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Forest transition (FT) over the last three decades has attractedmuch academic attention. In this paperwepresent
a comparative study of FT to assess regional variety in nine countries in Asia: China, Japan, the Republic of Korea,
India, Indonesia, Malaysia, the Philippines, Laos and Vietnam, using data covering the years 1960–2010. This
study's examination of changes in forest area demonstrates that Korea and Japan achieved FT before the 1980s,
and that China, Vietnam, India and the Philippines achieved FT more recently, while Indonesia, Malaysia and
Laos still experience forest cover decline. Economic development pathway and state forest policy pathway are
most common in these nine countries. The globalization pathway is also found to contribute to FT, primarily in
countries that are net importers of forest products. The land use intensification pathway is not identified in
any of the nine countries. This study also observed that four countries (China, Vietnam, India and the
Philippines) tend to achieve FT at relatively low income levels, whichmay point to the significance of state inter-
vention in the region's countries via forest protection laws, national forest planning and afforestation programs.
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1. Introduction

Forest transition (FT) is the change from decreasing to increasing
forest area (Mather, 1992). The process is now recognized to be com-
mon to many countries in temperate and tropical regions (Geist and
Lambin, 2002; Lambin and Meyfroidt, 2010; Rudel et al., 2005). Com-
plex factors influence forest degradation and deforestation, and under-
standing these requires a historical geographic perspective; local,
regional and global economic, political and environmental events and
processes can have significant impacts on the change in forest cover at
national levels (Mather et al., 1999; Barbier et al., 2010; Clement and
Amezaga, 2008; Meyfroidt and Lambin, 2009; Klooster, 2003), and the
same holds true for FT (Lambin et al., 2003; Mather, 1992).

Rudel et al. (2005) presented two economicmodels commonly used
to predict future forest conditions, identified as: the economic develop-
ment pathway and the forest scarcity pathway. In the first case, the pro-
cess of economic development results in more intensive agricultural
production and, concurrently, more economically attractive opportuni-
ties are created in cities and towns, which promotes rural-urbanmigra-
tion, leading to abandonment of agricultural land that reverts to forest.
In the second case, rises in the price of forest products caused by scarcity
of forests boost tree planting and thus contributed to forest recovery
sition inAsia: Trends and some
and rehabilitation. Based on Rudel's work, Meyfroidt and Lambin
(2011) argue that FT also occurs along three additional pathways,
all of which are dependent upon local socioeconomic and ecological
conditions. Countries or regions may experience different pathways to
FT given different development trajectories, and forest transition may
follow several pathways at the same time in a specific country or region.
The pathways include: 1) forest scarcity pathway, 2) economic develop-
ment pathway, 3) state forest policy pathway, 4) globalization pathway,
5) smallholder, tree-based land use intensification pathway.

This paper takes Meyfroidt and Lambin's (2011) distinction of five
FT pathways as a basis and pursues a comparative analysis of FT path-
ways in nine selected countries in the Asia-Pacific region, including
China, Japan, the Republic of Korea, India, Indonesia, Malaysia, the
Philippines, Laos and Vietnam. The paper assesses each country's path-
way to FT while identifying and comparing basic drivers of forest cover
change. The Asia-Pacific region is rich in forest resources, containing an
estimated 600million ha of forest, equal to approximately 17% of global
forest area.Moreover, this region had the largest increase of forest cover
in the period of 2001–2010, compared to other global regions (FAO,
2012). The majority of Asia's forests are located in China followed by
Indonesia, India, Japan, Malaysia, and Laos.

Forest cover dynamics vary greatly in the Asia-Pacific region. China,
India, and Vietnamhave the highest rates of plantation establishment in
the world and such rapid increases in forest cover have contributed sig-
nificantly to reducing the global decline in forest cover (FAO, 2012). FTs
in China and Vietnam are considered to be following the forest scarcity
pathway (Mather, 2007) or the economic development pathway
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Table 1
Sources and time span of variables.

Variables Abbr. Unit Time span Source

Dependent Variables
Deforestation DF 1000 km2 World Bank (2014); Liu (2014)
China CHN 1962–2011
Japan JPN 1966–2011
Republic of Korea KOR 1960–2011
Vietnam VNM 1960–2011
Laos LAO 1968–2011
Philippines PHL 1961–2011
Indonesia IDN 1968–2011
India IND 1961–2011
Malaysia MYS 1966–2011

Independent Variables
GDP per capita GDPPC 1000 constant 2005 US$ 1960–2011 World Bank (2014)
Rural population density RP Capita per km2 1960–2010 World Bank (2014)
Population growth PG % of population 1961–2010 World Bank (2014)
Agricultural land AL 1000 km2 1960–2010 World Bank (2014)
Cereal yield per hectare CY Ton per ha 1960–2010 World Bank (2014)
Forest protect laws FL 1 if yes and 0 if no 1960–2012 Liu (2014)
National forest plan or decree FP 1 if yes and 0 if no 1960–2012 Liu (2014)
Forest products and roundwood export Value EV Mil. US$ 1961–2012 FAO
Forest products and roundwood import Value IV Mil. US$ 1961–2012 FAO

1 Forest area (FA) has been defined by FAO as land under natural or planted stands of
trees of at least 5 m high, and with each stand having a minimum crown area cover of
0.5 ha, but excluding tree stands in agricultural fields or trees in urban parks and gardens.

2 For instance, in 1993, there were some modifications of the criteria to calculate forest
area in China. Two modifications were the criterion for forest canopy density changed
from N0.3 to N0.2 and the criterion for successfully afforested land changed from a ratio
of 85% to 80% of surviving trees per hectare/number of planted trees per hectare.
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(Zhang et al., 2006). TheRepublic of Korea, on the other hand, is claimed
to follow a state forest policy and globalization forest transition path-
way (Lambin and Meyfroidt, 2010). These arguments are supported
by de Jong (2010), who holds that reforestation efforts have been a
major policy priority in these countries since the 1980s. Both China
and the Republic of Korea have adopted and implemented settlement
programs, land classification schemes, decentralized forest manage-
ment and reforestation programs (Clement and Amezaga, 2008). De
Jong (2010) asserts that economic growth, national forest policies, and
forest management systems have led to increases in forested area in
China since the 1980s and Vietnam since the 1990s. The historical ef-
forts of China and Vietnam to fight illegal logging, to increase invest-
ment in large-scale plantations, and to establish vast areas of national
nature reserves are regarded as important drivers in the increase of for-
est area in both countries (De Jong, 2010). In Indonesia and Malaysia,
forest resources have continuously declined and deforestation and for-
est degradation in Laos has become increasingly serious (FAO, 2012),
although the latest Global Forest Resources Assessments (FRA) (FAO,
2015) indicates an increase in forest cover in Laos in recent years. The
FT literatures, we argue lacks regional comparative approaches and
that makes use of new sets of data that have become available in recent
years. In this paperwe aim to contribute to filling this gap, by comparing
FT in the nine countries in the Asia-Pacific region listed above, in order
to assess each country's pathway to FT while identifying and comparing
basic drivers of forest cover change. We will furthermore explore
how the FTs in the countries, compare to the five explanatory pathways
proposed by various theoreticians on FT.

2. Data and model specification

2.1. Data sources

We used twomain sources to develop a dataset related to the socio-
economic and forest factors across nine countries in the Asia-Pacific
region from the 1960s to 2011. Firstly, some data was collected as part
of the APFFRI project entitled “Comparative Analyses of Transitions to
Sustainable Forest Management and Rehabilitation” (APAFRI, 2013).
This project has yielded nine reports, each of which provides an analysis
of forest transition in one of nine countries: China, India, Indonesia,
Japan, the Republic of Korea, Laos, Malaysia, the Philippines and
Vietnam. These nine countries were selected for their diverse array of
forest resources and because it was anticipated that their pathways to
FT would vary. Secondly, data available from various public sources
(i.e. FAO, 2012 andWorld Bank, 2014) was used. Table 1 provides a de-
tailed description of the data sources of the dependent and independent
variables used to assess the importance of drivers of forest transition.
The following section describes each variable that we used to correlate
forest trends to other factors.

In this study, we consider the following variables: deforestation,
GDP per capita, rural population density, population growth, agricultur-
al land, cereal yield per hectare, forest protection laws, national forest
plan or decree, forest products and roundwood export value, and forest
products and roundwood import value.

The sources and time span of variables are shown in Table 1.
2.2. Variables

2.2.1. Deforestation
The dependent variable used to compare FT in the nine countries

considered in this study is deforestation (DF) area per year.We calculat-
ed DF by trends in forest area (FA). As the first step,we obtained FA data
from the 1960s to the 2010s, the former being the earliest period for
which reliable nationwide data was available. The FAO database has ap-
propriate data only for the years after 1990, hence data for the period
prior to the 1990s was taken from country reports. As the second step,
we adjusted FA1 data into one uniform statistical standard. Data for
the years before 1990 came from the countries being studied and
these countries used different statistical standards for forest or, within
a country, standards were not consistent throughout the time period
studied.2 To compensate for such difference, FA has been adjusted as
follows:

Average adjusted ratio ADrð Þ
¼ ∑FA country report; i year between 1990–2010ð Þ=FA FAO; i year between 1990–2010ð Þ½ �=n

� 100%:

ð2� 1Þ
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Thenwe obtain FA for each year before 1990 using the same criteria
defined by FAO:

FA ðadjusted; i year before 1990
¼ FA country report; i year before 1990ð Þ � ADr: ð2� 2Þ

As the third step, we adjusted gaps in the FA data into continuous
yearly data. FA is generally collected every several years (e.g. every
five years in China) and to fill in the gaps, linear interpolation based
on the simplest forest growth model was used. If we assume that forest
data is collected every t year, then data for FA is only available in the first
year (FAn) and the t year (FAn+t). To get FAk (forest area in any year be-
tween n and n + t) the following equation can be used:

FAk ¼ FAn þ FAnþt � FAnð Þ� k� n
t

;n ≤ k ≤ nþ t: ð2� 3Þ

Finally, to get adjusted annual DF data:

DFt�1 adjusted; annualð Þ ¼ FAt�1 adjusted; annualð Þ
� FAt adjusted; annualð Þ: ð2� 4Þ

If the value of DF increases, it means continuously aggravated net
loss in FA; if the value decreases or even becomes negative, it means
net growth in FA.

2.2.2. Economic development
Economic growth is regarded as one of the most significant drivers

of forest cover change (Bhattarai and Hammig, 2001; Barbier, 2001;
Koop and Tole, 1999). The forest environmental Kuznets curve (fEKC)
is a widely used analytic framework to evaluate the relationship be-
tween economic growth and deforestation (Barbier, 2004; Cropper
and Griffiths, 1994; Culas, 2012). If we consider deforestation as a com-
ponent of environmental deterioration, and if the trend of deforestation
follows the inverted U-shaped relationship as described by a fEKC, anal-
ogous to trends of air and water quality (Grossman and Krueger, 1995),
economic development (measured as GDP or GDP per capita, GDPPC)
will eventually begin to correlate with an increase in forest area. The
economic development pathway theory further explains how economic
development and, thus, growth in GDPPC leads to FT (Rudel et al.,
2005). Therefore, GDPPC is specified as the indicator variable for eco-
nomic development in the model. Existing evidence on the efficacy of
FEKC is mixed (Koop and Tole, 1999; Zhang et al., 2006; Bhattarai and
Hammig, 2001; Ehrhardt-Martinez et al., 2002), but in any case cross-
country regressions with panel data cannot necessarily be used to
infer that increases in GDPPCwill eventually lead to an increase in forest
area, and it is exactly for this reason that this paper uses ordinary least
square (OLS) analysis for each country, instead of regressions with
panel data.

2.2.3. Population dynamics
Many studies have singled out population growth as one of the

most important causes of deforestation (Vanclay, 1993; Houghton,
1991; Myer and Turner, 1992; Wibowo and Byron, 1999). Geist and
Lambin's (2001) meta-analysis of 152 case studies throughout the tro-
pics indicated that three-quarters of surveyed literature included popu-
lation as a proximate or underlying cause of deforestation. Population
growth and rural population density are two population-related
variables that have been widely used in previous empirical studies on
deforestation, and excessive population growth and population
pressure in developing economies are commonly cited as key factors
inducing excessive tropical deforestation (Myers, 1994; Cropper and
Griffiths, 1994; Carr, 2009; Allen and Barnes, 1985). Templeton and
Scherr (1999), however, claim that population pressure is a double-
edged sword: population pressure may initially increase deforestation,
but once the population reaches a certain level, agricultural production
become more efficient, thereby reducing the amount of forest land
required for agricultural production.

Considering the complex role of population dynamics on deforesta-
tion processes we use both population growth and rural population
density in the model. This approach allows us to assess the significance
of both rural population pressure and overall national population levels
on forest dynamics.

2.2.4. Agricultural land expansion
Agricultural expansion is considered a significant contributor to

deforestation (Barbier, 2001; Cropper et al., 1999; Panayotou and
Sungsuwan, 1994; DeFries and Pandey, 2010). Recently, the causal fac-
tors that result in the conversion of forests to farmland have attracted
considerable attention in the literature on forest land changes in less de-
veloped economies (Morton et al., 2006; Meyfroidt and Lambin, 2008).
We use agricultural land area as an independent variable to control for
the effects of forest conversion to farmland. Koh and Wilcove (2008)
use national land-use data compiled by FAO to determine the types of
land that have been converted to oil palm in Malaysia and Indonesia.
They present a framework for assessing the impact of oil palm agricul-
ture on biodiversity; for instance, how oil palm plantations in Malaysia
and Indonesia have been created from both existing agricultural lands
and forests.

2.2.5. Agricultural intensification
To test the role of the intensification pathway on forest cover change,

we use cereal yield per hectare as an indicator variable for agricultural
intensification. Using the assumption that agricultural technology coin-
cides with economic growth, cereal yield per unit area is used as a
variable to measure the progress of agricultural technology. Cereal
yield is also closely related to forest conversion to farmland and popula-
tion change. Due to market development, agricultural intensification is
typically concentrated in the most agriculturally suitable regions. As
farmers adopt more productive agricultural technologies, crop produc-
tion increases in these core agricultural regions and becomes unprofit-
able in marginal areas thereby contributing to reforestation (Mather
and Needle, 1998).

2.2.6. Forest protection laws and the national forest plans
In some countries, the reasons for FT are closely related to the impact

of forest governance (e.g. regulations, policies and management sys-
tems), and forest trends have been positively correlated with quality
of governance (Deacon, 1994; Southgate et al., 1991; Weiland, 2010;
Didia, 1997). Depending on the mode of implementation and overall
effectiveness, this can lead countries to follow the “forest scarcity path-
way” or “state forest policy pathway”.Weuse forest protection laws and
national forest plans or decrees as two binary variables in themodel. If a
country enacted forest protection laws, plans or decrees, the value of the
forest protection variable was set to 1, otherwise the value was set to 0
(see Table A in Appendix).

2.2.7. Global trade of forest products and timber
With the advance of globalization and the expansion of international

trade, global trade in forest products and timber has played an increas-
ingly significant role in forest area changes (Meyfroidt and Lambin,
2009; Kauppi et al., 2006). The spectacular increasing domestic demand
for timber and forest products called for rapidly increasing demand
from global market, to compensate for shorts in domestic production
at a time. For instance, China's imports of industrial roundwood in-
creased by 98% from 1998 to 2000 and by 199% between 1998 and
2004 (Mather, 2007). These increases have been linked to increased de-
forestation and forest degradation in some Southeast Asian countries
(Lang and Chan, 2006; Zhu et al., 2004; Rudel, 2002).We use the export
and import values for forest products and roundwood from the FAO
database to evaluate direct sales as well as leakage from forestland
elsewhere.



Table 2
Descriptive statistics for Variables.

Variables Abbr. Obs. Mean Std. dev. Min Max

Deforestation DF 416 −1.6955 9.0107 −45.75 20.79
GDP per capita GDPPC 429 4.9731 8.9399 0.0855 37.18
Rural population density RP 429 104.46 285.09 0.0073 1382.74
Population growth PG 459 347.11 193.81 99.81 898.27
Agricultural land AL 477 1.8069 0.7914 −1.0155 3.3453
Cereal yield per hectare CY 459 792.43 1459.9 14.50 5272.50
Forest protection laws FL 468 3.2717 1.6072 0.8125 7.2650
National forest plan or decree FP 477 0.4088 0.4921 0 1
Forest products and roundwood export value EV 477 0.3144 0.4647 0 1
Forest products and roundwood import value IV 444 1314.47 2033.86 0.01401 13,699.35
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2.3. Model specification

Studies of this kind commonly use panel data (Koop and Tole,
1999; Foster and Rosenzweig, 2003; Rudel, 2002) and the economet-
ric techniques used are variants of regression methods. However,
when panel data is used every country has a fEKC of the same
shape (same turning points and same curvatures), the only differ-
ence being that the levels of these curves vary for country to country
(i.e. different intercepts), as the curves inflect at the same value of
deforestation/forest cover. The choice of model occurs against the re-
ality of forest recovery, if it exists, that takes place at different in-
come levels in different countries. For this reason, this paper
establishes nine time series datasets, one for each country, and
adopts the ordinary least squares (OLS) method, instead of time se-
ries model, to estimate the parameters, considering our model
doesn't include any lagged variable (Wooldridge, 2005). To make
sure the stationary processes of both dependent and independent
variables, first-order difference or second-order difference have
been used to process the data (Hamilton, 1994), and then we can
use OLS to estimate the post-processed variables.

We set the simplest equation form as:

Yi ¼ β1 þ β2Xi þ μ i: ð2� 4Þ

Then obtain the deviations of Xi and Yi as:

xi ¼ Xi � Xð Þ; yi ¼ Yi � Yð Þ: ð2� 5Þ

We minimize:

∑û2
i ¼ ∑ Yi � β̂1 � β̂2Xi

� �2
ð2� 6Þ

∂
X

û2
i

� �

∂β̂1

¼
∂
X

Yi−β̂1−β̂2Xi

� �2

∂β̂1

¼ −2
X

Yi−β̂1−β̂2Xi

� �
ð2� 7Þ

∂
X

û2
i

� �

∂β̂2

¼
∂
X

Yi−β̂1−β̂2Xi

� �2

∂β̂2

¼ −2
X

Yi−β̂1−β̂2Xi

� �
Xi: ð2� 8Þ
Table 3
Regression results of simple model.

Variables CHN JPN KOR VNM

GDPPC −316.73*** −0.0047 0.0052 −236.98**
GDPPC2 44.71*** −2.85e−07 −2.41e−07 0.1068***
Constant term −4.11* 34.22 71.96 1475.64***
R-squared 0.5103 0.1015 0.0071 0.6270
Number of obs 49 45 51 27

⁎ p b 0.1.
⁎⁎ p b 0.05.
⁎⁎⁎ p b 0.01.
To obtain the first-order condition:

−2
X

Yi−β̂1−β̂2Xi

� �
¼ 0

−2
X

Yi−β̂1−β̂2Xi

� �
Xi ¼ 0:

ð2� 9Þ

And then get the normal equation:

X
Yi ¼ nβ̂1 þ β̂2

X
XiX

YiXi ¼ β̂1

X
Xi þ β̂2

X
X2
i :

ð2� 10Þ

To obtain the parameters β̂1 and β̂2:

β̂2 ¼
X

Xi−X
� �

Yi−Y
� �

X
Xi−X
� �2 ¼

X
xiyiX
x2i

ð2� 11Þ

β̂1 ¼ Y−β̂2X: ð2� 12Þ

Finally we obtain the fitting result:

Y ¼ β̂1 þ β̂2X: ð2� 13Þ

We adopt a linear regression model based on the variables specified
in Table 1. The coefficients of the variables are represented byβs and the
error term by ε. Thus, the simple model is set as follows:

DF ¼ β0 þ β1GDPPC þ β2GDPPC
2 þ ε: ð2� 14Þ

The simple model (2–14) only relies on GDPPC and GDPPC2 as
independent variables designed to examine whether there is a fEKC
relationship between economic development and change in DF. The ex-
tensive model (2–15) not only includes GDPPC and GDPPC2, but also
contains independent variables which measure the influences of popu-
lation growth, forest protect laws, land conversation and globalization,
resulting in the following:

DF ¼ β0 þ β1GDPPC þ β2GDPPC
2 þ β3RP þ β4PGþ β5AL

þ β6CY þ β77TAþ β8FLþ β9FP þ β10EV þ β11IV þ ε: ð2� 15Þ

Descriptive statistics for variables are provided in Table 2.
LAO PHL IDN IND MYS

8.3789 −2.0678 −270.36 79.29 −7.8564
−0.0015 −0.0030 0.1251 −0.0201 0.6690
586.35*** −46.61 3774.05 −4418.43*** 1.168623

0.2825 0.1870 0.0378 0.3689 0.0039
27 31 31 51 45



Table 4
Regression results of extensive model.

Variables CHN JPN KOR VNM LAO PHL IDN IND MYS

GDPPC −193.06⁎⁎⁎ 0.0955 0.0314⁎ −74.09⁎⁎ −9.0138 −36.03 893.47⁎⁎ −67.45 −20.55
GDPPC2 19.78⁎ −0.0011 −0.0011⁎ 107.16⁎⁎⁎ 18.63⁎ 18.39 −358.35⁎⁎ 109.85⁎⁎⁎ 2.3475
RP 0.7149 0.0085⁎⁎ 0.0005 0.0309 0.0095⁎⁎⁎ 0.1610 −2.1907 0.1126 1.1649
PG −6.8630⁎ 0.0016 −0.0174⁎⁎⁎ 3.8392⁎⁎⁎ −0.0039 2.0509⁎⁎ −54.83⁎⁎ 6.9181⁎⁎ −4.9325
AL 0.0064 0.0307 0.0282 0.3054 0.0265 0.8171 −1.3821 0.0888⁎⁎⁎ 3.0768
CY −6.3384 −0.0302 −0.0036 1.7731 −0.0031 −4.2612 −49.08⁎ −0.9642 23.95
FL −17.82⁎ −0.0078 −0.8085 0.0746 −0.2148 −6.1285 −3.8861⁎⁎⁎

FP −6.2949 −0.0269⁎⁎ 0.1105 0.3516
EV 0.0016 0.0002 0.0001 0.00528⁎ −0.0001 0.0027⁎ 0.0024 −0.0048 −0.0057
IV 0.0001 −1.94e−07 −3.17e−06 0.00105⁎⁎ −0.0058 −0.0019 0.0043 −0.0024⁎⁎⁎ −0.0039
Constant term −11.95 0.2812 0.1214⁎⁎⁎ −8.4353⁎⁎⁎ −1.4402⁎⁎⁎ −6.0601⁎⁎ 101.02⁎ −180.67⁎⁎⁎ 12.05
R-squared 0.6662 0.2563 0.3058 0.9439 0.8329 0.6809 0.7662 0.8335 0.2939
Number of obs 49 45 49 25 27 42 32 49 45

⁎ p b 0.1.
⁎⁎ p b 0.05.
⁎⁎⁎ p b 0.01.
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3. Results and analysis

3.1. Regression results

Tables 3 and 4 present the results from the econometric regression.
Table 3 is the regression result of the simple model (2–14) and
Table 4 is the result of the extensive model (2–15).3

The relationships between DF and the GDPPC for the nine countries
(Table 3) reveal the dynamic interaction of forest area change and eco-
nomic growth. The so-called fEKC inverted U-shaped curve is not signif-
icant in any country when we only take GDPPC into consideration.4

Detailed analysis will be in part of Section 3.2.
Whenmore factors are taken into consideration, the results change a

bit. The addition of more variables results in GDPPC and GDPPC2 being
significant in Laos, Indonesia, India and Malaysia, as well as in China
and Vietnam. But when we consider that forest area in Indonesia, Laos
and Malaysia is still declining, we can conclude that these three coun-
tries have not yet realized FT, but find themselves still in the first
stage of FT — that of forest area decreasing while GDPPC is growing.

3.2. Analysis

This part analyses the economic results above combined with statis-
tic graphs and tables in detail.

3.2.1. Economic development
In addition to the econometric analysis above, the whole period of

our study has been divided into four phases for descriptive analyses, re-
spectively 1960s–1980, 1980–1990, 1990–2000 and 2000–2010. Figs. 1
and 2 show the changes in FA and GDPPC for the entire period of the
study for the 1960s to 2010, in which negative annual change in FA
means the net loss in FA in one of these periods.

The econometric results in Table 3 show that the so-called fEKC is
not significant in any country when we only take GDPPC into consider-
ation. Figs. 1 and 2 also verify this econometric conclusion that no signif-
icant fEKC relationships exist among countries with different GDPPC
levels.

Seeing Figs. 1 and 2, during the whole period from the 1960s to the
2010s, change in the FA of Japan was nearly stagnant, while the annual
growth of GDPPCwas about 4% annually in the period of 1960s to 1980s
and 0.7% in the 1990s to 2010s, which indicates that GDPPC growth did
3 If an independent variable has a positive value, this means that variable is a factor ag-
gravating deforestation or, in other words, contributing to a decline of forest area.

4 If there is a fEKC inverted U-shaped curve, the coefficient of GDPPC2 should be nega-
tive while GDPPC positive; hence, despite the significant coefficients in China and
Vietnam, the shapes of the curves are the reverse of fEKCs.
not significantly affect FA. The same is true for Korea. One probable rea-
son is that both Japan and Korea had achieved FT before their economic
take-offs (which occurred roughly during the 1960s–1980s) and, hence,
their forest areas remained steady or changed only slightly after the
1970s. Fig. 2 reveals that China, Vietnam, the Philippines, and India
achieved FT in the last several decades, while Laos, Indonesia and
Malaysia continue to experience forest loss (i.e. change in GDPPC is pos-
itivewhile FA is negative in phases 3 and 4). In general, Korea and Japan
achieved FT before the 1980s, China, Vietnam, India and the Philippines5

achieved FT in recent decades, while Indonesia, Malaysia and Laos still
experience forest cover decline.

Our study also verifies that GDPPC is not the only decisive factor of
forest cover change. Countries experienced forest recovery at different
levels of GDPPC, with recovery occurring at $200 GDPPC in China in
the 1980s while Malaysia continues to experience forest loss despite a
GDPPC of $6000 in 2012. Moreover, several of the FT countries in this
study, namely China, India, Vietnam and the Philippines, began their
forest recovery at relatively low levels of GDPPC. We have already
noted that China began to reverse deforestation trends when GDPPC
was just $200, while India, Vietnam and the Philippines achieved FT at
approximately GDPPCs of $350, $300 and $1000 respectively. The forest
area of Laos, on the other hand, continued to decline when its GDPPC
exceeded $700 in 2012. We conclude there is no uniform economic
threshold that signals when FT will occur for developing countries
today.
3.2.2. Population dynamics
The coefficient of rural population density is positively correlated

with DF in Japan and Laos, which means that rural population density
increases aggravate deforestation while declines in rural population
density lessen deforestation. In terms of total population growth, the co-
efficient of that in China, Indonesia and Korea are negative. Generally,
forest areas in Indonesia and Korea have decreased in last four decades,
hence the negative coefficient of the rural population density means
population growth caused deforestation in these two countries.

On the other hand, a decrease in DF occurred in China in past de-
cades concurrently with an increase in the total population, which
means population pressure did not result in the growth of deforestation.
In Vietnam, the Philippines and India, the coefficient of population
growth against deforestation is positive but decreasing, which means
total population growth has accelerated while deforestation has
decreased.
5 Mather (2007) suggested the annual change in forest area is−2.1% in the Philippines.
But according to the data of FAO and Philippines country reports, forest area has increased
continuously since the 1990s and, therefore, we do think the Philippines has achieved FT.



Fig. 1. Changes in FA and GDP per capita, 1960s–1990. Note:● and “country name 1” refer to phase 1 (1960s–1980); and “country name 2” refer to phase 2 (1980–1990). The actual years
covered by phase 1 varies from country to country: China, 1962–1980; Japan, 1966–1980; Korea, 1960–1980; India, 1961–1980; Indonesia, 1968–1980; Malaysia, 1963–1980; the
Philippines, 1969–1980.
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3.2.3. Land conversion
The results of our econometric analysis reveal that agricultural land

expansion does not necessarily lead to deforestation, this coefficient is
significant only in India.

Fig. 3 shows total changes in arable land and agricultural land with
concurrent total change in forest area. China and India show increases
in agricultural land, arable land and forest area during the period of the
study (dots for these countries are in the first quadrant), which indicates
that forest area and agricultural land have increased simultaneously and
that the increase in agricultural land has not put pressure on forest area.
Only Japan and Korea have shown decreases in all three kinds of land
(dots in the third quadrant). The Philippines, Indonesia, Vietnam, Laos
andMalaysia all show a net loss in forest area and net gains in both arable
and agricultural land during the past four decades. In particular, the ex-
pansion of arable land and agricultural land has been significant in Laos
and Malaysia.
3.2.4. Forest governance
The results show that forest protection laws and the national forest

plans were positively related to increases of forest area in China, India
and Republic of Korea, whichmeans forest protection laws and national
forest plans significantly contribute to forest recovery. Combined with
analysis of GDP, the achievement of FT at a low GDPPC is particularly
likely to be the case in countries where state policies and governance
have played an important role in offsetting forest loss.

For instance in China, beginning in 1998, the state has implemented
a number ofmajor programs that have led to large public investments in
Fig. 2. Changes in FA and GDP per capita, 1990–2010. Note: ● and “country name 3” re
Source: FAO, World Bank, National Reports.
afforestation and infrastructure development with funds earmarked for
forest resources protection, timber supply development, reforestation,
soil and water conservation, and biodiversity preservation. Including
the Natural Forest Protection Project (NFPP), the Grain for Green Pro-
gram, the Key Shelterbelt Development Program along the Yangtze
River, the Coastal Shelterbelt Program, the Key Shelterbelt Development
Program in the three northern regions, and Desertification Control Pro-
gram in Greater Beijing and Tianjin. Funding for these six projects adds
up to an investment ofmore thanUS$ 113billion (SFA, 2009). For exam-
ple, the “Three Northern Shelterbelts” project launched in 1978 was
China's first ambitious ecological restoration effort. This project, envis-
aged to last until 2050, includes a land area of 400million ha, accounting
for 42.4% of China's land mass (Ma, 2004).

3.2.5. Globalization
Tables 5 and 6 show the annual changes in forest area, and the export

(EV) and import values (IV) of forest products and roundwood. The coef-
ficient EV is significantly positive in Vietnam and the Philippines while IV
is significantly negative in India, which suggests that imports have a pos-
itive effect on forest area (i.e., a negative effect on deforestation)while ex-
ports have a negative effect on forest recovery. Tables 5 and 6 show the
details of annual changes in FA, EV and IV from 1960 to 2010 in all of
the nine countries studied.

In countries that have achieved FT, namely Japan, Korea, China, India,
the Philippines and Vietnam, growth in the value of imports of forest
products and roundwood has generally beenmuch greater than growth
of in the value of exports. This is especially true of the period just before
FT when forest area begins to increase (Japan, Korea — 1960s, China —
fer to phase 3 (1990–2000); and “country name 4” refer to phase 4 (2000−2010).



Fig. 3. The changes in forest, arable and agricultural land, 1960s–2010. Note:● and “country nameA” refer to Agricultural land; and “country nameC″ refer to arable land (cultivated land).
Source: FAO, World Bank, National Reports.
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1980s, Vietnam— 1990s). In countries which continue to endure forest
loss (i.e. Laos, Indonesia andMalaysia), the percentage growth of export
value has been slower than the percentage growth of import value, but,
because the value of exports far exceeds that of imports (except for
Malaysia, which is US$ 1.91 and 81.31 million for EV and IV respective-
ly), the change in the amount of exports has surpassed the change in the
amount of imports. This may be indicative of a leakage effect from the
forest products industry in the Asia-Pacific region.

This paper alsofinds the globalization pathway important for FTs be-
cause some countries, particularly China andVietnam, have been able to
limit deforestation by importing forest products. On the other hand,
expanding international trade via globalization tends to aggravate de-
forestation in most tropical countries because these countries often
have rich forest resource endowments available for exploitation. How-
ever, some countries, which have become net importers, have avoided
forest loss during industrialization and become the largest beneficiaries
of globalization. For instance, an analysis of 176 countries suggests that
rich countries meet their demands for forest products by appropriating
resources from countries with lower GDPPC, while they actively pro-
mote forest conservation at home (Mills Busa, 2013). Another study
on seven developing countries that recently achieved FT suggests that
pressuring the removal of forest extraction industries to other countries
was accompanied by local reforestation (Meyfroidt et al., 2010). About
39% of the regrowth of Vietnam's forests from 1987 to 2006 was
achieved by displacing certain kinds of activities to other countries in
ways that changed land use patterns (Meyfroidt and Lambin, 2009).
China and India import large quantities of timber and forest products,
successfullymeeting domestic demand for these itemswhile protecting
domestic forest cover at the same time. Indonesia, Laos andMalaysia re-
main net exporters and continue to be negatively affected by globaliza-
tion and international trade as far as FT is concerned. Globalization and
Table 5
Annual changes in FA, EV and IV, 1960s–1990.

Country Years Export
value
annual
growth, %

Export
value
annual
growth,
mil. US$

Import
value
annual
growth, %

Import
value
annual
growth,
mil. US$

FA
annual
change, %

China 1962–1990 14.76 54.63 16.27 217.00 0.46
Japan 1966–1990 9.69 58.42 11.33 679.42 −0.08
Korea 1961–1990 22.70 15.78 18.95 130.07 −0.11
India 1961–1990 3.74 1.01 11.16 27.12 0.71
Indonesia 1968–1990 23.22 141.61 15.64 20.53 0.71
Laos 1961–1990 23.89 0.82 3.95 0.02 −0.22
Malaysia 1963–1990 10.93 161.64 13.85 17.81 0.10
Philippines 1969–1990 −6.80 −19.25 11.09 11.00 −2.18
Vietnam 1985–1990 94.30 32.66 4.66 0.27 −1.51
expanding international trade continuously aggravate deforestation in
export-oriented nations and delay the arrival of forest transition in
these countries.
4. Conclusion

Observations of forest change in European countries originally led to
the development of FT theory (Mather, 1992). Recently, a number of
studies have reported on examples of Latin American FTs that are appar-
ently different from the earlier European cases (Rudel, 2002; Baptista and
Rudel, 2006; Barbier and Burgess, 1996; Hecht et al., 2006), implying dif-
ferent causal factors. Our study also suggests that FTs and FT pathways in
the Asia-Pacific region are not identical to those studied in Europe and
Latin America. In general, Korea and Japan achieved FT before the
1980s, China, Vietnam India and the Philippines achieved FT in recent de-
cades, while Laos, Indonesia and Malaysia are still experiencing forest
cover decline. This study also finds that among the five FT pathways ex-
amined, the economic development and state forest policy pathways
are most common in the nine countries covered in the paper.

Previous econometric studies on forest dynamics (Bhattarai and
Hammig, 2001; Cropper and Griffiths, 1994; Culas, 2012) that have
used national-level panel data to describe region-wide characteristics
have failed to adequately understand the complexity observed at the
national level. This paper finds that several neighboring Asian econo-
mies are not homogeneous; each displays unique socio-economic con-
ditions that shape their FTs. These differences likely grow out of each
country's complex socio-political, economic, cultural and ecological his-
tory. As such, aggregating data for large geographical regions such as
Asia and using it to inform policy and management decisions in the re-
gion should be avoided.
Table 6
Annual changes in FA, EV and IV, 1990–2010.
Source: FAO (2012, 2015), World Bank (2014), Liu (2014).

Country Years Export
value
annual
growth, %

Export
value
annual
change,
mil. US$

Import
value
annual
growth, %

Import
value
annual
change,
mil. US$

FA
annual
change, %

China 1990–2010 9.90 438.46 9.47 1573.44 1.38
Japan 1990–2010 4.00 93.76 −1.57 −238.86 0.01
Korea 1990–2010 8.37 91.50 2.35 111.98 −0.03
India 1990–2010 13.75 27.29 10.16 244.21 0.34
Indonesia 1990–2010 4.30 207.64 8.62 99.46 −1.13
Laos 1990–2010 13.55 14.03 15.53 0.80 −0.47
Malaysia 1990–2010 0.04 1.91 7.54 81.31 −0.45
Philippines 1990–2010 4.07 7.28 4.24 16.81 0.77
Vietnam 1990–2010 8.01 31.11 34.18 118.40 2.21
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The achievement of FT at a low GDPPC is particularly likely to be the
case in countries where state policies and governance have played an
important role in offsetting forest loss. Such as in China, India and
Republic of Korea, forest protection laws and national forest plans sig-
nificantly contribute to forest recovery.

This paper also finds the globalization pathway important for FTs
because some countries, particularly China and Vietnam, have been
able to limit deforestation by importing forest products; while
in Indonesia, Laos and Malaysia, globalization and expanding inter-
national trade continuously aggravate deforestation in export-
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oriented nations and delay the arrival of forest transition in these
countries.
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Appendix A
Table A

Forest protection laws and national forest plan or decree.
Name
 Year
 Main content
hina

roperty Law
 2007
 Forest property rights are considered as property rights related to forests

hree Northern Shelterbelts System
 1978
 To treat soil erosion and sand storms in northern China

restry Law
 1984
 Forest resources are divided into state and collective forests. Collective forest land is owned and managed by

rural collectives, and individuals are given rights to use and benefit from forests allocated to them

restry Law Amendment
 1988
 Timber forests, economic forests, fuel wood forests and their use rights are transferable, though conversion of

forests to non-forest uses is prohibited

nvironment Protection Law
 1989
 Means to control emissions to soil, air and water.

atural Forest Protection Program
 2000
 Logging ban was implemented in Southwest, Northwest and Northeast China, in particular in the state forest

region.

rest Ecological Benefits Compensation System
 2001
 To extend the protection to forest resource

hina Cooperation Organization Act
 2007
 Directly promoting the emergence of a large number of forestry cooperative organizations

roperty Law
 2007
 Forest property rights are considered as the property rights related to forests

rest Ecological Compensation Fund
 2010
 acts in the public interest and plays an important role in management of ecological forests with public funding

and administration
dia

he Forest Policy
 1952
 Recommended bringing 33% of the total land area of the country under the forest cover, recognized the

protective and productive functions of forests and underlined the importance of their protection

he National Commission on Agriculture and
its Interim Report
1972
 Emphasized production forestry (man-made forests) and recommended creation of Forest Development
Corporations for enhancing the investment through bank financing and raising of large scale plantations through
social forestry.
ildlife (Protection) Act and Implementation
 1972
 Provides protection to wild animals, birds and plants and for matters connected therewith or ancillary or
incidental thereto with a view to ensure ecological and environmental security of the country.
rest Conservation Act
 1980
 In order to exercise control of the diversion of forests by state governments

ational Forest Policy
 1988
 Lays prime emphasis on environmental stability and conservation of forests, while meeting domestic

requirements for fuel wood, fodder, minor forest produce and construction timber for rural and tribal
populations, and their participation in protection and management of forests
int Forest Management Circular
 1990
 Provided state governments with a framework for involvement of village communities in protection,
regeneration and development of degraded forests situated in the vicinity of the villages
rest Rights Act
 2006
 Provides for the restitution of deprived forest rights across India, including both individual rights to cultivated
land in forest areas and community rights over common property resources
donesia

asic Forestry Law
 1967
 Uses regulations inherited from the Dutch Colonial Government to regulate forestry affairs

residential Decree on Protected Areas
 1990
 Uses regulations to regulate protected areas and living natural resources

onservation Act
 1990
 Uses regulations to regulate protected areas and living natural resources

he Forestry Act
 1999
 Regulates and organizes all aspects related to forest, forest area, and forest products arranged in chapters
pan

rest Basic Law
 1964
 To develop forestry in conjunction with timber demand during high economic growth periods

ational Forest Plan
 Provides national guidelines for forest management

rest and Forestry Basic Plan
 2006
 Established based on the “Forest and Forestry Basic Law, and provides national guidelines for forest management;

the fundamental national policy on forests and forestry in Japan; forests are categorized into three functional
types according to their primary function
rest and Forestry Basic Law
 2001
 A supplement to the “Forest Basic Law” enacted in 1964. To integrate multiple functions of forests.
orea

rosion Control Act
 1962
 The act aimed to control soil and water erosion in the slope area.

ct on Distribution of Special Employees for
Forest Protection
1963
 To ensure payment to the employee for forest protection from public finance.
ct on National Forestry Cooperatives
Federation
1980
 Legal document to operate the forest cooperative federation.
ct on Promotion of Forestry and Mountain
Villages
1997
 Comprehensive rule to support social and economic development in the rural regions where rich in forests.
amework Act on Forest
 2001
 Multi-functions of forests were strengthened, in particular forests for people's health and forest culture.

ct on Establishment and Promotion of Forest
Arboretum
2001
 Acts for administration of forest arboretum.
rest Land Management Act
 2002
 Legal document in details for land management.

ct on Protection of Baekdu Daegan Mountains
System
2003
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able A (continued)
Name
A
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Year
 Main content
ct on Pine Wilt Disease Prevention
 2005

ct on Promotion and Management of Forest
Resources
2005
 Legal document to improve quality of forests.
ct on National Forest Management
 2005
 Legal document to manage the state forests.

ct on Forest Culture and Recreation
 2005

ct on Structural Improvement of National
Forest Cooperatives Federation
2008
ct on Forest Protection
 2009

ct on the Management and Improvement of
Carbon Sink
2012
ational Forest Development Plans (first stage)
 1973–1978
 Focused on reforestation, total 41,932 ha erosion control works were conducted; 1.08 mil ha was successfully
reforested
ational Forest Development Plans (first stage)
 1979-
 Emphasized the establishment of large scale commercial forests for providing timber supply; 1.064 million ha
was reforested
omprehensive National Territorial
Development Plans
1972–1981
 Initiated building the foundation for long-term economic growth. It included resource development and environmental
conservation
os

restry Law 2007
 2007
 All types forest uses must make sure to avoid any negative impacts on forest resources and the natural environment, or

society
alaysia

rawak's Forest Ordinance
 1954

bah's Forest Enactment
 1968

ational Parks Act
 1980

ational Forestry Act
 1984
ilippines

ommunity-based Forest Management (CBFM)
 1995
 This rule provided legal document to support community forestry initiatives across Philippines.

ational Greening program
 2011
 This rule aims to mobilize resources and provide incentives to green the country.
ietnam

rest Protection and Development
 1991
 To involve local people and different economic sectors in forest protection and development

rime Minister Decision 661/QD-TTg
 The objectives, tasks, policies, and organizations for the establishment of 5 million ha of new forest
P
References

Allen, J.C., Barnes, D.F., 1985. The causes of deforestation in developing countries. Ann.
Assoc. Am. Geogr. 75 (2), 163–184.

Asia-Pacific Association of Forestry Research Institutions (APAFRI), 2013(. Forest
Transition to Sustainable Forestry Management and Rehabilitation. APAFRI,
Kepong.

Baptista, S.R., Rudel, T.K., 2006. A re-emerging Atlantic forest? Urbanization, industrializa-
tion and the forest transition in Santa Catarina, southern Brazil. Environ. Conserv. 33
(03), 195–202.

Barbier, E.B., 2001. The economics of tropical deforestation and land use: an introduction
to the special issue. Land Econ. 77 (2), 155–171.

Barbier, E.B., 2004. Explaining agricultural land expansion and deforestation in develop-
ing countries. Am. J. Agric. Econ. 86, 1347–1353.

Barbier, E.B., Burgess, J.C., 1996. Economic analysis of deforestation in Mexico. Environ.
Dev. Econ. 1, 203–239.

Barbier, E.B., Burgess, J.C., Grainger, A., 2010. The forest transition: towards a more com-
prehensive theoretical framework. Land Use Policy 27 (2), 98–107.

Bhattarai, M., Hammig, M., 2001. Institutions and the environmental Kuznets curve for
deforestation: a crosscountry analysis for Latin America, Africa and Asia. World
Dev. 29 (6), 995–1010.

Carr, D., 2009. Population and deforestation: why rural migration matters. Prog. Hum.
Geogr. 33 (3), 355.

Clement, F., Amezaga, J.M., 2008. Linking reforestation policies with land use change in
northern Vietnam: why local factors matter. Geoforum 39 (1), 265–277.

Cropper, M., Griffiths, C., 1994. The interaction of population growth and environmental
quality. Am. Econ. Rev. 250–254.

Cropper, M., Griffiths, C., Mani, M., 1999. Roads, population pressures, and deforestation
in Thailand, 1976–1989. Land Econ. 75 (1), 58–73.

Culas, R.J., 2012. REDD and forest transition: tunneling through the environmental
Kuznets curve. Ecol. Econ. 79, 44–51.

De Jong, W., 2010. Forest rehabilitation and its implication for forest transition theory.
Biotropica 42 (1), 3–9.

Deacon, R.T., 1994. Deforestation and the rule of law in a cross-section of countries. Land
Econ. 414–430.

DeFries, R., Pandey, D., 2010. Urbanization, the energy ladder and forest transitions in
India's emerging economy. Land Use Policy 27 (2), 130–138.

Didia, D.O., 1997. Democracy, political instability and tropical deforestation. Glob. Envi-
ron. Chang. 7 (1), 63–76.

Ehrhardt-Martinez, K., Crenshaw, E.M., Jenkins, J.C., 2002. Deforestation and the environ-
mental Kuznets curve: a cross-national investigation of interveningmechanisms. Soc.
Sci. Q. 226–243.

Food and Agriculture Organization (FAO), 2012. FAO Databases (http://www.fao.org/
statistics/en/) FAO, Rome.
Food and Agriculture Organization (FAO), 2015. Global Forest Resources Assessment
2015. FAO, Rome.

Foster, A.D., Rosenzweig, M.R., 2003. Economic growth and the rise of forests. Q. J. Econ.
601–637.

Geist, H.J., Lambin, E.F., 2001.What drives tropical deforestation? AMeta-analysis of Prox-
imate and Underlying Causes of Deforestation Based on Sub-national Case Study Ev-
idence. LUCC International Project Office, Louvain-la-Neuve Belgium, p. 116

Geist, H.J., Lambin, E.F., 2002. Proximate causes and underlying driving forces of tropical
deforestation tropical forests are disappearing as the result of many pressures, both
local and regional, acting in various combinations in different geographical locations.
Bioscience 52 (2), 143–150.

Grossman, G.M., Krueger, A.B., 1995. Economic growth and the environment. Q. J. Econ.
110 (2), 353–377.

Hamilton, J.D., 1994. Time Series Analysis. vol. 2. Princeton university press, Princeton.
Hecht, S.B., Kandel, S., Gomes, I., Cuellar, N., Rosa, H., 2006. Globalization, forest resur-

gence, and environmental politics in El Salvador. World Dev. 34 (2), 308–323.
Houghton, R.A., 1991. Tropical deforestation and atmospheric carbon dioxide. Clim.

Chang. 19, 99–118 (Houghton, R., Skole, D.).
Kauppi, P.E., Ausubel, J.H., Fang, J., Mather, A.S., Sedjo, R.A., Waggoner, P.E., 2006.

Returning forests analyzed with the forest identity. Proc. Natl. Acad. Sci. 103 (46),
17574–17579.

Klooster, D., 2003. Forest transitions in Mexico: institutions and forests in a globalized
countryside. Prof. Geogr. 55 (2), 227–237.

Koh, L.P., Wilcove, D.S., 2008. Is oil palm agriculture really destroying tropical biodiversi-
ty? Conserv. Lett. 1 (2), 60–64.

Koop, G., Tole, L., 1999. Is there an environmental Kuznets curve for deforestation? J. Dev.
Econ. 58 (1), 231–244.

Lambin, E.F., Meyfroidt, P., 2010. Global forest transition: balance of evidence for a coming
end to deforestation. Annu. Rev. Environ. Resour. 36 (1).

Lambin, E.F., Geist, H.J., Lepers, E., 2003. Dynamics of land-use and land-cover change in
tropical regions. Annu. Rev. Environ. Resour. 28 (1), 205–241.

Lang, G., Chan, C.H.W., 2006. China's impact on forests in Southeast Asia. J. Contemp. Asia
36 (2), 167–194.

Liu, J., 2014. Comparative analysis of transition to sustainable forest management and re-
habilitation in Asia-Pacific Region. Project report to APAFRI and APFnet, Beijing
(Unpublished).

Ma, Q., 2004. Appraisal of tree planting options to control desertification: experiences
from Three-North Shelterbelt Programme. Int. For. Rev. 6 (4), 327–334.

Mather, A.S., 1992. The forest transition. Area 367–379.
Mather, A.S., 2007. Recent Asian forest transitions in relation to forest-transition theory.

Int. For. Rev. 9 (1), 491–502.
Mather, A.S., Needle, C.L., 1998. The forest transition: a theoretical basis. Area 117–124.
Mather, A.S., Needle, C.L., Fairbairn, J., 1999. Environmental Kuznets curves and forest

trends. Geography 55–65.

http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0005
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0005
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0010
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0010
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0010
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0015
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0015
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0015
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0020
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0020
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0025
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0025
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0030
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0030
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0035
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0035
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0040
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0040
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0040
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0045
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0045
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0055
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0055
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0060
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0060
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0065
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0065
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0070
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0070
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0075
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0075
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0080
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0080
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0085
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0085
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0090
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0090
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0095
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0095
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0095
http://www.fao.org/statistics/en/
http://www.fao.org/statistics/en/
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0105
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0105
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0110
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0110
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0115
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0115
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0115
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0120
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0120
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0120
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0120
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0125
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0125
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0130
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0135
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0135
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0140
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0140
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0145
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0145
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0150
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0150
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0155
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0155
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0160
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0160
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0170
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0170
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0175
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0175
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0180
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0180
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf6665
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf6665
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf6665
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0185
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0185
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0190
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0195
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0195
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0200
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0205
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0205


34 J. Liu et al. / Forest Policy and Economics 76 (2017) 25–34
Meyfroidt, P., Lambin, E.F., 2008. The causes of the reforestation in Vietnam. Land Use Pol-
icy 25 (2), 182–197.

Meyfroidt, P., Lambin, E.F., 2009. Forest transition in Vietnam and displacement of defor-
estation abroad. Proc. Natl. Acad. Sci. 106 (38), 16139–16144.

Meyfroidt, P., Lambin, E.F., 2011. Global forest transition: prospects for an end to defores-
tation. Annu. Rev. Environ. Resour. 36, 343–371.

Meyfroidt, P., Rudel, T.K., Lambin, E.F., 2010. Forest transitions, trade, and the global dis-
placement of land use. Proc. Natl. Acad. Sci. 107 (49), 20917–20922.

Mills Busa, J.H., 2013. Deforestation beyond borders: addressing the disparity
between production and consumption of global resources. Conserv. Lett. 6
(3), 192–199.

Morton, D.C., DeFries, R.S., Shimabukuro, Y.E., Anderson, L.O., Arai, E., del Bon Espirito-
Santo, F., Morisette, J., 2006. Cropland expansion changes deforestation dynamics in
the southern Brazilian Amazon. Proc. Natl. Acad. Sci. 103 (39), 14637–14641.

Myer, W.B., Turner, B.L., 1992. Human population growth and global land-use/cover
change. Annu. Rev. Ecol. Syst. 39–61.

Myers, N., 1994. Tropical deforestation: rates and patterns. The Causes of Tropical
Deforestation, pp. 27–40.

Panayotou, T., Sungsuwan, S., 1994. An econometric analysis of the causes of tropical defor-
estation: the case of northeast Thailand. In: Brown, K., Pearce, D.W. (Eds.), The Causes of
Tropical Deforestation. University College London Press, London, pp. 192–210.

Rudel, T.K., 2002. Paths of destruction and regeneration: globalization and forests in the
tropics. Rural. Sociol. 67 (4), 622–636.
Rudel, T.K., Coomes, O.T., Moran, E., Achard, F., Angelsen, A., Xu, J., Lambin, E., 2005. Forest
transitions: towards a global understanding of land use change. Glob. Environ. Chang.
15 (1), 23–31.

Southgate, D., Sierra, R., Brown, L., 1991. The causes of tropical deforestation in Ecuador: a
statistical analysis. World Dev. 19 (9), 1145–1151.

State Forestry Administration of China (SFA), 2009. People's Republic of China Forestry
Outlook Study. SFA, Beijing.

Templeton, S.R., Scherr, S.J., 1999. Effects of demographic and related microeconomic
change on land quality in hills and mountains of developing countries. World Dev.
27 (6), 903–918.

Vanclay, J.K., 1993. Saving the tropical forest: needs and prognosis. Ambio 22, 225–231.
Weiland, S., 2010. Sustainability transitions in transition countries: forest policy reforms

in South-eastern Europe. Environ. Policy Gov. 20 (6), 397–407.
Wibowo, D.H., Byron, R.N., 1999. Deforestation mechanisms: a survey. Int. J. Soc. Econ. 26,

455–474.
Wooldridge, J.M., 2005. Introductory Econometrics: A Modern Approach. second ed.

Thomson Learning, Stamford.
World Bank, 2014. World Bank Database (http://data.worldbank.org/indicator) World

Bank, Washington, DC.
Zhang, Y., Tachibana, S., Nagata, S., 2006. Impact of socio-economic factors on the changes

in forest areas in China. Forest Policy Econ. 9 (1), 63–76.
Zhu, C., Taylor, R., Feng, G., 2004. China's Wood Market, Trade and the Environment.

Science Press, Beijing.

http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0210
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0210
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0215
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0215
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0220
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0220
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0225
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0225
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0230
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0230
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0230
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0235
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0235
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0240
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0240
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0245
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0245
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0250
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0250
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0250
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0255
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0255
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0260
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0260
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0260
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0265
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0265
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0270
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0270
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0275
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0275
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0275
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0280
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0285
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0285
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0290
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0290
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0295
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0295
http://data.worldbank.org/indicator
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0305
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0305
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0310
http://refhub.elsevier.com/S1389-9341(16)30038-7/rf0310

	Comparative study of the forest transition pathways of nine Asia-�Pacific countries
	1. Introduction
	2. Data and model specification
	2.1. Data sources
	2.2. Variables
	2.2.1. Deforestation
	2.2.2. Economic development
	2.2.3. Population dynamics
	2.2.4. Agricultural land expansion
	2.2.5. Agricultural intensification
	2.2.6. Forest protection laws and the national forest plans
	2.2.7. Global trade of forest products and timber

	2.3. Model specification

	3. Results and analysis
	3.1. Regression results
	3.2. Analysis
	3.2.1. Economic development
	3.2.2. Population dynamics
	3.2.3. Land conversion
	3.2.4. Forest governance
	3.2.5. Globalization


	4. Conclusion
	Acknowledgments
	Appendix A
	References


