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ABSTRACT. A major strategy to combat defor-
estation caused by household fuel collection has
been the establishment of plantations, especially
in India. A household model is speci® ed with a
number of collection possibilities and analyzed
empirically using household, vegetation, and GIS
data, and the potential decrease in collection
from the natural forest is estimated. The results
show reduced pressure on the natural forest due
to the establishment of plantations. It also ques-
tions buffer zone plantations very close to natural
forests. (JEL Q23)

Regional and country-level trends in defores-
tation result from decisions made at smaller
spatial scales. At the household level, deci-
sions that lead to deforestation can be consid-
ered land use decisions. Recent advances in
spatial modeling of land use decisions have
had much success after including location of
land use choices in analyses. Interest in, and
examples of spatial models applied to tropi-
cal forests is growing. Improved regional-
and country-level results can be obtained by
aggregating smaller analytical units: a spatial
model must start with tracts of land whose
location is known.

For example, one of the most important
reasons for long-term deforestation is the
fuel collection decision made by millions of
households every day. In the 1970s, depen-
dence on tropical natural forests as a source
of fuel led to simplistic models and projec-
tions of the growing gap between deforesta-
tion and reforestation (so called wood bal-
ance or gap models). Such models typically
took into consideration population and in-
come growth, but not the possibilities for
substitute fuels from planted forests. Planted
forests have been used as a major strategy to
combat deforestation, especially in India,
where the government spent 35 billion Ru-
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pees during the 1980s to afforest 13 million
hectares.

Unfortunately, some plantation projects
were badly implemented. Poor results de-
creased interest in the potential for planted
forests to reduce fuelwood collection in natu-
ral forests. However, failing to consider fuel-
wood collection from natural forests in pol-
icy design is a serious mistake that could
limit or even prevent the success of policies
to combat deforestation in many parts of the
developing world.

The majority of households in developing
countries depend on biomass for cooking and
heat. Scarcity of biomass is likely to lead to
continued environmental degradation and
ever increasing efforts to ® nd fuel, perpetuat-
ing the vicious cycle of deforestation for fuel.
Although studies of household fuelwood col-
lection are increasing in number (e.g., Mer-
cer 1991; Amacher, Hyde, and Joshee 1993;
Bluffstone 1995; Cooke 1998; and Mekon-
nen 1999), the potential for plantations to re-
duce deforestation from fuelwood collec-
tion in many developing regions remains
unknown.

For example, in the Indian state of Orissa,
the Orissa Social Forestry Project (OSFP)
was established with external support from
Sweden. The OSFP was intended to develop
a self-reliant and replicable system of for-
estry that could be applied in the villages of
Orissa, and which would also eventually re-
duce the pressure on government forests. Un-
fortunately, it has not yet been possible to
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show whether this goal has beenmet. In eval-
uations of the OSFP it is alleged that the ma-
jor environmental bene® t from the project is
decreased pressure on natural forests as the
result of the establishment of 100,000 ha of
community plantations. However, no quanti-
tative evidence has been developed.

In contrast, there are those within the Ori-
ssa Forest Department who argue that the se-
cure user rights of village woodlots (VWL)
may make villagers stay away from the
woodlots, that were established (under the
OSFP) on land that had earlier provided at
least some fuel. If this is true, then the re-
sult of establishing these VWL has been
increased pressure on government forests,
which are exploited under de facto open ac-
cess. These con¯ icting claims regarding the
ability of planted forests to relieve pressure
on natural forests can only be resolved
through empirical analysis.

Despite the great global interest in defor-
estation over the last decade, not much has
been done to analyze the impact of planta-
tions to reduce deforestation, or on house-
hold modeling to explain deforestation. In a
recent review of the literature on tropical for-
est land use, Parks, Barbier, and Burgess
(1998) describe only a few studies that focus
on the agents of forest land clearing for agri-
culture and livestock, and that take house-
hold characteristics into account. The work
of LoÂ pez on agricultural households in CoÃ te
d’ Ivoire and Ghana (LoÂ pez 1986) is one ex-
ample. Other comprehensive reviews of the
deforestation literature (Lambin 1994; Kai-
mowitz and Angelsen 1997) give the same
result: there are numerous cross-sectional
country and province studies, but fewer stud-
ies that use household data.

This paper applies a spatial perspective to
evaluate deforestation pressures on natural
forests and the potential ability of planted
forests to relieve these pressures. The policy
question considered is: Have plantations re-
duced the pressure on natural forests?

In order to answer this question the house-
hold collection decision must be carefully
modeled and empirically estimated. Our
strategy is to start from a spatial household
model where we specify a number of collec-
tion possibilities. These are empirically ana-

lyzed using data from Orissa. The collection
functions include accessibility of different
sources of biomass (location) and household
characteristics. Shadow wages for different
household categories collecting fuel from
different sources of biomass are estimated.
These wages are then used to estimate the
potential decrease in collection from the nat-
ural forest, using a time allocation function
for collection in forests at different locations.

Community plantations have been found
to provide substantial welfare gains by sav-
ing time spent in fuel collection (KoÈ hlin
1998, Chapter 2). These welfare effects de-
pendon spatial considerations. A comparison
of villages with and without VWL indicates
higher consumption of fuel in the villages
with VWL (KoÈ hlin 1998, Chapter 3). The re-
sults from this paper show a signi® cant re-
duction in pressure on the natural forest due
to establishmentof VWL. The location of the
VWL must be considered also in this case,
since it must provide a reasonable fuel sub-
stitute for fuel from natural forests. The re-
duction varies between villages and ranges
from 0 to 29% of current collection in natural
forests (NF). Analysis of the decision to col-
lect shows that the availability and location
of VWL in¯ uences the probability of collec-
tion in NF. The combined effect is evidence
that the establishment of plantations has re-
duced the pressure on the natural forest, but
this effect is crucially dependenton location.

There is spatial variation in the different
bene® ts from plantations (time saved, fuel
consumed, and decreased extraction from
natural forests). The decision to collect in the
natural forest is affected by shadow wages
from collection in plantation. The shadow
wages, in turn, are affected by the distances
to planted and natural forests. Plantations can
decrease fuelwood collection in natural for-
ests, but this potential depends on distance.
Decreased collection in natural forests de-
pends on the location of the planted forest:
the effect is non-linear with an inverted U-
shape that peaks when planted forests are
located around three kilometers from the nat-
ural forest. This location is where the house-
hold collection decision is most sensitive to
changes in relative shadow wages.

These ® ndings argue that the optimal loca-
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tion of plantations depends on the objective
of the plantation, but that the popular concept
of buffer zone plantations could be less ef® -
cient in achieving the environmental objec-
tive of decreasing pressure on the forest than
plantations a couple of kilometers away from
the forest. The paper concludes with a sum-
mary of such policy recommendations.

I. A HOUSEHOLD MODEL OF
FUELWOOD COLLECTION

The purpose of this model is to explain
fuel collection behavior, that is, the choice
of collection/consumption of biomass from
natural forests, VWL, and the market. The
model assumes that households make deci-
sions to maximize utility. Utility is nonsep-
arable due to large subsistence production
which makes production and consumption
decisions interdependent. This interdepen-
dence is a common feature of studies in de-
veloping countries, including applications to
agriculture (e.g. LoÂ pez 1986; Strauss 1986;
Jacoby 1993; Skou® as 1994) and fuel collec-
tion (e.g. Amacher, Hyde, and Joshee 1993;
Mercer 1991; Cooke 1998; Mekonnen 1999).

The model features a well behaved utility
function with fuel consumption (C) as a sep-
arate argument together with consumption of
a composite purchased good other than fuel
(X), leisure (TL) and household characteris-
tics, A, acting as taste shifters,

U 5 u(C, X, TL; A). [1]

Fuel consumption, C, is derived from natural
forests or village woodlots.

Fuel (Fi) can be collected either in natural
forest or VWL (i 5 N and V, respectively).
Collection is a function of time input1 (Ti),
household composition (A) and resource
availability (Ri). For collection in the natural
forest, physical capital (K) in the form of ox
and cart can be used. We thus have the fol-
lowing household collection functions:

Fi 5 fi(Ti , K, A, Ri). [2]

These collection functions could also be re-
ferred to as production functions for fuel-
wood.

The decision on whether to collect, sell, or
buy fuel also depends on a household mone-
tary constraint where the purchase of com-
modities (at price px) and rental cost of a cart
(pKK) must be balanced by the income from
fuel sold (the net of fuel production and con-
sumption at price pF), wage labor (Tw at wage
w) and other non-fuel, non-labor income2 (Y),

pXX 1 pKK # pF (åi Fi 2 C) 1 wTW 1 Y.
[3]

Note that this is not the commonly used full-
income speci® cation which would also in-
clude the value of household labor used for
subsistence production and leisure. Instead
we use an explicit time constraint where total
time (TT) is the sum of time spent collecting
in NF and VWL, time spent working for
wages, and leisure,

å i Ti 1 TW 1 TL 5 TT. [4]

Consumption, capital, and time are nonnega-
tive, so that

C, X, K, Ti , TW, TL $ 0. [5]

The Lagrangian for the household’ s3 utility
maximization problem with respect to Fi , C,
X, K, Ti , TW, and TL is:

L 5 u(C, X, TL; A) 1 l[pF(å i Fi 2 C)

1 wTW 1 Y 2 pXX 2 pKK]

1 m[TT 2 å iTi 2 TW 2 TL] [6]

2 n[FV 2 fV(TV, K, A, RV)]

2 j[FN 2 fN(TN, K, A, RN)],

1 Time input from different householdmember cate-
gories (men, women, boys, girls) are used in the estima-
tion procedure, but the analysis is carried out at the
household level.

2 The most important sector, agriculture, is only in-
cluded this way to keep the model simple and in line
with the empirical analysis to come. Admittedly, a full
model featuring participation decisions in wage labor,
agriculture, and collection would be preferable.

3 With collection aggregated to the household level.
Permitting a free range of nonnegative choice for TW

implies a perfect labor market. A logical extension of
this work might be to explore speci® c imperfections.
We thank an anonymous reviewer for making this ob-
servation.
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where l, m, n, j are the Lagrangian multipli-
ers of the income, time, and fuelwood collec-
tion constraints, respectively.

The optimum amounts of fuelwood to col-
lect in VWL and NF are given by

¶L/¶FV 5 lpF 2 n # 0,
[7]FV $ 0, (¶L/¶FV)FV 5 0,

and

¶L/¶FN 5 lpF 2 j # 0,
[8]FN $ 0, (¶L/¶FN)FN 5 0,

respectively. Fuelwood will be collected
from the VWL provided that marginal utility
of added income from fuel, lpF , equals the
marginal utility cost of resources required to
collect fuel from the VWL, n. Similarly, fuel-
wood will be collected from the NFprovided
that marginal utility of added income from
fuel, lpF , equals the marginal utility cost of
resources required to collect fuel from the
NF, j.

Optimum allocations of time for VWL
fuel collection, NF fuel collection, wage la-
bor, and leisure are given by

¶L/¶TV 5 2m 1 n¶fV/¶TV # 0,

TV $ 0, (¶L/¶TV)TV 5 0, [9]

¶L/¶TN 5 2m 1 j¶fN/¶TN # 0,

TN $ 0, (¶L/¶TN)TN 5 0, [10]

¶L/¶TW 5 lw 2 m # 0,

TW $ 0, (¶L/¶TW)TW 5 0, [11]

and

¶L/¶TL 5 ¶u/¶TL 2 m # 0,

TL $ 0, (¶L/¶TL)TL 5 0, [12]

respectively. Time will be allocated to VWL
(NF) fuel collection provided that the marginal
utility value of added fuel production, n¶fV/
¶TV (j¶fN/¶TN), equals the marginal opportu-
nity cost of time, m. Similarly, time will be al-
located to wage labor provided that the mar-
ginal utility of added income, lw, equals the
marginal opportunity cost of time, m. Finally,
time will be allocated to leisure until the mar-

ginal utility of leisure time, ¶u/¶TL, equals the
marginal opportunity cost of time, m.

From these conditions, we can summarize
when households (1) will collect in both
VWL and NF; (2) will not collect in the
VWL; (3) will not collect in the NF; and ® -
nally, (4) will not collect at all. The discus-
sion can be facilitated by interpreting the
multipliers l, n, and j, as the marginal utility
of monetary income,4 shadow price of fuel
collected from the VWL, and the shadow
price of fuel collected from the NF, respec-
tively. The economic conditions under which
collection from the NF is reduced are the fo-
cus of our empirical work.

Collection in Both VWL and NF

When households optimally collect from
both VWL and NF, the marginal products
from collection in VWL and NF would be
the same for the households engaged in both
activities. For those who have access to a
market the collection is ``capped’ ’ by the
price of fuel: pF 5 n/l 5 j/l .

No Collection in VWL (But Collection in NF
and Possibly Market Purchase)

Withnooptimumcollection in VWL, FV5
0, suggesting that ¶L/¶FV , 0. If ¶L/¶FV ,
0, then the shadow price of VWL collection,
n, exceeds the marginal utility of added in-
come from fuel, lpF . When this is true the
household could be expected to purchase
fuel. However, since the shadow prices for
the VWL and NF are not necessarily the
same, (n could not in general be expected to
equal j), then the household might still col-
lect in the NF when: pF 5 n/l , j/l.

No Collection in NF (But Collection in VWL
and Possibly Market Purchase)

When households do not collect in the NF
the optimum is FN 5 0. Since FN 5 0 implies

4 A common assumption is that l 5 1. It gives intu-
itive interpretations easily tested in empirical analysis,
but is de® nitely a simpli® cation. For an empirical esti-
mation of the marginal utility of money for different
income groups in India see e.g., Sharma, McGregor,
and Blyth (1991).
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that TN 5 0, the ® rst order conditions for col-
lection times TN and TV (see [9] and [10]
above) show that n¶fV/¶TV . j¶fN/¶TN. Un-
der these conditions, collection in VWL
brings more utility than collection in NF.
Whether this is enough to actually spur col-
lection by a speci® c household depends on
whether the price of fuel is greater than the
shadow price of fuel collection/marginal util-
ity of cash income (see above).

No Collection

There is a possibility that there will be no
collection at all. The obvious case is when
the opportunity cost of time is too high, for
example, because of wage labor. Reorganiz-
ing the optimum allocations of time to VWL,
NF, and wage labor suggests that optimum
TV 5 TN 5 0 when: w . (n¶fV/¶TV)/l and
w . (j¶fN/¶TN)/l.

II. EMPIRICAL ANALYSIS OF FUEL
COLLECTION FROM
NATURAL FORESTS

In each of these cases the decisive mar-
ginal returns from collection depend on
household characteristics and resource acces-
sibility, A and Ri. These characteristics differ
between households and villages, respec-
tively. KoÈ hlin (1998, Chapter 3) found statis-
tically signi® cant differences among VWL
and NF collection when households and vil-
lages were strati® ed by caste, gender, and
other categories. Our empirical focus is on
the determinants of time allocated to NF fuel
collection, andhow the introductionof VWLs
can decrease pressure on natural forests.

From the householdmodel and the discus-
sion of the Kuhn-Tucker conditions we can
conclude a reduced form labor supply func-
tion for collection in NF.5 Household time al-
located to NF collection, TN, can be expected
to depend on the marginal products (shadow
wages) from collection in NF and VWL (to
conserve notation, ¶fV/¶TV and ¶fN/¶TN for a
household will be written below as f ¢V and
f ¢N), market wages, w, exogenous income, Y,
household characteristics, A, and resource
availability, R,

TN 5 t( f ¢N, f ¢V, w, Y, A, R) [13]

The change in TN for a particular household
can then be estimated using the marginal ef-
fect of f ¢V on TN simply:

DTN 5 (¶TN/¶f ¢V)D f ¢V. [14]

If we assume that the marginal product f ¢N is
constant in this interval, then the change in
collection in the natural forest, FN, is

DFN 5 DTNf ¢N. [15]

Household time spent collecting in the NF
and the resulting changes in collection in the
NF will both be analyzed using household
data collected from villages in Orissa.

Data

The data were collected in Orissa in
February 1995. The data set contains 742
household observations based on personal
interviews by professional enumerators. The
households were visited in 22 randomly se-
lected villages in the vicinity of a common
forest, the Dhani Reserve Forest.

The data set features detailed information
regarding collection in both VWL and NF
with time spent per trip, quantity collected
per trip, and number of trips over the last
year. In the following analysis the modern
fuels have been excluded and the different
biomass fuels have been converted to ``leaf
equivalents’ ’ (KoÈ hlin 1998, Chapter 2). The
sources of fuel have been aggregated to natu-
ral forest (NF) and village woodlot (VWL).

Estimation of Time Spent Collecting Fuel
in the Natural Forest

In order to identify the potential decreased
pressure on NF we need to estimate an em-
pirical representation of the reduced form
time allocation function, t(f ¢Nh , f ¢Vh, wh, Yh, Ah ,
R). The analysis is carried out at the house-
hold level. Because less than half (279 of
742) of the households collect in the NF, a
Heckman speci® cation with sample selection

5 The authors are indebted to Professor Ramon LoÂ -
pez for this insight.
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TABLE 1

Fuelwood Collection in Natural Forests by Households in 22 Randomly Selected
Villages in Orissa, India, 1995

Standard
Variable Mean Deviation Range

Probability of collection in natural forest 0.38 0.48 0± 1
Time spent collecting in natural forest (hours per year) 484 1,271 3± 11620
Age of head of household (years) 50 14 12± 90
Family size 5.9 2.7 1± 24
Men older than 15 as share of family 0.35 0.17 0± 1
Number of schedule caste/tribe women in household 0.29 0.72 0± 5
Schedule caste/tribe dummy 0.18 0.38 0± 1
High caste (Brahmin/Khandayat) dummy 0.44 0.5 0± 1
Total income including agricultural produce (rupees) 15,850 18,300 2400± 252,000
Distance to forest (km) 2.75 1.78 0± 6
Size of Informal Protection Committee (IPC) area (acres 4 11 0± 86

per household)
Informal Protection Committee (IPC) age 3.3 5.5 0± 15

(years of protection)
Size of village forest (acres per household) 0.2 0.4 0± 1.8
Size of village woodlot (ha per household)
Household marginal product in natural forest 3.9 8.1 0± 63

(kg per hour)
Household marginal product in village woodlot 3.4 5.8 0± 61

(kg per hour)
Natural forest wage 2 village woodlot wage 20.2 6.8 254± 61

(rupees per hour)
Natural forest wage 2 market wage 22.4 8.8 285± 49

(rupees per hour)

is used. In this two-step procedure, the dis-
crete decision of whether to collect in the NF
is ® rst analyzed using a probit model, then
the continuous decision of time to spend col-
lecting is analyzed using a sample selection
procedure.

Descriptive statistics for the variables
used are presented in Table 1. The age of the
head of household is expected to reduce the
probability of collection because old house-
holds have less mobility. Family size is ex-
pected to be a major determinant of house-
hold fuel needs and is therefore expected to
increase both probability to collect and the
time allocated to collecting. Preliminary
analyses indicate that there are two groups in
the household that are positively correlated
to collection in NF, women in scheduled
caste or scheduled tribe (SCST, or low caste)
households and men in general. These are in-
cluded as share of men in the household and
an interaction term based on number of
women in the household and a dummy for
SCST households. Dummies for low and

high castes are also included in both steps,
with ``general caste’ ’ as the reference point.
Income is included and is expected to de-
crease collection since market purchase and
modern fuels become more interesting for
households with a high opportunity cost of
time and a lower marginal utility of money.
The income variable used is a composite of
all monetary incomes from wage labor, sale
of agricultural products, livestock and other
products. To this has been added an estima-
tion of the value of subsistence production by
taking the quantity of the staple rice pro-
duced times its market value. A ® nal modi-
® cation is the inclusion of net transfers to and
from the household.

A number of resource variables have been
included. The size of potential village forest
per household is expected to be positively re-
lated to the decision to collect. Time spent
collecting in village forests are included in
the second stage of the estimation. The size
of jurisdiction and age of existing informal
protection committees (IPCs) for the forest is
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TABLE 2

P robit Analysis of Households ’ Decision
to Collect in Natural Forest,

Orissa, India, 1995

Marginal
Variable Effect t-Value

Constant 20.29*** 23.26
Age of head of household 20.002 21.10
Family size 0.02** 2.10
Share of men in household 0.18 1.42
Number of SCST women in 0.15*** 2.62

household
Low caste 0.07 0.60
High caste 0.08* 1.70
Total income (1026) 20.85 20.60
IPC area per household 20.006** 22.10
Age of IPC 0.014*** 2.53
Village forest area per 0.07 1.52

household
NF wage 2 VWL wage 0.027*** 6.38
NF wage 2 market wage 0.01*** 4.31

* indicates signi® cance at the 10% level; ** indicates sig-
ni® cance at the 5% level; *** indicates signi® cance at the 1%
level.

also included. A village forest is a (remnant
of a) natural forest close by the village. Not
all villages have such nearby forest areas
and their utilization is probably informally
restricted.

IPCs are organized to better manage natu-
ral forest areas. They typically imply both re-
striction of the forest area to ``outsiders’ ’ and
regulate the use of the forest to the eligible
villagers. This is why it is expected to affect
forest utilization over and above its impact
on marginal product. It has been shown that
IPCs in the area have improved the quality
of the forest. The results in Table 2 imply
that as time goes by the restrictions on the
members decrease which enables them to
spend more time collecting in the natural
forest.

Finally, two variables emanate from the
household’ s optimum decisions. The deci-
sion to collect should depend on the relative
prices of different sources of fuel, such as
NF, VWL, and the market. The relevant
prices are the opportunity costs of time. We
have therefore included the difference be-
tween the shadow wages for fuel from NF
and VWL [NF wage 2 VWL wage] as well
as the difference between the shadow wages

for fuel from NF and wage labor [NF wage
2 market wage]. The shadow wages are cal-
culated using the marginal products6 multi-
plied by the local market price for fuel. The
market wage is based on reported wages and
labor days. All wages are expressed in rupees
per hour.

In the second step of our Heckman speci-
® cation, the dependent variable is the natural
logarithm of the household time spent col-
lecting in the NF. Explanatory variables in-
clude marginal products from collection in
NF and VWL, as well as selected household
characteristics.

Endogeneity stems from the fact that the
time allocation decision and the marginal
product for collection in NF are not indepen-
dent. Because the marginal product for col-
lection in NFis endogenous, the model is es-
timated using an instrumental variable for
f ¢N. The probit equation is estimated ® rst,
then f ¢N is regressed on a number of instru-
ments7. The ® tted values are kept for use in
the second step estimation. The original vari-
able is used when computing the estimate of
the disturbance variance (Greene 1995).

The results from the probit step are pre-
sented in Table 2. Signi® cant variables have
the expected signs. Worth noting is the sig-
ni® cance of household variables such as age
of head of household and number of SCST
women in the household. This is an empirical

6 Six separate collection functions were estimated
for men’ s collection in NF, women’ s collection in NF,
men’ s collectionin VWL, women’ s collectionin VWL,
boys (5± 15) collection in VWL and, ® nally, girls (5±
15) collection in VWL (KoÈ hlin 1998, Chapter 2). The
estimation used a sample selection procedure and maxi-
mum likelihood estimator. The estimations enabled us
to calculate the marginal product of collection in the
natural forest and in village woodlots by multiplying
labor input elasticities, by the ratio of predictedquantity
produced to time spent (Mekonnen 1998; Jacoby 1993;
Skou® as 1994). Here we use the marginal products ag-
gregated to the household level in the form of weighted
averages for collection in NF and VWL separately.

7 The instruments used were number of women,
family size, sex of head of household, average educa-
tion of family, total income, two caste dummies, dis-
tance to forest, size of VWL, village forest and IPC per
household,a vegetation index for a radius of 1.5 km for
each village from the GIS, use of cart, sale of collected
fuels, and if the village has electricity. The adjusted R2

for the equation was 0.73.
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TABLE 3

The Determinants of Household Time for Collection in Natural Forests,
Orissa, India, 1995

Variable Coef® cient t-Value Marginal Effect t-Value

Constant 4.35*** 8.08
Marginal product in village woodlot 20.052*** 23.40
Marginal product in natural forest 20.031** 22.27
Family size 0.09*** 3.16 0.054* 1.76
Number of SCST women 0.35** 2.10 0.62 0.32
Low caste 1.00*** 2.69 0.85** 2.08
High caste 0.12 0.66 20.02 20.10
Village forest area per household 0.80*** 4.63 0.67*** 3.58
Inverse Mill’ s Ratio 1.10*** 2.94

Note: The results are from the second step of Heckman two-stage estimation.
* indicates signi® cance at the 10% level; ** indicates signi® cance at the 5% level; *** indicates signi® cance at the 1% level.

reminder to be cautious of uniform ap-
proaches to extension community forestry
programs: Different households have very
diverse strategies to meet their basic needs.

The relative wage measures have very
strong explanatory power. The marginal ef-
fects indicate that collection in VWL have
greater leverage than wage labor. This could
be due to the fact that it is a closer substitute
in household labor allocation. An indication
of the size of the effect of VWL on the prob-
ability of collection in NF can be obtained
by multiplying the marginal effect, at sample
mean, of the ``NFwage 2 VWL wage’ ’ vari-
able (0.027) by the mean of the VWLwage
variable for those who collect in VWL
(7.15). On average the establishment of the
VWL has changed the ``NF wage 2 VWL
wage’ ’ variable by 27.15. This implies a re-
duced probability of 19% for collection in
NFfor those who collect in the VWL (27.15
times 0.027).

Results from the model of time allocated
to collection in natural forests are given in
Table 3. The variables suggested by the
model have overall high signi® cance. The
marginal product in VWL, f ¢V, is negative and
signi® cant, suggesting that the higher the
marginal product in VWL, the less time is al-
located for collection in NF. The negative
sign of the marginal product in NF f ¢N, im-
plies that when accessibility of fuel de-
creases, households spend more time collect-
ing in the NF. If fuel becomes more
accessible in NF, then households take out at

least part of this improvement in terms of re-
duced collection time.8

The coef® cients for family size, low caste
households, and low caste women have the
expected positive and signi® cant signs, while
high caste households are not signi® cantly
different from the reference group. Finally,
the signi® cant Inverse Mill’ s Ratio reminds
us that these results are conditional on the
collection decision.

Table 4 builds on these results, and quan-
ti® es the impact of village woodlots on col-
lection times and amounts in natural forests.
First, the reduction in household time allo-
cated to collection in NF is calculated using
the marginal effect of f ¢V on TN and the actual
f ¢V for collecting households as proposed in
equation [14]. Village averages for house-
holds (N) affected by this time effect are pre-
sented as ``Decreased Time in NF.’ ’ This is
the reduction in time devoted to collection in
NF per household and year due to the avail-
ability of VWL. It is reasonable to expect, as
suggested in equation [15], that the affected
households would have collected in the NF
roughly at their marginal productivity also in
this time interval. That would result in a
quantity reported in Table 4 as ``Decreased
Collection in NF’ ’ (kg/hh/yr). If we expect

8 The negative coef® cient on marginal product in the
natural forest may be due in part to measurement error,
to the extent that this explanatory variable is a function
of the dependentvariable. The authors thank an anony-
mous reviewer for making this observation.
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TABLE 4

Changes in Collection in Natural Forest (NF) Due To Village woodlot (VWL),
Orissa, India, 1995

Decreased Decreased Decreased
Time in NF Collection Village Percent

(hours/ in NF Collection Decrease in
household/ (kg/household/ in NF Collection

Village Name year) year) (kg/year) in NF

Champapedi 140 870 38,800 29
Krushnapur 160 840 29,200 14
Khandisi 100 600 11,500 4
Kerendatangi 60 540 32,000 21
Nakithana 190 1,040 17,000 6
Arjunpur 440 1,580 42,700 23
Kiapalla 0 0 0 0
Raipada 310 1,490 41,800 5
Kadamjhola 170 900 9,900 4
Mayurjhelia 220 780 17,600 18
Hariharpur 70 410 3,400 11
Narasinghpur 380 860 76,300 17
Patharbandha 90 760 5,600 24
Tangi 0 0 0 0
Balarampur 170 1,140 15,900 13
Chandapur 120 430 28,800 18

Average 170 790 21,400 13

our sample to be representative for the rest
of the village we can aggregate the reduced
pressure to the village level, shown as ``De-
creased Village Collection in NF.’ ’ Because
the estimates presented in Table 4 are func-
tions of other parameters which are estimated
with some error (Tables 2 and 3), they should
be interpreted as rough estimates.

The variation in impact is large between
villages (as expected). This method underes-
timates the impact, because it does not take
into account the decreased pressure resulting
from households abstaining completely from
collection in NF due to VWL. This is espe-
cially evident in the case of Tangi, where no
one in the sample collected in the forest.
Still, substantial reductions in collection in
NF are found. From these villages alone,
pressure on nearby forests such as Dhani Re-
serve Forest is decreased by roughly 340
metric tons of biomass per year. This amount
constitutes about 13% of current collection.
The estimated decreased collection can also
be compared with actual collection in VWL,
which is reported to be twice as large. This
de® es any simplistic notion of a one-to-one

relationship between collection in VWL and
reduced collection in NF.

III. SPATIAL VARIATION
OF FUELWOOD COLLECTION

IN NATURAL FORESTS

In the preceding analysis we have shown
how the collection decision depends on the
relative returns from different sources of
fuel. We have also indicated that distance to
the forest is a crucial factor behind this. Be-
cause shadow wages are dif® cult to estimate,
we will reexamine the decision to collect in
NF, focusing on underlying factors that can
be of interest for policies regarding forest
intervention. For example, distance to NF
could be expected to affect the shadow wage
and thus behavior. If VWL at different dis-
tances to the NF have different impacts on
collection, this will have implications for
optimum locations of VWL. We therefore
introduce an interaction term between the
availability of VWL, expressed as hectares of
VWL per household, and the distance to NF.
Since we cannot expect this relationship to
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TABLE 5

P robit Analysis of Households ’ Decision to Collect in Natural
Forest, Orissa, India, 1995, with Special Focus on Spatial Variation

Variable Marginal Effect t-Value

Constant 0.21** 2.00
Age of head of household 20.004** 22.20
Family size 0.02*** 2.53
Share of men in household 0.26 2.04
Number of SCST women in household 0.19*** 3.12
Low caste 0.06 0.54
High caste 0.07 1.56
Total income (10-5) 20.34*** 22.47
IPC area per household 20.004 21.46
Age of IPC 0.007 1.07
Village forest area per household 20.03 20.49
Distance to NF 20.13*** 27.98
Size of VWL per household times distance to NF 20.73*** 23.86
Size of VWL per household times distance to NF squared 0.13*** 3.26

* indicates signi® cance at the 10% level; ** indicates signi® cance at the 5% level; *** indicates
signi® cance at the 1% level.

FIGURE 1
Reduction in Collection in Natural Forest (NF) Due to Village Woodlot (VWL) as a

Function of Distance
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be linear, different speci® cations were tested
and the quadratic form performed by far the
best.9

The results of this alternative probit speci-
® cation can be found in Table 5. Since the
shadow wages are excluded, the underlying
household characteristics become even more
pronounced. We can also note that our spatial
variables, distance and interaction terms be-
tween distance and VWL, are all signi® cant
at the one percent level.

Figure 1 is based on both the estimated re-
duction in collection in NF (Table 4) and the
estimated change in collection in NF due to
interaction between availability of VWL and
distance to the natural forest. The curve in
Figure 1 is an extrapolation within the range
of our observations of marginal effects, cal-
culated at the mean distance of 2.8 km. The
® gure shows that the decrease in probability
reaches a maximum at around this mean dis-
tance from the natural forest. The trend is
quadratic in both cases, and shows an in-
verted U shape. This trend implies that to de-
crease the collection in natural forests us-
ing community plantations, these plantations
should not be located near villages that are
very close or very far from the natural forest.
In the ® rst case, the natural forest will almost
always be a superior source of biomass, and
in the latter case, the forest is so inaccessible
that other sources are chosen in any case.

The fact that plantations have the potential
to reduce deforestation is important. It is also
important that the degree of success depends
on location. Location-speci® c effects help to
explain the variable success of plantations.
These results motivate against summarily re-
jecting all plantations as a means to reduce
fuelwood collection in natural forests. Al-
though poorly located plantations may have
little effect, appropriately located plantations
appear to offer considerable promise as a
means to accomplish reduced deforestation
in natural forests.

IV. DISCUSSION

Reduced deforestation is a common rea-
son for investment in social forestry projects.
In that tradition earlier evaluations of the
Orissa Social Forestry Project (e.g., SIDA

1992) have postulated that the major envi-
ronmental bene® t from the project would be
decreased pressure on natural forest as the re-
sult of the establishment of 100,000 ha of
community plantations.

No empirical evidence has been given to
support this contention. On the contrary,
some forest of® cers in Orissa even argued
that the secure user rights of the VWL would
even increase the pressure on the de facto
open access forest resources. We have shown
that in the villages around Dhani Reserved
Forest, establishment of VWL has both de-
creased the probability for collection in NF
and the pressure on the forest among those
who collect.

At this point it would have been nice to
be able to compare the environmental bene-
® ts from plantations at different locations
with the costs to establish them in a way that
could guide future forestry interventions.
However, an estimation of the welfare effect
of the decreased pressure is beyond the scope
of this paper. Even if it had been possible to
carry out such a social cost bene® t analy-
sis it would not necessarily have guaranteed
successful implementation, since that rests
heavily on the incentives and resulting com-
mitment of the surrounding people. In order
to test whether there was such a commitment
a contingent valuation study was carried out.
In many of the villages people revealed a
substantial willingness to pay for a new plan-
tation, high enough to pass a net present
value test (KoÈ hlin 2001).

One reason for this could be the fact that
the plantations reduce the pressure on the
natural forest and that households are already
heavily involved in collection of nontimber
forest products. With reduced pressure on the
forest these incomes can be expected to
grow, as will the sale of valuable species
such as bamboo, sal, and teak. Johansson
(1996) made a separate study that focused on
the value of protection of NF in ® ve of the
villages in our sample, Kiapalla, Barapalli,
Ardjunpur, Balarampur, and Panaspur. She
found that after eight years of protection the
villages received gross returns of half a mil-

9 Different speci® cations for distance were also
tested.
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lion rupees worth of nontimber forest prod-
ucts yearly, when valued at market price of
closest substitute. The commercial timber
species were expected to give the returns of
the same order of magnitude to the villages,
despite a 50-50 sharing arrangement with the
Forest Department.

It is easy to make conjectures between the
availability of alternative sources of fuel
such as VWL and protection of the natural
forest. A relevant question is whether the vil-
lagers themselves see this connection. One
third of the households that have access to
VWL felt it improved the possibility of pro-
tecting the natural forest. The major reason
stated for this, however, was not the in-
creased availability of biomass, but rather
that the management of the VWL had shown
the way to collective action.

V. IMPLICATIONS FOR PROJECT
PLANNING

The most important result of this research
is that plantations can be used to decrease the
pressure on forests. This could imply that the
criticized strategies to subsidize plantations
might have been more successful than ex-
pected. This is particularly true if there are
not enough local bene® ts for plantations to
emerge spontaneously by collective action
and if there are signi® cant positive externali-
ties emanating from the forest.

A ® ner detail is that we have found that
plantations close to the forest are used less
than plantations located further away. The
impact of VWL on the pressure on natural
forests therefore seems to be best described
by the inverted U-shape of Figure 1. This
® nding has important implications regarding
the ubiquitous recommendation to establish
buffer zones around areas worthy of protec-
tion. The reason for this is that ``buffer zones
have become so popular, in fact, that they are
part of virtually all proposals for protecting
natural areas’ ’ (Wells and Brandon 1992,
25). This is to a large extent due to their intu-
itive appeal and the combined biological and
social bene® ts that they ``promise’ ’ (Poore
and Sayer 1987).

Buffer zones of this type have been inte-
gral parts of social forestry projects, such as

the ``interface forestry’ ’ component of the
SIDA-supported project in Tamil Nadu (Eg-
gert and Carlsson 1995). Actual success in
achieving the expected bene® ts has been less
than forthcoming. These experiences led
Wells and Brandon to sum up: ``current
buffer zone de® nitions are inconsistent and
overlook practical problems, and this pre-
cludes their implementation in all but very
limited circumstances. The buffer zone con-
cept, although deceptively simple and intu-
itively very appealing, thus faces consider-
able challenges. It remains, however, a high
priority for many conservation programs’ ’
(Wells and Brandon 1992, 27).

Our analysis of the spatial variation in
how plantations affect the pressure on natural
forests is one piece of evidence that could
make conservation programs more ef® cient
in the future. If we combine this with the in-
cidence of other potential bene® ts of planta-
tions such as reduced time for collection and
expenses for purchase of fuel, then, as a rule
of thumb, village woodlots seem to be more
bene® cial further away from the natural for-
est, where biomass is scarce and market pur-
chases of fuel are common.
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