
 
Economic benefits ratio = 
4.78
 

Quite clearly, the budgetary costs of this project 
are far in ex­
cess of the quantified economic benefits derived from it. We cannot
 
determine if this budgetary outlay is justifiable on the grounds of
 
non-quantified macrobenefits. 
 However, this very high economic bene­
fits ratio does suggest that the public 
sector cost/benefit ratio is
 
not especially favorable. 
 That is, at best, the public sector is
 
paying cash for all 
or most of any "external benefits" which derive
 
from the project.
 

(b) Changes in economic benefits ratio over time
 
The economic benefits ratio may tend to decline as 
tree planting


information spreads through social 
process, and 
as the costs of nursery
 
facilities is spread over a larger number of projects. 
However, as
 
lower priority and less profitable projects are brought on 
stream)
 
there will be a tendency for costs per project to increase. Even if 
we
 
assume costs will decline, and if
we make the extremely optimistic as­
sumption of a fifty percent reduction in the budgetary burden, the
 
economic benefits ratio would remain in the order of 2.5.
 

(c) Annual policy cost
 
The per capita budgetary cost of this project is 6,650 MF (or US
 

$15.85). 
 If we ta,e the target population to be between 2.7 million
 
and 3.6 million (approximately sixty to eighty percent of the rural
 
population), the total 
policy cost would fall 
between $42.8 million and

$57 million. Given 
a policy time frame of ten years, this yields an
 
annual policy cost of US $4.3 to 
5.7 million.
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II. Tree Planting on Individual Lands (Mopti Region Mali)
, 


Project Description
 
To promote tree planting by individual farmers on their own lands,
 

with a twofold objective: to provide sufficient firewood to meet at
 
least 50% of domestic energy needs (approximately 135 kg/year per per­
son) and to improve soil fertility through more efficient nutrient
 
cycling, use of mulch fertilizer, soil protection and related benefits
 

of agroforestry interventions.
 
This project alternative has numerous elements in 
common with the
 

project already described in the preceding section, the details of
 
which will not be repeated here.
 

Economic analysis of individual tree planting differs from that of
 
the community woodlot in that there is 
no well defined project oi which
 
to base the analysis. 
 We therefore make the following assumptions re­
garding a "typical" village household:
 

• family size is of ten persons.
 

annual wood needs to be satisfied by this intervention are
 
1,350 kgs per year.
 

the total 
number of trees required to satisfy the household's
 
wood needs is approximately 600. These trees will be inter­
spersed on agricultural land. 
 Ten hectares of privately held
 
household land will receive approximately sixty trees each.
 

Within this hypothetical framework, the following specific project
 
assumptions are added:
 

" 
Wood yield per tree is 2-5 kg/year.
 

The beneficial effects of tree planting lead to 
a five percent

increase in agricultural productivity on the affected fields.
 
This is a benefit -- appropriated by the cwners of the land 

which does not arise in the case of a 
woodlot. The benefits in
 
question include protection from excessive sun and from the
mechanical impact of rainfall, reduction of sheet erosion from
 
heavy rainfall, the binding effect of tree roots on upper soil

layers, nutrient cycling by deep roots and the presence of
 
decaying matter and of humus.
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• In the base case, t'iere are 
no non-wood by-products.
 

• There are no special provisions required for water supply.
 
• Wood output will be 40% of final 
levels by Year 3, and full


production will be achieved in Year 6.
 
Table 4.3 summarizes project inputs and outputs. 
 As the table in­

dicates, there are 
several 
important differences between this project

and the preceding one: 
 First, per capita wood collectors and transport
 
are lower because wood supplies are located on 
the 
same land which the
household cultivates; second there are no capital 
costs associated with
 
either land or with commercial fencing; third, the assumption of an
around-the-clock guard is dropped for individual 
farm tree planting;

fourth, agroforestry 
- as opposed to woodlot 
- interventions automati­cally imply a non-wood benefit in the form of increased agricultural
 
yield.
 

Table 4.4 shows the costs and benefits for the agroforestry inter­
vention project, calculated for each of the twenty years of project
life. 
 The table uses the same assumptions regarding input valuation,
 
project life and discount rate as were used in the analysis of the
village woodlot project. 
 It should be noted that the average value of
 
agricultural yield per hectare (used to quantify the value of increased
agricultural productivity) is assumed to be 650 kilograms. 
 At 65 MF
 
per kilo, this yields a per-hectare output value of 42,250 MF. 
 This
figure is based 
on 
average yield and 1980 price data for sorghum. Ob­
viously, each different crop will 
be valued differently. Therefore,

the economics of an agroforestry program on 
sorghum growing lands may

be quite different than on 
lands were higher value crops 
- such as
groundnuts ­ are cultivated. 
 This issue is 
one of the sensitivity
 
factors addressed below.
 

(a) Financial Analysis
 
The Net Present Value of the Agroforestry Project is80,190 MF.


That is, the project is extremely profitable in that it generates

income streams whose present value is roughly one-and-a-half times 
as
 
large as the initial investment.
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TABLE 4.3
 

Inputs and Outputs of Agroforestry Project
 

INPUTS
 

Investment Inputs
 

1. 	Land: None set aside exclusively
 

2. 	Labor:
 

non-peak season: .
 90 days adult labor for site preparation,
 
laying out and digging holes and weeding
 

0 5 days adult labor in training
 

peak season: .
 13 days adult labor 	in planting
 

3. 	Fencing: none
 

4. 	Seeds: provided at 
no cost to the village
 

5. 	Othe,- Capital Inputs: none
 

Recurrent Inputs
 

1. 	Labor:
 

non-peak season: . 6 days/year (adult labor) for "manage­
ment"
 

* 18 days/year incremental* labor time
 
for wood collection and transport. Of
this, fifty percent 	is assumed to be
 
child labor
 

0 20 days adult labor in pruning, spreading
 
mulch, etc.
 

peak season: .	 4 days/year incremental peak season labor 
(fifty percent child labor; fifty percent 
adult) 

over and above normal moverient to and from the agricultural fields
 
on which trees are planted
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TABLE 4.3
 
cont' d) 

OUTPUTS
 

1. 	Firewood: 2,736 kgs/yr (valued in terms of labor saved in
 

collection)
 

2. Labor saved from wood collection:
 

non-peak season: 
 70 days adult labor
 

peak season: 17 days adult labor
 



TABLE 4.4 

1 2 3 4 5 

Costs and Benefits of Agroforestry Project
(Financial Analysis) 
(103 Haltan Francs) 

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

REVNJES 

L.abor Saved 

Increased Yields 

CAPIrAL COSIS 

Iand 

labor 

Olher 

0 

0 

0 

21.7 

-

55.4 

0 

0 

0 

27.7 

3-.4 

24.0 

8.4 

21.7 

48.7 

36.0 

12.7 

27.7 

64.9 

48.0 

16.9 

27.7 

9.4 

81.1 

60.0 

21.1 

27.7 

60.0 

21.1 

27.7 

6W.0 

21.1 

27.7 

60.0 

21.1 

27.7 

60.0 

21.1 

27.7 

9.4 

60.0 

21.1 

27.7 

60.0 

21.1 

27.7 

60.0 

21.1 

27.7 

60.0 

21.1 

27.7 

60.0 

21.1 

27.7 

9.4 

60.0 

21.1 

27.7 

60.0 

21.1 

27.7 

60.0 

21.1 

21.7 

60.0 

21.1 

27.7 

60.0 

21.1 

27.7 

RE1CIIRRF.NI COSTS 
Peak I abor 

Orf-Peak Labor 

NEI RLVENUES 

8.3 

12.8 

(76.5) 

8.3 

12.8 

(21.1) 

8.3 

12.8 

11.3 

8.3 

12.8 

21.6 

8.3 

12.8 

34.4 

8.3 

12.8 

60 

8.3 

12.8 

60 

8.3 

12.8 

60 

8.3 

12.8 

60 

.9.3 

12.8 

50.6 

8.3 

12.8 

60 

8.3 

12.8 

60 

8.3 

12.8 

60 

8.3 

12.8 

60 

8.3 

12.8 

50.6 

81.3 

12.8 

60 

11.3 

17.8 

60 

8.: 

12.9 

60 

8.3 

12.18 

60 

R.3 

12.9 

87.7 

NVP R 207 = 106.8 
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(b) Sensitivity Analysis
 
The following sensitivity factors have been analyzed:
 

" 
A change in the discount rate from 20% to 10% (Case 2).
 

.	 The assumption that tree planting on agricultural land yields
 
none of the anticipated benefits regarding increased agricul­
tural yield (Case 3).
 

* 
A twenty percent increase inwood production, with the incre­
ment being sold commercially at approximately 40 MF/kg (Case

4).
 

" The assumption that a proportion of the wood producing trees
 
planted will also bear fruit, yielding an average output of 90
kgs of fruit per hectare per year (1.5 kgs per tree, on 
aver­
age, valued at 100 MF/kg) (Case 5).
 

.	 The assumption that a higher value crop (groundnuts) is planted

in the fields (assumes 50% higher crop value).
 

RESULTS
 

The results of Cases 1-5 are presented below:
 

NET PRESENT VALUE

CASE 
 103MF
 

Case 1 (Base Case) 
 80.82
 
Case 2 (10% discount rate) 
 268.56
Case 3 (no increase in agricultural yield) 11.91
 
Case 4 (20% commercial wood) 
 150.35

Case 5 (commercial by-product: fruit) 374.32

Case 6 (higher value crop) 
 115.28
 

In all 
cases, except Case 3, the project remains very profitable.
 
Case 3 suggests the very important conclusion that even if there is no
 
secondary benefit in terms of increased yield, the project is, never­

theless, marginally viable.
 

(c) Scarce Resources Analysis
 
The same comments regarding water availability and peak season
 

labor needs for the village woodlot are applicable here.
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As regards cash scarcity, the project assumes little or no cash
 
outlay at any stage. 
 Therefore, investor cash constraints are not
 

likely to inhibit implementation. Furthermore, the very attractive
 
cash cost/benefit picture of Cases 4 and 5 may provide an 
important
 

incentive to farmer participation.
 

(d) Incentives Analysis
 
As in the case of village woodlots, the principal decision-makers
 

on land allocations in most rural Malian communities are male, while
 
the principal beneficiaries of the increased accessibility of firewood
 

are women. However, the Base Case builds in 
a direct incentive to the
 
entire household by offering the prospect of increasing agricultural
 

output. 
 Moreover, as no land need be set aside exclusively for tree
 
planting, the disincentives to act are considerably lower than for a
 
woodlot.
 

Two key uncertainty issues appear to play a role in the agrofor­

estry project. First, the perceived likelihood of getting increased
 
yields may be quite low; second, the fear of harming crop yield may be
 
of concern to farmers. Case 3 shows that even if secondary benefits
 
fail to materialize, a farmer will 
not suffer a serious loss. In order
 
to address the second uncertainty factor (harming crop yields) it would
 
seem useful to design the project so as not to interfere with crop
 
planting. This will be accomplished by keeping the number of trees per
 
hectare relatively low - even if this is a technically sub-optimal
 

solution.
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41 

2. Social Perspective
 

(a) Economic Analysis
 
The following additional assumptions are introduced:
 

The same set of assumptions as in the village woodlot project
regarding the economic valuation of peak season and off peak

season *abor, of adult and child labor and of the social 
dis­
count rate.
 

0 The social 
capital costs of providing seedlings, nursery sup­
port, extension and related infrastructure are 55 MF per sur­
viving tree.
 

The incremental recurrent social 
costs of infrastructure and

technical support to each farmer are 7,000 MF per year in the
first five years, and 3500 MF annually thereafter.41
 

Even in the absence of imputed macroeconomic benefits, the project
 
yields a positive Net Present Value of 280,000 MF. 
 Given the social
 
benefits of reducing enviroimental deterioration, the proiect can be
 
judged very profitable from society's economic standpoint.
 

(b) Sensitivity Analysis
 
The same sensitivity analyses applied in Cases 3-6 of the fi­as 


nancial analysis of the project are relevant to the economic analysis.

In all 
cases, the economic rate of return is positive and greater than
 
the financial NPV, even in the absence of imputed external benefits.
 

(c) Scarce Resources Analysis
 
No resource constraints have been analyzed at 
the social level.
 

It is assumed that much of this cost is in 
terms of the added
 
time spent for agricultural extension workers who already visit
farmers regularly to provide a number of agricultural extension
 
services.
 

http:thereafter.41
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(d) National Policy objectives
 
All tree planting should have high priority in Mali. Agroforestry
 

interventions have the added benefit of directly combatting soil 
ero­
sion and of positively affecting rural production systems.
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3. Project Efficiency Perspective
 

(a) Economic benefits ratio
 
Present Value of Budgetary Outlays = 80,400 MF 

Incremental Economic Benefit = 200,000 MF 
Economic Benefits ratio = 0.4 

The public sector costs are well below the quantified social
 
benefits. 
 Given the high expected value of the non-quantifiable
 

benefits, we may conclude that socicty reaps a considerable "social
 
surplus" from this project.
 

(b) Changes in economic benefits ratio over time
 

The base case assumes relatively high extension costs per house­
hold. These costs 
are likely to decrease over time as increased exten­
sion covprage and demonstration effects take hold.
 

(c) Annual policy cost
 
The present value of per capita budget outlays is 8,040 MF (ap­

proximately US $18.70). 
 Assuming a target population of between 2.7
 
million and 3.6 million (as in the earlier analysis) this yields a
 
totd! policy cost of between $50.5 million and $67.3 million. Assuming
 
a ten year policy time frame, the estimated annual policy cost is be­

tween $5 million and $6.7 million.
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III. Conclusions
 

The following significant conclusions emerge from the comparative
 

economic evolution of Community Woodlots and Individual Farmer Agrofor­

estry Projects in Mali:
 

Of the two alternatives considered, village woodlots 
are
 

considerably less attractive from the investor, social 
and
 
project efficiency perspectives.
 

For both projects, the key contributor to financial viability
 
appears to be the size and nature of non-wood outputs. That
 

is, the success of a rural woodfuel program in Mali may in fact
 
depend on projects in which wood fuel is more a by-product than
 

the primary output of specific projects.
 

The cash cost/benefit balance of community woodlots is only
 

positive when there is substantial sale of commercial output
 
(wood, fruit, etc.).
 

Agroforestry interventions appear to be either cash-neutral 
or
 

to have a positive cash balance (ifwe assume that increments
 
in agricultural output are sold commercially).
 

Agroforestry interventions are neither wood nor energy projects
 
per se. Rather, they are part of an integrated approach to
 

rural production and exchange systems. To be successful, they
 
imply changes in agricultural techniques as much as they imply
 

adoption of tree planting activities.
 

Because of the strong links between agroforestry projects and
 

rural production systems, such projects will draw more
 
successfully upon the strength of long-term institutional
 

capabilities put in place than on specific woodfuel/forestry
 
services.
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