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Efforts to reduce deforestation are increasing worldwide through the implementation of climate
change mitigation schemes and have recently been promoted as one of the goals of the United
Nations’ 2015–2030 Sustainable Development Goals. However, existing strategies are associated with
high costs, low effectiveness, and potential adverse economic impact on tropical countries and local
people. Moreover, because the underlying causes of deforestation are not clearly understood, the policy
options that would be most effective in halting deforestation are not known. Therefore, in this study, I
examine the main factors influencing forest area change by synthesizing the results of a multinational
data analysis, a Malaysian socio-economic survey, and Indonesian household surveys on deforestation
that were conducted between 1990 and 2014. I reveal that poverty has a strong impact on forest area
change and that high agricultural rent accelerates deforestation. I then use logical equations based on
my own findings and those of previous studies to represent the relationships between deforestation,
poverty, agricultural rent, and forest scarcity. From these equations, I derive clear and reasonable
explanations for the causes of deforestation and assess the effectiveness of various policies and
Reducing Emissions from Deforestation and Forest Degradation strategies to halt deforestation. I suggest
that poverty-reduction strategies can represent sound and effective methods for reducing tropical
deforestation. These findings will facilitate development of sustainable strategies that will both reduce
deforestation over long term and reconcile forest conservation with social welfare.

� 2019 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Tropical deforestation has been increasing since the 1970s, and
it has become a worldwide environmental issue (Rudel, 2007). In
the 21st century, deforestation has also become a climate change
issue because deforestation and forest degradation are one of the
main sources of greenhouse gas emissions (IPCC, 2007; van der
Werf et al., 2009). Recently, the United Nations promoted efforts
to halt deforestation by including Target 15.2 (under Goal 15)
among its Sustainable Development Goals for 2015–2030; Target
15.2 reads ‘‘By 2020, promote the implementation of sustainable
management of all types of forests, halt deforestation, restore
degraded forests and substantially increase afforestation and refor-
estation globally” (United Nations, 2018).

Global efforts to reduce deforestation have been rapidly
increasing via the implementation of climate change mitigation
schemes, including reducing emissions from deforestation and for-
est degradation and the role of conservation, sustainable manage-
ment of forests and enhancement of forest carbon stocks in
developing countries (REDD+). The REDD program was first pro-
posed under the United Nations Framework Convention on Climate
Change in 2005 and was agreed upon as an action plan in 2007;
most of the key decisions had been established by 2013. REDD+
features the payment for environmental service approach for
reducing deforestation and forest degradation which is based on
global and national agreements. REDD+ has been implemented at
national, subnational, and local scales, and more than 50 countries
have developed national REDD+ strategies since 2007 (Duchelle
et al., 2018). Moreover, subnational governments (e.g., states and
provinces) have implemented jurisdictional REDD+ programs.
Hundreds of REDD+ projects have been implemented at the local
level; in May 2018, there were 359 REDD+ projects active in 53
countries, covering more than 43 million ha (Simonet, Agrawal,
Bénédet, Cromberg, de Perthuis, Haggard, & Vaillant, 2018). REDD
+ has made some contributions to forest conservation; for example,
national REDD+ initiatives have helped countries to improve their
forest monitoring abilities, understand the causes of deforestation,
and protect the land rights of indigenous peoples and communities
(Angelsen et al., 2018). However, the results of REDD+ over the past
10 years have fallen far below the initial expectation that it is a
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quick, cheap, and lasting way to reduce greenhouse gas emissions
(Angelsen et al., 2018).

The strategies used to reduce deforestation include land-use
zoning, protected areas, commodity roundtables, moratoria, pay-
ments for environmental services, eco-certifications, geographical
indications, and community forest management (Angelsen, 2010;
Lambin et al., 2014). One of the most common strategies is the cre-
ation of protected areas. As an outstanding example, Brazil has
established protected areas that include 54% of the remaining
Brazilian Amazon forests (Soares et al., 2010). Institutional inves-
tors worldwide have also begun to heed the deforestation issue.
For example, the Norwegian Government Pension Fund puts pres-
sure on companies driving deforestation and divested its invest-
ment from some companies, including oil palm companies.
However, some concerns have been raised about the current
efforts, including whether these strategies reduce deforestation
sustainably; for example, establishing protected areas may cut
the amount of economically viable land available to local people
(Soares et al., 2010; Miranda, Corral, Blackman, Asner, & Lima,
2016), which may have an adverse effect on the economies of trop-
ical countries, local communities, and indigenous people. More-
over, performance-based payment systems, upon which REDD+ is
built, may prioritize strategies that produce short-term, rather
than long term, results.

The proximate factors affecting deforestation are relatively well
understood. Agricultural expansion, particularly for exporting agri-
cultural products, has been identified as the biggest driver of defor-
estation (Geist & Lambin, 2002; Motel, Pirard, & Combes, 2009;
FAO, 2010; Hosonuma et al., 2012). The production of commercial
and export commodities, such as rubber, palm oil, cattle, soybean,
coffee, and cocoa, has a greater impact on deforestation than shift-
ing cultivation and other agricultural activities (Fearnside, 2001;
McMorrow & Talip, 2001; Zak, Cabido, Caceres, & Diaz, 2008;
Motel et al., 2009; DeFries, Rudel, Uriarte, & Hansen, 2010). Com-
mercial export agricultural activities have expanded in developing
countries to meet the growing demands for agricultural products
in the global market (Lambin et al., 2001; Thongmanivong, Fujita,
& Fox, 2005; Gibbs et al., 2010; Rudel, Defries, Asner, & Laurance,
2009). Several studies have shown that road construction is also
a powerful driver accelerating the conversion of forests to agricul-
tural land (Cropper, Puri, & Griffiths, 2001; Nelson, De Pinto, Harris,
& Stone, 2004; Mahapatra & Kant, 2005; Etter, McAlpine, Wilson,
Phinn, & Possingham, 2006). Roads cause deforestation not only
by increasing the accessibility of forests but also by reducing the
costs of transporting agricultural products and by increasing agri-
cultural profitability in tropical rural areas (Angelsen &
Kaimowitz, 1999; Mertens & Lambin, 2000; Miyamoto, 2006a) In
addition, commercial logging and fuelwood collection have been
reported to be other proximate causes of deforestation (Geist &
Lambin, 2002; Kumar & Sharma, 2009; Brandt, Nolte, & Agrawal,
2016).

However, there is yet no consensus regarding the factors that
are the main underlying causes of deforestation because empirical
evidence is unclear. Although some studies have shown that pop-
ulation growth has a significant impact on deforestation, other
have shown that the impact of population is not significant
(Mahapatra & Kant, 2005; Zak et al., 2008). These ambiguous find-
ings are the same for poverty (Angelsen & Wunder, 2003;
Dasgupta, Deichmann, Meisner, &Wheeler, 2005), economic devel-
opment (Bhattarai & Hammig, 2001; Van & Azomahou, 2007;
Ahmed, Shahbaz, Qasim, & Long, 2015), and insecure land tenure
(Borner et al., 2010; Robinson, Holland, & Naughton-Treves,
2014). Therefore, the underlying causes of deforestation are still
both not well understood and controversial. Therefore, it is still
unclear which strategies are most effective for reducing deforesta-
tion sustainably. Without this information, efforts to reduce
deforestation are based currently on climate change agreements
using performance-based payment systems.

This study considers the main factors that drive deforestation
and forest area change to provide clear and reasonable explana-
tions for the causes of deforestation and suggests ways to reduce
it. First, I synthesize the results of a multinational data analysis, a
Malaysian socio-economic survey, and Indonesian household sur-
veys on deforestation conducted between 1990 and 2014 to ascer-
tain the main factors driving forest area change. Second, I explore
the causality of deforestation, focusing on poverty, agricultural
rent, and forest scarcity, which my findings and those of previous
studies have identified as the main elements for explaining defor-
estation. Third, I construct logical equations based on the above
three elements and use the findings to explain tropical deforesta-
tion and discuss the effectiveness of different strategies for
addressing this issue.
2. Methods

2.1. Data synthesis

This study builds upon the findings of our previous deforesta-
tion studies: a multinational study (Michinaka & Miyamoto,
2013), a Malaysian socio-economic survey (Parid, Miyamoto,
Aini, Lim, & Michinaka, 2013; Miyamoto, Parid, Aini, &
Michinaka, 2014), and Indonesian household surveys (Miyamoto,
1997a, 1997b, 2006a, 2006b, 2007a, 2007b). The data, variables,
and model concepts employed in the deforestation studies are
shown in Supplemental Tables 1 and 2.

2.1.1. Multinational data analysis
A multinational study (Michinaka & Miyamoto, 2013) examined

the socio-economic effects on forest area change across 205 coun-
tries from 1990 to 2010 based on those countries’ human develop-
ment level (HDL), which was determined from gross domestic
product (GDP) per capita, the proportion of the population living
in rural areas (rural population rate), and forest change (countries
were assigned ‘‘1” if their forest area decreased between 1990 and
2010 and ‘‘0” in all other cases). The data sources were FAO (2010),
FAO (2011), and UNDP (2011). The countries and regions were
grouped initially into five clusters according to their HDL. Due to
unavailability of data, the UN’s Human Development Index was
not included. Subsequently, impacts of life expectancy at birth,
adult literacy rate, GDP per capita, total population, rural popula-
tion rate, and gross production value of agriculture on the forest
area were analyzed using panel data analysis. Multinational data
analysis included Malaysia and Indonesia as the study areas.

2.1.2. Malaysian socio-economic survey
2.1.2.1. Country profile. Malaysia is an upper-middle-income coun-
try in Southeast Asia comprising Peninsular Malaysia and East
Malaysia (Sabah, Sarawak, and Labuan). In 2018, it had a GDP per
capita of $11,239. In 2015, the poverty headcount ratio at $1.90
and $3.20 a day (2011PPP) (% of population) was 0% and 0.2%,
respectively (World Bank, 2019a). During 1960–1970s, the eco-
nomic development of Malaysia was based on the agricultural sec-
tor; however, in the 1980s, the focus of the development policy
shifted to the manufacturing sector. Malaysia has diversified its
economy from agriculture to manufacturing and services and has
become the leading country of electrical and electronics’ exports.
It has also successfully reduced its poverty rates: the poverty head-
count ratio at $1.90 ($3.20) a day was 2.9% (12.9%) in 1984, 0.4%
(7.3%) in 1997, and 0% (0.4%) in 2013 (World Bank, 2019a). The
World Bank has greatly valued Malaysia’s poverty reduction, stat-
ing that ‘‘Malaysia’s development experience is a rich source of
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solutions and lessons for developing countries in Asia and in other
regions transitioning out of poverty” (The World Bank, 2019b).

According to FAO (2019), in 2016, the forest area in Malaysia
was 22.2 million ha, representing 67.6% of the land area. Malaysia
previously experienced extensive deforestation due to the expan-
sion of agricultural land, particularly for oil palm and rubber plan-
tations (Abdullah & Nakagoshi, 2006). However, deforestation has
been considerably reduced. FAO data have not only shown defor-
estation reduction but also an increase in the forest area: the
annual change in natural forests accounted for �2% (�396 thou-
sand ha) in 1981–1990 (FAO, 1993), whereas the annual change
in forest area (in 2015, 91% of the forest area comprised natural
forests and 9% comprised planted forests) accounted for �0.36%
(�79 thousand ha) in 1990–2000, 0.24% (53 thousand ha) in
2000–2010, and 0.06% (14 thousand ha) in 2010–2015 (FAO, 2015).

2.1.2.2. Data and analysis. The Malaysian socio-economic survey
(Parid et al., 2013; Miyamoto et al., 2014) was conducted in Penin-
sular Malaysia between 2010 and 2014. Peninsular Malaysia has
suffered from extensive deforestation, but this has decelerated
considerably since the early 1980s, resulting in fairly large
amounts of forest cover being retained (44% of land area in 2010;
Forestry Department Peninsular Malaysia, 2011). Miyamoto et al.
(2014) examined the process and causes of forest cover change
in Peninsular Malaysia from 1970 to 2010 using time series data
for 22 variables, including forest area, land use data (oil palm
and rubber), forestry data (exports and imports of timber products,
log production, sawn timber production, and plywood production),
and socio-economic data (population, GDP variables, employment
variables, household income, and poverty rate). The whole of
Peninsular Malaysia was used as the unit of analysis, and data were
collected from the Forestry Department Peninsular Malaysia,
Department of Agriculture Malaysia, Ministry of Plantation Indus-
tries and Commodities, Department of Statistics Malaysia, Eco-
nomic Planning Unit, and Malaysian Palm Oil Board. The data on
forest cover and land uses were validated using the land-use
map data obtained from the Department of Agriculture Malaysia,
which were derived from satellite images and other sources. Statis-
tical data from relevant agencies were considered reliable for use
in analyzing the factors driving forest cover change because they
showed periodic trends similar to those of the land-use map data
from the Department of Agriculture Malaysia. Regression modeling
was used to analyze the relationship between each variable and
forest area, and the top five models were selected based on the
Akaike Information Criterion (AIC). The Durbin–Watson test was
performed on the top five models to detect serial correlation
within the time series data. The final model was selected on the
basis of goodness of fit, multicollinearity, and serial correlation.

2.1.3. Indonesian household surveys
2.1.3.1. Country profile. Indonesia is a middle-income country in
Southeast Asia with a GDP per capita of $3,893 in 2018, and the
poverty headcount ratio at $1.90 and $3.20 a day was 5.7% and
27%, respectively, in 2017 (World Bank, 2019a). However, the eco-
nomical level was much lower at the time of household surveys
(1990–2000); for example, in 2000, the GDP per capita was $780,
whereas the poverty headcount ratio at $1.90 and $3.20 a day
was 39% and 79.9%, respectively (World Bank, 2019a). During the
study period, the socio-economic situation was almost under the
influence of the Suharto government, which ruled the country for
32 years (1966–1998). The Suharto regime featured centralization,
economic development, and corruption. The poverty levels were
very high because the poverty headcount ratio at $1.90 ($3.20) a
day was 71% (92%) in 1984, 59% (87%) in 1990, 47% (80%) in
1996, and 39% (80%) in 2000 (World Bank, 2019a). As for Indonesia
more recently, although it is not included in household surveys, the
politics and society of the country have drastically changed after it
overcame its economic crisis in the late 1990s. The new govern-
ment has promoted decentralization and democratization, result-
ing in the economy of Indonesia to remarkably grow since then.
Although the poverty headcount ratio at $1.90 a day has consider-
ably reduced from 39% in 2000 to 5.7% in 2017, 27% of the total
population (the poverty headcount ratio at $3.20 a day in 2017)
still remains vulnerable (World Bank, 2019a).

According to FAO (2019), in 2016, the forest area in Indonesia
was 90.3 million ha, representing 49.9% of the land area. Indonesia
has experienced one of the highest levels of deforestation: FAO
data have shown that the annual change in natural forests
accounted for �1% (�1,212 thousand ha) in 1981–1990 (FAO,
1993), whereas the annual change in forest area (in 2015, 95% of
the forest area comprised natural forests and 5% comprised planted
forests) accounted for �1.75% (�1,913 thousand ha) in 1990–2000,
�0.51% (�498 thousand ha) in 2000–2010, and �0.74% (�684
thousand ha) in 2010–2015 (FAO, 2015). Indonesia has the world’s
largest archipelago, which includes Sumatra, Kalimantan, Java,
Sulawesi, and Papua. However, most of the deforestation has
occurred in Sumatra and Kalimantan, accounting for 78% of the
total deforestation in Indonesia between 1990 and 2012
(Republic of Indonesia, 2016). The main driver of forest loss has
been agricultural expansion, especially of cash tree crops, such as
rubber, coffee, and oil palm. Apart from oil palm, most Indonesian
tree crops have been cultivated mainly by smallholders. In 2001,
around the time of this study, 87% of the rubber and 95% of the cof-
fee crops were planted by smallholders, whereas 63% of the oil
palm crop was planted by large-scale companies (BPS, 2003).

2.1.3.2. Data and analysis. Household surveys were conducted in
Sumatra from 1997 to 2000 (Miyamoto, 2006a, 2006b, 2007a,
2007b) and in Kalimantan from 1990 to 1993 (Miyamoto, 1997a,
1997b). In Sumatra and Kalimantan, agricultural land expanded
to the forests, where commercial logging companies already had
cut down large trees. Much of the primary forest in Sumatra was
felled for logging and was then replaced by tree crops, mainly rub-
ber and oil palm. Miyamoto (2006a, 2006b) studied the impact of
various factors on the acceleration of forest conversion to rubber
and then investigated the relationship between forest conversion
and inequality of land ownership. Data were collected by inter-
viewing 160 households in the four rubber-producing villages
(40 households were selected randomly in each village) in Jambi
province, Sumatra, using a questionnaire on land tenure, land
acquisition methods, and forest-clearing activities. Reliable data
on forest clearing were obtained by conducting the following inter-
views. (1) Data on when the villagers cleared forests were found by
asking what their family conditions were at the time of clearing the
forest and the age of their rubber trees; (2) data on the distance to
the cleared forests were found by asking how the villagers traveled
from their homes to their plots and how long the journey took; and
(3) data on the area of forest the villagers cleared were found by
asking what was the quantity of rice seeds planted in the plot (as
dryland rice is always planted in the year the forest is cleared),
and if it was a rubber plantation, asking what was the age, number,
and density of rubber trees in the plot. Measuring the exact time,
distance, and area of forest clearing was not feasible because the
sites cleared were widely scattered; however, from the above
interviews, the relative time and size of forest clearing could be
determined, facilitating the collection of meaningful data for anal-
ysis. The resulting data were analyzed using ordinary least squares
regression and Lorenz curves. In Kalimantan, after logging compa-
nies had carried out large-scale wood harvesting, people moved
into the area and converted the logged forests into agricultural
land. Miyamoto (1997a, 1997b) studied the causes of deforestation
following the commercial logging in the 1970s at the study site in
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East Kalimantan province, where local people cleared the logged
forests to produce upland rice and rubber. Data collection involved
interviewing 99 selected households in three villages (44 house-
holds from the newly settled area in the forests and 55 households
from two pre-existing villages) via a questionnaire on the history
of land acquisition and tenure, owned land, and use of land. Reli-
able data on forest clearing and farmland area were collected using
the same methodology as that in the interviews conducted in
Sumatra mentioned above.

2.1.4. Comparing the Malaysian and Indonesian surveys
There is a ten-year difference in the study time between the

Malaysian and Indonesian surveys; however, the data periods lar-
gely overlap between the 1970s and the 1990s because we col-
lected data on forest area changes, deforestation activities, and
socio-economic factors between 1970 and 2010 for the Malaysian
survey and between 1970 and 1990s for the Indonesian surveys.
Therefore, the data from these surveys are considered to be suffi-
ciently comparable.

The Indonesian and Malaysian studies make for an interesting
comparison because the two countries are proximal geographically
but have had different forest area changes in the late 20th century.
The two countries have similar climates (abundant rainfall, high
humidity, and high temperatures), natural environments (e.g.,
the most diverse rainforests in the world, with many dipterocarp
species), and ethnic groups (common main groups: Malays, Chi-
nese, and indigenous people), and both had low economy levels
in the mid-20th century [GDP per capita in 1970: Malaysia $357,
Indonesia $79 (World Bank, 2019a)]. With respect to forest area
change, both countries had high rates of deforestation in the
1970s; however, toward the end of the 20th century, Malaysia
reduced its deforestation greatly, while Indonesia continued with
large-scale deforestation. Wicke, Sikkema, Dornburg, and Faaij
(2011) reported that Indonesia lost a total of 40 million ha (30%
reduction) of forest cover between 1975 and 2005, whereas Malay-
sia lost a total of 5 million ha (20% reduction) of forest cover during
the same time.

2.2. Development of logical equations

I use logical equations to express the causality of deforestation,
something that has never been done before. Although logical equa-
tions do not usually show causal relations, they can if they include
a representation of time. Temporal logic has been used to represent
and to reason about time, and it has been applied and further
developed in computer science (Stanford Encyclopedia of
Philosophy, 2018). For example, Muto and Sekine (1992) use logi-
cal representations of accident causes to diagnose electrical power
equipment/systems. Similarly, I use logical equations to obtain
clear and reasonable explanations of the causes of deforestation
and its reduction, and to assess the effectiveness of different poli-
cies and REDD+ strategies to eliminate deforestation.
Table 1
Factors affecting forest area change: evidence from the previous deforestation studies (ke

Study Factor that has a strong impact on forest area
change

Multinational study Human development level

Malaysian socio-economic
survey

Poverty rate
Oil palm plantation

Indonesian household surveys Agricultural population density
Lack of agricultural land
Road construction
Rubber plantation
Development of logical equations entails selecting key elements
(several and unrelated to each other) and deciding on logical sym-
bols that connect these elements. As regards the key elements for
deforestation, I have chosen elements that can represent the fac-
tors that affect deforestation, based on the results of our deforesta-
tion studies and on previous literature. One key element (e.g.,
increase in agricultural rent) that is common to different factors
(e.g. road construction and expansion of export crops) can be
selected. In addition, one key element that has the strongest
impact on deforestation (e.g., poverty) among the relevant factors
(e.g., GDP, household income, and poverty) can be selected. This
is the basis on which I selected the key elements to explain the
causality of deforestation. Next, logical symbols depicting the rela-
tionship between the elements are decided, based on evidence
about what combination of elements is fulfilled when deforesta-
tion occurs. For example, if deforestation occurs when all the ele-
ments are fulfilled, all the logical symbols connecting the
elements are logical conjunctions. If deforestation occurs when
any one of the elements is fulfilled, all the logical symbols are log-
ical disjunctions. I used the selected elements and logical symbols
to construct logical equations for the causality of deforestation.
3. Results

3.1. Factors affecting forest area change

The factors affecting forest area change, as identified in the
multinational analysis, the Malaysian socio-economic survey, and
the Indonesian household surveys are summarized in Table 1.
The results of the studies are presented in Supplemental Table 3.

The multinational analysis (Michinaka & Miyamoto, 2013)
shows a strong relationship between forest area change and the
countries’ HDL. The effects of other socio-economic variables vary
considerably according to the HDL. For example, GDP and popula-
tion have negative effects on forest areas in countries with rela-
tively low HDLs, but they have no or positive effects in countries
with higher HDLs.

In the Malaysian socio-economic survey (Miyamoto et al.,
2014), the best-fit models explaining forest area change indicated
that the poverty rate has the strongest effect on deforestation. Ini-
tially, reduction of poverty through agricultural development
(especially oil palm production) led to deforestation, and, once
poverty had decreased considerably (from 53% in 1970 to 20% in
1984), the rate of deforestation slowed down. The analysis also
reveals that neither population growth nor economic growth
(GDP) have major effects on forest cover.

The regression results of the Indonesian household survey in
Sumatra (Miyamoto, 2006a) showed that road construction and
agricultural population density are the main factors influencing
the forest-clearing activities of local people. Road construction,
which improves the transportation of rubber from local villages
y summary points).

Area of relevance (agricultural rent/
poverty)

Source

poverty Michinaka and Miyamoto (2013)

poverty Miyamoto et al. (2014)
agricultural rent

poverty Miyamoto (1997a, 1997b, 2006a,
2007a)poverty

agricultural rent
agricultural rent
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to the city, has the strongest effect on forest conversion. In villages
where roads had been built earlier and/or the agricultural popula-
tion density was higher, forests were converted to rubber planta-
tions sooner and to a greater extent.

The Indonesian household survey in Kalimantan (Miyamoto,
1997a, 1997b) revealed that road construction in the forest area
and a lack of agricultural land in local villages are the main factors
affecting the forest-clearing activities of local people. Logging com-
panies built roads, harvested large commercial trees, and left the
area within 10 years. Subsequently, the local people moved into
the forests via the roads and converted the logged areas to agricul-
tural land. Road construction made it easy for them to travel to the
forests and to transport agricultural products. The data analysis of
land holding in villages reveals that households that moved to the
logged forests to acquire land had less agricultural land than did
other households in their original villages.

Most of the factors described above that affect forest cover
change were related to either poverty or agricultural rent. There-
fore, in the following sections, I analyze the relationships between
deforestation and factors related to poverty and agricultural rent.

3.2. Poverty and deforestation

The findings of the deforestation studies suggest that poverty-
related factors are the strongest influencing factors of forest area
change (Table 1, Supplemental Table 3). The Malaysian study
(Miyamoto et al., 2014) revealed that reduction of poverty is the
main factor underlying changes in forest area, and the Indonesian
household surveys (Miyamoto, 1997a, 1997b, 2006a, 2007a) indi-
cated that forest clearing is accelerated by agricultural population
density and a lack of agricultural land, both of which are related
strongly to poverty. According to the findings of the multinational
study (Michinaka & Miyamoto, 2013) the most important factor
affecting forest area is HDL, which is related indirectly to poverty
to a greater extent than is GDP alone.

Both the multinational and Malaysian studies reveal that eco-
nomic variables (such as GDP) and population growth do not affect
forest area change to any great extent. Although GDP is related to
poverty to some degree, it does not take into account the inequality
between the rich and the poor. Thus, economic growth and GDP
variables alone may be not reliable indicators of the true level of
poverty.

Table 2 compares the relationship between poverty and defor-
estation in the Malaysian survey and the Indonesian survey. In par-
ticular, two questions are addressed: how did conversion of forest
to agricultural land affect poverty? and why did deforestation
decline in the Malaysian site but continue in the Indonesian sites?

3.2.1. How did forest conversion to agricultural land influence
poverty?

In Peninsular Malaysia, there was a considerable reduction in
poverty once the forest was converted to agricultural land. The
regression results (Miyamoto et al., 2014) revealed that poverty
was considerably reduced by increasing the number of oil palm
plantations. Agricultural development (particularly oil palm pro-
duction) was one of the Malaysian government’s main poverty-
reduction strategies (Parid et al., 2013). The Federal Land Develop-
ment Authority resettled many landless, rural people and provided
them with land that was planted mainly with oil palm or rubber.
Two more authorities at the federal level who have engaged in
increasing rural income are the Federal Land Consolidation and
Rehabilitation Authority and the Rubber Industry Smallholders
Development Authority (RISDA). Both authorities focus on redevel-
oping and increasing the productivity of existing agricultural areas.

In the Indonesian sites, poverty levels stayed high following for-
est conversion. In Sumatra and Kalimantan, based on the local cus-
tomary law, forest-clearing was the principal method of acquiring
land for the local people. However, as forests were converted to
rubber plantations, there was increased inequality in rubber plan-
tation holdings, with more households having little or no land. The
reason for this is that smallholders sold their land to help meet
their living expenses and improve their standard of living, with
the result that land ownership transferred gradually to the rubber
collectors in the villages. There were no land development schemes
to reduce poverty in Sumatra, Kalimantan, and other outer islands,
although the government conducted a transmigration program to
move landless poor from densely populated areas, mainly Java, to
the outer islands.

In addition, the two countries differed in their rubber profits. In
Malaysia, rubber was produced under intensive agriculture and
productivity was much higher than that in Indonesia. RISDA fully
supported all smallholders by providing highly productive seed-
lings, fertilizers, and subsidies for replanting to help ensure that
their rubber plantations were profitable. In contrast, the Indone-
sian government did not provide rubber smallholders with techni-
cal and financial assistance to improve profitability. Rubber grown
on the Indonesian sites (known as ‘‘jungle rubber”) was produced
by extensive agriculture, and productivity was very low.
3.2.2. Why did deforestation decrease in the Malaysian site and
continue in the Indonesian sites?

Deforestation declined in Peninsular Malaysia because the large
reduction in poverty reduced the demand for new agricultural
land. From the early 1980s, when poverty fell below 20%, expan-
sion of oil palm growing no longer caused deforestation, with plan-
tation sites shifting from forest areas to land previously used for
rubber and other agricultural commodities.

Conversely, in the Indonesian sites, deforestation continued
because there was no reduction in either poverty or newly cleared
land for agriculture. People in the villages with no remaining forest
to convert faced a shortage of agricultural land. Forest-clearing
activities were the only way that the landless poor could acquire
agricultural land. They subsequently moved to other forest areas
and cleared them for cultivation to ensure their survival. Therefore,
the vicious cycle of poverty and deforestation continued.

People in Indonesian sites were vulnerable to becoming land-
less via land selling, which is an important asset for them. The rea-
sons for this are not only because their rubber production profits
were not sufficient to live on due to low productivity but also
because they hardly received any social assistance from the gov-
ernment to support their livelihoods. For example, there was no
social health insurance system. Between the 1960s and the
1990s, health insurance was only limited to civil servants, military
personnel, and formal labor or was via private financing using pri-
vate insurance providers (Mahendradhata et al., 2017). Regarding
education, although primary school (six years) was compulsory
and free, junior high school (three years) became compulsory in
1994.

Conversely, the Malaysian government implemented poverty-
reduction strategies, including providing people with agricultural
land and technical support for intensive agriculture, as mentioned
above, in addition to medical and educational support (Miyamoto,
Parid, Aini, & Michinaka, 2013). As for medical support, any medi-
cal treatment in public hospitals costs only 1 RM (approximately
US $0.30). These are government-financed schemes (Malaysia has
no public health insurance system). As for educational support,
public primary and secondary schools are free (children attend
six years of primary school and five years of secondary school),
low-fee boarding houses are available for students in rural areas,
and there are various incentives to encourage children to attend
university. Malaysia has succeeded in reducing poverty through



Table 2
Relationships between poverty and deforestation: evidence from the Indonesian and Malaysian surveys.

Indonesian surveys Malaysian survey

How did forest
conversion affect
poverty?

Poverty remained. Households with little or no land appeared in
villages where all forests were converted to rubber plantations and
other agricultural lands. Inequality in the villages’ rubber plantation
holdings increased with advanced conversion of forest to rubber.

Poverty was reduced. Poverty rates of Peninsular Malaysia decreased
from 53% in 1970, to 20% in 1984, and 5% in 2002. Agricultural
development in forest areas contributed to poverty reduction.

1. People could acquire new land by clearing forest, based on their
customary law, resulting in little inequality in land holdings while
there were sufficient forests in villages.

1. The best-fit models explaining poverty show that oil palm
development (strongest impact) and forestry activities (exports of
timber products and plywood production) reduced poverty
significantly, whereas GDP and other socio-economic variables had
no significant effect.

2. The sale of land (especially rubber plantations) increased as forest
conversion advanced. Villagers sold land to pay their living expenses,
medical expenses, educational fees, house building costs, and debts.
Rubber plantations were their big assets, and selling themwas one of
the main ways to cover expensive payments. They had scant
government assistance to reduce poverty.

2. Oil palm development was one of the main poverty-reduction
strategies initiated by the Malaysian government. The Federal Land
and Development Authority (established in 1956) developed oil palm
and rubber plantations and gave them to the landless poor (a total of
112,000 households) until 1992.

3. The purchase and sale of land greatly increased inequality in
rubber plantation holdings. A small number of exceptionally large
rubber plantation holders appeared, while most villagers became
petty farmers.

3. The Rubber Industry Smallholders Development Authority (RISDA;
established in 1972) provided technical support to all small-scale
rubber farmers (approximately �40 ha). RISDA subsidized necessary
expenses for replanting rubber plantations and provided highly
productive seedlings and fertilizers. Rubber trees began to produce
latex after 4 or 5 years of age and had a production period of
15 years.

4. Rubber smallholders had no government support to improve
productivity in their plantations. They grew rubber trees using
extensive agriculture (called ‘‘jungle rubber”), and its productivity
was very low. Rubber trees began to produce latex from 12 years old
and had a productive period of 20–30 years.

Why did deforestation
either continue (I) or
decrease (M)?

Deforestation continued because there was no reduction either in
poverty or in the demand for newly cleared land for agriculture.

Deforestation decreased because there was a sufficient decrease in
both poverty and demand for newly cleared land for agriculture. The
best-fit models explaining forest area show that a substantial
decrease in poverty led to a sustainable reduction in the rate of
deforestation.

People with little or no land who lived in villages with no remaining
forest went to convert other forest areas.

Once the poverty rate dropped to <20% (early 1980 s), oil palm
development no longer reduced the forest area because plantation
sites shifted from newly cleared forest areas to land that had
previously been used for rubber, coconut, cocoa, and other
agricultural commodities that had become less profitable than was
oil palm.

Source Miyamoto (1997a, 1997b, 2006a, 2006b, 2007b) Parid et al. (2013), Miyamoto et al. (2014)
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substantial poverty-reduction policies, and the results show that
alleviating poverty can reduce deforestation.
3.3. Agricultural rent and deforestation

Road construction and export crop production (oil palm and
rubber) were identified as the chief proximate factors driving fas-
ter conversion of forest to agricultural land (Table 1). Because road
construction reduces transportation costs and crop exports
increase agricultural product prices, both factors are related to
the profitability of the land (i.e., agricultural rent) in rural areas.

The findings from the Indonesian surveys (Miyamoto, 1997a,
1997b, 2006a, 2007a) reveal that road construction had strong
effects on forest conversion because it greatly improved trans-
portation of people and agricultural products. At the Sumatran site,
road construction enabled routes for rubber transportation (from
the villages to the city) to shift from rivers to unpaved roads and,
ultimately, to paved roads, reducing transportation costs by as
much as 48% and reducing the time involved, thereby enabling
rubber to be sent to the cities more often. The reductions in trans-
portation costs and time increased the profitability of rubber in
rural areas, prompting villagers to expand the rubber plantations
and accelerate the forest conversion.

In the Malaysian (Miyamoto et al., 2014) and the Indonesian
(Miyamoto, 2006a, 2006b) surveys, oil palm and rubber expansion
is the main proximate factor affecting deforestation. As the global
demand for both crops is massive, they command a high price,
which increases the profitability of land in the rural areas where
they are produced. This increased profitability equates to an
increase in ‘‘rent,” as defined by the von Thunen model. In this
model, land is allocated according to the highest rent, which is
based on the market price of products, transport costs, distance
from the market, production costs, and productivity (von Thunen,
1875). Similarly, the studies reported here show that the main
proximate causes of deforestation are related to increases in agri-
cultural rent.

The study sites in both Malaysia and Indonesia do not differ
with regard to agricultural rent, which has increased and remained
high in both countries because of improved infrastructure and
increased production of export crops (oil palm and rubber). Thus,
reduction of deforestation in Peninsular Malaysia results from a
substantial decline in poverty (though agricultural rent has
remained high).

3.4. Causality of deforestation

The previous sections demonstrate that poverty and agricul-
tural rent were the principal factors driving deforestation and for-
est area change in a given region. This section explores the
causality of tropical deforestation. First, as the main elements
explaining deforestation, I consider poverty and agricultural rent,
which have been identified from our studies, and forest scarcity,
which has been known from previous literature. Then, I use the
above three elements to construct logical equations for explaining
deforestation.
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3.4.1. Poverty: underlying cause of deforestation
My research reveals that poverty is the main underlying factor

driving changes in forest area. The findings of the Indonesian and
Malaysian surveys enable me to answer three questions on the
relationship between poverty and deforestation:

1. Does poverty lead to deforestation? Yes when agricultural rent
is high and there are sufficient forests. Conversion of forests to
agricultural land can be considered as a strategy to counter pov-
erty. In the Indonesian sites, the farmers themselves developed
survival strategies, whereas, in Peninsular Malaysia, the govern-
ment implemented poverty alleviation measures.

2. Does deforestation increase poverty? Yes and no — it depends
on the profitability of the agricultural land. In the Indonesian
sites, deforestation increased poverty because, even if people
converted forests to rubber plantations, low crop profitability
meant that they could not lift themselves out of poverty.
Indeed, small holders there often sell their rubber plantations
and other agricultural land to meet their living expenses. Their
rubber plantations are known as jungle rubber. The productiv-
ity of jungle rubber, which is production of rubber-enriched
secondary forests, is lower than is that of rubber and oil palm
monocultures, and it has been practiced widely in Indonesia
(Clough et al., 2016). Conversely, in Peninsular Malaysia, defor-
estation (forest conversion to agriculture) has reduced poverty,
and highly-profitable oil palm and rubber plantations (mono-
culture) have received full government support. In the Malay-
sian survey, smallholders of oil palm and rubber often
reported that their children were university graduates and were
working for companies/public organizations, so they no longer
lived off agriculture. Such stories were never related by small-
holders in the study sites in Indonesia.

3. Does reduction of poverty reduce deforestation? Yes. The
Malaysian survey, which analyzed factors influencing forest
area change over long term (1970–2010) in Peninsular Malaysia
(subnational-level), provided strong empirical evidence that
poverty reduction can reduce deforestation (though agricultural
rent remains high). The Malaysian government reduced poverty
using a range of poverty-reduction strategies, resulting in the
reduction of deforestation. Conversely, at the time of the sur-
veys, the Indonesian government did not implement substantial
poverty-reduction policies in the outer islands (outside Java),
and there was continuous poverty and deforestation. The con-
trasting results of the Malaysian and Indonesian surveys sug-
gest the significance of poverty-reduction policies not only in
terms of poverty but also in terms of deforestation.

We provide empirical evidence to clarify the relationship
between poverty and deforestation. Previous studies on poverty
and deforestation have reported mixed results regarding the above
three questions (Duraiappah, 1998; Wunder, 2001; Angelsen &
Wunder, 2003; Dasgupta et al., 2005; Ehara et al., 2018). Conse-
quently, the relationships between the two have been considered
as being complex and influenced by numerous factors. To address
this issue, the Malaysian survey included 21 different socio-
economic variables and used AIC for model selection; and it then
identified poverty as the main underlying cause of deforestation.

Furthermore, we considered that, when studying the relation-
ship between poverty and deforestation, findings can differ
depending both on whether long-term or short-term changes are
observed and on the quality of the poverty data. Thus, in the
Indonesian and Malaysian surveys, we collected data covering sev-
eral decades, while considering the need to collect reliable data for
all the variables measured.

Though high-quality poverty data is quite difficult to collect, it
is crucial for analyzing the effect of poverty on deforestation. Data
that take into account the overall socio-economic situation of each
individual region are required, including data on how many people
are poor (i.e., unable to meet basic needs, such as food, clothing,
housing, health, and education). The poverty data used in the
Malaysian study can be considered reliable because the Malaysian
government clearly defines the poverty line as follows: ‘‘Poverty in
Malaysia ‘is measured on the basis of a minimum expenditure level or
the Poverty Line Income (PLI) to separate the poor from the non-poor’,
according to the Fifth Malaysia Plan 1986–1990 (Economic Planning
Unit, 1986). The official poverty line in Malaysia has been defined in
subsistence terms as indicated in the Third Malaysia Plan 1976–
1980 (Economic Planning Unit, 1976). Poverty is defined as ‘defi-
ciency in absolute standards of living in terms of caloric intake and
nutrition levels, clothing, sanitation, health, education, and other
socio-economic variables’. Furthermore, ‘poverty in the country has
been measured by comparing absolute levels of household income
with income required for minimum subsistence or what may be ter-
med a poverty line income. This income takes account of minimum
nutritional and other non-food requirements of each household to sus-
tain a decent standard of living’” (Economic Planning Unit, 1976;
quotation from Miyamoto et al., 2014). Regarding Indonesian
household surveys, I considered a shortage of agricultural land as
poverty because the most important source of income for the vil-
lagers was farmland, particularly rubber plantations. Therefore,
to obtain poverty data, I interviewed the villagers on land owner-
ship, land area, and sale of land.

The Environmental Kuznets Curve (EKC) hypothesis assumes
that environmental degradation increases to a certain level as the
economic level increases, with GDP and gross national income
often being used to indicate a country’s economic level. However,
in spite of numerous studies, this hypothesis has been debated
actively, and it lacks strong empirical evidence (Stern, 2004). The
EKC supposes an inverted U-shaped relationship between eco-
nomic level and deforestation, but the available empirical evidence
for this relationship is also weak (Bhattarai & Hammig, 2001;
Meyer, Van Kooten, & Wang, 2003; Van & Azomahou, 2007;
Ahmed et al., 2015). The results of the multinational and Malaysian
studies imply that poverty indicators (e.g., poverty rate and human
development variables) may be more useful than is economic
growth in explaining the shift from accelerated to reduced
deforestation.

3.4.2. High agricultural rent: proximate cause of deforestation
Our findings suggest that the main proximate causes of defor-

estation are related to increase in agricultural rent, supporting
the hypothesis that higher agricultural rent (e.g., road construction
and the export of crops) accelerates deforestation.

Previously, the rent (von Thunen) hypothesis has been used to
explain deforestation (Angelsen, 1995; Geoghegan et al., 2001;
Serneels & Lambin, 2001; Caldas, Walker, Arima, & Simmons,
2007). Angelsen and Kaimowitz (1999) analyzed many deforesta-
tion studies and identified rent increase factors, including road
construction, higher agricultural product prices, lower wages, and
off-farm employment shortages, as generally resulting in defor-
estation. The rent hypothesis can also account for the expansion
of export crop production areas to tropical forests because intro-
ducing export crops increases agricultural crop prices and land
profitability (rent) in rural areas. Increasing agricultural rent
results in deforestation (Angelsen, 2007). Agricultural products
that are grown for export (i.e., cows, cocoa, coffee, natural rubber,
palm oil, and soybeans) have the largest effect on global large-scale
deforestation (Motel et al., 2009). As local people in tropical coun-
tries have been influenced by the global market economy, they
have responded to economic opportunities by producing more
agricultural products with high profitability (Lambin et al., 2001;
Thongmanivong et al., 2005).
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Doubtless, the von Thunen model provides a powerful concep-
tual tool for explaining deforestation. However, it fails to address
external factors, such as either population migration or various
complex socio-economic factors (Walker, 2004). Therefore, the
von Thunen model must be complemented with other theories to
analyze deforestation rates and the factors that influence them.

3.4.3. Forest scarcity: factor that decreases deforestation
Forest scarcity must be considered when discussing causes of

deforestation, because it is an important factor in decreasing defor-
estation and it is not related to either poverty or agricultural rent.
Scarcity of forests and forest products stimulates an increase in for-
est area (Rudel et al., 2005; Meyfroidt & Lambin, 2008; Imai,
Furukawa, Tsujino, Kitamura, & Yumoto, 2018).

The effect of forest scarcity is also supported by the observed
relationship between deforestation and the proportion of forest
land. Countries with a low proportion of forest land tend to slow
down deforestation and increase their forest area; for example,
the percentage of forest area during the transition from decrease
to increase in forest area was 19% in 1980s in India, 25%–31% in
1991–1993 in Vietnam, and 25% in 1998 in Thailand (Wannitikul,
2005; Mather, 2007; Meyfroidt & Lambin, 2008; Singh, Bhojvaid,
Jong, Ashraf, & Reddy, 2017). Leblois, Damette, and Wolfersberger
(2017) further show that trade causes deforestation in countries
with a large proportion of forest cover, but the impact of trade is
lower in countries where forest cover is scarce.

Deforestation declined in Malaysia, despite there being a rela-
tively high proportion of forest (55% in 2005) (Wicke et al.,
2011), which suggests that reduction of deforestation there was
due to factors other than forest scarcity.

3.4.4. Logical representation to explain deforestation
Here, I propose a logical explanation for deforestation based on

the above findings. The causality of deforestation over time in the
tropics can be analyzed and clarified by developing logical equa-
tions based on three elements: poverty, agricultural rent, and for-
est scarcity. Logic symbols connecting these elements in the
equations are considered to be logical conjunctions, as deforesta-
tion rates would be high when all three conditions (high poverty
rate, high agricultural rent, and high forest cover) are met. Our
findings reveal that deforestation was high in Indonesia when
the three conditions (high poverty rate, high agricultural rent,
and high forest cover) were met, but deforestation slowed down
in Malaysia when poverty alone was removed (low poverty rate,
high agricultural rent, and high forest cover). The Malaysian study
indicates that deforestation rates would be low if the poverty rate
is low, even when the other conditions are met. Moreover, defor-
estation rates would be low if the agricultural rent is low, even if
the other conditions are met (Angelsen, 2007, 2010), and defor-
estation rates would be low if forest is scarce, even if the other con-
ditions are met (Rudel et al., 2005; Meyfroidt & Lambin, 2008).
Therefore, the causality of deforestation in the tropics can be given
by Eq. (1):

[Causes of deforestation]

Povðt� DtÞ ^ Rentðt� DtÞ ^ Forðt� DtÞ ! Def t� Dt � tð Þ ð1Þ
where ^ is a logical conjunction, ? is an implication, Pov is a high
poverty rate, Rent is a high agricultural rent, For is high forest cov-
erage, Def is a high deforestation rate, and Dt is the time required
for the three conditions to cause deforestation.

Eq. (1) shows that, if poverty, agricultural rent, and forest cov-
erage are high at time t � Dt, the deforestation rate will be high
between t � Dt and t; that is, deforestation always occurs if all
three conditions (high poverty rate, high agricultural rent, and high
forest coverage) are met. Eq. (1) also shows that a high poverty rate
alone will not always lead to deforestation. In some extremely poor
countries, such as North Korea and Haiti, deforestation occurs even
though agricultural rent is not high; however, these are rare cases.
Similarly, deforestation does not always take place when only agri-
cultural rent is high.

Policies that effectively reduce deforestation can be described
by Eq. (2):

[Policy to reduce deforestation]

:Def t� Dt � tð Þ ! :Pov t� Dtð Þ _:Rent t� Dtð Þ _:For t� Dtð Þ
ð2Þ

where : is the logical negation and _ is the logical disjunction.
Eq. (2) is the contrapositive of Eq. (1). Thus, if Eq. (1) is true, Eq.

(2) is also true. Eq. (2) indicates that, if the deforestation rate is low
between t � Dt and t, there would also be either a low poverty rate,
a low agricultural rent, forest scarcity, or a combination of these
conditions at t � Dt. This shows that the deforestation rate is low
if any one of the conditions of low poverty rate, low agricultural
rent, or forest scarcity is fulfilled. This indicates that strategies to
reduce poverty and/or agricultural rent would also reduce defor-
estation. Thus, reduction of poverty can decelerate deforestation
even when the agricultural rent remains high.
4. Discussion

4.1. Current forest conservation policies of Malaysia and Indonesia

Malaysia has reduced deforestation and currently focuses on
sustainable forest management as a forest conservation policy.
The country’s REDD+ strategy also includes reducing emissions
from deforestation, sustainable management of forests, and the
conservation of forest carbon stocks. Malaysia’s forests are catego-
rized as totally protected areas (wildlife sanctuaries, national and
state parks), permanent reserved forests (PRF: natural forests that
are managed under sustainable forest management principles,
classified mainly as production forest, protection forest, research
and education forest, and amenity forest) and state land (forest
land reserved for development purposes and selective logging).
In 2014, totally protected areas accounted for 15%, PRF accounted
for 64%, and state land accounted for 21% of the total forest area
(Ministry of Water, Land, and Natural Resources, Malaysia, 2019).
Malaysia has promoted forest certification to ensure the sustain-
able management of forests, particularly PRF. In 2001, the Malay-
sian Timber Certification Scheme (MTCS) began operating as a
voluntary national timber certification system that provides inde-
pendent assessment for forest management and chain of custody
certification. MTCS is the first tropical timber certification scheme
in Southeast Asia to be endorsed by the Programme for the
Endorsement of Forest Certification (PEFC), the largest forest certi-
fication program worldwide. By 2016, 3.9 million ha, or 27% of the
total PRF, has been PEFC-certified under MTCS (Malaysian Timber
Council, 2019).

Because there is still significant deforestation in Indonesia, the
country has concentrated on deforestation reduction via forest
conservation policies and the REDD+ strategy. In 2007, under the
global efforts against climate change, Indonesia began the REDD+
readiness process, resulting in it becoming one of the key countries
that hosts REDD+ projects (35 REDD+ projects in 2016). Indonesia’s
forests are categorized as protection forests (forests for the protec-
tion of life support systems, e.g., to manage water, prevent flood-
ing, and control erosion), conservation forests (forests preserved
for the diversity of flora and fauna and the ecosystem), and produc-
tion forests (forests for producing timber and other forest prod-
ucts). Protection forests account for 24%, conservation forests
account for 22%, and production forests account for 54% of the total
forest area (Ministry of Environment and Forestry, Republic of
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Indonesia, 2018). In 2011, the Indonesian government established
a 2-year moratorium on issuing new licenses for logging opera-
tions and oil palm plantations on primary forests and peatlands.
The moratorium was extended in 2013, 2015, and 2017 and was
finally made permanent in 2019. Regarding carbon-rich peatlands,
a special agency for peat restoration (Peat Restoration Agency) was
established in 2016 to recover and restore peatlands damaged by
fires. The agency has set a target of restoring 2.5 million ha of peat-
land between 2016 and 2020. On the other hand, under the devel-
opment policy, the government emphasizes actions to ensure food
security for the growing population and expects increased agricul-
tural production of rice, corn, soybean, palm oil, and livestock
(Republic of Indonesia, 2016). However, this policy affects forest
and land use; approximately 10% of the national forest area has
been allocated for conversion to other land uses whenever land
is needed for development, designated as convertible production
forests (Ministry of Environment and Forestry, Republic of
Indonesia, 2018). Indonesia has been trying to maintain a balance
between forest conservation for climate change mitigation and
economic development for the country.

4.2. Effective strategies for reducing deforestation

This section deals with the effectiveness of strategies for reduc-
ing deforestation, including policies that restrict deforestation
activities directly and policies that reduce either agricultural rent
or poverty.

The most common strategies for reducing deforestation are the
policies that limit deforestation activities directly, including land-
use zoning, protected areas, and moratoriums. Malaysia and
Indonesia have also established land-use zoning and protected
areas, as mentioned above. Both countries perform land-use zoning
(protected areas, areas for commercial logging, and areas allowed
for development purposes) to maintain a balance between forest
conservation and economic activities. In particular, Indonesia has
established widely protected areas covering 46% of the total forest
area (protection forests and conservation forests). Previous studies
about the effectiveness of protected areas in Indonesia have shown
that protected areas have, on an average, reduced deforestation;
however, the effects of individual parks considerably vary, from
decreasing to increasing forest cover (Gaveau et al., 2009; Shah &
Baylis, 2015). Although protected areas can control the permission
of development rights, a large budget would be required for effec-
tive enforcement, such as for monitoring deforestation activities
over vast areas. In 2002, Brazil, which has the world’s largest area
of deforestation, launched the Amazon Protected Areas Network,
which is the most ambitious protected areas program worldwide.
Soares et al. (2010) calculated the costs of expanding and main-
taining the Brazilian Amazon protected areas system. During their
study period, the protected areas covered 54% of the remaining for-
ests of the Brazilian Amazon. The total cost was approximately US
$147 billion, including necessary investments and the loss of eco-
nomically usable land. To finance the efforts to control deforesta-
tion, Brazil created the Amazon Fund in 2008 mainly via
donations from Germany and Norway. However, many developing
countries have insufficient budgets for managing and consolidating
protected areas, and protected areas without appropriate manage-
ment would have little effect on forest conservation. If correctly
implemented, protected areas and land-use zoning could reduce
deforestation in accordance with the studies on protected areas
in Costa Rica and land-use governance in tropical regions
(Andam, Ferraro, Pfaff, Sanchez-Azofeifa, & Robalino, 2008;
Lambin et al., 2014).

Indonesia’s moratorium on forest clearance on primary forests
and peatlands is also directly aimed at controlling deforestation
activities. Such a moratorium cannot be sustainable without
financial assistance for economic loss. Indonesia’s moratorium
has been supported by a $1 billion REDD+ agreement with Norway.
Brazil also created the Soy Moratorium in 2006 with an aim to pre-
vent the main soy traders from purchasing soybeans produced in
areas of the Amazon cleared after 2006 (Carvalho et al., 2019).

Legal constraints on forest clearance and stringent deforestation
regulations (e.g., protected areas and moratoriums) could deceler-
ate deforestation; however, massive expenses would be involved
in managing them appropriately and/or in compensating for a
downturn in economic development. Thus, to ensure that those
restrictions are effective and sustainable, governments must con-
sider the balance between conservation and economy. Brazil had
considerably reduced deforestation activities between 2004 and
2012 with the help of strong government initiatives (Arima,
Barreto, Araujo, & Soares, 2014); however, deforestation rates have
been increasing since 2012 because soy, cattle, and timber produc-
ers have found ways to circumvent agreements and regulations
(Carvalho et al., 2019). Another concern for legal constraints on for-
est clearing is leakage of deforestation; for expansion of cash crops,
smallholders and agricultural companies tend to move to areas and
countries where the deforestation regulations are more lax (le
Polain de Waroux, Garrett, Heilmayr, & Lambin, 2016, Börner
et al., 2017).

Policies to reduce agricultural rent include reducing agriculture
prices, ignoring extensive road building, and creating off-farm
opportunities; these options could also reduce deforestation
(Angelsen, 2010). However, such strategies can also hinder agricul-
tural development, thereby increasing poverty in rural tropical
areas and, thus, canceling out their beneficial effects. Therefore,
when taking actions to reduce agricultural rent, it is essential to
consider the potential effects on rural development.

Poverty-reduction strategies include the intensification of agri-
culture, the development of agricultural exports, and the provi-
sion of education and medical support. However, poverty-
reduction options have been rarely used as strategies for reducing
deforestation, although many developing countries consider both
poverty alleviation and environmental protection. Poverty and
deforestation reductions have been considered to be trade-offs
(Chomitz, 2007). In particular, current efforts to halt deforestation
under REDD+ could threaten the rights of rural communities liv-
ing in forests, rather than reducing their poverty. For example,
either restricting or prohibiting forest use, particularly by impos-
ing strict restrictions in protected areas, could negatively impact
the livelihoods of forest-based communities because governments
would not necessarily secure these communities’ tenure rights to
forests (Larson, 2011). If such rights are not secured, communities
could lose safe access to forest resources (e.g., conversion to agri-
cultural land). In addition, as compensation cannot necessarily
reach all people in the affected communities, local people would
have to bear significant costs from forest use restrictions (Poudyal
et al., 2016). To address these growing concerns, safeguards have
been discussed to mitigate the social risks of REDD+ (UN-REDD,
2019). Conversely, the findings of our Malaysian study suggest
that agricultural intensification and increased agricultural exports
(palm oil production) can reduce deforestation, consistent with
other study findings that economic globalization can increase for-
est areas (Lambin & Meyfroidt, 2011; Li, Liu, Long, de Jong, &
Youn, 2017; Singh et al., 2017). Although such poverty-
reduction strategies may have negative effects on deforestation
in the short-term, they will have positive effects in long term.
The studies that we have conducted in Malaysia and Indonesia,
which contrast with respect of the existence of poverty-
reduction policies, indicate that such policies are needed to solve
not only poverty but also deforestation. Therefore, poverty-
reduction strategies can be sound and effective for reducing trop-
ical deforestation.
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The results of this study suggest that policies for reducing
deforestation should be thoroughly reconsidered. Because higher
agricultural rent is the main driver of deforestation, reducing agri-
cultural rent might help in stopping deforestation. For instance,
institutional investors worldwide have taken into consideration
the fact that agricultural products for export (e.g., palm oil) repre-
sent a deforestation risk and have tried to exclude them from
investment. However, this study reveals that reducing poverty is
as effective in decreasing deforestation as is lowering agricultural
rent, and, unexpectedly, that only one of these is required. Policy
options to reduce poverty are often the opposite of those to lower
agricultural rent; for example, oil palm development may need to
be halted to reduce agricultural rent, but it may be needed to
reduce poverty. Our results suggest that targeting poverty can
reduce deforestation while avoiding reducing agricultural rent,
which may cause economic damage to local people in the tropics.

5. Conclusion

The results of multinational, Malaysian, and Indonesian studies,
conducted between 1990 and 2014, reveal that poverty and agri-
cultural rent are the main factors causing deforestation in the trop-
ics. Poverty is the chief underlying cause, and agricultural rent is
the chief proximate cause. The effect of agricultural rent is already
well-known. However, the effect of poverty has been controversial
and the underlying causes of deforestation are uncertain. Overall,
these empirical studies provide strong evidence that poverty plays
a dominant role in forest cover change.

Based on the findings of these deforestation studies and other
studies, I propose a logical explanation for deforestation, using
three elements: poverty, agricultural rent, and forest scarcity. This
is the first attempt to explain deforestation by using logical repre-
sentations, which have the advantage of explaining a process sim-
ply and clearly. The logical Eq. (1) for deforestation causes suggests
that forest loss will always happen when all three conditions of
high poverty, high agricultural rent, and high forest cover are
met but may not happen when only one or two conditions are met.

Another advantage of using logic is that, if a logical equation is
true, the contraposition will also be true. The contrapositive of Eq.
(1) (i.e. Eq. (2)) explains how deforestation can be reduced and
indicates that, if one of the three conditions is removed, deforesta-
tion will not happen, i.e., it is not necessary to remove all three
conditions to reduce deforestation. Severe restriction on forest
use and lowering agricultural rent are popular policy options for
decreasing deforestation, but they can sometimes cause economic
damage to tropical countries and to local people. The logical Eq. (2)
shows that reducing poverty can slow deforestation even without
reducing agricultural rent, and this is supported by empirical evi-
dence from Peninsular Malaysia.

The proposed logical representations are still being developed.
Although they are likely to be very useful for explaining deforesta-
tion in Asia, because they were developed largely on the basis of
empirical studies in Indonesia and Malaysia, their usefulness in
explaining deforestation in Africa and South America must be ver-
ified by conducting empirical studies in those regions. Therefore, in
the future, they should be improved by utilizing deforestation data
from a broader range of regions to make them more widely appli-
cable for analyzing tropical deforestation.

This study suggests that policy options for reducing poverty can
be sustainably effective in reducing deforestation and can be used
in place of policies that either restrict forest use excessively or
reduce agricultural rent. It is important that sustainable options
for long-term reduction of deforestation are used to reconcile for-
est conservation with social welfare. As long as they are chosen
wisely and implemented carefully, strategies for poverty reduction
represent sound policies for halting deforestation.
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