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Forest-dense areas are frequently 
associated with high levels of 
poverty (Chomitz et al.

The areas are often remote from mar-
kets and services and lack infrastructure. 
Opportunity costs of labour are low. The 
population also often lacks the finance 
necessary for investments to maintain 
the quality of soil or increase yields on 

including clearing for agricultural activi-
ties, is often the only option available 
for the livelihoods of farmers living in 
forested areas (Angelsen, 1999).

Does this mean that poverty in the 
frontier areas is the driving factor of 
small-scale deforestation? Should 
areas of greater prosperity, with bet-
ter infrastructure and market integra-

lower deforestation? Previous stud-
ies of poverty and deforestation have 
given ambiguous results. On the one 

to create new opportunities for local 
people and improve their livelihoods, 

Small-scale
deforestation in 

East Kalimantan, 
Indonesia

while on the other hand, poverty alle-
viation and improvements in well-being 
could also ease capital constraints and 
facilitate more forest conversion. Better 
understanding is therefore needed of 
the impact of regional development on 
rural livelihoods and the well-being of 
people in forest areas and, in turn, the 
implications for the rate of small-scale 
deforestation. 

As in other developing countries, 
deforestation in Indonesia is the result 

Poverty is widely considered to be an 
important underlying cause of forest 
conversion by small-scale farmers. This 
article presents the findings of a study 

-
ferent regional-level socio-economic 
and physiogeographic factors (such as 
altitude and slope of land) to the dynam-
ics of small-scale deforestation in three 
primary forest areas in Indonesia – 
Kalimantan, Sumatra and Sulawesi – 
which together constitute about 60 per-
cent of Indonesia’s total forest cover. 
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The analysis was conducted at the 
district level. A temporal and spatial 
econometrics approach was used to 

facets of poverty and regional develop-
ment motivated people to clear forest 

the study, deforestation refers to small-
scale district-level deforestation, unless 
otherwise indicated. 

CONCEPTUAL FRAMEWORK
The theoretical framework employed 
in this study is a dynamic optimization 
model of irreversible land-use change 

The 
framework models the decision of an 
individual land user about whether or 
not to convert a patch of land from 
its forested state to agricultural use in 
response to changing economic condi-
tions over space and time, given loca-
tion-specific factors affecting returns 
from the land. The assumption about 
the irreversibility of land-use change 
is broadly consistent with the reality 
of tropical deforestation today, as most 
cleared land is not returned to its previous 
forested state (Kerr et al.

agriculture is seen clearly in the case 
of the impact of agricultural commod-
ity prices on deforestation. Even when 
the increase in commodity price is only 

-
tions about future prices, increasing 

clearance and conversion to agricul-
ture (Angelsen, 1995; Sunderlin et al.,

fall to a level insufficient to stimulate 
clearing, the price fall might not lead to 
abandonment and hence reforestation on 
recently cleared land.

This model provides some key insights 
into the process of irreversible land con-
version. However, it leaves out some 
key factors that can influence the deci-

sion-making of farmers living on forest 
frontiers. In particular, the nature of 
property rights and changes in tradi-
tional community ownership systems 
produce incentives to induce earlier land 
conversion. Nevertheless, in Indonesia 
property rights over forest land are not 
well defined in practice, although most 
forest land is formally controlled by the 
State. In most frontier areas, forests are 
generally regarded by communities as 
an open access resource with free entry 
and no restrictions on land use. This 
means that, in general, an individual 

land-use options for any selected patch 
of forest land and decide whether to 
keep the land in its current forest state 
or convert it to agricultural production. 
Therefore, while the loss of property 
rights to a parcel of forested land is 
not directly measured and incorporated 
in the model, it can be considered and 
included as one of the potential costs of 
allowing land to remain in its traditional 
forested state.

POVERTY CONTEXT 
Some have argued that poor people clear 
forests and cultivate new lands in order 
to maintain yields because they cannot 
finance the necessary investments to 

-

tend to be clustered in frontier areas with 
inadequate access to market institutions 
(which would limit transaction costs), 
transport infrastructure, means and ser-
vices. In this situation, labour-intensive 
land clearing is more profitable than 
other activities for these poor people 
(Deininger and Minten, 1996; Vedeld et 
al
of cultivated areas for crop diversifica-
tion is a coping strategy for poor people 
who are vulnerable to price volatility and 
other types of uncertainty (Sunderlin, et 

may reduce deforestation because of the 
lack of capital necessary to clear land 
(Wibowo and Byron, 1999).

Individual farmers make land-use 

costs and revenues associated with each 
alternative. The decision is also affected 
by farmers’ resource constraints. Thus, 

increase, then deforestation rates are 
likely to increase. If forest conversion 
is costly and/or there is a long gesta-
tion period for positive returns from 
agriculture, then poorer, liquidity-con-
strained farmers are less likely to shift to 
increased land-clearing activities.

Clearly, there is no simple theoretical 

on land-use activities. The signs and 
relative magnitudes of the different fac-
tors associated with poverty need to be 
investigated empirically.

EMPIRICAL ANALYSIS
A population-averaged panel model was 
used to estimate the annual deforestation 
rate (the dependent variable) as a function 
of relative returns from forest conversion 
to agriculture and factors affecting them, 
including poverty and development (the 

they lacked either forest area or the data 
needed for the estimations. 

The technical details are omitted from 
this article but are available from the 
author.

Dependent variable: deforestation rate
Data on forest area and forest area change 
were derived from geographic informa-
tion system (GIS) analysis of satellite 
images of land cover observed at five 

nationwide integrated data on land cover, 
forest cover data are derived from land 
cover maps from several sources: the 
Regional Physical Planning Programme 

maps, the National Forest Inventory 
project of the Ministry of Forestry for 
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1990 maps, and the Planning Department 
of the Ministry of Forestry for 1996/1997, 

forests allocated for logging concession 
(referred to as hak pengusahaan hutan

data are the best available, they vary in 
terms of scale and precision and possibly 
contain inconsistencies, and they should 
be interpreted with caution (Chomitz et 
al.

All series of the land cover maps were 
first regrouped into two broad catego-
ries – forests and non-forests – so they 
could be integrated across time. The 
forest and non-forest maps were then 

the large-scale concession areas from 
the forest area considered to be poten-
tially clearable by small-scale farmers. 
Formally, most forests in Indonesia are 
State owned, although in practice they 
are open access. Nevertheless, small-

scale deforestation activity normally 
only takes place in areas not designated 
for HPH, and for this reason the HPH 

that can potentially be cleared by small-
scale farmers. The new maps were then 
overlaid with the 1996 district boundary 
maps to generate data sets on forest area 
by district for each point in time. 

Small-scale deforestation is defined 
here as a cleared patch in the range of 
0.05 to 10 ha. Dewi et al
and are supported by some field observa-
tions, that small patches of deforestation 
are mostly associated with smallholders’ 
activities in agriculture. The small-scale 
deforested area for the district level is 
obtained by aggregating all small-scale 
cleared patches in the whole district. 

The dependent variable, the annual 
deforestation rate (in percentage), is 
defined as the area deforested between 
periods divided by the total forest area 

in the initial period of interest. The 
deforestation rates were generated for 

the time intervals are different across the 
periods, annual deforestation rates were 
used for the estimation, assuming that 
this annual rate was the same in each year 
within the period. Annual deforestation 
rates were calculated using the FAO 
formula for calculating the annual rate 
of forest change, based on compound 
interest principles (FAO, 1995). 

Explanatory variables
To match with the dates of the depend-
ent variable, the study used data dates 

Poverty measure. The use of poverty as 

model can lead to an endogeneity prob-

Summary statistics of the variables

Variable No. of 
observations Mean Standard

deviation Minimum Maximum

Annual deforestation rate (%)a 496 0.0475 0.1145 0.0001 1.6198

1985–1990 (%) 124 0.0181 0.0441 0.0001 0.4294

1990–1996 (%) 124 0.0062 0.0186 0.0002 0.1927

1996–2000 (%) 124 0.0237 0.0622 0.0003 0.6464

2000–2003 (%) 124 0.1420 0.1856 0.0001 1.6198

Wealth index 496 25.1494 2.9920 18.0000 39.0000

1986 124 24.1925 2.9690 19.2553 39.0000

1990 124 24.4692 3.0081 19.9143 37.0000

1996 124 25.8967 2.7450 21.1596 34.1667

2000 124 26.0393 2.8067 18.0000 34.6667

Return proxies

Industrial crops suitable (% forests at risk) 496 23.2635 28.2052 0.0000 100.0000

Arable suitable (% forests at risk) 496 13.2830 20.0333 0.0000 100.0000

Distance to province capital (km) 496 127.0543 105.4845 0.0000 752.4142

River density (km/km2) 496 0.2887 0.1549 0.0356 0.6346

Proxies for regional developments

Per capita regional GDP (million Rp) 496 1.4606 1.1043 0.4055 9.9305

Industrial workers – proportion of population (per 1 000 persons) 496 7.0948 12.4597 0.0000 141.2487

(Lagged) Population density (persons/km2) 372 258.3463 682.2017 2.0130 5760.0470

(Lagged) Annual HPH deforestation rate 372 0.0687 0.1802 0.0000 1.0000

(Lagged) Cumulative deforestation (% total forests period 1) 372 0.1355 0.2866 0.0000 3.2651

Neighbouring district variables (average)

Per capita regional GDP (million Rp) 496 1.2874 0.7547 0.0000 5.8792

Industrial workers – proportion of population (per 1 000 persons) 496 6.2611 6.5602 0.0000 42.9607
a For this table the deforestation rates are presented in % (the actual values and their standard deviations are multiplied by 100).
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lem, resulting from the possibility of 
reverse causality: poverty is normally 
defined as a lack of income, and that 
income is a function of deforestation 
activities. Therefore, per capita income 
is not used as a poverty measure in the 
estimation. Instead, poverty incidence 

on infrastructure and facilities, natural 
resources and socio-economic condi-
tions at the district level. A regional 

National Village Potential Survey 

(Statistics Indonesia). 

Proxies for returns to clearing. Since 
direct information on agricultural and 
forest-product returns which is consist-
ent across different products and over 

used. 
To capture unobserved agricultural 

productivity, two district land suitability 
measures, derived from RePPProT maps, 
were used: the proportion of the district 
forested area at the beginning of each 
period that was suitable for food crops 
(arable suitable) and for tree crops such 
as cocoa, palm oil, rubber and coffee 
(industrial crops suitable). The land suit-
ability assessments, which were based 
on topography, climate, water and soil 
characteristics, indicate the most benefi-
cial or productive use of the land. River 
density and distance between district 
and provincial capital cities were used 

to markets. 

Proxies for regional development.
Although the effect of development is 
already indirectly taken into account 
through several factors in the wealth 

includes some direct measures for dis-

direct effect of the development process 
on relative returns and hence clearing 
patterns. 

The first measure of district deve-
lopment is per capita non-oil regional 
gross domestic product (regional GDP) 

measure is based on the market value 
of all final goods and services in the 
region over time, regional GDP rep-
resents regional economic and general 
development, including infrastructure 
and institutional development.

the social and economic welfare condi-
tion of the regions and also to offer more 
economic opportunities to people – an 
important factor affecting deforestation 
rates (Angelsen, 1999; Godoy et al.,

in addition to regional GDP, the pro-
portion of the population engaged in 
the district’s industries was included 

opportunities.
The impact of population density on 

deforestation has been a subject of con-
troversy. Several studies of deforestation 
have included population density in the 
analysis, but no systematic relationship 
has been seen (e.g. Cropper, Griffiths 
and Mani, 1999; Pfaff, 1999; Uusivuori, 

the impact of population on the pace 
of deforestation, population density 
was included in the study as one of the 

In Indonesia, HPH activities could 
stimulate local development in the sur-
rounding areas, which in turn could 
either stimulate deforestation in the area 
(Angelsen, 1995) or stimulate off-farm 
economic activities which could cause a 

To capture these potential effects, the 
estimations include the annual HPH 
deforestation rate.

The study also included a district’s 
cumulative deforestation as another 

Land-use patterns in a given district are 
possibly not only a function of variables 
for that district, but may also reflect the 
characteristics of neighbouring districts 

as a result of shared constraints and 

The study therefore included variables 
reflecting economic development, off-
farm employment opportunities and 
population density in neighbouring 
districts. 

RESULTS AND DISCUSSION
Poverty and deforestation
The estimation results show a significant 
impact of poverty on deforestation. The 
observed relationship between poverty 
and deforestation follows an inverted 
U-shape which implies that deforestation 
is lower in the poorest districts. One 

severe poverty lack the means to con-
vert land to agricultural cultivation and 
prefer to have income that can be gen-
erated quickly – in the form of cash 
or subsistence – such as that obtained 

argument is consistent with a study by 
Wibowo and Byron (1999) showing that 
poverty conditions prevented defores-
tation in Kerinci-Seblat National Park, 
Indonesia. As the people in an area 
become wealthier, deforestation rates 
increase, possibly because the people 
now can afford to put more land into pro-
duction. The increase in deforestation, 
however, is at a decreasing rate (i.e. 
the increment in the deforestation rate 
decreases as wealth increases), which 
suggests that after a certain wealth level, 
possibly when people have the required 
capital inputs for agricultural intensifi-
cation or better access to other income-
generating options, there is less demand 

The estimated relationship between 
poverty and the deforestation rate could 
be graphed (Figure) with the predicted 
values of the deforestation rates esti-
mated by varying the value of the dis-

of the other variables constant at their 
mean values. As shown in the Figure, the 

at about the ninetieth percentile of the 



Unasylva 234/235, Vol. 61, 2010

181
THEME

FO
RE

ST
S 

 A
N

D
  B

IO
D

IV
ER

SI
TY

-
ing that the deforestation rates of most 
districts are still increasing.

Since wealth reflects development, 
these results suggest that the impact 
of development on deforestation var-
ies depending on the current state of 

grew at an average rate of 3.7 percent 
per year. During this time, the district 

7.9 percent and the deforestation rate 

year. The annual deforestation rate for 

growth rate of the per capita regional 

variables constant, shows a decrease to 
0.01 percent.

Returns and development proxies
-

portion of available forest land suit-
able for tree crops leads to significantly 
higher deforestation. On average, a 
1 percent increase in the proportion of 
the district forested area that is suitable 

for industrial or estate crops will increase 

However, the estimation showed the 
proportion of forest land suitable for 
wetland and dryland agriculture to be 
insignificant. This indicates that areas 
suitable for tree crops, instead of food 
crops, are of greater interest to small-
scale farmers in frontier areas. This is 
consistent with a previous finding that 
tree-crop shifting cultivation, rather than 
staple-crop shifting cultivation, plays the 
largest role in small-scale deforestation 
in Indonesia (Chomitz and Griffiths, 
1996). Sunderlin et al.
land clearing for tree crops increased as 
a result of the severe economic crisis 
that hit the country in 1997.

The significant coefficients of river 
density and distance confirm the impor-
tant role of transportation costs and 
access to markets in the deforestation 
process. The negative coefficient of 
river density suggests that in the study 
regions the net impact of better trans-
port facilities is to reduce deforestation. 
The positive sign of the distance vari-
able suggests that greater distance to 
big cities increases deforestation. The 
estimate shows that the deforestation rate 
increases, on average, by 14.3 percent 
for each 100 km of distance from a pro-

vincial capital. However, the negative 
sign of this variable when it is interacted 
with a time variable suggests that this 
effect diminishes with time, perhaps 
because of improved transport infra-
structure and vehicles over time. Overall, 
isolated areas with limited transportation 
facilities and poor access to markets 

The results show that the per capita 
regional GDP variable is not significant 

that within-region disparities are still 
a serious problem in Indonesia. That 
is, development processes and their 

-
enced throughout the district and hence 
the district-level variables do not reflect 
conditions in frontier regions. Alterna-
tively, it could be that there are offsetting 
effects between development factors that 
actually reduce small-scale deforestation 
rates (e.g. improved legal systems 
inducing productive investments in the 

accelerate deforestation (e.g. new con-
cessionaires’ roads which stimulate land 
clearing for shifting cultivation). 

-
able reflecting the number of indus-
trial workers was found to have a posi-
tive and significant correlation with 
deforestation. This may reflect limited 
opportunities for local people, who are 
generally involved in small-scale land 
clearing, to work in industry, as most 
of the new employment opportunities 
resulting from growth in industry or 
concessions are often taken by outsid-
ers who migrate to the area. Limited 
skills and fears about the reliability of 
local workers are often given as the main 
reasons firms are reluctant to hire them 

in the area increase demand for food and 
other agricultural products which can 
induce the farmers at the forest frontier 
to increase their agricultural production 

The insignificant effect of population 
density on deforestation is consistent 

District wealth index

Deforestation rate (%)

20 25 30 35 40
0

0.01
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0.03
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Inverted U-shaped 
relationship between 
poverty and deforestation
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with the argument that, at the regional 
level, population is potentially deter-
mined by other factors that influence 
economic activity, such as off-farm 
activities and infrastructure availability. 
Thus, population per se is unlikely to be 
the underlying cause of deforestation 

The insignificance of HPH activities 
-

tion of a positive correlation between 
logging concessions and small-scale 
deforestation. However, previous studies 
on the impact of logging intensity on 
small-scale deforestation focused on 
small-scale farming in abandoned log-
ging plots, rather than on farmers’ new 
clearing of forested land (Geist and 

Results show that, when controlled 
for other influences, the percentage of 
total forest area cleared in the preced-
ing period has statistically insignificant 
effects on the deforestation rate. This 
could be because the level of local deve-
lopment has already been controlled for 
by the variables representing the propor-
tion of forest area suitable for farming 
and tree crops available for clearing in 
each period in the specifications. Alter-
natively, as was the case for the per capita 
regional GDP variable, it may be that 
these lagged variables are insignificant 
because they are at the district rather 
than local, frontier level. 

The regional GDP and number of 
industrial workers in neighbouring areas 
appear to have insignificant effects on 
a district’s deforestation, suggesting 
that spatial interactions are not very 
important.

SUMMARY AND CONCLUSIONS
Unlike most previous studies on the 
deforestation-poverty link, the empirical 
analysis in this study utilizes a data set 
combining spatial data on forest cover 
and physiogeographic factors from 
satellite imagery with socio-economic 
panel data from several national surveys. 
The poverty measure incorporates both 

human well-being and location welfare 
components, allowing for a comprehen-

the pace of deforestation. With data span-

the study is one of the most compre-

by small-scale farmers undertaken for 
Indonesia. 

The empirical results show an inverted 
U-shaped relationship between district 
wealth and deforestation where the rate 
of deforestation increases with wealth, 
but at a decreasing rate. Poorer dis-
tricts – those with a higher percentage 
of poor people – tend to deforest less. 
Deforestation increases until a certain 
wealth level is reached and then declines. 
However, it starts to decrease only at the 
top decile of the current district wealth 
distribution.

that is most suitable for tree crops that is 
most vulnerable to deforestation. When 
the land is suitable for tree crops, the 
incentives are obviously higher for 
forests to be cleared for establishment 
of cash crops such as oil palm. This has 
been a factor driving a significant part 
of land conversion through deforestation 
in the past, and also has implications 
for the future.

The findings of this study suggest 
that the impact of development on 
deforestation depends on the current state 
of wealth and the level of development in 
the frontier regions. A worrying feature 
of these findings is that policies aimed 
at stimulating regional development 
may stimulate further deforestation. For 
most districts, increased wealth, other 
things being equal, will initially increase 
deforestation.

Counterbalancing this concern, how-
ever, is the finding that lower transport 
costs and better access to markets reduce 
deforestation. The study also found that 
greater off-farm employment opportu-
nities were associated with less forest 
clearing. Thus, the challenge for districts 

will be to manage development in such 
a way as to ensure good and equitable 
access to labour markets and remunera-
tive off-farm employment opportunities 
for rural people.
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