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Summary. - -  Many analyses of the "'woodfuel crisis" in developing economies take little account 
of the significant difference between physical and economic woodfuel scarcities. Even when 
woodfuels have become physically scarce, households have a great deal of latitude in changing 
their consumption patterns in response. This paper questions whether the usually understood 
impacts of the woodfuel crisis are clearly the outcome of physical scarcities, or instead are an 
outcome of much more fundamental features of the socioeconomy involving labor use, land 
tenure and usufruct, the transition from subsistence to market economies, and cultural practices. 
It suggests that the singular focus on woodfuel production in many forestry project interventions 
has obscured more fundamental issues related to household resource allocation and factor 
endowments. 

1. I N T R O D U C T I O N  

This article was written to stimulate a more 
thoughtful debate  about  the impact and import-  
ance of the emergence  of woodfuel  scarcities in 
developing countries.  Particularly, it questions 
our  understanding of the dynamics of woodfuel  
supply and demand and discusses the need for 
a more comprehensive  and object ive view of 
energy scarcity. It suggests that rural people  
seldom view woodfuel  scarcities in isolation from 
the household 's  other  constraints,  and that be- 
cause of this, f rom the farmer 's  perspective,  tree 
planting is not  usually the most rational way to 
respond to woodfuel  scarcities. It questions the 
mechanisms which have been taken to alleviate 
perceived scarcities, and, finally, suggests that 
the singular focus on woodfuel  production in 
many aid projects has obscured more fundamen- 
tal issues relating to household resource alloca- 
tion and factor endowments .  

F rom the outset ,  it should be emphasized that 
it is not  an object ive of  this paper to imply that 
there are not serious woodfuel  scarcities in some 
areas, or that woodfueis  are somehow no longer 
a basic human need for the great majori ty  of 
rural people  who rely on them as a source of  
household energy.  Rather ,  it is to suggest that 
the problem is fundamental ly quite different 
from the way it has generally been perceived.  
Consequent ly ,  the range of responses to 
emergent  scarcities on the part of  deve lopment  

assistance agencies has been,  in large measure,  
inappropriate.  

2. T H E " W O O D F U E L  G A P "  

Anyone  who tries to understand the nature of 
woodfuel  scarcities by playing the numbers  game 
comes very quickly up against the inevitable: the 
populat ion-driven demand for woodfuel  cannot 
possibly be met from the sustainable manage- 
ment  of existing tree resources. The conclusion is 
unavoidable.  If these demands are to be met ,  
vast areas of forested lands must be cleared in the 
immediate  future,  or  a massive program of 
reforestation must be undertaken.  

The Food and Agricul ture Organization 
( F A O ,  1981) est imated that more than 100 
million people already face acute woodfuel  scar- 
cities, and that nearly 1.3 billion people live in 
woodfuel  deficit areas. ~ While it is generally 
agreed that the data upon which the F A O  study 
was based were incomplete ,  and that it was 
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unclear and poorly understood how people are 
able to respond to woodfuel scarcities, the 
analysis suggested that the underlying trends are 
inescapable: for huge numbers of people, wood- 
fuels will become increasingly scarce and expen- 
sive (Eckholm et al., 1984). 

Estimates of the rates of reforestation which 
would be needed to meet future woodfuel 
demands are staggering. A widely-cited World 
Bank study suggested, for instance, that the rate 
of tree planting in Africa would have to be 
increased Z-fold if year 2000 demands for 
woodfuel were to be met (Anderson and Fish- 
wick, 1984). In Malawi, a recent review 
concluded that around 800.000 hectares of fast- 
growing trees would have to be planted to meet 
estimated 1990 “deficits” of 8 million cubic 
meters, at a phenomenal cost of well over 
US$ 360 million (French, 1986). 

In the absence of any intervention, it is 
generally accepted that the “woodfuel gap” 
between supply and demand will widen consider- 
ably. As used and expressed by policy makers. 
the gap has provided much of the rationale for 
many of the woodfuel project interventions of 
the last 15 years. 

In some cases, the woodfuel gap has formed 
the basis for comprehensive energy policy and 
planning activities. In Kenya. for instance, 
household energy surveys in the late 1970s were 
used as the basis for a complex computerized 
energy information model, the LDC Energy 
Alternatives Planning system (LEAP). This 
model was developed to provide a means for 
evaluating the impact of different energy policy 
and planning initiatives (Raskin, 1986). The 
results of the Kenya “base case” analysis of 
woodfuel supply and demand, reflecting the 
outcome “if prevailing conditions and practices 
remain unaltered for the remainder of the 
century,” are summarized in Figure 1 (O’Keefe 
et al., 1984). 

Projections of energy supply and demand 
allow policy makers and planners to create 
alternative woodfuel futures by assessing the 
outcome of different project and energy policy 
initiatives. Planners can hypothetically attempt 
to close the gap through these initiatives. By 
justifying specific proposals on the basis of their 
impact on closing the gap, aid agencies can be 
drawn into the scheme of things by providing 
finance for these initiatives. In Kenya, the hypo- 
thetical “policy case,” which closed the woodfuel 
gap through different project interventions, de- 
scribed woodfuel planting and tree management 
activities targeted for around 3.6 million hec- 
tares, as well as a range of demand management 
strategies. 

. Total demand 0 SupplIed from yield 

A Total supplied A SupplIed from stock 
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Figure 1. 

There are admittedly serious woodfuel short- 
ages in some areas of Kenya, and responses to 
scarcity may involve very high economic costs. 
Analyses of the woodfuel gap, however, tend to 
greatly exaggerate and to obscure the scope of 
the problem. Indeed, the LEAP analysis leaves 
more questions than it answered. What is the 
basis. for instance, for concluding that woodfuel 
supply equaled demand in 1980? What indicators 
of scarcity did LEAP researchers use? Could 
there in fact have been a woodfuel gap in 1980? 
Conversely, is there the possibility that woodfuel 
use in 1980 was far greater than that which would 
have been necessary to meet basic human needs? 

Woodfuel supply/demand analyses are gene- 
rally quite misleading because they fail to dis- 
tinguish between demand, latent demand, con- 
sumption, and the extent to which current 
demands (or year 1980 demands in the Kenya 
analysis) can be acceptably moderated without 
seriously affecting the household’s access to basic 
human needs: adequate food, warmth, housing, 
clean water, education, and so on. LEAP pro- 
jected a woodfuel gap based almost exclusively 
on current consumptive trends. Indeed, rather 
than suggesting that people in Kenya would 
moderate their demands for woodfuel as a 
response to scarcity, the LEAP “base case” 
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analvsis oroiected that demands for woodfuel i LJ 

would actuaily increase from 1.3 tons per capita 
in 1980 to 1.5 tons per capita in the year 2000. 
Compared with current rates of consumption in 
other countries, this must surely be among the 
highest rates of per capita consumption. 

This Malthusian woodfuel gap perhaps best 
represents the chasm in our thinking about the 
dynamics of woodfuel supply and demand, and 
about the ways rural people go about responding 
to woodfuel scarcities. The bias inherent in most 
analyses is that aid-financed project interventions 
are the solution. In many areas, however, rural 
people are already responding to increased 
woodfuel demands in ways which are innovative 
and imaginative and which involve far lower 
economic costs than many project interventions. 

3. MEASURES OF WOODFUEL SCARCITY 
AND ABUNDANCE 

One of the things which should be manifestly 
evident from the “conventional” energy crisis of 
the 1970s was that there was tremendous scope 
for reducing the consumption of fossil fuels. In 
1984, for instance, energy consumption among 
the industrialized countries was still considerably 
less than it was before the 1973 oil price shocks.* 
Few people would argue that this reduction in 
consumption has been achieved at any great 
long-term social or economic cost. Many would 
argue that the level of energy consumption 
remains unacceptably high. 

In the mid-1970s however, the “present 
trends” sort of analysis of conventional energy 
supply and demand (a type of analysis which has 
continued to characterize the woodfuel debate) 
obscured the likely demand response to changing 
prices. As Singer (1984), in his critique of Global 
2000’s estimates of conventional energy demand 
suggested: 

The projection of future energy demand has be- 
come a popular pastime, consuming much effort 
and resources. It is, of course, motivated by 
people’s desire to know whether there will be a 
‘shortage, ’ i.e. whether ‘demand will exceed sup- 
ply.’ To those who believe that prices in a free 
market can allocate available fuels efficiently, and 
bring forth the necessary resources, the idea of a 
long-term shortage makes no sense whatsoever; the 
projection of energy demand without considering 
price changes should be viewed as an academic 
exercise without much policy content (Energy 
projections) have been misused by politicians to 
create the specter of a ‘crisis,’ and have served to 
involve the government in dubious interventions 
into the energy market. 

Similarly, it is a fallacy to suggest, particularly 
in global analyses, that present trends in wood- 
fuel consumption are likely to continue, or that 
policy and planning initiatives should be geared 
to maintaining these sometimes quite high levels 
of consumption. In the broadest sense, woodfuel 
consumption is closely linked to its economic 
cost, and possibly radical changes in patterns of 
consumption can be anticipated as its cost in- 
creases. Indeed, woodfuel consumption is quite 
dynamically related to its economic cost and to 
supply. It is not a static variable which can be 
extrapolated from population growth rates. 

Consider, for instance. data from woodfuel 
surveys carried out in the late 1970s. Woodfuel 
consumption in Papua New Guinea was reported 
to be around 1.8 cubic meters of woodfuel 
equivalents per capita. In Nepal, the figure was 
estimated to be around 0.9 cubic meters per 
capita, while in Afghanistan, it was estimated to 
be around 0.3 cubic meters per capita (Agarwal. 
1986). 

These data suggest the not-surprising conclu- 
sion that woodfuel consumption is a function of 
the cost of obtaining it. In arid Afghanistan, 
woodfuel consumption is likely constrained be- 
cause it is difficult to obtain. It can be obtained, 
but at some economic cost: perhaps by spending 
additional time in collecting it, perhaps through 
the marketplace, perhaps from farm trees or the 
use of agricultural residues, or by deferring 
consumption to the future through changed 
cooking and heating habits. Data from Papua 
New Guinea and from Nepal suggest that wood- 
fuel is more available there, and that its eco- 
nomic costs to the household are much lower 
than in Afghanistan. If woodfuels were seriously 
scarce, people would not be burning nearly as 
much as they are. 

Even this approach is misleading, as it ob- 
scures the impact of other variables on the 
essentially dynamic relationship between supply 
and demand, and on the household’s need for 
energy. Fisher (1979) pointed out that an ade- 
quate measure of resource scarcity should have 
the property of being able to summarize ‘-the 
sacrifices, direct and indirect, made to obtain a 
unit of resources.” While this notion suggests 
several admittedly more accurate measures of 
resource scarcity, the problem of measurement 
for woodfuels becomes difficult for a variety of 
reasons. These are associated with their often 
common-property nature. the cost of alternatives 
(in terms of capital, labor, and land use), and 
possible improvements in woodfuel harvesting, 
extraction, and delivery. 

Energy constraints to development must be 
evaluated by balancing energy consumption with 
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other variables and costs which influence de- 
mand. There may be, for instance, income 
effects: per capita woodfuel consumption may 
increase (or decrease) as the household’s endow- 
ments of physical - and human - capital 
increase. There are likely price effects: as the 
price of woodfuel increases, demand may 
decrease (or it may increase if, as economists 
say, it is a “Giffen” good). Finally, there 
may be substitution effects: as the prices of 
woodfuels increase, cheaper substitutes may 
be found; conversely, as the prices of alterna- 
tive fuels increase, demands for woodfuels may 
increase. 

4. IMPACTS OF WOODFUEL SCARCITY 

It is generally accepted that, as a result of 
woodfuel scarcities, the consumption of a mar- 
ginal unit of woodfuel will entail sometimes quite 
considerable costs. The outcomes of woodfuel 
scarcities include: 

- increased time for woodfuel collection: 
- a deterioration in the quality, and in the 
type, of domestic energy used, and an in- 
crease in the use of agricultural residues and 
animal dung for household cooking and heat- 
ing; 
- an increase in deforestation because more 
trees have to be felled to meet greater 
woodfuel demands; 
- changes in cooking and heating habits; 
- the emergence of woodfuel markets; and 
where there are already markets. increases in 
the prices of woodfuels. 

This paper questions whether these impacts 
are clearly the outcome of woodfuel scarcities. or 
whether they are the outcome of much more 
fundamental issues related to labor use. land 
endowments, the transition from subsistence to 
market economies, and cultural practices. If 
indeed these more fundamental issues are in- 
volved, then the conventional response of 
development planners to perceived domestic 
energy shortages - support for tree planting 
interventions - may have little or no impact. 

Where there are clear woodfuel scarcities, 
manifested by these types of impacts, tree 
planting as a mechanism for responding to them 
may entail particularly high costs for farmers. 
Without negating the clear impact on the poor of 
changes in rural factor endowments. brought 
about by woodfuel scarcities. rural people some- 
times view the impacts of scarcities from a 
fundamentally different perspective than the way 

development planners perceive them. The objec- 
tive here is to suggest that the maintenance of 
adequate levels of domestic energy consumption 
can be (and indeed often is) achieved at particu- 
larly low cost. 

Indeed. farmers are often able to adapt to 
scarcities of different resources in “positive- 
functioned” sorts of ways. As Dirks (1980) 
pointed out in his study of human responses to 
food shortages, adaptation to deprivation can 
involve both “progressive” and “recursive” 
changes. In cases where there may be risks of 
food shortages, these progressive responses in- 
clude food sharing, shared cooking. increased 
labor use for food production, rationing, the use 
of famine foods, and migration. 

People who depend on woodfuel have de- 
veloped similar types of responses when it has 
become scarce. These responses include fuel 
sharing, shared cooking, increased labor use for 
fuel collection, the use of other fuels when 
desired types of woodfuel are scarce, and migra- 
tion and nomadism. 

Where woodfuel scarcities are in evidence. 
much debate has been initiated about the impact 
of urban and industrial woodfuel markets on 
increased scarcity in rural areas. Urban woodfuel 
markets, though are a special case and few 
generalizations about their impact on woodfuel 
scarcity can be made because painfully little is 
known about how they work. Planners often 
forget, as well, that woodfuel markets often 
provide a critical source of employment and 
income. In Kenya, for instance, studies have 
suggested that (in 1985) urban charcoal markets 
provided full-time jobs for around 30.000 people 
as charcoal burners, transporters, and retailers 
(World Bank, 1985). 

It is also sometimes argued that cash crop farm 
forestry contributes to rural woodfuel shortages 
and to increased disparities in labor use and 
poverty (Shiva el al., 1982). It is. however, as 
likely that farmers undertake to supply markets 
for woodfuel and for other tree products as a 
response to much more serious constraints, such 
as the need for rural housing, capital constraints. 
the failure of rural labor markets, and distortions 
in rural land markets. 

Evaluating the extent to which woodfuel may 
have become more scarce requires a dynamic 
view. Saying that women spend, say, three hours 
a day collecting woodfuel is entirely different 
from saying that women are spending three hours 
a day collecting woodfuel, but that 10 years ago. 
they only spent one hour per day (or possibly five 
hours per day!). The essential improvement or 
worsening of the woodfuel situation must be 
measured within some objective time horizon. 
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5. WOODFUEL SCARCITIES AND LABOR 

It is hardly arguable that levels of woodfuel 
consumption are greatly dependent on the 
amount of labor which is available to collect it. 
As competing demands are placed on the house- 
hold’s available supply of labor, woodfuel con- 
sumption can decline. These constraints become 
greater as woodfuel becomes more scarce be- 
cause farther distances have to be traveled to 
collect it. They perhaps become most serious 
when, as Cecelski (1987) points out. fuel gather- 
ing can no longer be combined with other work 
(such as the collection of medicinal herbs, or as 
an activity on returning from the fields), but 
instead has to be the object of a separate trip. 

The question here, however, is not clearly one 
of fuel availability, but one of labor availability. 
Even if fuel is available in abundance, if there are 
constraints on the household’s supply of labor, 
the cost of burning woodfuels can be quite high 
and, consequently, consumption can be quite 
low. Conversely, if labor is abundant the time 
spent on fuel collection and the level of woodfuel 
consumption can be quite high. In Zimbabwe, 
for instance, it has been found that the frequency 
of woodfuel collection, as well as the time spent 
for collection, increases during the dry season 
primarily because households are freed from 
agricultural laboring (du Toit et al., 1984). 
During the planting season, households spend 
around three hours a week in firewood collec- 
tion: during times of lowest labor demand, they 
spend around 10 hours a week. 

In the Sudan, there are indications that com- 
peting demands for labor may have some impact 
on the price of charcoal delivered to urban 
markets. Labor costs typically account for 
around a fifth of the delivered price of charcoal. 
Agricultural labor and labor for charcoal burning 
are nearly perfect substitutes. Because of the far 
greater demand for agricultural labor, however, 
the price of farm labor dictates the wage of 
charcoal burners (El Faki Ali, 1985). An analysis 
of charcoal prices in Khartoum over the last 
10 years suggests that charcoal prices are indeed 
highest when demands for agricultural labor are 
highest, for instance, during years when there 
have been particularly good harvests. In constant 
prices, charcoal prices in Khartoum showed 
peaks during the 1977 and 1981 harvests. but 
bottomed out during the 1984 drought (Dewees, 
1987).’ 

The lack of adequate on-farm labor can be an 
important incentive for farmers to plant trees. 
In Machakos District of Kenya, smallholdings 
headed by very young or very old women face 
serious labor constraints. Households headed by 

mothers of very small children and older. infirm 
women have expressed particular interest in 
concentrating fodder and fuel resources on or 
around the farm so they are more accessible to 
the household (Rocheleau. 1985). These kinds of 
constraints in other areas of Kenya have led to 
initiatives which have increased the household’s 
access to woodfuel. In some areas of Kisii 
District of Kenya where there are agricultural 
labor demands, woodfuel collection requires a 
relatively small proportion of the household’s 
time because woodfuel supplies are obtained 
from planted and managed on-farm trees.” 

Studies of household labor use differentiated 
by task, sex, and age in Java and Nepal provide 
startlingly different information about the role of 
men, women. and children in fuelwood collec- 
tion. In villages surveyed in Java. children under 
the age of 15 provided nearly 70% of all the labor 
required for woodfuel collection, while in Nepal, 
they provided only 30% of the total labor re- 
quired. In Java, men and boys provided 74% of the 
labor required for woodfuel collection, while in 
Nepal, they provided 57%. Finally, in Java, fuel- 
wood collection accounted for 3.5% of all work 
done, while in Nepal. it accounted for only 1.5%. 
In absolute terms, around twice as much labor 
was used for woodfuel collection in Java, across 
all age groups, than in Nepal (Nag er al.. 1978). 

Clearly. the issues surrounding labor use and 
woodfuel scarcity are far more complex than 
most analyses would suggest. Labor constraints 
to woodfuel collection are labor constraints to 
the farm. Where farm labor is scarce, woodfuel 
collection may be costly; where farm labor is 
abundant. woodfuel collection may involve very 
low costs. 

Without comparing labor use for woodfuel 
collection with labor use on the farm as a whole, 
it is inaccurate to imply that increased use of time 
for woodfuel collection necessarily reflects wood- 
fuel scarcities. If labor is abundant, how much 
of a problem is it, really, if the household 
is spending three times as much labor in wood- 
fuel collection than it otherwise would (as in 
Zimbabwe)? If labor is scarce, the impacts of 
scarcity are felt in all farming activities. The 
question perhaps becomes one of whether or not 
the household’s access to woodfuel can be in- 
creased by reducing its labor requirements for 
other farming activities. 

6. WOODFUEL SCARCITY AND THE 
QUALITY OF ALTERNATIVE FUELS 

It is usually argued that, as woodfuels become 
more scarce. households are forced to rely on low 
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quality fuels: sticks, twigs, argicultural residues. 
and animal dung. While a shift to lower quality 
fuels can indeed reflect the fact that particular 
types of woodfuel are becoming more scarce, this 
is not always the case. Even when this is the case. 
it often represents the least-cost option to the 
farmer, and entails lower overall costs to the 
household. 

When tree planting is encouraged as a re- 
sponse to fuel scarcities in these situations, trees 
often assume much higher economic values to the 
farmer; consequently, tree planting may have 
little or no impact on reducing the household’s 
reliance on agricultural residues. Trees which 
produce “high quality” fuelwood may be more 
highly-valued in the rural economy, for instance, 
as sources of building timber, or as sources of 
fruit and fodder. Project interventions which 
have the objective of producing high quality 
woodfuels may be frustrated in achieving this 
objective because of the economically low value 
of woodfuels vis-a-vis its alternative uses. 

In Gujarat in Western India, for instance, the 
Forestry Department’s efforts at increasing sup- 
plies of woodfuel basically resulted in the estab- 
lishment of huge areas of eucalyptus woodlots for 
building poles. The objectives in the original 
project documents were clearly to produce fuel- 
wood. Perhaps it would have been more appro- 
priate to encourage farmers to grow scrubby little 
plants. which would produce low quality wood- 
fuels. In fact, woodfuel is being produced in 
Gujarat, but as a byproduct of building pole 
production. As much as 30% of the increment is 
nonmarketable as construction poles, and is 
ultimately used under the pot (Dewees, 1983). 

Although twigs and sticks are not. in the usual 
view, high quality woodfuels, from the perspec- 
tive of the farmer who must rely on them, 
because of their abundance they can be highly 
valued. In Indonesia, it has been estimated 
that low quality fuels are around four times 
more available than high quality stemwood 
(Weatherly, 1980). Indeed, in some areas, crop 
residues are a preferred type of fuel, both 
because of their availability and because of the 
quality of the flame. In China, for instance, straw 
(which accounts for over 40% of domestic energy 
used in rural areas) produces a hot flame appro- 
priate for frying foods quickly (Wu and Chen, 
1983). 

Among the Khan Magar of northwest Nepal, 
Molnar (1981) suggested that the use of agricul- 
tural residues as a household fuel was not 
necessarily related to physical woodfuel short- 
ages. She noted that stalks of puwa, a nettle 
which is stripped for its fiber, are commonly used 
for fuel. Despite a heavy reliance on this sub- 

standard fuel. she observed that the forest 
resource base was reasonably intact, and that in 
the short term at least, it would be sufficient for 
providing adequate woodfuel and building 
materials. 

Pant (1935). however, observed that in the 
Kumaon Himalayas of Nepal, fodder and fuel 
were in seriously short supply, and that house- 
holds had to rely on stalks of amaranth, hemp, 
and chili for fuel. He noted that these scarcities 
were most serious in irrigated valleys and 
required periodic, lengthy travel to distant 
forests in search of fuel and fodder. It is 
interesting to note that his observations were 
made over 50 years ago at a time when the 
government of Nepal was actively encouraging 
the conversion of forested lands into farmlands 
(Blaikie and Brookfield, 1987). If there were 
shortages of woodfuels in this area 50 years ago. 
one could anticipate that responses to scarcities 
have, since then, become integrated into the 
local social and economic fabric. 

Sometimes farmers manage woody biomass 
specificaMy to produce low quality woodfuel. 
In Western Kenya, for instance, a woody shrub 
(Tifhonia diversifoliu) which is widely found on 
verges and along paths is managed on a sustained 
yield basis to produce large quantities of wood- 
fuel. The bushes are cut just above the ground, 
and the branches are left to dry for a few days 
before collection. Although the productivity of 
these bushes has never been measured. yields are 
clearly quite high. In some areas of India. similar 
types of shrubs are grown for woodfuel. for 
fodder, and for their soil restoring abilities. 
Sesbania aculeuru, for instance, is a leguminous 
shrub which is grown as a fallow crop primarily 
for woodfuel (Pathak. 1980). 

In the Philippines, smallholders were encour- 
aged through project interventions to grow 
Leucuena leucocephalu to provide fuelwood for 
the local tobacco curing industry and were 
provided loans and seedlings to enable them to 
do so. In the first three years of the project, less 
than 40 people had signed up for the program, 
and planting achievements were less than 6% of 
targets (Hyman, 1982). Closer examination re- 
vealed that farmers were already growing very 
large quantities of woodfuel in small. very inten- 
sively managed woodlots of Gliricidiu sepium. 
These woodlots were hardly noticed by project 
planners, probably because they produced a 
tangled, dense mass of “low quality” woodfuel. 
When farmers were given the opportunity and 
were encouraged to grow high quality woodfuel. 
they chose to stay with their traditional and 
effective tree management practices (Wiersum 
and Veer, 1983). 
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The burning of agricultural residues is gen- 
erally thought to contribute to declining soil 
productivity. This is not clearly the case. Some 
agricultural residues which make perfectly good 
woodfuels cannot be dug back into the soil in a 
way which improves the soil structure or fertility. 
Stalks from cotton, cassava, pigeon peas. and 
chick peas, for instance, are much too woody to 
decompose sufficiently in a way which would 
improve soil productivity, and in many areas they 
are used as a valuable source of fuel (Barnard 
and Kristoferson, 1985). 

Indeed, there are cases where, by digging in 
residues, the farmer can encounter serious con- 
straints to crop production. As residues de- 
compose, crops and micro-organisms compete 
for the same nutrients (particularly phosphorus 
and manganese) which sometimes results in 
lower yields than if residues had not been dug in 
(Benians and Barber, 1974; Loutit and Brooks, 
1970). Residues with a high carbon-to-nitrogen 
ratio can bring about the depletion of soil 
nitrogen as a result of decomposition. Con- 
sequent shortages of nitrogen, while causing 
lower crop productivity, can also aggravate the 
severity of various plant diseases (Lynch and 
Poole, 1979). 

In some tropical areas, particularly where 
farmers are unable to practice crop rotation, 
plant diseases can be spread by digging in crop 
residues. Fungal decomposers of crop residues, 
for instance, can produce substances which are 
phytotoxic to crops. Garret (1970) concluded 
that the most successful way of limiting the 
spread of pathogens is by the destruction of 
infected crop residues after harvest.5 

Related arguments can be made about the link 
between woodfuel scarcity and the use of animal 
dung as fuel. There is only limited evidence 
which suggests that if woodfuels were more 
available, the use of animal dung for fuel would 
decline. Animal dung is most widely used as fuel 
in India. In many areas of Latin America, Asia, 
and Africa its use is virtually unheard of. Even in 
Nepal (where the opportunity cost of using dung 
as fuel was used as the basis for the economic 
justification of the World Bank’s forestry project 
investments there), the use of dung as fuel is the 
clear exception, even in the most woodfuel scarce 
areas. rather than the rule.6 

Dung is clearly used for cooking in other areas 
(Ethiopia, Pakistan, Yemen, and Turkey, for 
instance), but the underlying issue is whether or 
not its use is increasing as a result of scarcities of 
other fuels. If instead it has been a long-term 
feature of household fuel use, preferred over 
other fuels. it may well have been integrated into 
the cultural tradition. The question is funda- 

mental, because it suggests that tree planting in 
these situations would have little impact on 
reducing the use of dung as fuel. 

Particularly in India, many people feel that 
dung has qualities as a fuel which are not shared 
by woodfuels. It is slow burning and produces a 
hot flame. It is easily transported, and is easily 
collected in areas where zero-grazing has become 
the norm for livestock management. It is often 
more accessible to the landless than woodfuel. 
Some observers have stressed the special appro- 
priateness of dung for the preparation of ghee. 
and for the efficient deployment of female 
household labor (Lewis and Barnouw, 1958). 

Cow dung has broad significance in Hindu 
tradition. Its smoke is thought to be cleansing, 
and it is a feature of purification rituals which 
involve the “five products of the cow” (Simoons. 
1974).’ Harris (1966) suggested (probably incor- 
rectly) that wood resources in India were poten- 
tially adequate for replacing dung as a household 
fuel, but pointed out that this would negate the 
fundamental religious, economic, and environ- 
mental relationship between Hindus and sacred 
cattle. 

In light of the strong religious and cultural 
significance of the use of cow dung in India, it can 
indeed be argued that even if woodfuels were 
more widely available as a result of tree planting 
interventions, households would continue to rely 
on the use of dung as a domestic fuel. 

7. WOODFUEL SCARCITIES AND 
DEFORESTATION 

Links between woodfuel use and deforestation 
are usually discussed from two perspectives: first, 
woodfuel consumption is often indentified as an 
underlying cause of deforestation; and second. in 
areas which have been deforested. woodfuels are 
thought to have become increasingly scarce. 
Neither of these observations clearly describes 
the norm. although they have been widely 
accepted and form the rationale for many tree 
planting project interventions. 

Despite a continuing emphasis on the contribu- 
tion of woodfuel consumption to deforestation, it 
is becoming increasingly accepted that the prim- 
ary causes of deforestation are more closely 
related to land clearance to support agricultural 
expansion (see for instance Bajracharya, 1983). 

Livestock pressures, as well, may limit the 
regenerative capacity of dryland forests. Where 
livestock grazing has intensified, and where 
traditional strategies of communal lands manage- 
ment have broken down, soil and rangeland 
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degradation has sometimes been accompanied by 
a deterioration in the stock and quality of 
woodfuel. Tree planting, however, begs the 
question. The problem is more fundamentally 
related to range management than it is to a 
shortage of trees.s 

Woodfuel harvesting by itself is not necessarily 
a destructive form of tree management. The 
problem with agricultural expansion and with 
land clearance is usually that whole trees are 
uprooted. Woodfuel collection, on the other 
hand. may involve hacking off a few branches 
from a live tree, or the collection of dead wood. 
As long as the root stock is not destroyed, the 
productivity of woodlands under this type of 
stress, brought about as a result of woodfuel 
harvesting, can be significantly higher than 
woodlands which are not stressed this way.’ 
Woodfuel collection, rather than having a serious 
and destructive impact on tree cover, can often 
be a productive tree management strategy. 

Sometimes tree management is passive. 
Farmers may make few conscious choices about 
the ways trees are used for woodfuel production. 
As pressures on the remaining resources become 
more intense, management strategies may be- 
come much more active. Active management 
strategies include rotational harvesting, the pro- 
tection of naturahy regenerating seedlings. the 
protection of specrftc types of valued trees during 
land clearance, and so on. The most active of tree 
management strategies invoive tree planting and 
sustained-yield management (Klee, 1980; FAO, 
1986). 

Although woodfuel demands may sometimes 
contribute to deforestation. woodfuel scarcity 
(and the need for responding to scarcity) can 
become most critical as an outcome of deforest- 
ation. As some observers have noted: 

(Fuelwood) scarcity is as much a consequence as a 
cause of deforestatton. First. the widespread clear- 
ing of lands for agriculture severely reduces the 
available forest area. At that point, the gathering of 
fuel from the remaining woodland may well begin to 
exceed the sustainable harvest (Eckholm er al., 
1984). 

Can it be concluded that farmers in areas 
which are heavily deforested are likely suffering 
from serious woodfuel shortages? Not neces- 
sarily. Indeed. the extent of deforestation may be 
a particularly poor indicator of the severity of 
woodfuel scarcities, simply because farmers may 
well have developed sophtsticated tree manage- 
ment strategies, as well as cultural responses, to 
enable them to deal with scarcities. 

In Zimbabwe, recent studies have indicated 
that, despite rapid rates of deforestation, residual 

woodlands and other tree resources are being 
managed to meet local needs. Even in the most 
heavily deforested areas. where remaining tree 
resources are essentially confined to noncultiv- 
able locations (particularly hilltops), the clear- 
ance of residual woodlands over the last 15-20 
years has been insignificant, despite rapidly 
increasing demands for these resources. In fact, 
some areas of residual woodland appeared to be 
more densely forested now than before. possibly 
because of coppice regrowth (du Toit er al.. 1984; 
Campbell and du Toit, in press). 

Over half of the respondents interviewed in 
field surveys in Zimbabwe’” reported that fuel- 
wood was easy or fairly easy to obtain. while 
nearly 70% believed there is currently enough 
fuelwood to meet household demands (an in- 
teresting distinction between economic and 
physical scarcity). Despite the fact that the 
deforestation of savamlah bush has clearly 
accelerated over the last 20 years. farmers 
noted that, even in the most heavily deforested 
areas, firewood is not necessarily difficult to 
obtain. 

Similar findings with regard to the consump- 
tion of wild fruit in Zimbabwe are reported by 
Campbell (1987). Deforestation does not appear 
to affect the availability of wild fruit. because 
people tend to protect preferred fruit trees while 
land is being cleared for cultivation. Indeed. in 
some agricultural areas forest cover has been 
manipulated to such an extent that fruit trees 
have become the dominant type of tree. Other 
researchers have since confirmed that in some 
areas of Zimbabwe, farmers have a very sophisti- 
cated notion of the interactions between trees 
and crops and are clearly aware of a broad range 
of management possibilities.” 

In West Africa, tree management is believed 
to have been one of the earliest types of farming 
practices among settled agriculturalists. Evidence 
of the manipulation of forest cover dates back 
some 5,000 years. In Southeastern Nigeria, dense 
stands of oil palms (“oil palm bush”) within 
tropical rain forests are more recent indications 
of the earlier integration of trees in farming 
systems. When the forest was originally cleared 
for farming, oil palms were left in fields because 
they were a valued source of cooking oil. After 
farm sites were abandoned, oil palms became the 
dominant species in the climax tropical rain 
forest (Sownmi, 1985). The British explorer, 
Mungo Park, in the 1790s made careful reference 
to the economic importance of the shea butter 
tree in Mali, and noted that it was seldom 
planted, but that “in clearing wood land for 
cultivation, every tree is cut down but the shea” 
(Park, 1799). 
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Similar types of tree management strategies 
have been widely reported elsewhere. Even so, 
many development planners maintain an over- 
whelming prejudice about the ability of rural 
people to manage their environment, despite the 
fact that environmental management is often 
fundamental to their survival. These prejudices 
include the notion that farmers fail to understand 
the long-term and intergenerational impacts of 
their choices about resource use. 

In his analysis of woodfuel scarcities and 
abundance in the Sahel, Foley (1987) pointed out 
that although energy planners at the national 
level often envisage a woodfuel crisis of cata- 
strophic proportions (and respond accordingly), 
at the village level, farmers seem to have few 
worries about woodfuel shortages or to show any 
interest in planting the tree seedlings provided 
for them. Sometimes local people are blamed for 
their lack of foresight or their “inability to 
understand exponential growth.” It is more 
likely that, given the community’s land and 
labor resources, and their access to bush, to 
managed fallow land, and to on-farm trees, 
they have developed quite responsive means 
of dealing with growing demands for tree 
resources. 

The impact that tree planting programs would 
have on reducing woodfuel scarcities caused by 
deforestation is unclear. To begin with, defores- 
tation does not necessarily bring about scarcities 
of woodfuel, and even when it does, farmers may 
have alternative and sophisticated means of- 
responding to scarcities through environmental 
management strategies or through cultural prac- 
tices which require no project intervention. 

A final point should be made about adaptive 
strategies in areas which have long been defor- 
ested (or which perhaps never supported any 
forests). In a study of energy flows in households 
on the northeastern shore of Lake Titicaca in 
Peru, Collins (1983) suggested that seasonal 
migrations are a response to energy scarcities. 
Seasonal migration and the development of very 
low-energy intensive cooking strategies also 
characterize the cultural and economic practices 
in energy scarce areas of the Himalayas. 

There are interesting migration paradigms in 
the literature about human responses to the 
scarcity of other resources. The entire population 
of the great Moghul sandstone city of Fatepur 
Sikhri migrated as the result of shortages of 
water. Dirks (1980) noted that migration is often 
an outcome of food scarcity. Others have noted 
that the “most obvious pastoral adjustment to a 
scarcity of resources is to move elsewhere; 
nomadism itself is created by such a necessity” 
(Swift, 1977). 

8. WOODFUEL SCARCITIES AND 
CHANGED COOKING HABITS 

When woodfuel scarcities have become most 
serious, woodfuel consumption can be reduced, 
but sometimes at a very high cost to the house- 
hold. Woodfuel scarcities may result in the 
preparation of fewer meals or may bring about 
changes in the diet which favor fast-cooking, and 
possibly less nutritious foods. While it is widely 
argued that changed cooking and dietary habits 
are an outcome of woodfuel scarcity, studies 
which have supported this view are scarce and 
are mostly anecdotal. The issue is somewhat 
complicated by the fact that changes in food 
consumption as a result of fuel scarcity may easily 
be confused with changes in consumption as a 
result of food scarcity. The vast literature about 
social and cultural aspects of diet and nutrition 
suggests that other constraints likely play a far 
greater role in causing nutritional deficiencies 
(see for instance Messer, 1984). 

There are numerous low-cost strategies for 
reducing fuel consumption when wood is scarce, 
and these may involve no change in food 
consumption. Fire management is the most 
obvious low-cost means of reducing fuel con- 
sumption. Studies have shown, for instance. that 
the efficiency of a three-stone fire can be quite 
high, if the fire is closely tended and managed. 
The first outcome of woodfuel shortages will 
likely be a change in cooking habits - a change 
which can be accomplished at very low cost and 
which may have no impact on food consumption. 

Changed strategies of preparing food can also 
reduce fuel consumption. The soaking of foods 
such as beans and lentils can greatly reduce 
cooking time. In the high altitude Khumbu 
Valley in Nepal, women quite typically use 
pressure cookers (left by numerous mountaineer- 
ing expeditions) to reduce their cooking time. 
The adoption of metal pots and the abandonment 
of clay pots in some parts of West Africa was a 
result of convenience, as well as the fact that food 
can be cooked more quickly in metal pots. 

In the Sudan, one outcome of growing de- 
mands for woodfuel is the “shared pot,” where 
women from several households may cook 
together to reduce their individual woodfuel 
requirements. Communal cooking has become 
an important social focus for women in small 
communities.” Household size can greatly influ- 
ence levels of per capita woodfuel consumption. 
As household size increases, consumption per 
capita will decrease. 

The concept of the communal sharing of 
woodfuel resources has similarities to other 
cultural responses when food scarcities threaten. 
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At the prospect of having to deal with food 
shortages after a typhoon, villagers on the island 
of Tikopia in Micronesia increased the extent of 
food sharing, and developed the concept of the 
“linked stove” (Schneider, 1957). 

A comprehensive review of wood conserving 
stove programs concluded that the role of im- 
proved stoves was limited. 

(Because) stoves are inefficiently used and 
deteriorate, because wood is burnt for reasons other 
than cooking. and because improved stoves cannot 
be got to everyone, national wood savings through 
stove programmes can never be significant. How- 
ever, though improved stoves may not save trees or 
forests, they can improve the daily lives of human 
beings (Foley et al.. 1984). 

Similar conclusions can be reached about the 
role of tree planting programs with respect to 
human nutrition. There are likely lower-cost 
ways of creating additional energy supplies by 
conserving woodfuel. When conservation is no 
longer an option, other strategies can be under- 
taken to augment supplies. At that point, tree 
planting may make a great deal of sense to the 
household, but for entirely different reasons: 
because of the potential for producing construc- 
tion timber, fruit, fodder, shade, and so on. 

9. WOODFUEL SCARCITIES AND THE 
EMERGENCE OF WOODFUEL MARKETS 

It is widely argued that the emergence of 
woodfuel markets is an indicator of scarcity and 
that where there are woodfuel markets, increas- 
ing prices are a further indication of scarcity. 
Both of these arguments seem to be based on 
microconceptions about the role of trade and 
exchange in the transition from subsistence to 
market economies. 

The presence of woodfuel markets is no indi- 
cator of widespread physical scarcity and is a 
tenuous indicator of economic scarcity. The 
emergence of markets for woodfuels, and for 
other commodities, is an outcome of the process 
of specialization and exchange. As Brumfiel 
(1980) pointed out in a review of markets in the 
Aztec state. 

In the Valley of Mexico, environmental diversity 

Specialization allows for exploitation of differences 
in the natural abilities of individuals and in the 
natural resources of geographic regions. It permits 
economies of scale and minimizes investments in 
duplicating the tools of production. Exchange 
provides for the transfer of goods and services 
(Exchange) is therefore essential if the benefits of 
specialization are to be realized. 

was associated with a degree of economic 
specialization. Many communities were supple- 
menting subsistence agricultural activities with 
other activities which produced surpluses for the 
market. 

Similarly, the emergence of woodfuel markets 
is an outcome of the need for greater degrees of 
economic specialization and exchange. Woodfuel 
markets may become a feature of the economy. 
for instance, when there is wage employment. 
This type of specialization means that some 
households may not be able to collect fuelwood, 
and may have to rely on the market to provide it 
for them. The fact that there are woodfuel 
markets gives little indication of its economic 
costs, which may be exactly the same in the 
absence of markets: it may still take, say. a half 
day to collect and chop a load of fuelwood, 
regardless of whether or not there are markets. 

Using the “food/fuel” paradigm, one could 
argue that the presence of markets means that 
woodfuel-selling households are generally having 
their needs met. In the Tudu region of Niger, for 
instance, no grain enters the market until house- 
holds have 18 months supply in reserve (Faulk- 
ingham, 1978). Similarly, a household which is 
selling woodfuel must be confident that it has an 
economic surplus: the value of surplus woodfuel 
to the household is greatest only if it is sold, and 
the household would otherwise have a means of 
doing without. 

Woodfuel pricing trends are similarly uncon- 
vincing indicators of physical scaraty. An 
analysis of longer-term woodfuel pricing trends 
in urban markets in South Asia indicated there 
were no convincing links between the extent of 
physical tree resources and market prices (Leach, 
1987). In Kenya, urban charcoal prices have 
actually been decreasing over the last several 
years (World Bank, 1985). In Sudan. there are 
large seasonal price fluctuations, but over the last 
10 years, real prices have shown no long-term 
increases (Dewees, 1987). 

This is not to say that there are not growing 
physical scarcities of woodfuel in these areas, but 
only to point out that pricing trends provide us 
with little information about the extent of these 
scarcities. The data instead suggest the lack of an 
economic scarcity of woodfuels. In Kenya, for 
instance, woodfuel prices have been kept low 
because of improvements in the transportation 
infrastructure, because of an extremely competi- 
tive market, and because of the continuing 
clearance of agricultural land. 

In Sudan, charcoal markets have become 
extremely sophisticated and show a high degree 
of vertical integration. A few entrepreneurs. for 
the most part, control the major aspects of 
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production, transport, distribution, and sale. 
thus keeping overheads low, and allowing them 
to maintain their margins in the face of increasing 
physical scarcity. 

Increases in relative prices indicate economic. 
and not physical scarcity. The passenger pigeon. 
for instance, was first commercially harvested in 
the 1840s. but became extinct in the 1890s. 
Market prices showed little tendency to increase 
over time, even in the face of extinction. Prices 
failed to rise (and hence we can argue passenger 
pigeons were not economically scarce) because 
they were a common property resource, because 
there were cheap substitutes, and because there 
were improvements in harvesting technologies 
(Howe, 1979). It can be convincingly shown that 
woodfuel pricing trends similarly give no ade- 
quate indicator of physical scarcity for precisely 
the same reasons. 

Until conventional measures of economic scar- 
city more accurately reflect the physical scarcity 
of woodfuels, the augmentation of woodfuel 
supplies for the market through tree planting 
project interventions will be problematic. In the 
absence of any market intervention, it is unlikely 
that sustainably-produced woodfuel will be able 
to compete in the marketplace with nonsustain- 
able production, unless it is produced as a 
byproduct of other, more lucrative, tree growing 
practices. Otherwise, tree growing solely for 
woodfuel production will only become profitable 
vis-a-vis alternative land and labor uses, as 
absolute physical scarcities emerge, and as prices 
for conventional fuels become too high. 

This is not an argument for intervention in 
woodfuel markets. Good market intelligence 
about woodfuel markets is limited to a handful of 
studies, and most of these were one-off efforts 
which fail to capture the long-term supply/ 
demand dynamic. It would be fatuous to suggest 
that they could form the basis for realistic and 
effective interventions. 

10. RESPONDING TO TREE-BASED 
CONSTRAINTS TO DEVELOPMENT 

There is a huge gap in our understanding about 
the difference between the economic scarcity of 
woodfuel and its physical scarcity. Even when 
woodfuels have become physically scarce, house- 
holds have a great deal of latitude in developing 
adaptive responses (which may include tree 
growing or management); from the farmer’s 
perspective, the impacts of economic scarcity 
may not be nearly as serious as the extent of 
physical scarcity might suggest. It would be un- 
realistic, for instance, for a household to use 

kerosene or other fossil fuels as woodfuels 
become physically scarce as long as there is a 
broad range of much lower-cost options open to 
it, such as conservation. Eventually. as the 
economic cost of these other options increases. 
scarce household income may well have to be 
spent on kerosene. 

Even in the absence of physical scarcity, there 
may be an economic scarcity of woodfuel. 
defined by the household’s access to labor. 
income. or land. If the household has no surplus 
labor to collect fuel, even if tree resources are 
abundant. woodfuels will be economically scarce. 

The “woodfuel crisis” was a powerful catalyst 
in the late 1970s for focusing the attention of 
development planners on some of the more 
fundamental requirements of the rural poor. Too 
often, this myopic focus was the driving force 
behind project investments. Even though plan- 
ners would claim that they were also interested in 
food, fodder, housing, and so on, an ovenvhelm- 
ing emphasis on woodfuel emerged, probably 
because it seemed so much more tangible than 
other aspects of tree resource use. It is difficult to 
imagine, for instance. that much excitement 
could have been generated over a “fodder crisis” 
or over a “fruit crisis.” 

Even much more obvious constraints such as 
rural housing have often been ignored during the 
design of forestry project interventions because 
of a focus on fuelwood. When projects have the 
objective of providing the resources to enable 
farmers to produce fuelwood. and they instead 
grow building poles, project planners are often 
loudly criticized because the project has not met 
its original objectives. The point is, from the 
farmer’s perspective, building poles make much 
more sense. No one thought to ask if there were 
rural housing shortages. 

Tree resources are of fundamental importance 
to farming systems, and rural people may be- 
come much more involved in tree planting or 
management when trees become scarce. Wood- 
fuel scarcity in the economic sense, however, 
cannot always be equated with tree scarcity. So 
tree planting interventions which are intended to 
be responsive to woodfuel scarcities will likely 
miss the point. Even an abundance of trees may 
obscure more fundamental tree-related resource 
constraints. 

Tree planting and management interventions 
must be more responsive to the much broader 
range of the needs of the farming system. Some 
aid agencies, governments, NGOs, and local 
organizations have of course done better than 
others in adopting a broader view of trees within 
development projects. The experience of pro- 
grams which have encouraged tree growing to 
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,provide multiple outputs has reinforced the 
assessment that farmers widely value trees for a 
variety of inputs into their household and farm- 
ing systems, and will pursue tree growing strate- 
gies which provide as large an aggregate as 
possible of multiple benefits. 

The obvious point is that forestry program 
planners must have an idea of what the farmer’s 
tree-based constraints are before responsive in- 
terventions can be developed. It is counter- 
productive to undertake a baseline survey during 
the design of a “woodfuel program” because 
there is the presupposition (no doubt reinforced 
by a yawning “woodfuel gap”) that woodfuel is 
the problem. It would indeed be an institutional 
dilemma if an agency which had been given the 
mandate to develop a woodfuel project interven- 
tion discovered that in fact woodfuel was not a 
serious constraint in the proposed project area. 

It is becoming a much more critical feature of 
successful program design that other less value- 
laden, but more comprehensive, exercises are 
undertaken, such as Rapid Rural Appraisals, 

participatory program design. Agroecosystem 
Analysis, baseline surveys, and Diagnosis and 
Design studies. Particularly where issues such as 
land and tree tenure and usufruct complicate the 
dimensions of project design. these approaches 
are crucial. The problem is that many aid 
agencies (or forest departments) are ill-equipped 
to carry out these types of exercises without 
significant training and retraining. 

The “woodfuel crisis” served a valuable and 
useful function as a political tool which success- 
fully raised the awareness of development plan- 
ners about the interdependencies between trees 
and people in developing economies. As long as 
aid agencies and governments downplay this 
interdependence, the “crisis” will not go away. 
But the issues are much farther reaching. Trees 
are fundamental for truly sustainable develop- 
ment, but for a range of reasons: for building 
timber, fodder, fruit, fiber, soil conservation and 
improvement, shade and enjoyment, and income 
generation, as well as for fuel. Can we afford to 
look at trees only as sources of energy? 

NOTES 

1. See also the analysis in de Montalembert and 
Clement (1983). 

2. Consumption of oil in North America and West- 
ern Europe in 1984, totaling 2,194.3 million tons, was 
less than it was in 1973, when consumption totaled 
2,330.l million tons. See Jenkins (1986). 

3. A range of other variables influences the price of 
charcoal as well. In Sudan, these have included changes 
m seasonal demands and supplies which have been 
influenced by the price of alternative fuels, prices for 
agricultural crops (which influence the rate of land 
clearance), pressures on capital markets, efforrs at 
price control, collusion among producers and dealers, 
and competing demands for charcoal in export mar- 
kets. In any event, on average, real prices have shown 
little change over time. The most dramatic price 
changes have been seasonal ones, and have not been 
sustained over the long term. 

4. S. Orvis, personal communication. (Research 
Associate, Insitute for Development Studies, Univer- 
sity of Nairobi). 

5. As Garret (1970) points out, however, “Decom- 
posing plant residues have many and diverse effects 
upon soil and the plants growing therein, but in general 
the beneficial greatly outweigh the harmful effects of 
these decompositions on crop growth.” Many of the 
negative impacts of digging in crop residues can be 
overcome by composting. 

6. J. G. Campbell, personal communication. (Social 
Forestry Adviser, USAID, New Delhi). 

7. The economic and religious role of the sacred cow 
in India is the subject of much intense debate. Harris 
(1978) maintains that the protection of the sacred cow 
is an example of “positive-functioned technoenviron- 
mental determinism” while researchers like Heston 
(1971) point out that India would be much better off 
with far fewer cattle. The use of dung as fuel, and the 
impact of its diversion on agricultural production, is in 
some senses a moot point considering the fact that 
anywhere between 5 and 20% of arable land is used for 
growing fodder crops for cattle, and that livestock are 
far more responsible for desertification than is fuel- 
wood collection. The issue is not clearly one of planting 
trees for fuelwood, but of limiting the access of 
livestock to regenerating trees. An interesting litera- 
ture summarizes some of the features of dung use, 
cooking, and the sacred cow. See for instance: Brown 
(1957); Diener er al. (1978); Harris (1978); Lodrick 
(1981); Simoons (1979); and Srinivasan (1979). A fine 
overview of the anthropology of food is found in Field- 
house (1986). 

8. I am indebted to the anonymous reviewer who 
pointed out that “the entry of livestock into forested 
areas has virtually eliminated the regeneration of 
species suitable for use as fuelwood - prompting some 
foresters to claim that forestry, in many countries, is 
inseparable from range management.” 
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9. Little information is available about the produc- sion’s Rural Afforestation Project. A total of 1.829 
tivity of dry woodland forests when they are regularly households were surveyed. 
coppiced or pollarded. Most analysts of the woodfuel 
situation fail to point out that woodland productivity 11. K. Wilson, personal communication. (Depart- 
could perhaps be greatly increased as a result of ment of Social Anthropology, University College, 
regular harvests. London.) 

10. These surveys were carried out as part of a 12. T. Hammer, personal communication. (Depart- 
Baseline Study for the Zimbabwe Forestry Commis- ment of Geography, University of Bergen, Norway). 
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