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The concept of land use transition highlights that land use change is non-linear and is associated with
other societal and biophysical system changes. A transition in land use is not a fixed pattern, nor is it
deterministic. Land use transitions can be caused by negative socio-ecological feedbacks that arise from a
depletion of key resources or from socio-economic change and innovation that take place rather indepen-
dently from the ecological system. Here, we explore whether the sources of land use transitions are mostly
and use
and cover
ransition
orest transition
eforestation
ietnam

endogenous socio-ecological forces or exogenous socio-economic factors. We first review a few generic
pathways of forest transition as identified in national case studies, and evaluate the varying ecological
quality of expanding forests associated with these pathways. We then discuss possible explanatory frame-
works of land use transitions. We use the case of the recent forest transition in Vietnam as an illustration.
Socio-ecological feedbacks seem to better explain a slowing down of deforestation and stabilization of
forest cover, while exogenous socio-economic factors better account for reforestation. We conclude by
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discussing the prospects o

ntroduction

Human societies constantly coevolve with their environment
hrough change, instability, and mutual adaptation. As a result,
and use change is non-linear and is associated with other soci-
tal and biophysical changes through a series of transitions. The
oncept of forest transition refers to a change at a national or
egional scale from decreasing to expanding national forest areas
i.e., from net deforestation to net reforestation – that has taken

lace in several European countries, in North America and, more
ecently, in China, India, Vietnam, Costa Rica, Puerto Rico among
thers (Mather and Needle, 1998; Mather et al., 1999). This partic-
lar form of land use transition has been well studied empirically.
hile the initial focus of forest transition studies was the histor-

cal experiences of industrial countries in Europe (Mather, 1992;
alker, 1993; Mather et al., 1999) and North America (Foster

t al., 1998), several recent studies have demonstrated that a
imilar pattern of forest-cover change is taking place in some trop-
cal countries with developing economies (Rudel et al., 2002a;
rau et al., 2003; Klooster, 2003; Hecht et al., 2006; Mather,

007; Nagendra, 2007; Meyfroidt and Lambin, 2008a,b). This sim-

larity in pattern does not imply that the causes of the forest
ransition are the same. A predominantly national focus in for-
st transition studies has been increasingly complemented by

∗ Corresponding author. Tel.: +32 10 47 44 77; fax: +32 10 47 28 77.
E-mail address: eric.lambin@uclouvain.be (E.F. Lambin).
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elerating land use transitions in tropical forest countries.
© 2009 Elsevier Ltd. All rights reserved.

ubnational-scale studies (e.g., Baptista and Rudel, 2006; Sloan,
008).

It is important to better understand under what conditions land
se transitions do take place. The causal mechanisms behind land
se transitions can invoke two forces of a different nature. On one
and, land use transitions could be associated with negative feed-
acks that arise from a depletion of key resources or a decline in the
rovision of important ecosystem goods and services. Such expla-
ations transpose to socio-ecological systems the dynamics that
re typical of ecological systems—i.e., growth under resource con-
traints. In this context, by “socio-ecological feedback”, we mean
hanges in land use decisions that result from a severe degradation
n ecosystem services that was caused by past land use practices,
he important point being that this process is endogenous to the
oupled socio-ecological system. On the other hand, land use tran-
itions could be caused by socio-economic change and innovation
hat take place rather independently from the ecological system
nd follow their own dynamics. These changes are exogenous: they
an be driven by urbanization, economic development or globaliza-
ion and yet have an impact on land management and thus lead to
land use transition. These two lines of explanation of land use

ransitions raise the following questions: Are the sources of land
se transitions mostly ecological or socio-economic; endogenous

r exogenous; local or global? It was once claimed that humanity
id not move out of the Stone Age due a lack of stones. Simi-

arly, do societies profoundly modify their land use practices in
esponse to a depletion of natural resources or ecosystem services
hat follow from their previous land use? Or, rather, are land use

http://www.sciencedirect.com/science/journal/02648377
http://www.elsevier.com/locate/landusepol
mailto:eric.lambin@uclouvain.be
dx.doi.org/10.1016/j.landusepol.2009.09.003
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ransitions an unintended side effect of innovations in other sectors
f societies—technological innovations, economic modernization,
hanges in social organization and preferences?

The objective of this paper is to advance our theoretical under-
tanding of the causes of land use transitions by reviewing possible
eneric causal mechanisms associated with such transitions. We
tart with a definition of what is meant by land use transition. As
ost of the empirical studies on this issue have focused so far on

orests, we then review a few generic pathways of forest transi-
ion. Next, we attempt to expand this understanding to land use
n general by discussing possible explanatory frameworks of land
se transitions. Our focus is on land use transitions that relieve
ressure on natural ecosystems and maintain or even restore the
rovision of ecosystem services. We then apply these explanatory
rameworks to the case of Vietnam to test whether they help to
ring clarity to the multiple forces that act synergistically to bring a

and use transition in a particular place. We conclude by discussing
he prospects of accelerating land use transitions in tropical forest
ountries.

ackground

A transition can be defined as a process of system change in
hich the structural character of the system transforms (Martens

nd Rotmans, 2002). The concept of land use transition refers to
ny change in land use systems from one state to another one—e.g.,
rom a system dominated by annual crops for local consumption to
system with large tree plantations in response to market demand
r new institutions. Whereas a system-wide perspective on land
se tends to focus on the slow and gradual processes of change
t the scale of large entities (DeFries et al., 2004), a perspective
entred on local communities or agents emphasizes people’s own
oreseeable futures at the individual level and abrupt transitions
hat result from the adoption of new land use practices in response
o critical events (Lambin et al., 2003; Lambin, 2005).

While a land use transition is defined as a change in land use sys-
em, a forest transition is often viewed more narrowly as a change
n land cover trend. Some authors represent the forest transition
s the turning point between two specific land use transitions, the
rst from a land use system with high forest cover to one with low

orest cover, and the second from low to high forest cover (Grainger,
995; Barbier et al., 2010). These two transitions can be separated
y a time lag with a stable and low forest cover. This implicit state-
nd-transition model could be replaced by a more dynamic view
hat represents the forest transition as a land use transition from
wo land use systems in dynamic equilibrium: one characterized
y exploitative use of forests and thus associated with declining
orest cover and the other characterized by a sustainable use of
orests and thus associated with recovering forest cover.

Transitions in land use must be viewed as multiple and
eversible dynamics. A transition is not a fixed pattern, nor is it
eterministic. It is highly contingent and there is large variability

n specific trajectories. There is thus a strong notion of instability
nd indeterminacy in land use transitions. Transitions should be
iewed as “possible development paths where the direction, size,
nd speed can be influenced through policy and specific circum-
tances” (Martens and Rotmans, 2002). The actual ecological and
ocial significance of a land use transition depends on the existing
and cover prior to and after the transition (Farley, 2007). Land use

ransitions are associated with changes in the provision of ecosys-
em good and services on which human societies depend. There is
great diversity in geographic and historical contexts associated
ith land use transitions and numerous complexities in both the

cological and social systems (Perz, 2007).
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orest transition pathways

In a widely cited study, Rudel et al. (2005) identified two main
orest transition pathways based on a cross-national study for the
990s: a forest scarcity path and economic development path.
ecent case studies identified a broader range of processes associ-
ted with forest transitions. Below, we briefly summarize the two
orest transition pathways identified by Rudel et al. (2005). They are
ach followed by a description of their more contemporary ver-
ion. We also identify a fifth pathway that takes place at a finer
eographical scale. We then qualify these pathways by discussing
heir varying ecological quality.

orest scarcity pathway

In some countries, a scarcity of forest products and/or a decline
n the flow of services provided to societies by forest ecosystems
rompted governments and land managers to establish effective
fforestation programs. In this first pathway proposed by Rudel
t al. (2005), political and economic changes affecting the forest
ector arise as a response to the adverse impacts of deforestation.
or example, following landslides on deforested slopes, floods in
ownstream watersheds, rising prices for forest products, pub-

ic demands for parks, and pressure from civil society for wildlife
onservation, private initiatives or policy interventions lead to pro-
rams to afforest marginal lands and create reserves to protect
ld-growth forests. In China, national reforestation policies were
ot only inspired by a scarcity of forest products (20% of China’s
erritory was still covered by forests at that time) but by concerns
bout flooding and soil erosion that can result from deforestation.
he alleged linkage between the clearing of forests on slopes of
atersheds and the increasing frequency of severe flood events
as been a key argument to promote reforestation in 19th cen-
ury Europe, mostly in the Alps, and to ban logging in Thailand,
hina and the Philippines (Mather and Fairbairn, 2000; Durst et al.,
001; Mather, 2007), even though this linkage is still controversial
FAO-CIFOR, 2005; Bradshaw et al., 2007).

tate forest policy pathway

In some cases, changes in national forest policies play a central
ole in stirring the forest transition. These new land use policies
ay be in part triggered by elements of the above forest scarcity

athway but their underlying motivations are often factors outside
he forestry sector: a willingness to modernize the economy and
and use, integrate marginal social groups such as ethnic minori-
ies living in forests, or promote tourism or foreign investments by
greening” the image of the country; or a geopolitical interest in
sserting control over remote territories via the creation of natu-
al reserves or managed state forests. In these cases, this pathway
s distinct from the forest scarcity pathway. It does not inevitably
esult from economic development policies if these have a focus
n industrialization and/or a decentralized implementation. In sev-
ral Asian countries, an increase in forest cover has been strongly
romoted by the state since the 1990s (Mather, 2007).

The Himalayan Kingdom of Bhutan offers a good example of
policy intervention in the forestry sector that is not motivated

y forest scarcity. Forest cover increased in Bhutan from 64.6%
f the country area in 1990 to 68% in 2005 (FAO, 2006). This
ncrease took place despite an average population growth rate of

%, with only 21% of the total population living in urban areas in
003, and an agricultural sector still representing 33% of GDP. Fuel-
ood accounts for over three-quarters of total energy consumption

nd nearly all non-commercial energy consumption (Uddin et al.,
007). The forest legislation of Bhutan imposes that a minimum
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orest cover of 60% is maintained permanently at a national scale.
he Forest Policy of Bhutan (1991) and the Bhutan Forest and
ature Conservancy Act (1995) have translated in the legislation

he principles of sustainable management of forests, biodiversity
onservation, and social forestry (Uddin et al., 2007). More than 27%
f the country’s area was managed as protected areas in 2005. The
ew forest policies give a role for traditional forest users in manag-

ng forest activities on publicly owned land, including community
ands. Most forests are under this category of land ownership rights.
ree planting and forest management is also encouraged on pri-
ately owned land. Underlying these forest policies is, in no way,
depletion of forests but rather the unique philosophy of devel-

pment in Bhutan outlined by King Wangchuck in the late 1980s.
he promotion of the happiness of the people is viewed as being
ore important than economic prosperity. As part of this policy,

reservation and sustainable use of the environment is one of the
ey objectives pursued by Bhutan. It is inspired by the Buddhist
ulture of harmony and compassion, and its representation of the
lace of human beings within the complex web of interdependent
elationships between all forms of existence. The path of forest
ransition in Bhutan is therefore motivated by an ecocentric devel-
pment model, and associated with central government policies
nd a forest ownership regime of mostly publicly owned forestland.

conomic development pathway

In other countries, economic development has created enough
on-farm jobs to pull farmers off of the land, thereby inducing
he conversion of fields into forests. This second pathway pro-
osed by Rudel et al. (2005) therefore occurs when, after a period
f deforestation, large areas of land marginally suitable for agri-
ulture are abandoned and left to forest regeneration. Because
f economic expansion, labour force is driven from agriculture
o other economic sectors and from rural to urban areas. Invest-

ents in the industrial sector raises urban wages and create rural
abour shortages. Thus labour scarcity rather than a scarcity of for-
st products drives the reforestation. Due to market development,
gricultural intensification is concentrated in the most suitable
egions. As farmers adopt more productive agricultural technolo-
ies, crop production increases in the core agricultural regions, with
consequent decline in crop prices. Agriculture becomes unprof-

table in marginal fields.

lobalization pathway

A more modern version of the economic development pathway
ccurs when a national economy becomes increasingly integrated
nto global markets for commodities, labour, capital, tourism and
deas (Rudel, 2002). Compared to historical forest transitions in
urope and North America, developing economies in today’s world
re strongly affected by globalization. Kull et al. (2007) identify
our processes associated with globalization and that impact forest
over: neo-liberal economic reforms, labour out-migration, local
anifestations of international conservation ideologies, and grow-

ng tourism and land acquisition by expatriates. These processes
lter qualitatively and quantitatively the way economic modern-
zation affects forest covers. The range of migrations is expanding
rom the nearby city to remote, economically advanced countries.
ural regions increasingly export forest and agricultural products
o global markets and offer aesthetic services for a growing num-

er of foreign tourists that import their views on how a beautiful

andscape should look like. As a result of private investments, land
rivatization and the expansion of global tourism, forest conserva-
ion activities increasingly take place on private lands. In parallel,
he rural poors seek employment outside their region or country
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nd send back remittances to marginal rural regions, which can
elieve pressure from the land (Hecht et al., 2006). International
nvironmental NGOs, multilateral environmental conventions and
id agencies globalize sustainable development objectives and
elated forest management practices. Economic globalization also
acilitates the displacement of deforestation from countries that
ndergo a forest transition to forest-rich regions, via the interna-
ional timber trade (Meyfroidt and Lambin, 2009).

mallholder, tree-based land use intensification pathway

In marginal regions dominated by smallholder agriculture, a
ignificant increase in tree cover can be associated with the expan-
ion of fruit orchards, wood lots, agroforestry systems, gardens,
edgerows, and secondary successions on abandoned pastures
r fallows that are sometimes enriched with valuable species
Hecht et al., 2006). These wooded landscape mosaics often
evelop at the forest margins (Wiersum, 2004), creating a con-
inuity between planted and natural forests. They have evolved
ver millennia under the influence of smallholder land use sys-
ems that actively manage the multifunctionality of ecosystems
Michon et al., 2007). The motivation of smallholders may be to
ecrease their vulnerability to economic or environmental shocks
nd guarantee their livelihood through ecological and economic
iversification—e.g., through the extraction of non-timber forest
roducts. These “domestic forests” (Michon et al., 2007) involve
form of land use intensification as they require high levels of

abour inputs and traditional environmental knowledge. It is driven
y innovations in farming systems rather than by forest conserva-
ion, which makes it distinct from the forest scarcity path. Where
hese land use patterns have emerged recently, it is often follow-
ng a reallocation of labour between plots with a different land
uitability within a farm—e.g., concentration of labour on irrigated
lots in valley bottoms and tree plantations on steep slopes that
ere previously cultivated extensively (Meyfroidt and Lambin,

008a) or roadside reforestation with short-cycle shifting cultiva-
ion of high-value crops for urban markets (Rudel et al., 2002b).
n other locations, rural communities actively restore forests and
heir ecosystem services on degraded lands (Chazdon, 2008). Con-
rary to the economic development path, this pathway of forest
ransition is not associated with a decline in rural population or in
griculture. Rather, it maintains “wildlife-friendly” farming (Green
t al., 2005) and reforestation does not signify land abandonment
Rudel et al., 2002b). These tree-based land use systems are more
ikely to include indigenous species and biological diversity than
ntensive cultivation. They therefore have conservation value and

ake substantive contributions to various ecosystem services. Yet
hey do not have the same composition and structure as primary
orests and are associated with a fragmented landscape. These suc-
essional, anthropogenic forests form the matrix of natural forest
ragments (Hecht et al., 2006). Note that the increase in tree cover
ssociated with this pathway is not always captured in land use
tatistics and thus may remain hidden.

cological quality of forest transitions

Each of the above pathway can be associated with varying
mpacts on the delivery of ecosystem goods and services and with
orests with different ecological qualities. FAO definition of forests,
hich is widely used, include all land with tree crown cover (or
quivalent stocking level) of more than 10% and area of more than
.5 ha (FAO, 1999). Alien monoculture industrial tree plantations
or timber or paper pulp qualify as forest, as all other forms of
lanted forests. Tree crop plantations – e.g., gum arabic (Acacia
enegal) or rubber (Hevea brasiliensis) – are also included in the FAO
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Table 1
Hypotheses on ecological quality of forest transition pathways in relation to their main driving forces.

State forest policies

Top-down government intervention through land use
planning; mostly government-owned land

Government intervention through market-based
mechanisms; importance of private and communal land
ownership

Integration of forestry
sector in world economy

Strong Large monoculture plantations (e.g., China). Low ecological
quality.

Tree plantations mixed with intensive agriculture and
secondary forests (e.g., Ecuador’s Andes, Chile). Low to
medium ecological quality.
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Weak Natural forest regeneration; forests managed for
ecosystem services (e.g., Bhutan). High ecological qu

efinition of forest. Thus, a country that would have depleted its
rimary forests and would then replace them by tree crop planta-
ions could appear to undergo a forest transition. This is an artefact
f the definition of forest as used by FAO for global accounting pur-
ose. This definition does not take into account the quality and
naturalness” of forests. Intuitively, such forms of reforestation or
fforestation should not qualify as a forest transition. Yet, if the
ocus of a study would be exclusively on carbon cycle accounting
r provision of timber for example, this could indeed be considered
s a forest transition for that narrow purpose.

Certain forest transition pathways are more likely to lead to for-
st transitions with a high ecological quality than others (Table 1).
orest transitions caused by national-scale policies of land use plan-
ing implemented by strong states, with a wood sector strongly

ntegrated in regional to global markets, are often associated with
arge monoculture industrial tree plantations with a low ecological
uality. The reforestation in China illustrates this situation (Zhang
t al., 2000). By contrast, forest transitions caused by land use deci-
ions by a large number of land managers, with small to medium
ize land holdings, and in a country with few exports of roundwood
r wood products are more likely to be associated with either nat-
ral forest regeneration or successional, anthropogenic forests and
groforestry systems that are intrinsically more diverse. El Salvador
s a good example of this case (Kleinn et al., 2002, Hecht et al., 2006).
n other countries, reforestation is promoted by the government via
arious market-based incentives for private and public rural land-
olders and a strong support for wood exports. This is generally
ssociated with plantations of fast-growing species that are mixed
n the landscape with intensive agriculture and secondary forests,

s in the Andes region of Ecuador (Farley, 2007; Vanacker et al.,
003) and in Chile (Clapp, 2001). Finally, forest transitions driven
y land use planning by the state in economies rather isolated from
egional to global markets and dominated by smallholders tend to
ead to an expansion of natural forests that provide multiple ecosys-
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able 2
ain relationships between forest transition pathways and explanatory frameworks of la

Explanatory frameworks Forest transition pathways

Forest scarcity State policy E

Socio-ecological feedbacks
Resource-limited growth X
Land scarcity, intensification X
Land use adjustment X X

Socio-economic changes
Economic modernization X
Market access X X
Land ownership X
Global trade
Diffusion of conservation ideas X
Natural forest regeneration and diverse agroforestry
systems on smallholders’ land (e.g., El Salvador). High
ecological quality.

em goods and services, as illustrated by Bhutan. Some countries
uch as Vietnam (see below) fall across some of these categories.

xplanatory frameworks

Underlying these multiple forest transition pathways lie two
undamental forces that influence land use decisions in general:
i) negative socio-ecological feedbacks that arise once the flow of
oods and services provided by natural ecosystems has severely
eclined; they force a slow down or even reversal of land con-
ersion; and (ii) socio-economic dynamics that are not a direct
esult of land cover change but that nevertheless lead to a shift
rom an expansion of land use to natural ecosystem recovery at the
ational scale. In the first case, driving forces are mostly endoge-
ous and local while, in the second case, they are mostly exogenous
nd originate from a higher organization level, from neighbouring
egions or from local innovations. This distinction requires defin-
ng the boundaries of the coupled socio-ecological systems that are
irectly involved in land use transitions: the territory being affected
nd its local population. Any boundary is arbitrary and setting one
round a place does not imply a lack of integration of this place in
ts regional context.

The relative importance of endogenous versus exogenous forces
as a major importance on the way land use transitions can be
nderstood, modelled and accelerated by policy intervention. If
he system dynamics is dominated by negative socio-ecological
eedbacks, then a modelling that is built on an analogy with eco-
ogical systems may be appropriate. Much of the research on
ocio-ecological systems is built on the premise that there is a

undamental similarity between the behavior of ecological and
ocial systems. This is a simplification however, as work on risks
nd environmental stress (Kasperson, 1969; O’Riordan, 1971) and
n behavioral geography (Downs and Meyers, 1978) have shown
hat an environmental signal must be perceived and evaluated

nd use transitions.

conomic development Globalization Smallholder intensification

X
X

X
X X
X X
X
X



1 nd Us

i
a
e
t
s
e
l
m
M
d
t

S

R

a
l
e
g
p
l
e
d
a
e
o
t
u
b
i
w
u
t
a

L

a
i
e
o
o
e
t
t
a
t
o
l
t
i
I
m
d
a
p
o
t
w
a

A

c

a
p
l
a
r
a
l
a
p
c
o
c
t
a
t
s
t
t

E

E

r
d
i
r
s
a
r
a
a
a
t
t
t
t
a
q
p
t
2
t
t
t
a
r
t
2
a
I
r
i

L

e
t
v
g

12 E.F. Lambin, P. Meyfroidt / La

n order to generate a reaction, and may be socially amplified or
ttenuated (Kasperson and Kasperson, 1996). By contrast, if socio-
conomic dynamics are the dominant forces leading to land use
ransitions, then explanatory models that capture the specificity of
ocial systems need to be deployed. Below, we review some of the
xplanatory frameworks that can account for these two forces of
and use transition, in view of making more explicit possible causal

echanisms (Table 2). They are not mutually exclusive categories.
ost of these models or theories represent the interactive spatial

ynamics of agriculture and forestry. They thus explain land use
ransitions in general rather than just forest-cover dynamics.

ocio-ecological feedback regulating land use change

esource-limited growth and adaptive cycle
In ecology, the stabilization in the growth of a population in

resource-limited environment is generally modelled with the
ogistic function (Verhulst, 1845). The same function also mod-
ls the cumulative diffusion of demographic properties across a
eographic landscape. Land use change can be viewed as a growth
rocess, with the rate of natural ecosystem conversion being regu-

ated by the density of remaining natural ecosystems. Agricultural
xpansion can also be conceived as a spatial diffusion process
riven by a set of decisions by agents to migrate into frontier areas
nd to clear land for crop production. In both cases, these mod-
ls account for the stabilization of the area of natural ecosystems
nce a threshold has been reached, and thus represent a land use
ransition. This threshold corresponds to the minimum flow of nat-
ral ecosystem services that is required by the local population. To
roaden this framework, one could conceptualize land use dynam-

cs based on Holling’s adaptive cycle (Holling, 1986), by analogy
ith the dynamics of natural ecological systems. A recovery of nat-
ral ecosystems and land use intensification would then be part of
he backloop of this cycle (reorganization and renewal), following
phase of agricultural expansion and capital accumulation.

and scarcity and agricultural intensification
In a classic view, agricultural expansion “fills up” the land at

fixed technological level, usually, the most extensive one. Once
t is constrained by land scarcity and a depletion of soil nutri-
nts, agricultural intensification takes place by substituting labour
r capital inputs for land (Boserup, 1965). Through the adoption
f land-saving and yield-enhancing technologies and the short-
ning of the fallow cycle, agricultural intensification is expected
o decrease the demand for land and thus allow for a decline in
he rate of conversion of natural ecosystems. This could lead to

land use transition with a stabilization or even an increase in
ree cover and natural habitats. Out-migration, fertility reduction
r changes in tenure arrangements can also relieve pressure on
and without agricultural intensification. Agricultural intensifica-
ion may also result from an increase in market demand and state
ntervention, independent of land scarcity (Lambin et al., 2003).
n that case, improving agricultural technology could encourage

ore land conversion rather than relieving pressure from nature,
epending on how the new technologies affect the labour market
nd migration, whether the crops are sold locally or globally, how
rofitable farming is, as well as on the capital and labour intensity
f the new technologies (Angelsen and Kaimowitz, 2001). In sum,
his explanatory framework of land use transitions encapsulates a
idely held view, yet one with a weak empirical support (Rudel et
l., forthcoming).

djustment of land use
Mather and Needle (1998) suggested that forest transitions

ould be explained by an increasing adjustment of agricultural

t
n
a
b
t
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ctivities to land quality. As farmers learn about the agro-climatic
otential of different regions or “terroirs” for specific agricultural

and uses, agricultural production gets concentrated in smaller
reas with prime agricultural conditions (the core agricultural
egion) while agriculture is abandoned in the larger regions with
lower productivity, due to intrinsic ecological constraints or fol-

owing land degradation (the periphery). These marginal regions
re then reforested through natural forest regeneration or tree
lanting. With a better spatial fit between agriculture and agri-
ultural land capability, agricultural production can be maintained
r even increased from a decreasing land area under use. This pro-
ess requires population movements, market integration and dense
ransport networks. It takes place when regions have a comparative
dvantage for specific land-based productions. In this mechanism,
here is an ecological feedback on agricultural productivity but
ocial learning, mobility and communication also play an impor-
ant role. There is good historical evidence at a national scale for
his theory of land use transition.

xogenous socio-economic dynamics

conomic modernization
The environmental Kuznets curve shows an increase in the envi-

onmental impact of a society in the early stages of economic
evelopment, followed by a lessening of this impact once per capita

ncome has exceeded a certain threshold (Stern, 2004). The envi-
onmental Kuznets curve predicts that economies in transition
hould have the highest rates of natural ecosystem conversion and,
s they become richer, these rates should decline and ecosystem
estoration should take place. Causal factors are assumed to be
change in energy sources, technological progress in agriculture

nd forestry, greater awareness of the value of natural ecosystems,
growing ability to pay for nature-friendly land use practices,

he action of pressure groups for environmental protection, and
he ability of governments to draft strict environmental legisla-
ion and enforce compliance with it. Cross-country analyses show
hat the recovery of natural ecosystems with development is not

spontaneous effect of economic growth but rather the conse-
uence of vigorous environmental policies that have aggressively
romoted ecosystem restoration and the adoption of more sus-
ainable land use practices (Bhattarai and Hammig, 2001; Mather,
007). Reduced land degradation in one place is also to some extent
he result of a displacement of food production and wood extrac-
ion to other places through trade. Empirical evidences to support
he existence of an environmental Kuznets curve for forest cover
re ambiguous as the factors associated with deforestation and
eforestation differ across regions, between countries and through
ime within a single country (Ehrhardt-Martinez et al., 2002; Ewers,
006). The environmental Kuznets curve is a highly idealized and
bstract pattern linking development with environmental impacts.
t encompasses many of the processes linking natural ecosystem
ecovery with economic development, modernization, industrial-
zation, and urbanization (Perz, 2007).

and rent and market access
Land use change can be motivated by the desire to capture new

conomic opportunities as much as by the need to respond to fac-
or scarcities and ecological constraints. The land rent theory of
on Thünen and that of Ricardo predict that any parcel of land,
iven its attributes and location, will be used in the way that earns

he highest rent. Land use changes – including the conversion of
atural ecosystems – are therefore driven by choices by land man-
gers among alternate rents. In any location, the outcome might
e land conversion or nature restoration depending on the rela-
ive rent between potential uses of nature and cleared land. A land
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se transition that would preserve or restore nature thus depends
n changes in the opportunity cost of natural ecosystem mainte-
ance (Walker, 1993). If the value of the natural ecosystem goods
nd services are higher than the value of agricultural production or
ther uses of that same plot of land, than nature conservation or
estoration will take place—provided that a market exists for these
cosystem services to direct payments toward the land managers.
hese values are influenced by market access, policy interventions,
and tenure, and economic opportunities associated with land use.
or example, a decrease in commodity prices on the global mar-
et has led to agricultural contraction in some marginal regions
nd thus to a land use transition. In Costa Rica, the creation of
ew markets for ecosystem services (carbon sequestration, qual-

ty water provision, scenic beauty, biodiversity conservation) are
imed at increasing the land rent of standing forest compared to
ther land uses, to promote reforestation. Land use transitions are
hus controlled by the influence of markets for different land-based
roducts or services on the competition between different land
ses (Barbier et al., 2010).

and ownership regime
In many countries affected by a land use transition, the offi-

ial land ownership regime has been transformed from open
ccess or informal communal regimes to more formal government-
wned and private land. Yet, many government-owned lands are
ffectively governed by local communities, as common-property
esources, or by private enterprises that were allocated conces-
ions (Agrawal et al., 2008). Moreover, there has been a rapid
ncrease worldwide in the land area under various protection status
national park, wildlife reserves, conservation areas), with restric-
ions on human use. Attempts to formulate generalizations on the
enure regime that is best at nature conservation or restoration
re doomed to failure given the diversity of social and ecological
ontexts, and the large number of factors that determine the effec-
iveness of ecosystem governance. However, any tenure regime
ther than open access offers a much greater capability to exclude
ther land users and to regulate resource extraction by authorized
sers. Several studies have shown that forest management by local
ommunities can be as effective for conservation as strict govern-
ent protection (Nagendra, 2007). Forest transitions in Europe

nvolved privatization of forestland while several cases in Asia
ere associated with the devolving of land management deci-

ions to villages or communities, even though the state sometimes
etained formal ownership of the land. In Latin America, various
grarian reforms have allowed for collective decisions about land
anagement, a concentration of technical assistance and funds

n cooperatives, and an economic diversification that has relieved
ressure on natural ecosystems (Hecht et al., 2006). In Costa Rica,
he removal of restrictions on land acquisition by foreigners led to
oreign property investment and forest conservation on these pri-
ate lands (Kull et al., 2007). Changes in land ownership regimes
nd in effective governance are also a major driver of land use
ransition in rangelands (Sneath, 1998).

lobal trade
Thanks to the development of cheap intercontinental transport

hat goes hand-in-hand with globalization, the trade in food and
imber has greatly developed over the last century. Imports of food,
oundwood and processed wood in a region relieves pressure on
atural ecosystems in this region but displaces it to the exporting

egions. For example, international timber trade does affect sig-
ificantly spatial patterns of wood harvest: in 2000, international
imber trade comprised 19% of the value of primary forest products
Kauppi et al., 2006). Reforestation in one country is facilitated by
mporting wood from (or exporting deforestation to) another coun-

i
e
i
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ry. North America is the largest producer and exporter of industrial
ood, which mostly originates from re-planted forests that are

roadly similar to native forests. Malaysia and Indonesia export
o China, Japan, the U.S. and Europe large volumes of tropical tim-
er extracted from their primary forests. Other wood-exporting
ountries such as Chile extract a large fraction of their timber from
lantations based on exotic species (Clapp, 2001). All other things
eing equal, the development of international timber trade could in
heory decrease the global forest area harvested by concentrating
roduction in the high-yielding regions (Kauppi et al., 2006). Forest
ransitions in lower yielding countries may thus have been facili-
ated by economic globalization. Note however that exploitation
f natural forests in the tropics is also constrained by physical and
nstitutional accessibility of forest stocks. Global timber trade data
o hide the actual ecological impacts of wood extraction as the
ood that is traded may originate from primary forests or plan-

ations and, in the latter case, from native or exotic species. The
nternational trade in crop and livestock products explain in a sim-
lar way land use transitions in general: land use intensification in
ome places and cropland abandonment in others accelerate with
ood exchanges.

lobal diffusion of environmental conservation ideas
Since the Brundtland report and Rio’s Earth Summit, sustainable

evelopment has been high on the agenda of aid agencies, the sci-
ntific community, and various NGOs. Ministries of Environment
nd Natural Resources have gained traction and multilateral envi-
onmental conventions have been signed. The ideology of nature
onservation has been globalized and influenced national policies
n various sectors. In some cases, adoption of sustainable devel-
pment policies was an opportunistic decision to gain access to
nternational and private funds for environmental projects—e.g., in
ebt-for-nature swaps, or as part of the Global Environment Facil-

ty (GEF). Most resource management institutions have adopted
ature conservation principles. This led to the creation of protected
reas, land management laws, and public services responsible for
esearch and education on natural resource management. A vari-
ty of new schemes have been developed: forest certifications, fair
rade initiatives, payment for ecosystem services. . . Whether a par-
icular country was facing a natural resource crisis or not, the global
pread of environmental conservation ideas has affected resource
anagement institutions at global to local levels through a green-

ng of national policies (Hecht et al., 2006). The global diffusion
f new knowledge systems, values, environmental attitudes, and
nstitutions explain a transition toward more sustainable land use
n many world regions (Raquez and Lambin, 2006).

he land use transition in Vietnam

In this section, we take Vietnam as a case study to illustrate
hat real life cases merge many of the rather theoretical categories
eviewed in the previous sections. Rather than following a his-
orical timeline (see Meyfroidt and Lambin, 2008a,b), we analyse
he different contributing processes in the agricultural and forestry
ectors. First, we show that the above-described pathways are not
ndependent and interact in several ways, and then we assess the
ole played by socio-ecological feedbacks versus broader socio-
conomic dynamics in the land use transition in Vietnam.

orest transition pathway
In any particular country, one can detect the overlapping
nfluence of several pathways. The case of Vietnam suggests the
xistence of a forest transition path associated with agricultural
ntensification by smallholders in marginal regions. It was caused
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Fig. 1. Forest cover changes in Vietnam, 1992–1999, according to Forest Inventory
and Planning Institute (FIPI) data. Tree plantations are concentrated close to the
main industrial centres, in the midlands of the northern region and central coast,
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y a combination of “push and pull” factors. Through several
olicies (Resolution 10 in 1988 and the Land Law of 1993), eco-
omic liberalization, paddy land allocation, and market integration

ncreased the profitability of cultivation in lowlands. The rapid
eforestation in mountainous regions combined with a high popu-

ation density led to a reduction in fallows, soil erosion on hillsides
nd a shortage of suitable land for shifting cultivation. The relative
rofitability of slash-and-burn cultivation in the uplands declined
ompared to the cultivation in valleys. Farmers therefore intensi-
ed paddy rice cultivation by shifting labour to the plots with the
ighest agro-ecological potential. Absent any mechanization, lit-
le labour force was left for slash-and-burn agriculture or paddy
ands expansion. The upland plots were thus either abandoned
r planted with trees. Forestland allocation after 1993 and zoning
olicies mainly after 1991 reinforced land scarcity and prohibited
ewcomers to claim degraded land abandoned by farmers. These
hanges contributed significantly to the increase in natural forest
rea in mountainous regions of Vietnam (Fig. 1). The effectiveness
f forestland allocation policies was also influenced by economic
nd agricultural changes: where paddy lands were abundant and
addy rice cultivation intensive, farmers had an alternative to shift-

ng cultivation. The policy was therefore more easily accepted.
here paddy lands were scarce, policy restrictions on shifting

ultivation in forestlands were less strongly enforced. Forestland
llocation by itself was not sufficient to stimulate forestry activ-
ties and forest planting. Market outlets and capital investments

ere also necessary. Following the forest transition in Vietnam,
he (often illegal) import of timber from neighbouring countries
ccelerated and fuelled the growth of the wood sector (Meyfroidt
nd Lambin, 2009). Clearly, when dealing with a particular case of
and use transition, the elegant simplicity of a few clear-cut path-

ays gives way to rather messy interactions between elements of
ll the above pathways. In the case of the forest transition in Viet-
am, we find land scarcity induced by natural resource degradation
nd state policies, which leads smallholders to intensify agriculture
nd to integrate in the market.

ocio-ecological feedback

A decline in the provision of ecosystem services clearly con-
ributed to initiate the forest transition. Several signals of forest
egradation and resource overexploitation had been perceived
t the highest political levels. Scattered tree planting during the
ew Year festival was initiated by Ho Chi Minh in 1959 and
emonstrated the importance of trees and forests for livelihoods
Le, 1999; De Jong et al., 2006). The severe impacts on Viet-
amese forests of the Second Indochina War gave rise to the term
ecocide” (Weisberg, 1970; Westing, 1983). Although other fac-
ors contributed more to deforestation (De Koninck, 1999), forest
egradation during the war contributed to the recognition of refor-
station as one of the biggest challenges for Vietnam (Vo Quy,
992; Veilleux, 1994). The increasing scarcity of suitable trees
o cut forced several forestry enterprises to cease their activi-
ies and threatened the wood processing industry of shortages
f raw material (Castren, 1999; Ministry of Agriculture and Rural
evelopment, 2001). In neighbouring Thailand and China, excep-

ional flood events triggered drastic forest policy changes in the
990s (Durst et al., 2001). Although no significant floods associ-
ted with deforestation took place in Vietnam during the 10 years
receding the forest transition in 1993 (from the EM-DAT database,

.d.), Vietnamese scientists had warned of the growing impact of
yphoons and floods attributed to deforestation and the consequent
ecessity to protect forests (Veilleux, 1994). National political deci-
ions that led to the forest transition were also influenced by a
erception of ecological degradation. Rights and responsibility of

S

n

nd in the Mekong plain in the south of the country. Natural reforestation occurred
ainly in the mountains of the northern region and central coast, where forests
ere severely depleted in the early 1990s. Clearing for primary forests was still

aking place during the 1990s in the central highlands.

orestlands were transferred to households to encourage their sus-
ainable use and promote reforestation (Sikor, 1998; Mellac, 2000;
lement and Amezaga, 2009). The ban on exports of raw cut and
awn wood promulgated in 1992 was reportedly a decision of the
rime Minister following a tour in wood processing enterprises that
ere obviously exceeding their quotas (McElwee, 2004). The gov-

rnment also abandoned the policy of food self-sufficiency of each
rovince, which failed in the mountainous provinces, and empha-
ized the complementarity and specialization of regions based on
heir natural advantages (Castella et al., 2006). This new policy ori-
ntation is consistent with the theory of adjustment of land use
Mather and Needle, 1998).
ocio-economic dynamics

The policies that contributed to the forest transition in Viet-
am were also embedded in broader socio-economic dynamics.
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he privatization of land and production means, and liberal-
zation of agricultural markets were part of a general policy
eform, called Doi Moi, in response to the economic stagna-
ion and food crisis in the country (Esterline, 1987; Pingali and
uan, 1992; Kerkvliet and Porter, 1995). Agrarian reforms in
hina may have acted as an example for the Vietnamese gov-
rnment, in a case of mimetic institutional isomorphism—i.e.,
rganizations facing uncertainty model themselves on other orga-
izations perceived as successful (DiMaggio and Powell, 1983).
et, bottom-up pressures coming from peasants and de facto
ecollectivization preceding the reforms suggest that internal fac-
ors were more important (Cima, 1989; Kerkvliet, 1995). The
llocation of forestlands to households was an application of decol-
ectivization to forests (Do, 1994; Sikor, 1998; Mellac, 2000). The
tated rationale for the forestland allocation and reforestation pro-
rams was to put so-called bare and unused lands – actually
allows – into productive use, and to control shifting cultivation
nd nomadism, which were seen as backward practices, asso-
iated with poverty and causing deforestation (Do, 1994; Sikor,
995; Jamieson et al., 1998). This view already inspired policies
ince colonial times (Mellac, 2000). The first large-scale refor-
station program – Decree 327 started in 1992 and commonly
nown as “Regreening the barren hills” – was mainly a project
imed at socio-economic development for which “quick returns
n funds were given priority” (Council of Ministers, 1992; Lang,
002). The subsequent large-scale program – Decree 661 known
s the “Five million hectares reforestation program” and started
n 1998 – was focused on timber production to support indus-
rial activity (Ministry of Agriculture and Rural Development,
001; Clement and Amezaga, 2009). These programs had also
nvironmental objectives – claimed to be at the same level as
conomic objectives – i.e., “to ensure environmental security,
educe natural disasters, increase the capacity of water genera-
ion and preserve the source of genes and biological diversity”
Prime Minister of the Government of Vietnam, 1998). However,
eforestation programs relied mostly on fast-growing species such
s eucalyptus and acacia that have mixed impacts on soil and
ater regulation and are hardly useful to preserve biodiversity

Cossalter and Pye-Smith, 2003; Clement and Amezaga, 2009).
his suggests that policy-makers prioritized economic develop-
ent and the supply of raw material, and held a simplistic view

f the environmental benefits of forests—any tree that puts a
reen cover on land is equally good (Clement and Amezaga,
009).

Other political motives also played a role in the policy changes.
he State Forest Enterprises (SFE), which were responsible for
ll aspects of forestry management until the 1990s, are powerful
ctors in the forestry arena. They are closely linked to the politi-
al apparatus and generate significant incomes in some provinces
Lang, 2001; Clement and Amezaga, 2009). In the 1990s, when
he large-scale reforestation programs were started, their financial
ituation was difficult and their status was progressively trans-
ormed from governmental to autonomous organizations that were
xpected to be economically viable (Sikor, 1998; FAO, 2001). Most
f the capital from reforestation programs was channelled through
he SFE, by giving them responsibility over the technical imple-

entation of reforestation contracts with smallholders and over
he funding of protection contracts of large forest areas given a
rotection status by the state (Clement and Amezaga, 2009). SFE
ere also allocated most of the forestry land still covered by forests,

hile smallholders were mainly allocated barren lands. Economic

nterests of the SFE were therefore, if not a cause of the reforesta-
ion programs, at least an important factor in their design. The
and use zoning, land allocation and prohibition of shifting cultiva-
ion were also aimed at increasing the control of the government

a
e
f
t
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n remote regions and their populations (Lang, 2001; McElwee,
001; Sowerwine, 2004). The continuation of forest colonization
olicies in the central highlands (Fig. 1) suggests that territorial-

zation was more important than forest preservation. Finally, the
olitical reforms coincided with the emergence of the sustainable
evelopment ideology in the international arena. Promoting the
nvironmental dimension of these reforms and developing ambi-
ious reforestation programs was an effective way to attract capital
rom foreign donors (McElwee, 2001; Sowerwine, 2004; Zingerli,
005).

In summary, a perception of ecological degradation probably
riggered some of the policy changes that contributed to the forest
ransition, but the design of these policies, the strong commitment
f the government and the emphasis on industrial tree planta-
ions had three socio-economic and ideological motivations: (i)
ransform “waste” uplands into productive land for the national
conomy, (ii) implement a liberalization, decentralization and indi-
idualization of rights as part of Doi Moi reforms, and (iii) improve
he image of the country on the international scene. These ele-

ents were backed by the socialist ideology of the Vietnamese
eaders, which promotes an anthropocentric and utilitarian inter-
ction with nature and emphasizes economic modernization (Bach
an Sinh, 2003; Pham and Rambo, 2003).

otivations of local land managers

Socio-ecological feedbacks may have played a more direct role
n land use decisions by local land managers than was the case
or national-scale decision-makers. In Khang, a small village of
he Tay ethnic group in the northern mountainous province of
ac Kan, farmers interviewed by the authors justified the aban-
onment of shifting cultivation based on three reasons: limited
vailability of land suitable for cultivation due to land degrada-
ion (as confirmed by Tachibana et al., 2001; Castella and Quang,
002); greater awareness of the importance of ecosystem services
rovided by forests, in particular flood and waterflow protection;
nd difficulty to continue shifting cultivation due to the forestland
llocation policy. However, farmers also acknowledged that their
ain response to increased flood risk was to adapt – by building

amboo walls and cleaning paddy lands – rather than to restore the
orest cover on steep slopes to prevent floods. Many villagers wel-
omed the forestland allocation policy as it assigns responsibility
bout forest protection to every household, with collective bene-
ts. The perception of resource degradation and land scarcity may
ave prepared farmers to accept the new forest policy. The chang-

ng policy and economic context – that originated largely outside
he forest sector and allowed agricultural intensification in the low-
ands – was also necessary to decrease upland cultivation (Sikor,
001; Castella and Quang, 2002). For the most marginal farmers
ith no access to paddy lands, contracting cultivated areas was

mposed by external forces: forestland allocation, land use zoning
nd the reinforcement of penalties (Castella et al., 2006; Jakobsen
t al., 2007).

Contrary to forest recovery in mountain areas that are domi-
ated by smallholder cultivation, the expansion of timber and fruit
ree plantations in more accessible and high potential regions were

ainly driven by urban and industrial demand and encouraged by
eforestation programs (Fig. 1). These plantations, which account
or about half of the reforestation in Vietnam between 1992 and
005, are therefore driven by economic development forces that

re exogenous to the local scale. In sum, while endogenous socio-
cological feedbacks at the local scale have played a role in the
orest transition in marginal regions of Vietnam, active reforesta-
ion in high potential regions was driven by economic development
nd urban market demand.
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onclusion and discussion

Several well-supported causal mechanisms exist to explain land
se transitions. These relate both to the socio-ecological feedback
ypothesis and to the hypothesis of exogenous socio-economic
hanges affecting land use. In the recent cases of forest transition,
ocio-ecological feedbacks seem to better explain a slowing down
f deforestation and stabilization of forest cover, while exogenous
ocio-economic factors better account for reforestation. While a
erception of resource scarcity or degradation in ecosystem ser-
ices prepare local agents for the need to adopt new land use
ractices, it is only once new opportunities arise from exter-
al markets, migration, or capital investments that they actually
dopt land-saving practices, diversify income sources, and invest
n forest restoration. The first dynamic operates largely through
eople curtailing unsustainable land use practices while the sec-
nd activity requires an investment and therefore only occurs once
here are visible opportunities. State interventions could, however,
pset this set of incentives. Grainger (1995) and Klooster (2003)
lready indicated the utility of disaggregating the forest transi-
ion into a land use component—a stabilization of forest cover and
gricultural abandonment – and a forest use component – forest
ecovery thanks to sustainable forest management and protec-
ion.

In general, there is little evidence that societies retreat from
atural ecosystems because they have been degraded, therefore

eading to nature recovery. Rather, institutional or technological
nnovations are taking place to accommodate the new environ-

ental constraints. Interpreting and modelling the dynamics of
ocio-ecological systems by analogy with the dynamics of natu-
al ecosystems is useful to a certain point only. While endogenous
rocesses dominate the latter, social systems are more affected
y the spread of innovations that originate from outside the

oundaries of the local system. Economic, technological or institu-
ional innovations do not necessarily arise in response to resource
imitations—as much as a lack of stones was not the driving force
f the Bronze Age revolution.

ig. 2. Schematic representation of two types of forest policy interventions: (a)
alting deforestation and (b) accelerating the forest transition.
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Globalization in its various forms has contributed to a land
se transition in some countries. Currently, much discussion is
ocused on the design of global institutions to control tropical
eforestation. Foremost, this includes the “Reduction of Emissions
rom Deforestation and Forest Degradation” (REDD) policy pro-
osed under the United Nations Framework Convention on Climate
hange (UNFCCC). A widely shared perception of the risks asso-
iated with irreversible forest destruction and its contribution to
limate change has been the impetus to design institutions address-
ng the ecological degradation issue where no private actors would
ntervene spontaneously. Once implemented, a scheme such as
EDD would create more economic opportunities for sustainable

orest uses under various land development schemes compatible
ith the preservation of a forest cover, thus increasing the likeli-
ood of forest regeneration. To ensure more permanent social and
cological benefits of such policies, the focus should be shifted from
alting deforestation (Fig. 2a) to initiating or accelerating forest
ransitions (Fig. 2b). This paper suggests that this would require
set of interventions outside the forestry sector, to account for

he exogenous factors that historically have contributed to for-
st transitions. It would also have to include guardrails to avoid
replacement of primary, old-growth forests by monoculture tree
lantations.
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