Forest Policy and Economics 76 (2017) 35-44

journal homepage: www.elsevier.com/locate/forpol

Contents lists available at ScienceDirect

Forest Policy and Economics

=
Forest Policy
and Economics

|
|

Assessment of bio-physical, social and economic drivers for forest

transition in Asia-Pacific regionx
Jawaid Ashraf **, Rajiv Pandey °, Wil de Jong

2 RS & M Division, Forest Research Institute, Dehradun 248006, Uttarakhand, India
b Biodiversity and Climate Change Division, ICFRE, Dehradun, Uttarakhand, India
¢ Center for Integrated Area Studies, Kyoto University, Japan

@ CrossMark

ARTICLE INFO ABSTRACT

Article history:

Received 18 April 2015

Received in revised form 20 July 2016
Accepted 23 July 2016

Available online 9 August 2016

Keywords:

Agricultural production
Discriminant analysis
Forest carbon

Forest transition pathways
Forest transition theory

Forest transition (FT) has taken place in many developing countries in recent decades. Analysis of developing
countries FT is mostly based on case studies and exploring a limited set of drivers that result in forest cover
change. This paper attempts to identify and explain trends in forest cover change across nine countries of the
Asia Pacific based on panel data of a period of over 50 years (1962-2011). We used discriminant analysis to iden-
tify relationships between bio-physical variables (forest cover area and land under cultivation) and socioeco-
nomic variables (GDP, assets and infrastructure), and the transition status (transition vs. no transition) of the
countries. The results show a net increase in forest cover in China, India (with consistent increase in the area
of agricultural land in both), Philippines and Vietnam; and a decrease in Indonesia, Laos, and Malaysia (with a
consistent decrease in the area of agricultural land). They also show a decrease of forest cover and area of agricul-
tural land in both Japan and South Korea. The discriminant analysis results suggest that FT is linked to variation
in area of agricultural land (Indonesia, Japan, Malaysia, Philippines, Vietnam), livestock population (China,
Indonesia, South Korea, Laos, Malaysia), urban population (India, Laos, Philippines, Vietnam), cereal production
(Indonesia, Japan, Philippines), and area of arable land (China and Japan). The results concur with FT predictions
of forest cover change in relation to bio-physical and socioeconomic dynamics, with heterogeneity in rates of
change across the nine countries. The results have implications for existing FT models. We conclude that there
is opportunity for a refinement of analyses and explanations of FT by considering the effect of precise bio-physical

and socioeconomic drivers.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Forest transition (FT) is a possible forest development paths, where
direction, magnitude, and speed is influenced by societal factors or
drivers (Lambin and Meyfroidt, 2010). FT relates to land use transition,
which is a broader change in land use. FT was initially discussed in the
early 1990s by Alexander Mather who analyzed recurring patterns of
forest cover changes in European countries (Mather, 1990; Mather,
1992; Mather and Fairbairn, 2000). Subsequently, Foster et al. (1998)
presented empirical evidence of FT in North America. FT refers to a tran-
sition from decreasing (deforestation) to expanding forest cover (refor-
estation) at a geographical scale (Lambin and Meyfroidt, 2010). FT in a
confined geographical region occurs when reforestation begins or in-
creases and exceeds deforestation, which declines or stops (Grainger,
1995). FT also concurs with land use transition, as land used for non-
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forest purposes becomes designated for forest land use (Barbier et al.,
2010). Incorporating land use transition into a FT model implies a
delay between the deforestation decline and forest cover increase
(Grainger, 1995). After an initial focus on Europe and North America,
FT analysis was extended into low per capita GDP countries such as
China, India, Vietnam, and Costa Rica and elsewhere (Meyfroidt and
Lambin, 2008, 2011; Rudel et al., 2009; Grau et al., 2003; Mather,
2007; Bae et al., 2012).

Many countries are now recognized to have experienced FT, but the
conditions under which transition occurs varies from place to place. FT
was noticed in northern Europe between 1850 and 1980, but until
1990, FT was not observed in southern Europe (Mather, 1990;
McNeill, 1992). European countries had experienced a reversion of
deforested lands to forest during the 14th century when the continent
suffered from the pneumonic plague (Herlihy, 1997; Poos, 1991), but
the majority of them experienced a second wave of FT during the 19th
and 20th century. Scotland and Denmark, for instance, experienced FT
in early 20th century. As per FAO statistics on forest cover for the past
decades, a turnaround of forest cover has occurred in Bangladesh,
China, Costa Rica, Cuba, Denmark, Dominican Republic, France, Gambia,
Hungary, Ireland, Peninsular Malaysia, Morocco, New Zealand, Portugal,
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Puerto Rico, Rwanda, Scotland, South Korea, Switzerland, and the
United States (Rudel et al., 2005). China experienced a forest cover turn-
around in the second half of the 20th century and other countries much
more recently. The majority of countries experienced FT with very low
remaining forest cover, however, New Zealand, South Korea, and the
United States are exceptions, as these countries had comparatively
large areas still under forest when turnarounds occurred. If viewed at
a regional scale, forest cover has been expanding in counties in Europe,
North America, countries in the Caribbean, East Asia, and Western-Cen-
tral Asia. Forest cover is still declining in most of Central America, South
America, South and Southeast Asia and regions in Africa. Between 1990
and 2015, tropical countries such as India, Bhutan, Laos, Philippines,
Vietnam did experience FT and converted net forest loss to net forest ex-
pansion (Keenan et al,, 2015).

The drivers responsible for FT in developed countries are mostly re-
lated to land use transition. The latter, in turn, is causally linked to the
increase of production costs and enhanced agricultural technology
(Foster, 1992; Andre, 1998; Mather et al.,, 1999). During the early
phases of land use transition, demand for agricultural land and timber
along with timber products caused forest clearing and deforestation
(Culas, 2012). When economic development progresses, agricultural
production costs increase, and agro-technology improves. These two
processes result in the abandoning of agricultural lands which then re-
forest. In addition, demand for forest products may also contribute to
reforestation on marginal agricultural land. The two processes have
been identified as the economic development and forest scarcity FT
pathways (Rudel et al., 2005).

Recent studies recognized the need to draw upon additional refores-
tation drivers to explain FT in several of the developing countries where
FT has been observed (Castaneda, 2009; Perz and Skole, 2003; Mather,
2007; Xu et al.,, 2007; Sloan, 2015). These include agriculture sector de-
velopment (Perz and Skole, 2003; Rudel et al., 2005), rural-urban mi-
gration, use of new energy sources (DeFries and Pandey, 2010; Tiwari
and Bhattarai, 2011), and legislation and policies (Foster and
Rosenzweig, 2003). FT in many developing countries can be linked to
socioeconomic development, such as rural exodus, agricultural intensi-
fication, the establishment of extensive tree plantations, economic in-
dustrialization, enhanced education and technical knowledge, and the
strengthening of socio-political institutions (Yackulic et al., 2011;
Nagendra and Southworth, 2010; Farley, 2010; Rudel, 2009).

In developing countries the drivers themselves are unique, or they
may have typical characteristics. For instance, people migrate from
rural to urban areas but continue to support the relatives who stay be-
hind through remittances (Rudel et al., 2009). Modest intensification of
smallholder agricultural production assures the provision of food crops
at relatively low prices, but also may lead to shifts in the overall land
use pattern. Lambin and Meyfroidt (2010) and Meyfroidt and Lambin
(2011) recognized this and that, therefore, explanations of FT in Europe-
an countries may not be valid for developing countries. Policies that give
higher priority to forests over other land use may be triggered by forest
scarcity, but also be inspired by land use modernization efforts, the inte-
gration of marginal social groups into mainstream society, or the promo-
tion of culture or ecotourism (Lambin and Meyfroidt, 2010).

Recognizing of at least some unique features of FT in tropical coun-
tries has led to the proposal of three additional FT pathways: state forest
policy; globalization; and smallholder, tree based land use intensifica-
tion FT pathways. The state forest policy pathway is defined as FT
resulting from policies designed specifically to that end. These policies
may also be motivated to achieve objectives other than increasing the
provision of forest goods and services (Lambin and Meyfroidt, 2010).
The globalization pathway is a modern version of the economic devel-
opment pathways, which is influenced by the integration of the national
economy with global markets and trade, but also economic priorities of
multinational players, or development cooperation actors. Developing
countries are strongly affected by globalization and neo-liberal econom-
ic reforms, labor out-migration, international conservation priorities,

and international tourism. This may positively affect national forest
cover (Kull et al., 2007). The last pathway, generally poorly accounted
for in land use statistics, is a significant increase in tree cover on small-
holders' farmland, pastures and fallows in the form of orchards, agrofor-
estry, gardens, and secondary successions. Smallholders may reduce
vulnerability to economic and environmental shocks, but they may
also intensify land use in some parts of their estates and increase tree
cover on others (Ashraf et al., 2015; Lambin and Meyfroidt, 2010).
With the identification of multiple pathways it also has become evident
that various pathways may be followed concurringly or sequentially.
The drivers of FT may vary over time, space and location (Kant and
Wu, 2013; Rudel et al., 2010) because of wider economic, social and bio-
physical changes (Rudel et al., 2005; De Jong, 2010).

Research on FT and FT theoretical development has thus (Rudel et
al., 2010) shifted from a focus on developed countries (e.g. Denmark,
France, Switzerland, the USA, and Scotland and Austria (Houghton and
Hackler, 2000; Mather, 2007; Mather et al., 1998; Mather et al., 1999;
Krausmann, 2006) to a focus on less wealthy countries, like Puerto
Rico, Dominican Republic, El Salvador, Vietnam, China and India (Aide
and Grau, 2004; Grau et al., 2003; Hecht et al., 2006; Mather, 2007;
Meyfroidt and Lambin, 2009; Rudel et al., 2005). FT, furthermore, can
be analyzed at different scales. It is most commonly analyzed at national
scale but can also be analyzed at sub-national and multi-national scales
(e.g. Meyfroidt and Lambin, 2011). However, cross-national studies
which might empirically support the FT theory are less common.
Drivers and underlying causes of deforestation have been evaluated
for multiple countries (e.g. Angelsen, 1999; Angelsen and Kaimowitz,
1999; Geist and Lambin, 2001; Grainger, 1995; Lambin et al., 2003;
Vanclay, 2005; Redo et al., 2012). Studies attempting cross-national
analyses of FT include, for instance Rudel et al. (2005), Mather (2007)
and Meyfroidt et al. (2010).

The expanded scope of FT research has reconfirmed that elements of
social and economic development affect land use and have a subsequent
bearing on forest cover (Bhojvaid et al., 2016). Changes in forest cover
have major ecological consequences by directly affecting biodiversity,
carbon budget, and soil and watershed conservation (MEA, 2005). Un-
derstanding patterns and drivers of forest cover change and possible
FT trajectories may contribute to achieving broader societal goals of
land-use sustainability in the face of rapid global environmental and so-
cioeconomic changes (Redo et al., 2012). FT is increasingly common, but
global deforestation still exceeds forest recovery (Damette and
Delacote, 2009; Ewers, 2006; Karsenty, 2008). We postulate here that
consideration of more factors based on country circumstances, keeping
in mind the discrepancies in growth, development and demand and
supply of resources, may result in a better explanations of FT (e.g.
Mather, 1992; Grainger, 1995; Mather et al., 1999). It may also lead to
the proposition of new FT pathways (Lambin and Meyfroidt, 2010).

In summary, prevailing FT explanations may not be sufficient to un-
derstand FT in countries where the process is much more recent, espe-
cially when it concerns developing countries with their current pace
and pattern of development and industrialization, and employment.
We concur with Southworth et al. (2011) that there is need for scrutiny
of land and forest use in recent FT countries and to expand the explana-
tions of the process. This is an important reason why we implemented a
study on FT in nine countries in Asia: China, Indonesia, India, Japan, Laos,
South Korea, Malaysia, Philippines and Vietnam, incorporating social
and biophysical factors that are expected to cause FT. The number of
cases is too low to definitely establish differences in FT, comparing de-
veloping and developed countries. However, we aim to reveal the rela-
tive importance of various social and bio-physical factors that explain FT
in the nine countries and also to note differences between the countries.
Our specific objective is to identify the potential drivers or combination
of drivers of FT in each of the case countries, and that way contribute to
the further development of the FT theory.

In Section 2 of the paper we briefly summarize relevant information
on the Asia-Pacific region necessary for understanding the subsequent
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analysis. In Section 3, we explain the analytical approach, including a
listing of drivers and how they relate to FT. In Section 4 we explain
how the model was built, and also discuss how FT can be explained
based on aggregation of factors, for instance change in overall depen-
dency on land. We also try to distinguish and link national domestic
drivers, or those operating at household, sub-national and national
levels and extra-national drivers (Nair, 2013). Section 5 discusses the
result of our analysis and Section 6 draws conclusion. In the conclusions
we also reflect on the value of FT to plan forest policies, or land use pol-
icies and climate change mitigation policies.

2. The Asia-Pacific region

In the recent past, economic growth of Asia-Pacific countries has
been much higher than the rest of the world. The region has also seen
the highest expansion of tree plantations (FAO, 2010). The nine coun-
tries of this study share 45.88% of the world's population and their com-
bined GDP increased from 17.32% in 1985 to 25.89% in 2012 of world's
GDP (Liu et al., 2014). Japan and South Korea are high income countries;
Malaysia, Indonesia, China, Philippines and India are medium-income
countries, while Laos, and Vietnam are considered poor countries (Liu
et al.,, 2014). The nine countries have quite different geographic and
socio-economic realities. They followed differentiated economic and
political responses to forest and land scarcity, economic growth, and in-
ternational market integration (Liu et al., 2014), and also varied re-
sponses to the perceived consequences of forest area change. For
instance, China, India and Vietnam have in recent years witnessed a
halt to dramatic deforestation and forest expansion due to large scale
forest plantations, while Indonesia and Malaysia still experience the re-
duction of their tropical forests.

The Asia-Pacific region accounts for around 37% of the global agricul-
tural land area with an annual growth rate of 0.8% over the last two de-
cades (FAO, 2009). This growth rate accounts for the agricultural land
expansion in the Asia-Pacific region from 47% of the region's total land
area in 1970 to 53% in 2007. The total area of agricultural land is
1.8 billion ha or around 0.5 ha per capita (FAO, 2009), and it concurred
with a rapid economic development, technological progress, infrastruc-
ture expansion and population growth and mobility (Schandl et al.,
2009).

The region's extraordinary economic growth combined with a con-
tinuing population growth results in production and consumption de-
mands that outstrip the sustainable production levels of the region's
natural resources. These demands have resulted in the expansion and
intensification of agriculture and rapid urbanization and in dramatic
changes in forest area and composition. Population growth has de-
creased the agricultural land availability per capita and per agricultural
worker (ADB, 2008). In this regard, Japan and the Republic of Korea are
industrialized and high population density countries with a long history
of agricultural production and industrialization, with limited natural re-
sources. China, India and Indonesia are high population density devel-
oping countries with yet substantial agricultural sectors, but which are
becoming increasingly urbanised.

3. Analytical approach

The empirical studies on FT for developed as well as developing
countries established the relationship between deforestation and
Gross Domestic Products (GDP) using cross country data and applying
panel ordinary least square (OLS), fixed and random effects models.
The estimated models for different locations were found to be linear,
quadratic and cubic (Culas, 2012). Encouraged with this, we attempted
to establish empirical relationships between forest area change with
various country level factors responsible for these changes. Based on
the deforestation and reforestation literature, as well as the first
author's previous experience with FT in India (Bhojvaid et al., 2016),
we consider and hypothesize the factors that are major drivers of

deforestation and reforestation. These include various bio-physical, eco-
logical and social drivers such as agricultural production, agricultural
land, arable land, GDP per capita, and total, rural and urban population,
livestock and poultry population, government policies, infrastructure and
industrial growth.

For the present study, we collected data for 1961 to 2011 for all the
above mentioned factors from secondary sources specifically from FAO
and the World Bank. We also collected information from the country re-
ports submitted to APAFRI, based on the project Transition to Sustain-
able Forest Management (APAFRI, 2013). We estimated the few
missing data points using the TRAMO method (Gémez and Maravall,
1992, 1994). The statistics of all the factors are reported and represented
in Table 1. All these factors are hypothesized to have association with
forest cover change, and this association is briefly explained in the fol-
lowing paragraphs.

3.1. Forest cover

Forest cover includes forests and woody vegetation that is within the
definition of forest as applied in each of the nine countries. It covers
closed and open forest, woodlands and plantation. If the actual area of
deforestation and reforestation in a given year is more than the average
annual value of deforestation and reforestation over a period of time,
then this is expressed as FT, else there is no FT (Table 2). This logic con-
siders that while the country overall forest cover development may not
yet reverse the decrease in forest cover, in parts of the country this actu-
ally may be happening. Hence we consider FT to start when a persistent
reduction in forest cover decline is reflected in national statistics. In ad-
dition countries hold a diversity in terms of resources, culture and en-
forcement of rules and regulation that are valid for the whole country,
but they may also be valid for some part of the country. These consider-
ations imply that FT is not immediately evident from the overall nation-
al forest statistics. This is reflected in Table 2 that include periods of FT
and non FT, as reflected in decreasing and increasing forest cover
change status. Rather than considering annual forest cover change as
FT, we rely on a broader perspective of FT, as most of the drivers may po-
tentially impact forest cover gradually over a multiannual period. The
definition of FT status that we use for our discriminant analysis allows
the consideration of the actual scenario of forest cover change over a
longer period, but as being triggered by time-bound drivers.

3.2. Agricultural production

Agriculture production refers to the total production of agriculture
crops. Agriculture provides employment and contributes to exports.
The major strategy in developing counties to increase agricultural pro-
duction is the expansion of agriculture land into forestland (Angelsen,
1999; Culas, 2012). A large proportion of the population of Asia Pacific
still lives in rural areas, and relies on agriculture as a primary livelihood
source (FAO, 1998; FAO, 2012). However, forests remain an important
source for products and services that contribute to households' liveli-
hoods and emergency safeguards (Angelsen et al., 2014). Based on
this, we hypothesize that the increase in agriculture production, mea-
sured by two proxy variables i.e. agriculture land (total recorded land
under agriculture) and arable land (land under cultivation), has an impor-
tant functional link to FT. These two variables vary, as per the recorded
data, especially in the developing countries, due to the continued eco-
nomic progress. The overall contribution of the two proxy variables de-
termine the agricultural production, especially the total annual absolute
cereal production of a country, which also contributes to the total GDP
of a country. The contribution of agriculture to a country's economy
can be measured by the percent share of agriculture in a country's GDP.
This variable also reflects the contribution of farm mechanisation and
technological inputs as the main driver of the increase of agricultural
production. Considering the rural settings of developing countries, we
hypothesize that a higher share of agriculture to GDP reflects better



Table 1
Descriptive statistics of the drivers of FT.
FA GDP AGA ARL AGCONT CcP LP PP SGP TP up RP
Country Descriptive statistics Million ha Current US$ Million ha Million ha % of GDP M Tonnes Millions Millions Millions Millions Millions Millions
China Mean =+ SE 1534+ 41 7943 + 166.6 459.54+9.21 1107 £ 144 256+139 33184+ 156 947 +3.7 2683.1+2740 2162+ 113 10951 4313 329.1 £254 7659+ 124
Min 110.2 69.8 346.0 96.9 10.0 1204 55.4 679.5 124.0 686.3 121.8 564.5
Max 209.6 54473 5273 1244 422 520.6 145.0 6486.1 3729 1399.3 716.7 867.5
India Mean =+ SE 63.6 £04 3947 4+ 47.1 179.9 + 0.1 1609 + 0.3 1734 4+£83 309+1.2 267.7 £39 31454289 1525+ 54 8203 + _32.7 2095+ _12.5 610.8 £ 20.3
Min 59.75 91.68 176.18 156.70 79.70 17.74 225.33 114.50 102.18 467.96 85.25 382.71
Max 68.58 1539.60 182.57 163.64 287.86 44,53 323.74 968.50 231.50 1221.16 381.93 839.23
Indonesia Mean + SE 1304 + 4.1 812.1 £109.2 424405 193+ 0.3 444 +£28 269419 1184+ 03  564.8 £ 68.1 163+ 0.74 166.8 £ 6.4 54.7 + 4.8 1121+ 19
Min 93.7 56.6 371 171 14.0 13.0 8.5 66.0 9.7 93.1 14.0 79.1
Max 188.6 3471.4 54.6 24.7 84.8 56.3 16.1 1491.7 289 243.8 123.6 125.1
Japan Mean + SE 249 £ 0.1 19,727.7 + 21552 58 + 0.1 4.8 +£0.05 254+0.1 121403 42 +0.1 265.8 +94 0.1+ 0.1 1168 £ 1.5 909 £+ 2.1 258 £ 0.7
Min 24.9 633.6 4.6 43 1.1 8.9 2.9 90.7 0.0 94.3 61.4 11.1
Max 25.1 46,134.6 7.1 5.6 51 16.6 5.0 3454 1.1 1274 116.2 329
Korea Mean 4 SE 6.4 £ 0.1 6552.3 £+ 967.8 2.1+01 1.9+ 0.1 1434+16 7.8+0.1 2.1+0.5 66.3 £ 2.5 032 £ 0.1 39.7 4+ 0.1 261+ 1.5 136+ 0.6
Min 6.22 103.57 1.76 1.49 2.64 5.90 1.21 10.44 0.10 26.50 7.81 8.18
Max 6.60 22,388.20 2.34 2.20 39.36 10.54 3.40 163.61 0.68 48.73 40.56 1933
Laos Mean + SE 176 £ 0.1 457.6 + 52.9 1.7 £ 0.1 0.84 £+ 0.1 46.8 + 2.1 1.6+ 0.1 1.7 £ 0.1 119+ 0.1 0.11 £ 0.1 41401 0.77 £ 0.1 33401
Min 15.67 149.56 1.45 0.64 29.52 0.53 0.75 431 0.03 2.22 0.18 2.04
Max 19.53 1265.71 2.38 1.40 61.81 4.28 2.74 30.31 0.43 6.52 2.23 4.29
Malaysia Mean =+ SE 225+ 0.1 2824.6 + 344.0 6.3 £+ 0.1 144+ 0.1 192 £ 1.1 19+ 0.1 0.82 + 0.1 105.7 + 10.6 044 + 0.1 174+ 09 93+ 038 8.1+0.1
Min 20.37 292.03 425 0.84 8.01 1.12 0.62 26.30 0.35 8.71 2.43 6.28
Max 24.46 10,058.04 7.89 1.91 33.81 2.64 1.02 281.77 0.65 28.76 20.93 9.25
Philippines Mean + SE 6.3 + 0.1 7713 £ 746 103 £ 0.2 51+0.1 222+ 0.1 129408 52+ 0.5 91.6 +£5.7 3.6+ 0.1 584 +£29 257+ 1.7 327+ 11
Min 5.03 156.69 7.79 4.64 1231 5.14 431 49.85 0.51 28.08 8.65 1943
Max 7.72 2357.57 12.10 5.49 31.06 23.74 7.04 173.91 6.73 95.05 46.42 48.63
Vietnam Mean =+ SE 854 0.5 536.3 £ 74.2 7.54+0.2 58 + 0.5 278 +£17 216 +17 574+ 0.2 1269 + 104 0.49 + 0.1 63.6 + 2.4 14.2 +£ 0.1 494+ 15
Min 2.66 97.16 6.30 534 18.66 8.63 3.66 53.10 0.16 34.95 5.37 29.58
Max 13.94 1543.03 10.84 6.65 46.30 47.24 9.72 322.60 1.78 89.91 27.90 62.01

FA = forest area, GDP = GDP per capita, AGA = absolute agricultural area, ARL = absolute arable land, AGCONT = agricultural contribution to GDP %, CP = absolute cereals production, LP = livestock population, PP = poultry population, SGP =

sheep and goats population, TP = total population, UP = urban population, RP = rural population,
SE = standard error, Min = minimum, Max = maximum.
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Table 2

Country wise period of forest cover change based on annual average forest cover change
for 1961-2011.

Source: Elaborated by the authors, based on Bhojvaid et al. (2013), Carandang et al.
(2014), Damayanti et al. (2014), Liu et al. (2014), Park and Youn (2014), Tachibana et al.
(2014), Razali and Mohd Shahwahid (2014) and Wanneng (2014).

Period of forest cover change status

Country Decreasing Increasing

China 1962-1985 1986-2011

India 1962-1984; 1991-2000; 2006-2011 1985-1990; 2001-2005
Indonesia 1985-2011 1962-1984

Japan 2001-2011 1962-2000

South Korea 1987-1990; 2001-2011 1962-1986; 1991-2000
Laos 1984-2011 1962-1983

Malaysia 1962-1990 1991-2011

Philippines 1991-2011 1962-1990

Vietnam 1975-2000; 2006-2011 1962-1974; 2001-2005

employment opportunities for rural households. This may concur with
agricultural intensification, and subsequently a lower pressure on the
forests and thus a moving forward toward FT.

3.3. Economy and population

A high share of absolute rural population residing in poverty ridden
rural communities is detrimental to forest cover and forest condition.
When incomes increase, demand of agricultural and forest products
may increase and this can cause deforestation to accelerate. Higher in-
comes, however, can reduce pressure on forests as it commonly concurs
with an increase in demand for nature values of forests, i.e. scenic beau-
ty or biodiversity protection (Culas, 2012). Consumers progressively
seek to improve the quality of life (e.g. Maslow, 1943) and this result
also in a demand for services that were less relevant when survival or
economic improvement were priorities (Redo et al., 2012). GDP in-
crease will also lead to demand for better quality resources, including
wood products, which may result in demand for timber or wood that
can only be obtained through imports. When this happens, this may re-
sult in an overall reduction of pressure on forests or more support for
the protection of forests (Kant and Redantz, 1997), which will have pos-
itive impacts on forest cover.

Growth in national population and affluence, therefore, does not
necessarily mean continued deforestation, while the economic, social,
political and technological progress can contribute to reforestation and
related forest recovery (Mather and Fairbairn, 2000). A growing popula-
tion, however, may also affect the labor market and may push down
wage rates and increase unemployment. Unemployment may increase
pressures on forests and population pressure may contribute to reduced
deforestation when it concurs with and triggers innovation, technolog-
ical progress and institutional strengthening in the agricultural and for-
estry sectors (Culas, 2012). Moreover, urban bound migration because
of differentiated economic opportunities may also reduce pressure on
forests.

3.4. Livestock and poultry

Livestock rearing is an important livelihood opportunity for rural
populations and it does reflect land use intensification. Livestock rearing
involves the collection of fodder from forests and agricultural fields, and
grazing in forests lands (Pandey, 2011). Livestock and poultry therefore
may have a negative influence on forests transition. Livestock produc-
tion, including poultry, may also represent the opportunity to improve
income, and reduce dependence on forests, which in turn may facilitate
transition. The complexities of the relationship at a broader spatial scale
between livestock demand and forest contribution to livelihoods within
a wider context of economic development can be considered to favour
FT. However, an increase of livestock and poultry production is not

likely to reduce pressure on forests when it concerns poor rural agricul-
tural producers.

3.5. Government forest policies and programs

Government device policies and programs to support tree planting
including through incentives for local residents (Mukherjee, 1997;
Zhang et al., 2000). Forest policies promote forest rehabilitation on
poor grasslands, brush lands, scrublands or barren lands, through plant-
ing or assisted natural regeneration to produce industrial timber, sus-
tain livelihoods or restore forest ecosystem function (Chokkalingam et
al., 2005). Forest policies have been designed to provide economic in-
centives to villages and for small landowners to produce forest products
on their lands resulting in FT (Foster and Rosenzweig, 2003; Mather,
2007; Rudel, 2012). Forest policies also may support conservation for-
estry, which changes attitude toward forests, forest products use,
again contributing to FT (Lambin and Meyfroidt, 2010; Bhojvaid et al.,
2016). Forest polices in support of reforestation or forest conservation
are an important contribution to FT.

3.6. Infrastructure and industrial growth

Infrastructure development has an indirect link to forest cover, be-
cause it influences economic growth. The economic growth resulting
from infrastructure development and industrial expansion facilitates
FT in a two ways. It improves incomes (Rudel, 1998; Culas, 2012) and
thus increases a demand for intangible forest ecosystem services,
while it also causes a shift away from livelihoods that rely on forests
and forest products. The growth in infrastructure and industrial expan-
sion facilitate globalization that may lead to FT due to labor out migra-
tion, growing tourism and land acquisition for the sake of
conservation (Lambin and Meyfroidt, 2010). Hence, we hypothesize
that infrastructure development and industrial expansion are conducive
to FT.

4. Building the model

FT is influenced by a wide array of drivers, including social, economic
factors, government forest policies and infrastructure development and
industrial expansion. To develop the model, we categorized a dynamic
process of related and interacting forest cover decline as FT and no FT.
The distinction is that transition countries have passed the FT inflection
point and forest cover increase continues to exceed forest cover reduc-
tion. Non-transition countries have not yet reached this stage. In a first
step to develop the model we undertook a regression analysis to estab-
lish statistical relationships between forest areas of individual countries
and the drivers of FT in Table 1. The models that emerge from regression
analysis demonstrate the complexities of explaining forest area changes
based on single contextual variables in the nine countries (Table 2).
Based on this analysis and reviewing relevant literature (Cropper and
Griffiths, 1994; Koop and Tole, 1999; Shafik, 1994; Antle and
Heidebrink, 1995), we conclude that for a better understanding of the
complex relationships between drivers and FT a more appropriate ap-
proach is to use logistic discriminant functions to analyze multiple con-
textual variables. We distinguish cases into two statuses, i.e. with or
without FT status, and explain the status relying on contextual variables
and using discriminant analysis.

4.1. Discriminant function analysis

Discriminant analysis (DA) is a multivariate parametric statistical
technique commonly used to build a predictive model of group discrim-
ination based on observed predictor variables (factors), and classifying
each observation into one of the groups that are discriminated. The
analysis creates a discriminant function, which is a linear combination
of the weightings and scores of variables that are considered
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(Ramayah et al., 2010). DA also helps to identify important discriminat-
ing variables (Khattree and Naik, 1995; Lachenbruch and Mickey, 1968).
Discriminant analysis involves deriving a variate, the linear combi-
nation of the independent variables that will discriminate best between
the defined groups to be discriminated. The linear combination for a dis-
criminant analysis, also known as the discriminant function (Hair et al.,
2005), is derived from an equation that takes the following form:

D =a+ WXy +WyX; + W3X3 + - + WiX;

D = discriminant function (or classification function)
W, = discriminant coefficients or weights for variable i
X; = i™ independent variable

a =a constant (intercept)

The case that is subjected to DA is more likely to belong to the group
or category for which the classification score is highest. In the present
study, we classified FT into two groups: group 1 as cases without FT
and group 2 as cases with FT. We used SPSS 16.0 to analyze the data
(Agresti, 1996). In the present case, DA is aimed at determining how in-
dependent variables as agricultural productivity, livestock and poultry,
economy and population, infrastructure and industrial growth discrim-
inate among the members of the two groups, the status of FT i.e. FT and
no FT.

5. Results

The summary statistics reflect very diverse developments of the var-
ious variables across the countries of the Asia Pacific region. The forest
areas of China, India, Philippines and Vietnam show an increase over
the last five decades, whereas Indonesia, Laos and Malaysia show a con-
tinuing decrease. Japan demonstrates a marginal increment in forest
area and the forest area of Korea has declined slightly.

The cereal production of China, India, Indonesia, Laos, Malaysia,
Philippines and Vietnam has consistently increased during the last few
decades. Japan and Korea, on the other hand, show a decline in cereal
production. The agricultural area of China, India, Indonesia, Laos, Malay-
sia, Philippines and Vietnam increased consistently, while they de-
creased in Japan and South Korea. The GDP per capita for all the
developing economies started to increase slowly during the early
1960s and 1970s, but a rapid growth rate is observed during the last
two decades. The population is growing consistently in all the nine
countries, as is the urban population. The rural population of China,
Indonesia, South Korea and Malaysia dropped consistently with a
deep drop in Japan, whereas the rural population of India, Laos, Philip-
pines and Vietnam increased in parallel with the overall population.

FT is the result of an individual factor or the aggregation of several
factors. We first explored if individual factors might explain FT by
regressing factors with the forest area as the indicator of FT, and
assessing the relationship based on a curve fitting module and selected
through model statistics. We tested different functions like linear, qua-
dratic, cubic, exponential and logarithmic for factors identified above.

We selected simple regression models with value >0.80 to define the re-
lationship of the driver with FT. The most suitable models that account
for the variation of forest area are listed in Table 3, but the exact models
were not all reported due to their limited use in the paper. The models
reflect the tentative trend of individual factors in relation to FT. We dis-
cuss the individual models separately to arrive at our concluding re-
marks on the contextual drivers that explain FT.

The per capita GDP shows a linear relationship with forest areas in all
countries except Japan, where it has a cubic relationship. This indicates
that with the increase of per capita GDP, transition remains i.e. if a coun-
try experiences a growing per capita GDP, the forest area may also in-
crease, provided other factors don't affect the phenomenon. China,
Japan, Laos, Philippines and Vietnam have cubic relationships between
forest area and agricultural area. India has an exponential relation be-
tween the two variables while Indonesia has a quadratic relationship
and South Korea and Malaysia a linear relationship between the two
variables. These results indicate that the agriculture area determines
the forest area. However, the relationship varies between countries,
probably due to the different shares of land under other activities, out
of the total fixed area of the country.

Japan and South Korea have quadratic relations between forest area
and arable land, whereas Laos and Malaysia have cubic functions be-
tween forest area and arable land. The rest of the countries do not dem-
onstrate any functional relationship between the two variables. This
increases the understanding of the complexities of the role of arable
land in the processes of FT and the low technical inputs for the develop-
ment of fertile lands in the majority of the economies reviewed.

Korea, Malaysia and Vietnam have a linear relationship of agricultur-
al contribution to GDP and forest area. India, Indonesia, Laos and Philip-
pines demonstrate a quadratic relationship, while China has a
logarithmic function between the two variables. The latter because of
China's capacity to sustain food production for its population. The role
of population in FT varied also between countries. However, more im-
portant than population appears to be population density (Table 3).

In summary, our findings suggest that forest area of any country is
not pre-determined by any single factor that overly determines FT. Nei-
ther is the relative importance of single variables the same in each coun-
try, given the variation in magnitudes of single variables. Therefore,
assessing the importance of individual factors is not sufficient to explain
the complex phenomenon of FT. Rather, FT is defined by an aggregate
role of FT factors, while variables have their own precise characteristic.
This conclusion warrants the application of multivariate techniques
that actually can assess the combined role of the drivers of FT.

The discriminant function analysis results in a non-multicolinearity
for selected independent variables. This was judged based on the matrix
of average correlations within groups, which was <0.54 for all combina-
tions of the variables for all countries. The results of the stepwise dis-
criminant analysis distinguish between the two groups, i.e. FT and no
FT, judged by the significance of Wilks™ lambda for all countries. The
model is constituted of two to five variables at the most for different
countries, and this allows the classification of groups. The basis of the

Table 3

Functional relationship of forest area with potential drivers for nine developing economies.
Parameters China India Indonesia Japan South Korea Laos Malaysia Philippines Vietnam
GDP per capita LIN LIN LIN CUB LIN LIN LIN LIN LIN
Agricultural area CUB EXP QUAD CUB LIN CUB LIN CUB CUB
Arable land NA NA NA QUAD QUAD CUB CUB NA NA
Agriculture contribution to GDP % LOG QUAD QUAD CUB LIN QUAD LIN QUAD LIN
Cereal production QUAD EXP QUAD LIN LIN CUB QUAD CUB CUB
Livestock population CUB EXP EXP CUB LIN EXP QUAD QUAD CUB
Poultry population CUB CUB LIN NA CUB NA CUB LOG LOG
Sheep and goats population CUB QUAD CUB LOG QUAD QUAD NA LIN CUB
Total population EXP CUB CUB QUAD QUAD CUB LIN QUAD LIN
Urban population CUB CUB QUAD QUAD CUB CUB QUAD QUAD CUB
Rural population NA QUAD QUAD NA LIN CUB NA CUB LIN

CUB = cubic, EXP = exponential, LIN = linear, LOG = logarithmic, QUAD = quadratic, NA = no relationship (weak relationship).
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Table 4
Fisher's linear discriminant functions and associated statistics.

Country Significant variables Standardized coefficients  Structured coefficients =~ Wilks' lambda  Eigen value  Canonical correlation

China Arable land (ARL) 0.95 0.62 0.08" 10.96 0.96
Livestock population (LP) 0.96 0.53

India Agriculture contribution to GDP % (AGCONT)  5.10 0.61 0.72* 0.34 0.53
Urban population (UP) 4.56 —0.46

Indonesia Cereals production (CP) —1.26 0.38 0.05" 18.72 0.97
Agricultural area (AGA) —1.32 0.26
GDP per capita(GDP) 2.29 0.16
Livestock population (LP) 1.32 0.55
Rural population (RP) 1.14 033

Japan Cereals production (CP) —0.66 0.10 0.02" 62.78 0.99
Agricultural area (AGA) 11.10 0.23
Arable land (ARL) —3.90 0.20
GDP per capita(GDP) 2.72 —0.10
Total population (TP) 422 —0.10

South Korea ~ GDP per capita(GDP) —0.72 —0.53 024" 3.25 0.87
Livestock population (LP) 091 —0.17
Sheep and goat population (SGP) 1.48 —0.02
Rural population (RP) 1.87 0.43

Laos Livestock population (LP) 1.00 0.84 0.15" 5.50 0.92
Urban population (UP) —0.84 0.44
Rural population (RP) 0.62 0.85

Malaysia Agricultural area (AGA) 1.97 0.73 0.11" 8.37 0.97
Livestock population (LP) —0.48 037
Rural population (RP) —1.10 0.24

Philippines Agricultural area (AGA) —1.12 0.36 0.12" 7.40 0.94
Cereals production (CP) —1.36 0.51
Urban population (UP) 2.95 0.71

Vietnam Agricultural area (AGA) —1.87 0.10 0.32" 2.14 0.84
Poultry population (PP) —4.68 0.11
Urban population (UP) 6.68 0.25

* Significant at 5%.

values of Wilks™ lambda for particular variables allowed the determina-
tion of the relative contribution of each individual variable to discrimi-
nation between groups. We also estimated structured and
standardized coefficients to define relative strength of the discriminant
variables and for evaluating the unique contribution of independent
variables to the discriminant function, respectively. We discuss the
emerging potential factors that shape FT for each country.

China's economic development, industrialization, and urbanization
have led to some of the most significant land use changes observed in
the Asia-Pacific region, including the largest net annual gains in both
forest and agricultural areas. The discriminant function analysis reveals
that arable land and livestock population explain correctly the transi-
tion, as evident by the structured function. The canonical correlation
0f 0.96 suggests the model explains 92% of the variation in defining tran-
sition and no transition (Table 4). This can be explained based on the ap-
parent increase in the overall agriculture productivity against the
increase in arable land (Jianga et al., 2013). China has expanded its agri-
cultural land significantly between 1970 and 2005 (ADB, 2008). More-
over, intensification of agricultural land use occurred due to high
agricultural investments in China during recent decades (Jianga et al.,
2013). The livestock contribution to FT may be explained based on its
added value of household productive activities, which results in im-
proved land use efficiencies. For instance, ADB (2008) reports that
rural land use has intensified from 22.7 m? per US$ GDP in 1990 to
15.4 m? per US$ GDP in 2005.

India, is a food self-sufficient country, which because of the ‘green
revolution’ witnessed very little change in agriculture land area, but
with notable alterations in cropland and continued industrialization
and urbanization. Agricultural GDP has grown since 1970, but the
share of agriculture in the country's total GDP has declined from 39%
in 1970 to 17% in 2005. The discriminant function based on two vari-
ables namely agricultural contribution to GDP % (+ ve) and urban pop-
ulation (—ve) attributed to 0.53 canonical correlation which explained
28% of the variation (Table 4). Though relatively the share of agriculture
in GDP is decreasing, the absolute volume of agriculture GDP is

increasing (ADB, 2008). Agricultural land conversion has become a seri-
ous issue in the country and resulted into a decrease in the net sown
area by about 1.8 million ha between the triennium ending 1991-92
and 2011-12, contrary to an increase of about 5 million ha of land dur-
ing the same period for non-agricultural uses, especially urbanization,
road infrastructure expansion and industrial development (Sharma,
2015). The forest cover is steady since the last few decades and there-
fore increase in agriculture GDP is attributed to agriculture intensifica-
tion. Rural land use efficiency has improved, intensifying from 28.0 m?
per US$ GDP in 1990 to 18.8 m? per US$ GDP in 2005 (ADB, 2008).
The inverse relationship of urban population and FT may be understood
as that household welfare requirements are not met, resulting in more
forest extraction to meet daily needs. Extractive pressures on the envi-
ronment would be expected to maintain the pace of a transitional econ-
omy to attain an industrialized one (UNEP, 2013).

Indonesia, richly endowed with natural resources, supporting a large
and growing population faces significant and continued deforestation
with low changes of the agricultural land area. The discriminant func-
tion attributed the five major factors of the transition. Intensity wise,
the factors of influence are respectively livestock population, cereals
production, rural population, agricultural area, and per capita GDP
(Table 4). In Indonesian scenarios, the contribution of these variables
for transition is apparent. The statistics also support this view as they re-
port the expansion occurred in both arable land and cropland areas.
Cash cropping, specifically oil palm, the increase in per capita GDP as
well as improved rural land use efficiency, intensified rural land use
from 44.8 m? per US$ GDP in 1990 to 28.2 m? per US$ GDP in 2005
(ADB, 2008).

Japan is the country that has the most intense land use in the Asia-
Pacific region, with a total managed land use intensity of 0.09 m? per
US$ GDP in 2005. The country has a stable forest land area (ADB,
2008). The strong significant canonical correlation (0.99) of discrimi-
nant function reflects a correlation between the discriminating vari-
ables and transition and no transition group. Based on the structure
coefficient value, it can be concluded that transition is mainly
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determined positively by agricultural area, arable land, and cereals pro-
duction. However GDP per capita, and total population adversely impact
FT (Table 4). The results suggest that in industrialized Japan, the transi-
tion may be facilitated by improving overall agriculture productivity.
The relative importance of Japan's agricultural sector has declined
from a contribution of around 5% to the country's total GDP in the
1970s to approximately 1% by the late-1990s (World Bank, 2009).

South Korea has made larger improvements in land use efficiency
with a stable forest land area, and a decline in agricultural land area, ag-
ricultural land per capita, and overall importance of the agricultural sec-
tor to the country's economy (ADB, 2008). The four variable model
derived from discriminant analysis identifies the transition with posi-
tive influence of rural population and adverse impact transition due to
GDP per capita, livestock population, and sheep and goat population
(Table 4). Probably, the cattle population may be highly dependent on
forests fodder leading to loss of forest areas. The results suggest that a
reduction of the population of livestock, sheep and goat would support
FT. South Korea recorded an increase in the amount of GDP generated by
the sector, demonstrating the presence of a greater ability for efficiency
improvements with the continuing industrialization of its agricultural
sector (ADB, 2008).

The Lao People's Democratic Republic (Laos), with a densely forested
mountainous landscape, has a low population density with a high
share of the agricultural sector in GDP. The agricultural land area has
steadily risen since 1970, initially resulting in an increase in agricultural
GDP. This increase was reversed with the growth in the country's indus-
try, manufacturing, and services sectors. The agricultural GDP relative
importance declined from a 56% share in 1984 to 37% in 2005. The
three main variables that explain transition are in order of importance:
rural population, livestock population, and urban population (Table 4).

Malaysia, facing an annual forest area declining rate of 1.94%, with a
slow increase of arable land has a high constant rate for population
growth and a growing GDP. The rate of urbanization is also very high
and the rural population has decreased consistently (Razali and Mohd
Shahwahid, 2014). The discriminant analysis leads to a three variables
model with agricultural area, livestock population and rural population
that explain FT in Malaysia (Table 4). The increase in agriculture area, in
combination with a growing GDP are linked to employment improve-
ment and value adding of raw materials from the livestock sector that
are produced domestically. This can be linked to lowering of forest ex-
traction and this has a positive influence on FT.

Philippines’ commercial logging and conversion of forest to agricul-
tural land are the main factors causing a decline of forest area in the
country, as the country shows consistent growth in agricultural and ar-
able land. The population of the country has demonstrated a linear in-
crease, but only a marginal growth in GDP (Carandang et al., 2014).
The urban population, cereals production and agricultural area are the
main factors that influence FT (Table 4). The improved status of cereals
production and agricultural area coupled with the urban population
lead to the lowering of the dependency on the forests, and this causes
the path that FT has followed.

Vietnam is a small country with a growing economy of 7.5% average
annual GDP growth rate. The growth resulted in a dramatically decrease
in natural forest area (MARD, 2008). The decrease in forest area caused
serious economic, social and environmental consequences resulting in
poor supply of forest product, more frequent and destructive flooding
and draughts, decreasing agricultural productivity because of land deg-
radation, and acute shortage of water supply (Hoang et al., 2009). The
natural forest cover and total forest cover area have reversed since
about the mid-1990s (e.g. De Jong et al., 2006). The discriminant analy-
sis leads to define transition based on urban population, poultry popula-
tion, and agricultural area with high canonical correlation (Table 4). The
link between FT and the increase in urban population and agriculture
area is apparent. Urban migration and concurring increase of agriculture
area lead to better household economic status and a resulting lower de-
pendency on forests. The contribution of the poultry sector can be

explained that it improves rural incomes, which further reduces reli-
ance on forests.

6. Conclusions

The fundamental cause of deforestation and then reforestation re-
lates to the change in society's dependence on land. The direct causes
of deforestation are fairly well known and understood: the conversion
of forested land to agricultural land by shifting cultivators, conversions
to commercial agriculture, plantations, commercial logging and forest
destruction for roads, mining and hydropower dams (Myers, 1994). De-
veloping countries are not in a position to reduce deforestation activities
without compensation of developed economies due to economic pres-
sure (Culas, 2012). High population pressure leads to high demand of
agricultural land and timber requirement resulting into deforestation.
FAQ's Global Forest Resources Assessment (FAO, 2005), for instance,
suggested the linkage of forest-cover with population and proved that
population growth has a link with historical decline of forests, but the
relationship between population and forests transition is poorly
understood.

The result of the analysis of the nine countries in this paper is being
reinforced by the conclusion reported in UNEP's “Resource Efficiency:
Economics and Outlook for Asia and the Pacific” (UNEP, 2011). The re-
port highlights that the Asia-Pacific's transition from an agrarian
socio-ecological regime into an industrialized one is still in the early
phases, and agricultural land expansion has occurred at 6% rates from
1970 to 2007, while a net decline in forest area ceased between 2000
and 2005, primarily because of large-scale reforestation activities. The
analysis of land cover change in the Asia Pacific region during the past
half century provides an excellent example of the association between
bio-physical and socioeconomic variation and forest cover change. Al-
though undoubtedly there are divers acting at transnational influences
on land-use change that are not captured by our indicators, we have
been able to provide a deeper understanding of FT complexities by
showing the importance of the heterogeneity of influencing patterns
of forest cover change, with implications for countries' overall FT
pathways.

Forest cover and population are inversely related, however only up
to a certain point and the relationship is mitigated by other factors. The-
oretically, rapid increase in population might exert pressure on forests,
especially through expansion of the arable area, while a dwindling pop-
ulation leads to forest recovery, especially if agricultural land is aban-
doned (Mather et al., 1999). Additionally, the scarcity of timber and
industrialization are generally viewed as accounting for FT (Rudel,
1998). The asymmetry in patterns between neighbouring countries, de-
scribed here, based on bio-physical and socio-economic indicators has
implications both for the refinement of the FT model particularly for
the countries reviewed in this paper, and the drivers of forest cover
change. It also has implications for understanding the consequences of
forest cover change in relation to bio-physical and socioeconomic adap-
tations and adjustments for a country's development and globalization.
There are also practical implications of these asymmetric patterns of for-
est cover change that should be evaluated when developing strategies
that aim to address forest-based solutions for climate mitigation, con-
serving biodiversity and boosting environmental services. In addition,
‘forest’ is not a homogenous category and countries experience different
rates and trajectories of land use change because of different demand
led variability in bio-physical and socioeconomic factors.

Demographic changes, particularly population growth, its density
and distribution greatly influence the quality and extent of forests, espe-
cially in the Asia-Pacific region. Few developing economies have very
high population densities with a large proportion of people living in
rural areas relying on farming, animal husbandry, fishing and such
other activities with land and labor as key factors of production (Nair,
2013). Industrialisation along with urbanization need not always re-
duce the dependency on land as the increasing demand for food and
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fuel will have to be provided by the rural economy. This is especially the
case when income increases enhance the demand for food and other
products (Nair, 2013).

With their fast growing economies, China' India and Vietnam have
addressed deforestation and have a relatively stable land cover configu-
ration. These patterns, however, vary significantly among developing
economies. The countries with stabilized economies such as Japan,
and South Korea early on addressed forest loss without prioritizing ag-
riculture and rural development, but still managed to revert forest
covers. On the other hand, the countries with a long history of defores-
tation and land use change such as Indonesia, Malaysia, and Philippines
have optimized agriculture productivity based on a feed materials use
from feed based on marine products to agriculture products. FT path-
ways in developing economies are complex, need to be explained
using a combination of drivers, and overarching patterns or FT path-
ways do not seem the most appropriate explanatory models.
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