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AN EconomETRIC MODEL OF
TRoPICAL DEFORESTATION

SHAsHI KANT AND ANKE REDANTZ

ABSTRACT

A cross-sectional econometric model of tropical deforestation has been devel-
oped. Causes of tropical deforestation have been classified into two levels. The
first-level (or direct) causes are grouped into two classes, i.e., pressure for
forest products (for consumption and exports) and pressure on forest land for
alternative (cropland and pasture) land uses. The most discussed causes of
deforestation such as population, gross domestic product, external debt, gov-
ernment policies etc., are placed into second-level causes. The model, for a
data set of 65 countries (35 African, 13 Asian, and 17 Latin American), is
estimated in two stages by the heteroscedastic-consistent maximum- likeli-
hood estimation procedure. In the first stage, the first-level causes are re-
gressed on the second-level causes, and in the second stage, deforestation is
regressed on the estimated first-level causes from the first stage. The model
addresses three econometric issues i.e., the distinction between the first-level
(direct) and the second-level (indirect) causes, the possibility of difference in
the coefficients of explanatory variables across the geographic regions, and the
problem of heteroscedasticity. The results of the estimated model are discussed
in terms of the effect of different direct and indirect causes on deforestation in
three geographic regions. On the basis of the elasticity of deforestation with
respect to different first and second-level causes, some possible policy inter-
ventions in selected countries are also discussed.

Keywords: Heteroscedastic-consistent estimation, maximum-likelihood esti-
mation, point elasticity, policy issues, two-stage estimation.

INTRODUCTION

Forests are valuable environmental and economic re-
sources which support natural systems and play an im-
portant role in the economic welfare of human societies.
They maintain the dynamic conditions necessary for their
own continued existence and support other ecosystems
within the natural system. For example, they are at core
of the local and global hydrological and carbon cycles.
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Forests are home of a large proportion of the earth’s
biodiversity which is valued for utilitarian, aesthetic,
moral, and ecological purposes (Sharma, 1992). The natu-
ral amenities provided by forests are a great asset for the
quality of human life. Due to these various important roles,
threats to the world’s forests are evoking responses at all
levels, from villagers organising to manage their forests
to international summit meetings of world leaders. Forest
losses and the many threats from multinational compa-
nies, large scale development projects, atmospheric pol-
lution, peasant-farmers, fuel-gatherers, and ranchers have
been widely documented (Repetto, 1988).

In recent years, numerous observers including forest-
ers, environmentalists, economists, and other social sci-
entists, have voiced concern over the destruction of tropi-
cal forests (Sharma, 1992; Bundestag, 1990). A number of
descriptive and theoretical attempts have been made to
analyze or understand the phenomenon of deforestation,
especially in developing/tropical countries (Bowonder,
1982; Bajracharya, 1983; World Resource Institute, 1985;
Walker, 1987; Richard & Tucker, 1988; Winterbottom,
1990; Barbier, et al., 1991; Binswanger, 1991; Larson &
Bromley, 1991; World Bank, 1991; Sandler, 1993). Pearce
& Brown (1994) summarise diversity of causes of defor-
estation argued by researchers. These efforts notwith-
standing, there is much disagreement on the magnitude,
causes, and consequences of deforestation (Fearnside,
1982; Lugo & Brown, 1982; Myers, 1994). Palo (1994) ob-
serves:

“Demographers, geographers, economists, sociolo-
gists, and scientists from some other disciplines have
traditionally been engaged in research concerning
the relationships of population pressure with eco-
nomic development, environment, and deforestation.
No interdisciplinary consensus has so far been
reached....”

It reflects the great difficulties confronting any attempt
to come to a general understanding of the main factors
underlying the processes of deforestation.

Resource economists and some other social scientists
have attempted to probe those processes with the help of
statistical and econometric techniques. These have varied
greatly in scope, in quality of data used, and in adequacy
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of statistical tools and methodology. Some econometrically
sound studies have been undertaken at the national level
(Southgate et al., 1991; Kummer, 1992; Reis & Guzman,
1994; Panayotou & Sungsuwan, 1994). Some authors have
even attempted a dynamic systems approach at the na-
tional level (Saxena & Nautiyal, 1996). But Kummer &
Sham (1994) emphasise the negligible role played to date
by cross-section global studies in throwing light on these
issues. In principle, they should be an important comple-
ment (rather than a substitute) for national studies. Each
has advantages over the other in what it can elucidate.
Global (cross-country) studies are very important to un-
derstand the phenomenon of deforestation at the regional
or global level. But most such studies undertaken to date
suffer too many econometric problems to lend their re-
sults much credibility; methodological issues have not been
addressed adequately.! Though data limitations and una-
voidable econometric complications will always make such
studies difficult and challenging, and perhaps less sound
than the national studies, there is definitely a scope to
improve such global studies from the present level.

In this paper, an attempt has been made to address
some of the neglected methodological/econometric issues.
A two-stage recursive econometric model for tropical de-
forestation is proposed and estimated with the help of the
most recent data of deforestation available from FAO 1993.
The causes or determinants of deforestation are catego-
rised into two levels — direct (proximate) and indirect
(underlying). The rate of deforestation is expressed as a
function of (regressed on) the direct (first-level) causes;
each of these has previously been expressed as a function
of the indirect (second-level) causes.

1 Reis & Guzman (1994) point out some very specific weaknesses of deforesta-
tion studies:

“Econometric results on elasticities of deforestation are scanty. Table 12.2 pro-
vides an incomplete survey of them, which shows major differences of specifi-
cation, sampling variables, geographic aggregation, and measurement of data.
Furthermore, in most cases, parameters were not explicitly derived from theo-
retical models, thus making comparisons even more difficult. Note also that
equations are under-estimated.”
Kummer & Chi Ho Sham (1994) also observes:

“However, we should argue below that the results are fundamentally flawed
and the role of population overstated. The two major problems with the studies
enumerated above is that four use an inappropriate dependent variable and the
other three are based on data sets which are of doubtful validity.”
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To put the analysis in perspective, the literature regard-
ing the deforestation is first reviewed, and unaddressed
econometric issues are summarised. Thereafter, a theoreti-
cal model of deforestation is presented and the sources of
data to estimate the proposed model are enumerated. The
detailed methodology for estimating the proposed model
is discussed. Finally, the results are presented and impor-
tant policy issues are highlighted.

LITERATURE REVIEW

The intent of this paper is to advance the level of cross-
section econometric studies of tropical deforestation; this
review of the literature is accordingly limited mainly to
such studies and highly selective in its references to the
rest of the very extensive literature on tropical deforesta-
tion.

Time-series analysis of deforestation at either the re-
gional or the global level is almost impossible due to the
lack of data. Therefore, time-series studies are mainly lim-
ited to the country level (Lombardini, 1994; Chakraborty,
1994). To analyze the process of deforestation over time,
some authors have attempted panel analyses at the global
level (Capistrano, 1994) or at the country level (Kummer
& Sham, 1994). In some national studies, the authors have
pooled the cross-section and panel data (Constantino &
Ingram, 1990; Osgood, 1994).

Global-level analyses are dominated by cross-sectional
studies. Some cross-sectional studies use total forested area
or forested area/total area as a dependent variable (Lugo
et al., 1981; Palo, 1987). Current forest reflects the origi-
nal forest cover and the forest cover lost. Hence, it is the
result of a process which can date back anywhere from a
few years or decades to several hundred or thousand
years. This longer-run process, however, is not captured
by the just-cited variable. Hence, the use of forest area as
a measure of deforestation does not seem appropriate
(Kummer & Sham, 1994). Other cross-section studies use
deforestation as the dependent variable (Allen & Barnes,
1985; Rudel, 1989; Kahn & McDonald, 1994; Capistrano,
1994; Shafik, 1994). Though some measures reflecting the
rate of deforestation is an appropriate choice, a number
of important econometric issues are not adequately dealt
with in these studies.
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First, the distinction among direct and indirect explana-
tory variables, though utilized in some of the national
studies (Southgate ef al., 1991; Saxena & Nautiyal 1996),
has not yet been made in the global studies. For example,
the effects of agriculture-land/cropland and population
on deforestation are estimated simultaneously (as a part
of the same equation), even though population is an obvi-
ous causal factor in the change in cropland. Similarly, the
effects of Gross Domestic Product (GDP) level or growth
are estimated together with those of change in cropland,
though they help to explain variation in the amount of
cropland.

Second, although some studies have tried to capture dif-
ferences among regions by using regional dummies to re-
flect differences across the regions in the intercept (con-
stant) of the regression, none has yet attempted to cap-
ture quantitative differences in the effects of independent
variables (slopes of the dependent variable with respect
to those variables) across regions. In the global studies,
the possibility that some explanatory variable may be ap-
plicable to only a particular region, or be more important
in some regions than in others, has thus been ignored.

Third, only a few studies have addressed the problem
of heteroscedasticity, common in cross-section studies,
and even these have not tended to deal with it adequately.
Hence, a study which addresses these three issues may be
able to provide some deeper insights into the processes of
global deforestation.

THEORETICAL MODEL

A fundamental feature of deforestation is that the causal
factors of deforestation are linked together as various
chains or mechanisms into a causal system (Palo, 1994),
and the different factors responsible for deforestation
work at different levels. Hence, deforestation is the result
of a complex process, and a simplistic approach to seek “
causes” is not enough. Rowe et al., (1992) and Grainger
(1993, p.17-18) divided the causes of deforestation into
direct and underlying causes. To keep our model within
manageable limits, we also restrict to two levels of causes,
i.e., direct (first-level) and indirect (second-level). Rowe
et al., (1992) identified fuelwood gathering, commercial
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FIGURE 1. INTERACTIONS BETWEEN DIRECT
AND INDIRECT CAUSES OF DEFORESTATION

logging, infrastructure and industrial development, agri-
cultural expansion, and overgrazing as the main direct
causes. The first three causes are the result of increased
demand of forest products and the last two of the in-
creased demand of forest land for alternative land use.
Hence, all the first- level (direct) causes can be grouped
into these two categories: the demand of forest products
and the demand of forest land for alternate land use. The
demand of forest products will arise from domestic con-
sumption and exports of forest products, and the demand
of forest land for alternate land use comes in terms of de-
mand of cropland and pasture. There is some other minor
demand of forest land for development projects such as
road or dam construction. But due to the non-availability
of land conversion data for these purposes or any other
measure of this demand at the global level, we restrict our
model to only two factors, i.e., cropland and pasture; and
assume that the minor demands of other land uses will be
either picked up by the selected variables or will be left as
a residual in error term. Consequently, we have chosen
the first-level (direct) causes of deforestation as
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roundwood consumption, export of forest products,
change in cropland, and change in pasture land.?

An analysis of deforestation with the help of the first-
level variables alone cannot capture all (or perhaps very
much) of the causal processes in which we are interested.
Understanding the linkages between the first- level (di-
rect) causes and the second-level (indirect) ones is also
essential. The interactions between the first-level and the
second-level causes are shown in Figure 1.

The simplest way of taking both levels into account is
to explain deforestation through a system of five recur-
sive equations.® The first equation describes the relation-
ship between the amount of deforestation as a dependent
variable and the four first-level causal factors as independ-
ent variables. The equation can be expressed as:

Y, =0, +B1X; +U,, (1)

where Y, is deforestation, X, is a vector of the four first-
level causal factors, i.e., roundwood consumption, export
of forest products, annual change in cropland, and an-
nual change in pasture, and U, is an error term. o, repre-
sents the intercept and P; is a row vector of the slope
coefficients corresponding to the four explanatory vari-
ables.

2 It may be argued that there are only two categories of first level causes, i.e.,
the demand of forest products and the demand of forest land, and hence
roundwood consumption and forest products exports should be clubbed together
and similarly the cropland and pasture. However, the major portion of
roundwood consumption and export is met by regular harvesting and only re-
maining part through deforestation. The contribution of deforestation to
roundwood consumption and export need not to be the same. Combining
roundwood consumption and export would restrict the coefficients of the two
components to be the same that would mean the same contribution of defor-
estation to roundwood consumption and exports. Same will be the result of
combining cropland and pasture into a single variable. Hence, combining the
two different components of either forest products or forest land will not be
theoretically desirable.

% This approach is still too simple but definitely more sophisticated than the
approaches available in the existing literature of tropical deforestation. The limi-
tations of the approach are: first, an assumption that the first level causes are
independent of each other; and second, the model has been limited to only two
levels while the variables at the second level are not totally independent vari-
ables, and they are also driven by some other independent variables at the fur-
ther lower levels. However, incorporation of these complexities may not pro-
vide enough additional information as compared to the level of difficulties in-
volved in. Hence, we restrict to this approach. Please also refer to footnote 12.
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All the four explanatory variables in this equation are
determined by the second-level (indirect) causes of defor-
estation, and, hence, are endogenous to the system. The
four other equations establish the relationships between
the four first-level causes and the underlying, second-level,
causes. Each of these equations is now discussed in turn.

Roundwood Consumption Equation

According to consumer theory, the main determinants of
individual’s consumption are his income level and the
price of a good. The aggregate national consumption will
depend upon the national income or the gross domestic
product (GDP).* Due to non-availability of price (for the
same forest product in the same year across the countries),
the price variable is problematic in cross-sectional stud-
ies. The basic physical features of forest, i.e., vastness and
the unbounded nature, create an impression of forest as a
free common good for everyone. This perception of the
people is enhanced by the government policies. In most of
the countries, the prices of forest products are distorted
by the forest-sector and allied sector policies. Number of
forest-sector policies of tropical countries, such as timber
concessions, low royalties and license fees, insecure ten-
ure policies, and incentives for wood processing indus-
tries encourage the undervaluation of the resource by the
general public. In many countries, the policies outside the
forest-sector such as: (i) agricultural programs under
which land is cleared for estate crops like rubber, palm
oil etc., (ii) tax, credit, and pricing policies that stimulate
private investment in competing land uses, and (iii) trans-
migration policies also encourage the undervaluation of
the forest (Repetto, 1988, pp.17-31). Hence, in tropical
countries, the physical nature of forest and government
policies lead to ‘Free Common Good Attitude’” (FCGA) to-
wards forests. The degree of this attitude reflects peoples’
perception about the extent of the forest area, which de-
pends in turn on the actual forest area and government

* The use of transitory real disposable income could have been more appropri-
ate than the use of GDP, but the data availability restricted us to use GDP. The
incorporation of some other variables like employment level and wealth effect
can also be argued. However, due to data limitations and simplicity of model,
we restricted to the two basic economic factors, i.e., income and price, and one
demographic (population) factor.
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policies. The FCGA will influence the roundwood con-
sumption, stronger is the FCGA higher will be the con-
sumption. Due to the lack of any uniform quantifiable
measure of government policies over the tropical world,
we use the absolute forest area as a measure of FCGA.”
The FCGA, and hence the total forest area is a proxy for
the price variable. The total forest area has been used by
many researchers (Kahn & McDonald, 1994; Rudel, 1994)
as an explanatory variable but these intricacies are not
elaborated.

The most commonly used other explanatory variable
of deforestation is population (Kahn & McDonald, 1994;
Capistrano, 1994); and obviously it is argued that higher
the population higher will be deforestation. Since, we are
estimating deforestation in two stages, population will be
explanatory variable of some second-level causes. The
roundwood consumption will definitely be one of those.

The coefficients of all the three explanatory variables
will be positive, and the roundwood consumption equa-
tion can be expressed as:

X, =0, +B3Z, +U,, (2)

where X, is roundwood consumption, Z, is a vector of the
absolute forest area, GDP, and population, U, is an error
term, and o, and B} represent intercept and a row vector
of slope coefficients, respectively.

> The coefficient of the absolute forest area will not capture the total effect of
FCGA. But, due to the absence of any other appropriate measure either for gov-
ernment policies alone or a combined measure of the FCGA, we us the absolute
forest area as a measure of the FCGA. Larger absolute forest area will reflect
higher FCGA and lower prices, and hence more deforestation.

¢ The population structure (population in the different income groups) may be
a better explanatory variable than the total population, but again due to the
limitations of data and the simplicity of the model, the choice is restricted to
the total population.

The use of GDP and population together is also debatable; and one may ar-
gue to use GDP per capita and population. But, the roundwood consumption is
composed of consumption by individuals or households and industrial and in-
fra-structural consumption. The GDP per capita is more appropriate to capture
the household consumption while the GDP seems more appropriate to capture
industrial and infra-structural consumption. However, the use of both GDP and
GDP per capita seems irrational and it will also create multicollinearity prob-
lem. In fact, the statistical estimates by using GDP per capita and population
were theoretically inconsistent. Hence, GDP and population are preferred.
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Forest Products Exports Equation

In the case of developing countries, the exports of primary
products like agricultural products, forest products, and
minerals etc., serve as an engine of growth (Gillis et al.,
1992, p. 419). The fundamental economic theory of inter-
national trade is the theory of comparative advantage.
However, six classes of assumptions (two dimensionality,
perfect mobility, perfect competition, similarity in factor
endowments, technology, and demand) are used to pro-
duce trade theory’s sharpest results (Leamer, 1987, p.2).
In real life, none of these assumptions is observed. But,
the concept of comparative advantage can be used to get
some insights of forest products trade. The total exports
from a country consist of many products, and the quan-
tity of export of a product will depend upon the compara-
tive advantage of the product over other products. In the
case of developing countries, the major portion of the ex-
ports comes from the primary products, and most of these
products are land based. Hence, the “Comparative Advan-
tage of Forest Products’ (CAFP) with respect to other prod-
ucts can be measured by the forest area as a percentage
of the total land area.”

The most discussed explanatory variable of deforesta-
tion is debt. Many hypothesi have been offered for link-
ages between deforestation and debt such as myopic be-
haviour (Kahn & McDonald, 1992) and real currency de-
valuations (Capistrano & Kiker, 1990). But, whatever may
be the actual relationship between debt and deforestation,
debt will always work through the trade of forest prod-
ucts. In the present context, when almost all the coun-
tries have substantial external debt, the total debt must
be one of the most important variables affecting the ten-
dencies of tropical countries for the exports of forest prod-
ucts.

The other explanatory variable of export will be the ex-
port price. But in the case of exports from one country to
many countries, it is very difficult to specify one export
price of forest products for each country. However, the

! Similar to the concept of FCGA, introduced in the roundwood consumption
section, the CAFP will depend upon the percentage forest area as well as on
forest products export promotion policies of national governments. But, due to
the limitations on the measurement of these policies, the percentage forest area
has been selected to represent CAFP.
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terms of trade (TOT), which is a ratio of the average price
of a country’s exports and the average price of country’s
imports, represents the competitiveness of a country in
the international trade; and it seems to be appropriate to
select it as a proxy of export price.® The sign of TOT can
be argued to be positive if looked from supply side and
negative from demand side. The export quantities being
the figures of actual exports which means that these quan-
tities represent the demand faced by the exporting coun-
try. Hence, the negative sign seems more reasonable. The
significance of an increase in TOT would also normally
be a more favourable balance of payment situation, a more
expensive currency, and hence less exports. Therefore,
these two factors, i.e., demand of exports and balance of
payment situation would lead to a negative sign of TOT
coefficient.

Another explanatory variable of exports comes from the
growth of an economy. The interaction between exports
and growth rate is quite interesting. First, exports are used
to accelerate the growth of an economy. But, once
economy starts growing, the increasing growth rate works
as a catalyst to exports. Hence, over a period of decade
the causal relationship between the two becomes confus-
ing, and it would lead to a problem of simultaneity among
these two variables. This problem cannot be sorted out in
the cross-sectional studies (it can be in time-series stud-
ies). In our study, the rate of growth data is an average
over a decade (1980-89) and the export data is a single
year (towards the end of decade 1988) data, and we are
assuming that the increased annual growth rate leads to
an increase in exports on an average. Hence, the coeffi-
cient of the growth rate should be positive.

With the explanation of these four explanatory vari-
ables, the forest products exports equation can be ex-
pressed as:

X; =0, +B3Z; +U;, (3)

where X, is the export of forest products, Z, is a vector of
the forest area as a percentage of total land area, the total
external debt, the terms of trade, and the growth rate of

8 The terms of trade of only forest products will be a better proxy of the export
price of forest products. But due to data limitations, we are forced to select the
overall terms of trade as a proxy of the export prices.
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GDP, U, is an error term, and o5 anf;  represent inter-
cept and row vector of slope coefficients, respectively.

Cropland Equation

For the majority of tropical countries, the agriculture sec-
tor is one of the key sectors of the economy. The agricul-
ture sector contributes to the economy in terms of contri-
bution to GDP, employment and exports (Torsten, 1992,
p. 51). The agriculture production index is one of the key
independent variables itself to explain the variation in crop
land.? As a result of the population growth, land reserves
in many developing countries have been declining (Scholz,
1988, quoted in Torsten, 1992, p. 53). The growing scar-
city of cropland has caused an expansion of the cropland
into tropical forest areas. The different activities of the
agriculture sector contribute to the conversion of forest
land to cropland. On one hand, due to increased popula-
tion pressure on the existing cropland, people migrated
to tropical forest areas and resort to shifting cultivation.
These shifting cultivators partly belong to the subsistence
sector or are integrated into local and regional markets
(Torsten, 1992, p. 53). On the other hand, forest land con-
version is caused by permanent and sedentary agriculture.
These big farmers are usually integrated into national or
international markets, and many of them produce agri-
culture products for exports. Hence, in some countries,
the expansion of the agricultural sector into tropical for-
est areas is mainly due to export crops (Torsten, 1992, p.
53). Therefore, two resulting factors of cropland expan-
sion into forest areas are population and the rate of growth
of GDP.1% In addition to these three factors, the conver-

° In many countries the information on yields is partial or that on land is par-
tial, and one tends to be calculated as a function of the other. It may tend to
impart an upward bias to the relationship between area and output, and part of
the explanatory power may be spurious. But, it is natural that the production
index will be the key independent variable. One may also question the problem
of simultaneity among these two variables, but again due to aggregation of data
almost over a decade, we have overlooked this problem.

10 The rate of growth of GDP is chosen as an explanatory variable to capture the
effect of exports of agricultural products. The logic and problems associated
with this choice are the same as in the case of the choice of the growth rate of
GDP in forest products exports. The choice of other variables used in the forest
products exports equation like total debt and TOT to capture the effect of ex-
ports of agricultural products does not give theoretically consistent results.
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sion of forest to cropland will also depend upon the sup-
ply of forest land that will be determined by the attitude
of the people towards forest. In the tropical countries, as
argued in the roundwood consumption equation, people
have free common good attitude (FCGA) towards forest.
Hence, FCGA measured by the absolute forest area will
be the fourth explanatory variable of the cropland equa-
tion. The sign of coefficients of all the four variables should
be positive. Now, the annual change in cropland equa-
tion can be expressed as:

X, =0, +B,Z,+U,, (4)

where X, is the annual change in cropland, Z, is a vector
of absolute forest area, agriculture production index,
growth rate of the GDP, and population, U, is an error
termPand o, and  represent intercept and row vector of
slope coefficients, respectively.

Pasture Equation

Finally, the change in pasture has an interesting mecha-
nism. One may intend to draw a parallelism among the
cropland and pasture, but the conversion of forest land
to pasture is based on entirely a different mechanism than
the conversion to cropland. An overview of the data indi-
cates that the increase in pasture is concentrated in the
Latin American countries. In these countries, the increase
in pasture is driven by the large scale cattle ranching op-
erations that are the result of heavy emphasis on meat
exports (Jepma, 1995). Hence, the conversion of forest
land to pasture is parallel to the process of forest prod-
ucts export rather than the process of forest land conver-
sion to cropland. Hence, the explanatory variables for the
change in pasture in Latin America will be same as the
explanatory variables of forest products exports, i.e., the
growth rate of GDP, the total external debt, the terms of
trade, and the percentage of total land under forest. There-
fore, the change in pasture land equation can be expressed
as:

X5 =05 +B5Z5 +Us, (5)

where X; is the change in pasture, Z; is a vector of the
growth rate of GDP, total external debt, terms of trade,

63



S KANT & A. REDANTZ JourNAL ofF FOREsT Economics 3:1 1997

and the percentage of total land under forest, U; is an
error term, and o5 and B} represent intercept and row
vector of slope coefficients, respectively.

These five equations capture all the causal relationships
represented in Figure 1, and indicate that there does not
exist a simple and direct relationship of deforestation with
either the demographic factor i.e., population, or some
macro-economic factors like debt or growth rate of GDP
as modelled by the previous researchers. These factors do
influence deforestation, but not directly. One interesting
feature of the causal relationship is that the FCGA influ-
ences deforestation through two different mechanisms,
i.e., via roundwood consumption and the change in
cropland. Similarly, population influences deforestation
through round-wood consumption as well as the change
in cropland. GDP or the growth in GDP also influence
deforestation through all the four first-level causes.

DATA AND ITS SOURCES

The reliability of data, particularly of deforestation data,
has been a common problem of all the studies of defor-
estation. Our data source for deforestation data is the FAO
Tropical Forest Resources Assessment 1990 (FAO, 1993).
This source is said to give a fairly good, and probably the
best ever, description of the present forest area and of the
changes in forest area between 1980 and 1990 (Jantz,
1993). Nevertheless, the reliability of even this source is
questionable, and the results of this study should be used
cautiously.

Our sample consists of 65 countries which comprised
35 African, 13 Asian, and 17 Latin American countries.
The explanation, units of measurement, and sources of all
the variables are given in Table 1.

METHODOLOGY OF ESTIMATION

Econometric models are to be used but not believed in and
the best models are not explanatory or realistic, but parsi-
monious, plausible, and informative (Theil, 1971, preface;
Feldstein, 1982). Kennedy (1992, p. 73) even went to say
that all econometric models are wrong but some are use-
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TaBLE 1: DeTAILs OF THE DAaTA UseDp ForR THE ESTIMATION OF
DEFORESTATION MODEL.

SECTOR VARIABLE EXPLANATION Units SOURCE
Forest DEFAR Annual average ‘000 hectares FAO, 1993
deforestation 1981-90
ABFORAR Absolute forest ‘000 hectares Sharma, 1992
area (1980-85)
PRFORAR % of Forest area Percent Sharma, 1992
(1980-85)
RWCONS  Annual roundwood ‘000 cubic Sharma, 1992
consumption 1988 metres
FOPREXP  Forest product million US$ Sharma, 1992
exports 1988
Agriculture CHCROPL Annual change in ‘000 hectares WRI, 1992

cropland in 1980’s

AGRPRI Index of agriculture Base years WRI, 1992
production,1988-90 1979-81

CHPAST Annual change in ‘000 hectares Sharma, 1992
pasture, 1975-87

Macro-

economic TOTGDP Total GDP 1988 billion US$ UNDP, 1990
GDPG Annual growth rate Percent Sharma, 1992

in GDP 1980-89
DEBT Total external debt, 1988 Million US$ WRI, 1992
70T Terms of trade, 1988 Base year UNDP, 1990
1980

Demographic POP Total population, 1989  Millions Sharma, 1992

Regional

Dummy

Variables DUMLAMER Latin American Countries

DUMASIA Asia
DUMAFRIC Africa

ful. The process of developing a regression model is di-
rected towards generating a best unbiased estimate for
each parameter in the system. But because of inherent
errors in measurement of economic variables, almost all
the estimators are inherently biased. Hence, we intend to
develop a model which is more informative and useful
than the models already present in the literature, but our
intention is not to achieve something impossible, that is a
true unbiased explanatory model of deforestation. Our
main focus is on addressing the three econometric issues
raised in the section on literature review.
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Regression analysis is a process of establishing the cause
and effect relationship. Hence, a correct specification of a
regression model should capture the real cause and effect
relationships. In a correctly specified econometric model,
both cause (underlying causes) and effect (direct causes)
cannot be used together as explanatory variables of de-
forestation, and putting the direct and underlying causes
together will mean econometric mis-specification of the
model. Hence, a system of five recursive equations has
been suggested in the theoretical model section. In the
specified recursive equation system, the dependent vari-
ables of the equations of direct causes (the equations of
consumption, export, cropland, and pasture) are endog-
enous variables, and only the explanatory variables (which
are indirect causes) of these equations are exogenous. A
standard econometric technique to estimate such a sys-
tem of equations is the two-stage estimation method,' and
the proposed model has been estimated by this standard
method. In the first stage, four equations (Equations 2, 3,
4 and 5) of the first- level (direct) causes roundwood con-
sumption, export of forest products, the change in
cropland, and the change in pasture are estimated. In the
second stage, using the estimated values of these four en-
dogenous variables (direct causes) the deforestation equa-
tion (Equation 1) is estimated. The estimation is based on
the important assumption that is cov(U,, U;) =0 (where i
=2,3,4, and 5). It means that the Equation 1 is not linked
to the four equations (2,3,4, and 5) by a correlation be-
tween the omitted variables.

The variations in the slopes (coefficients) of different
explanatory variables across the regions can be captured
by using the explanatory variables corresponding to each
region. The separate explanatory variables for each region
can be generated with the help of the global variables and
regional dummy variables. From the global variable of
population (POP), for instance, three different regional
variables of population are generated by multiplying POP
with the respective dummy variable.

"' In the two-stage method, in the first stage, each endogenous variable is esti-
mated by regressing it on the theoretically appropriate exogenous variables,
and these estimated values are used as the instrument variables of these endog-
enous variables. In the second stage, these instrument variables are used to re-
gress the final endogenous variable (Pindyck & Rubinfeld, 1991).
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Therefore, POP x DUMLAMER, POP x DUMASIA, and
POP x DUMAFRIC will represent the Latin American, the
Asian, and the African populations, respectively. Hence,
if population in the three regions has different effects on
roundwood consumption, the coefficients of these three
variables will be different, and the use of the three vari-
ables instead of only one global variable for population
will improve the explanatory power of the regression. On
the other hand, if population is an explanatory variable
of roundwood consumption in only one region, the exclu-
sion of population of the other two regions will also im-
prove the explanatory power of the regression. Similarly,
if the effect of population in all the three regions is not
significantly different, the use of only one global popula-
tion as an explanatory variable will give the highest ex-
planatory power to the regression. If the effect of popula-
tion is similar in two regions but different in the third re-
gion, the global population variable and the population
variable of the third region will pick up all effect. In this
case, the coefficient of global population will give the glo-
bal effect on all the three regions, and the coefficient of
the third region’s population will give the difference in
the third region from the global effect. This approach of
capturing the variation in the coefficients of different ex-
planatory variables across the regions is used for all the
five equations and for all the explanatory variables.

In the beginning, for each explanatory variable three
different regional variables are used in the estimation of
each equation. Based on the outcome, an appropriate com-
bination of the variables is selected that has the maximum
explanatory power of the regression and theoretically con-
sistent signs of all the explanatory variables.

To begin with, all the four equations (Equations 2, 3, 4,
and 5) of the endogenous variables are estimated by the
Ordinary Least Square (OLS) method. In a cross-sectional
analysis, there is a high probability of error terms being
heteroscedastic. In the presence of heteroscedasticity, the
OLS estimates are unbiased and consistent, but inefficient.
This inefficiency causes the low t-values. In the OLS esti-
mates of all the four equations (Equation 2, 3, 4, and 5),
the signs of all the variables are as expected but the t-
values are low. The low t-values may be due to multi-
collinearity and/or heteroscedasticity. The estimated equa-
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tions are checked for multi-collinearity and hetero-
scedasticity, and heteroscedasticity is found in all the four
equations. First, heteroscedasticity is corrected by the
White method. The signs of all the variables in the OLS
estimates after heteroscedasticity correction are as ex-
pected, and the t-values improved, but in most cases they
did not become significant. For a model with hetero-
scedastic error disturbance, it is assumed that each error
term is normally distributed. This assumption is also nec-
essary for using the maximum-likelihood estimation (MLE)
procedure. The maximum-likelihood estimates are asymp-
totically efficient (Pindyck & Rubinfeld, 1991, p.239).
Hence, finally, the heteroscedasticity-consistent maxi-
mum-likelihood method is used to estimate all the four
equations of the endogenous variables.'? The same proce-
dure is followed for estimating the deforestation equation
(Equation 1). The heterosce-dasticity-consistent maximum-
likelihood method improved the t-values to a great extent.

The results of all other procedures except the final re-
sults of MLE will not provide other useful information.
Hence, it does not seem necessary to discuss all the re-
sults, and only the final results based on the hetero-
scedastic-consistent estimates by the maximum-likelihood
method are discussed. This method is based on the con-
cept of loss function, a concept different than that of OLS.
Therefore, the MLE gives only R? between the observed
and estimated values instead of R? and adjusted R? avail-
able in the case of OLS. The values of R? between the ob-
served and estimated values are given with the estimates
of each equation.

REsuLTS AND DiscussioN

The signs of the coefficients of all the variables in all five
equations are as expected, and all the coefficients are dif-
ferent from zero at 1 percent significance level. The
Durbin-Watson statistics indicates that the first-order
auto-correlation is not a problem in any of the equations.
The results of all the five equations are presented next in
terms of the estimated coefficients, t-values, the standard-
ised coefficients, and the elasticity at mean values, and
discussed.

2 The five equations are estimated as a system of recursive equations. Alter-
natively, these equations can be estimated simultaneously. But the software
(SHAZAM) used does not provide the facility of simultaneous estimation by
heteroscedastic consistent MLE procedure.
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TABLE 2. ESTIMATED COEFFICIENTS OF ROUNDWOOD CONSUMPTION
EoquarTION.

V ARIABLE COEFFICIENT T-VALUE  STANDARDISED ELASTICITY AT MEAN
COEFFICIENT

ABFORAR 0.313 16.20 0.44 0.39

TOTGDP 127.340 2.83 0.14 0.12

POP 264.000 6.01 0.58 0.43

POP3 350.840 6.28 0.12 0.12

DUMASIA  12704.000 10.21
DUMAFRIC 3537.400 10.82
CONSTANT -5740.000 17.75

R? between observed and predicted values = 0.92.

The suffix of 1, 2, or 3 of the symbol of an explanatory variable indicates whether
this variable correspond to Latin America, Asia, and Africa, respectively. These
variables are obtained by multiplying the global variable with the dummy
variable of the respective region. For example, POP3 represents population of
the African countries, and it is equal to POP x DUMAFRIC.

This procedure of notations is used in all the tables and discussion.

Roundwood Consumption

The results are given in Table 2. The effect of population
on roundwood consumption is different in Africa than in
Asia and Latin America, while that of GDP and of forest
area (ABFORAR) or FCGA is the same over all the regions.
The coefficients of the same variable, for example popu-
lation, over three different regions can be compared, but
the comparison of the coefficients of different variables
will not provide any useful information. However, the
comparison can be done by looking at the standardised
coefficients or at the elasticities, but the interpretation of
this comparison should be done within the framework of
these measures. Standardised coefficients indicate the
change in the dependent variable in terms of standard
deviation with respect to a change in the independent
variable in terms of standard deviation, while the elastic-
ity gives the percentage change in the dependent variable
with respect to a 1% change in the independent variable.
Hence, it is not necessary that these two measures will
rank all the explanatory variables in the same order. Since
the standardised coefficient of an independent variable is
subject to the standard deviation of the dependent and
the concerned independent variable, which are normally
not known to the reader, the elasticity measure is practi-
cally more useful.
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The results give the coefficients of the population vari-
able to be 264.00, 264.00, and 614.84 (264+350.84) for
Latin America, Asia, and Africa, respectively, which in-
dicate that the effect of a per unit change of population
on roundwood consumption (and indirectly on deforesta-
tion through roundwood consumption) is highest in Af-
rica. The coefficients measure the slope or the relative
change but not the absolute change, hence it is not neces-
sary that the overall effect of population on roundwood
consumption is highest in Africa. The elasticities indicate
that a one percent change in population will increase
roundwood consumption by 0.43, 0.43, and 0.55 percent
in Latin America, Asia, and Africa, respectively. The other
important explanatory factor of roundwood consumption
is the FCGA (the absolute forest area). Its elasticity (0.39)
indicates that even when population and GDP remain the
same, the FCGA will increase the roundwood consump-
tion by 0.39 percent for an increase of one percent in the
FCGA. The dynamic interpretation of this is that as the
forest area reduces over a period of time or forest policies
are directed towards reducing the FCGA, roundwood con-
sumption will automatically reduce due to the realisation
of the scarcity of the resource. The elasticity of roundwood
consumption with respect to GDP is 0.12 which is quite
small as compared to population and the FCGA. The rank-
ing of the three explanatory variables in the decreasing
order is population, forest area, and GDP by the stand-
ardised coefficients as well as by the elasticities. The coef-
ficients of the dummy variables of Africa and Asia are
also significant and positive; and the values of coefficients
of dummy variables result into the constant term being
highest for Asia and lowest for Latin America. The R? of
0.92 is also quite high.

Forest Products Exports

Forest products exports are mainly concentrated in Asia.
In the sample year, the contributions of Asia, Latin
America, and Africa to the total exports of forest prod-
ucts were 83.34, 11.78, and 4.88 percent, respectively. The
results of the forest products exports equation are given
in Table 3. The results give some indications about the lead-
ing role of Asia in forest products exports. The exports in
Asia are explained by the four explanatory variables which
are ranked (in decreasing order), according to the stand-
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TaBLE 3. EsTIMATED COEFFICIENTS OF FOREST ProbpucTs EXPORTS

EqQuaTiON.

V ARIABLE COEFFICIENT T-VALUE STANDARDISED ELASTICITY AT MEAN
COEFFICIENT

PRFORARI1 0.057 2.16 0.00 0.01

PRFORAR?2 7.946 6.02 0.31 0.10

PRFORAR3 0.624 10.23 0.03 0.53

GDPG2 10.524 1.58 0.04 0.08

DEBT1 0.001 6.25 0.05 0.06

DEBT2 0.024 6.47 0.58 0.76

TOT1 -0.023 5.39 -0.03 -0.02

TOT?2 -30.516 5.37 - 2.49 -5.12

DUMASIA 2551.000 4.90

CONSTANT 0.724 2.45

R? between observed and predicted values = 0.72.

ardised coefficient as well as the elasticity, as the terms of
trade, the total debt, the percentage of the forest area, and
the growth rate of GDP. The exports in Asia are elastic
with respect to the terms of trade but inelastic with re-
spect to debt, the percentage of forest area, and the growth
rate of GDP. The exports in Latin America are explained
by the three variables which are ranked in decreasing or-
der by the standardised coefficients as well as the
elasticities, as the total debt, the terms of trade, and the
percentage of forest area. The marginal amounts of ex-
ports in Africa are explained by the percentage of the for-
est area only. The exports in Latin America and Africa
are inelastic with respect to all its explanatory variables.
The dummy variable of Asia is significant, and this makes
the constant term of Asia to be different and higher than
other two regions. The R? of 0.72 is also quite good.

Change in Cropland

The results of the change in the cropland equation are
given in Table 4. The CFGA (absolute forest area), the
growth in GDP, population, and the agriculture produc-
tion index are the explanatory variables in all the three
regions, but except the index of agriculture production,
the value of the coefficients of other three variables are
not the same in all the three regions. The value of the co-
efficient of forest area is highest in Asia, but the elasticity
is highest in Latin America and lowest in Asia. The value
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TaABLE 4. ESTIMATED COEFFICIENTS OF THE CHANGE IN CROPLAND
EqQuATION.

V ARIABLE COEFFICIENT T- VALUE  STANDARDISED ELASTICITY AT MEAN
COEFFICIENT
ABFORARI1 0.0011 7.57 0.50 0.60
ABFORAR?2 0.0017 3.48 0.19 0.32
ABFORAR3 0.0012 12.22 0.20 0.49
GDPG 1.551 4.82 0.03 0.15
GDPG2 68.140 6.39 0.92 2.44
POP 0.572 4.71 0.42 0.83
POP2 -0.529 3.22 -0.39 -0.49
AGRPRI 1.118 10.41 0.11 5.40

DUMASIA -300.180 6.00
CONSTANT -151.420 11.60

R? between observed and predicted values = 0.62.

of the coefficient (1.55+68.14=69.69) as well as the elas-
ticity of the growth of GDP is highest in Asia, and the
coefficient in Asia is quite high as compared to the other
two regions. The value of the coefficient (0.572-
0.529=0.043) as well as the elasticity of the population
variable is very low for Asia as compared to the same co-
efficient (0.572) and elasticity (0.83) for Latin America and
Africa. The index of agriculture production has the same
coefficient for all the three regions, and the elasticity is
highest among all the variables for all the three regions.
According to the values of elasticity, the explanatory vari-
ables for three regions are ranked (in decreasing order)
as: the agriculture production index, population, the ab-
solute forest area, and the growth in GDP for Latin
America and Africa, and the agriculture production in-
dex, the growth in GDP, population and the absolute for-
est area for Asia. The change in the cropland is elastic
only with respect to the agriculture production index in
all the regions and with respect to the growth in GDP also
in Asia. The dummy variable for Asia is significant and
negative. This makes the constant term for Asia to be low-
est among the three regions. The R? of 0.62 is also quite
good.

Change in Pasture Land

The process of deforestation due to an increase in pasture
land is mainly concentrated in the Latin American coun-
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TABLE 5. ESTIMATED COEFFICIENTS OF THE PASTURE LAND EQUATION.

V ARIABLE COEFFICIENT T-VALUE STANDARDISED ELASTICITY AT MEAN
COEFFICIENT

PRFORAR1 0.706 3.25 0.06 0.22
GDPG1 42.076 7.26 0.27 0.26
DEBT1 0.010 4.30 1.34 1.59
TOT1 -0.234 4.54 -0.97 -0.63

CONSTANT -1.372 0.79

R? between observed and predicted values = 0.67.

tries. Hence, the change in pasture is regressed over the
explanatory variables identified in the model section only
for the Latin American countries. The results are given in
Table 5. The change in pasture is elastic with respect to
the total debt and inelastic with respect to the other three
variables. The elasticity with respect to the term of trade
is quite high as compared to the percentage of forest area
and growth rate of GDP. The R? of 0.67 is also quite good.

Deforestation

The results of the deforestation equation are given in Ta-
ble 6. The effect of roundwood consumption is the same
across the regions. The effect of forest products exports is
different in Asia as compared to Latin America, and there
is no effect in Africa. The change in cropland effects are
different in Africa than in Asia and Latin America. The
impact of a change in pasture land occurs only in Latin
America. The impacts of all the four variables are inelas-
tic. The R? of 0.90 is quite high.

TABLE 6. ESTIMATED COEFFICIENTS OF THE DEFORESTATION EQUATION.

V ARIABLE COEFFICIENT T- VALUE STANDARDISED ELASTICITY AT MEAN
COEFFICIENT
RWCONS 0.0009 7.02 0.09 0.09
FOPREXP1 11.383 6.39 0.43 0.25
FOPREXP2 0.349 23.36 0.27 0.13
CHCROPL 0.476 21.35 0.11 0.05
CHCROPL3 2.315 19.99 0.16 0.07
CHPAST1 1.344 10.41 0.46 0.26

CONSTANT 50.339 20.23

R? between observed and predicted values = 0.90.
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TasLE 7. THE CoMBINED REsuLTs OF ALL THE Five EQUATIONS.

V ARIABLE REGION
LATIN AMERICA Asia AFRICA
Constant 50.339 50.339 50.339
RWCONS 0.0009 0.0009 0.0009
CONSTANT -5740.0 6964.0 -2202.6
ABFORAR 0.313 0.313 0.313
TOTGDP 127.340 127.34 127.34
POP 264.000 264.00 614.84
FOPREXP 11.383 0.349 0.000
CONSTANT 0.724 2551.724 0.724
PRFORAR 0.057 7.946 0.624
GDPG 10.524
TOT -0.023 -30.516
DEBT 0.001 0.024
CHCROPL 0.476 0.476 2.791
CONSTANT -151.42 —451.60 -151.42
ABFORAR 0.0011 0.0017 0.0012
GDPG 1.551 69.691 1.551
POP 0.572 0.043 0.572
AGRPRI 1.118 1.118 1.118
CHPAST 1.344 0.000 0.000
CONSTANT -1.372
PRFORAR 0.706
GDPG 42.076
DEBT 0.010
TOT -0.234

The combined results of the four equations of the first-
level causes and the equation of deforestation are neces-
sary for understanding the total mechanism of deforesta-
tion. Hence, the combined results for three different regions
are separately given in Table 7.

Impact of Different Causes on Deforestation

To have some comparative insights of the deforestation
process across the three regions, the impacts of some first-
level (direct) and second-level (indirect) causes are dis-
cussed next.
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Direct Causes

Out of the four direct causes, only three causes, the ex-
ports of forest products, the change in cropland and pas-
ture are discussed in the literature extensively. Hence,
these three causes are discussed here separately, and the
fourth cause (roundwood consumption) is discussed along
with population (a secondary cause).

Exports of Forest Products

The results of exports are stimulating. The coefficient of
exports indicate that the exports of forest products of
worth 1 million US dollars result 11,383 and 349 hectares
deforestation in Latin America and Asia, respectively. In
Asia, the lower coefficient does not mean deforestation is
lowest due to exports. It means that a small portion of the
exports material is coming from deforestation and a large
portion from the regular forest harvesting activities, which
seems true for Asia due to forest products exports promo-
tion policies of many Asian countries such as Indonesia,
Malaysia, and the Philippines (Repetto, 1988, pp. 20-21).
Out of the 35 African countries of the sample, exports from
26 countries were almost zero. Hence, the lack of an ef-
fect of exports in Africa is also consistent with reality.

Cropland

The results of cropland are very interesting. In Africa, a
one hectare increase in cropland causes 2.79 hectares of
deforestation, while in Asia and Africa it causes 0.476 hec-
tares of deforestation. The value of 2.79, which is greater
than 1, of the cropland coefficient may seem problematic.
But it is quite consistent to our argument, in the section of
theoretical model, for the demand of forest land. Two rea-
sons may be suggested for the value of coefficient greater
than 1. First, the variable may be picking up the defor-
estation due to other developmental projects such as road
construction etc. Second, there may be a lot of wasteful
conversion in the process of diverting the forest land to
cropland. The results indicate that in Asia and Latin
America only about 48 percent of the increase in cropland
is coming from the forest and the remaining 52 percent
from other sources like village wastelands, wood lands,
and other lands.
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Pasture

The results of pasture indicate that increase of one hec-
tare in pasture causes 1.344 hectares of deforestation in
the Latin American countries. This value of coefficient
(greater than one) is parallel to the value of cropland co-
efficient in Africa, and the same two reasons must be re-
sponsible here also. However, there are three limitations
of these coefficients of cropland and pasture. First, we can-
not be sure of the reason. Second, even if we assume that
these two are the only reasons, we cannot calculate the
contribution of each cause. Third, in the case of Asia, the
coefficient of cropland is less than one and the coefficient
of pasture is zero, and hence the contribution of other de-
mands is not being picked up. These limitations should be
kept in view in interpreting the overall results of the
model.

Second-level (Indirect) Causes

The most discussed second-level causes are population,
debt, and GDP. Here, these causes are discussed in detail,
while other causes are briefly discussed.

Population

Population works through roundwood consumption and
cropland. The coefficient of roundwood consumption
(0.0009) over all the three regions indicates that 1000 cu-
bic mt. of roundwood consumption leads to 0.9 hectares
of deforestation. The world’s average growing stock is 112
cubic mt. per hectare (Sharma, 1992, pp. 550-553), which
means that for 1000 cubic mt., 8.9 hectares of forests have
to be cleared, or, that approximately 10.1 percent of the
consumption requirement is being met through deforesta-
tion. However, population has a different impact on de-
forestation in the three regions. A population of one mil-
lion leads to 264, 264, and 614.84 thousand cubic mt.
roundwood consumption, which results in 238, 238, and
553 hectares annual deforestation in Latin America, Asia,
and Africa, respectively. Population also causes deforesta-
tion through an increase in cropland. A population size
of one million also results 572, 43, and 572 hectares de-
forestation through cropland in Latin America, Asia, and
Africa, respectively. Hence, the total effect of a popula-
tion of one million is 810, 281, and 1125 hectares defor-
estation in Latin America, Asia, and Africa, respectively.
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This result is in conformity with general observations about
increasing population being a serious threat to forests in
Africa.

Debt

In Asia, the debt variable affects deforestation through
exports of forest products , and in Latin America through
exports of forest products and change in pasture. Debt of
one million US dollars is leading to 1.24 and 24.19 thou-
sand US dollars exports of forest products, and that in
turn to 14.1 and 8.4 hectares of annual deforestation in
Latin America and Asia, respectively. In Latin America,
debt of one million US dollars is also leading to 9.8 hec-
tares increase in pasture which leads to 13.1 hectares of
deforestation. Hence, the total effect of one million US
dollar debt is 27.2 hectares deforestation in Latin America,
which is almost three times of the effect in Asia.

Gross Domestic Product

The total GDP influences deforestation through round-
wood consumption, and the growth of GDP works
through exports, cropland, and pasture. One billion US
dollar GDP causes 114.6 hectares deforestation through
increased roundwood consumption in all the regions.

On the other hand, one percent growth rate causes 738;
33,185; and 4,329 hectares deforestation through cropland
in Latin America, Asia, and Africa, respectively. A one
percent growth rate also causes 3,669 hectares deforesta-
tion through exports in Asia, and 56,537 hectares through
pasture in Latin America. Hence, the total effect of one
percent growth rate is 57,275; 36,854; and 4,329 hectares
deforestation in Latin America, Asia, and Africa, respec-
tively.

Terms of Trade
The favourable terms of trade (less export prices) also en-
courage deforestation in Asia and Latin America. The TOT
being an index of the ratio of export and import prices,
the favourable TOT means the index is smaller. A decrease
of one point in TOT increases forest products export by
30.52 and 0.02 million US dollars that in turn causes 10,640
and 263 hectares of deforestation in Asia and Latin
America, respectively. In Latin America, a decrease of one
point in TOT also causes 315 hectares deforestation
through pasture.

77



S KANT & A. REDANTZ JourNAL ofF FOREsT Economics 3:1 1997

Agriculture Production Index

It works through cropland. A one point increase in the
index causes 532, 532, and 3120 hectares of deforestation
in Latin America, Asia, and Africa, respectively.

FCGA or Absolute Forest Area

The remaining variable is the extent of forest area. One
thousand hectares of the forest area leads to 0.28 hectares
of deforestation through roundwood consumption in all
the three regions, and 0.53, 0.58, and 3.43 hectares defor-
estation through cropland conversion; the two effects com-
bined together lead to 0.81, 0.86, and 3.71 hectares defor-
estation in Latin America, Asia, and Africa, respectively.
In addition to this, a one percent increase in forest area
will also lead to 644 and 949 hectares of deforestation in
Latin America through exports and pasture, respectively,
and 2,770 hectares deforestation through exports in Asia.
But higher deforestation in high forest area countries
should not be interpreted as inevitable. As we discussed
in the model section, the coefficients of the forest area rep-
resent the FCGA. Hence, by appropriate policy interven-
tions the effect of forest area variable on deforestation can
be reduced. Similarly, the coefficient of the percentage of
forest area represents the effect of comparative advantage
of the export (forest or meat) products, and by export
policy interventions, the effect of the percentage of forest
area can also be reduced.

Elasticities of Deforestation

In addition to the insights given by the above discussion
of the coefficients of different causes of deforestation, the
relative responsiveness of deforestation with respect to dif-
ferent causes (elasticities) will provide important infor-
mation for decision makers. The elasticities given in Ta-
bles 3, 4, 5, and 6 are for the global mean values of the
independent and dependent variables, and do not pro-
vide the variation across the regions. Hence, the elasticities
are calculated for each country. The elasticities of defor-
estation with respect to selected first and second-level
causes for a country of highest annual deforestation in
each region, and mean and maximum values for each re-
gion are given in Table 8. The comparison of mean values
across the regions and of different causes within the re-
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TABLE 8. ELASTICITIES OF DEFORESTATION.
REeGioN V ARIABLES

RWCONS FOPREXP CHCROPL POP ABFORAR PRFORAR DEBT

Africa

Zaire 0.04 1.06 0.10 0.90

Mean 0.80 7.34 1.87 0.52

Max. 13.26" 194.01' 37.18" 2.14!

Asia

Indon. 0.13 0.83 0.08 0.04 0.10 0.15 0.40
Mean 0.23 0.37 0.26 0.17 0.09 0.81 0.73
Max. 0.71% 2.26° 0.61* 0.77° 0.36° 2.857 2.40°
L. Am.

Brazil 0.06 0.55 0.09 0.02 0.12 0.03 0.83
Mean 0.31 1.91 0.07 0.20 0.05 0.48 2.10
Max. 3.41° 11.02° 0.25° 219" 0.21"° 1.47° 8.41°

Indon.=Indonesia, L. AM.= Latin America.

! Rwanda, > India, * Malaysia, * Pakistan, >Bangladesh, ® Papua N.G, 7 Sri Lanka,
8 Haiti, ° El-Salvador, *° Peru.

gions and countries (of highest deforestation in each re-
gion) will provide some policy recommendations for con-
trolling deforestation.

The higher mean values of the two first-level causes
(RWCONS and CHCROPL) in Africa (as compared to Asia
and Latin America) indicate that the response of policies
designed to reduce deforestation through either of these
two causes will be higher in Africa. An intra-regional com-
parison of the four direct causes indicates that the response
will be highest for CHCROPL in Africa, and FOPREXP in
Asia and Latin America. The analysis of second-level
causes indicates that the response will be maximal for
population measures in Africa, debt measures in Latin
America, and the policies which will reduce the compara-
tive advantage of forest products in exports in Asia.

The comparison of mean values gives an aggregate pic-
ture at the regional level. However, the national picture
of many countries may be entirely different from the ag-
gregate one. For example, in Zaire the elasticities with
respect to the first-level causes RWCONS and CHCROPL
are very small as compared to the mean values of Africa,
but the elasticity with respect to ABFORAR (one of the
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second-level causes) is quite high as compared to the mean
value for Africa. Hence, for Zaire, the highest value of
ABFORAR among second- level causes indicates that de-
forestation controlling policy planners should modify the
policies which encourage the FCGA. Low values for POP
also indicate that population control policies will not re-
spond much in Zaire. In Indonesia and Brazil, the first
attack of deforestation controlling policies should be on
debt, and the second on policies which put forest prod-
ucts on the comparative advantage for exports and poli-
cies which encourage FCGA, respectively.

The highest values for each region also provides some
interesting results. The cases of a few countries are dis-
cussed in short. In Asia, the elasticity with respect to
RWCONS is highest for India (0.71). In India, the defor-
estation elasticities with respect to FOPREXP (0.02) and
CHCROPL (0.28) are quite low as compared to RWCONS.
The elasticities of RWCONS with respect to ABFORAR,
GDP, and POP are 0.07, 0.11, and 0.83, respectively, and
the elasticities of deforestation with respect to these vari-
ables are 0.18, 0.08, and 0.64, respectively. These values
indicate that in India, deforestation is most responsive for
roundwood consumption which has the highest elasticity
with respect to population. Similar is the case of Bangla-
desh, where the elasticity of deforestation with respect to
population (0.77) is highest among all the Asian countries.
Hence, in these two countries, policies to control defor-
estation should be directed towards population. The elas-
ticity with respect to FOPREXP is highest (2.26) in Ma-
laysia, and the elasticity of FOPREXP is highest with re-
spect to TOT (0.88) as compared to three other variables
PRFORAR (0.20) GDPG (0.02) and DEBT (0.18). Hence,
the policies directed towards increasing the export prices
of forest products will be more effective in Malaysia.

In Africa, the elasticities with respect to RWCONS
(13.26) and CHCROPL (194.01) are highest in Rwanda,
and the elasticities with respect to population (37.18) and
absolute forest area (2.14) are also highest in Rwanda.
Hence, in Rwanda, deforestation control policies have to
be directed towards appropriate changes in the popula-
tion and the FCGA encouraging policies.

In Latin America, the elasticity with respect to
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RWCONS (3.41) and CHCROPL (0.25) is highest in Haiti,
and these are mainly driven by population. The elasticity
with respect to population (2.19) is also highest in Haiti.
The elasticity with respect to FOPREXP (11.02) is highest
in El-Salvador and is driven by debt and TOT. Hence, for-
est policies have to be directed towards population con-
trol in Haiti, and towards reduction in debt and increase
in export prices of forest products in El-Salvador.

The elasticities can also be used to gain a comparative
view of the few selected countries. In Southeast Asia, the
export of forest products has been identified as the major
source of deforestation. Hence, a comparative analysis of
the elasticities of three countries- Indonesia, Malaysia, and
Philippines is discussed next. The elasticities of deforesta-
tion with respect to three first- level causes, and the
elasticities of forest products exports with respect to the
four second-level causes are given in Table 9.

In all the three countries, the elasticity of deforestation
with respect to the exports of forest products is highest
among the three first-level causes. Hence, in these three
countries, deforestation will be most responsive to poli-
cies directed towards the reduction of forest products ex-
ports. The elasticities of forest products exports are also
highest with respect to the same second-level explanatory
variable i.e., TOT, in all the three countries. But the
elasticities of forest products exports with respect to TOT
are quite different in the three countries. Hence, the re-
sponsiveness of forest product exports to a uniform per-
centage change in export prices will be highest in Philip-
pines and lowest in Indonesia. In Indonesia and Philip-
pines, the elasticity of exports with respect to debt are also

TABLE 9. ELASTICITIES OF DEFORESTATION FOR THREE SOUTHEAST ASIAN
COUNTRIES.

COUNTRY DeEr. ELas. FrE. ELAS.

RWCONS FOPREXP CHCROPL PRFORAR GDPG DEBT TOT

Indonesia 0.13 0.83 0.08 0.18 0.02 0.45 0.74
Malaysia 0.05 2.26 0.13 0.20 0.02 0.18 0.88
Philippines 0.11 0.31 0.00 0.90 0.03 2.51 12.03

Def. Elas.: Deforestation elasticity with respect to,
Fpe. Elas.: Forest product export elasticity with respect to.
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quite high as compared to the elasticities with respect to
PRFORAR and GDPG, and hence, in these countries, the
next attention should be on the policies directed towards
reduction in debt. In Malaysia, the elasticity with respect
to PRFORAR is second highest, but it is not much differ-
ent than the elasticity with respect to debt. Hence, in
Malaysia, after TOT the policies should be directed to-
wards changing the policies which put forest products into
comparative advantage and the policies to reduce the debt.

CONCLUSIONS

So far, most of the cross-sectional studies have merely tried
to establish the causal relationship between different
causes and deforestation, and sometimes very contradic-
tory results have been reported. This study extends the
cross-sectional studies beyond just establishing the causal
relationship, and demonstrates that a detailed economet-
ric model can also be used for broad-level policy issues
even at a global level. The study demonstrates that a cross-
sectional econometric model can be designed and esti-
mated to capture the variation of explanatory variables
as well as different effects of a variable across the regions.
The results of the study confirms that the causes of defor-
estation vary across the regions, and validates many theo-
retical and descriptive explanations of deforestation. The
results also prove that a global prescription for deforesta-
tion may not be an appropriate solution.

The results of the model are definitely subject to the
limitations of the data. Most of the authors have argued
about the validity of deforestation data, but we feel that
validity of all the data related to land i.e. cropland and
pasture are as much subject to non-reliability as defor-
estation data. Hence, the results of the model cannot be
used in absolute terms. However, the methodology pre-
sented definitely demonstrates the increased scope of the
cross-sectional global studies. The discussion of the effect
of different first and second-level causes on deforestation
can be used for comparative analysis across the regions.
The elasticity analysis also demonstrates that such a study
can provide very important information for national agen-
cies and international development agencies for policy
interventions or suggestions at the national level.
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