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Abstract
Since the 1990s, forests have changed dramatically, transitioning from net forest loss to 
net forest increase in Vietnam. This study aims to advance the understanding of the factors 
driving forest transition at local scales. We employed GIS tools and a structural regression 
model to quantify the areas of rehabilitated forests and their determinants at the commune 
scale in Dien Bien province. We found that approximately 118,000 hectares of forest were 
rehabilitated during 1990 and 2010. Rehabilitated forests accounted for a large share of 
total forest gain (i.e., above 84%), and this proportion increased from 1990 to 2010. The 
presence of these rehabilitated forest was associated with both biophysical and accessibil-
ity factors. While no evidence regarding the effect of smallholder land use intensity or eco-
nomic development was found, we did find that forestry land tenure policies facilitate the 
expansion of rehabilitated forests. The findings of this study can inform the development of 
policies that support small scale forest transition, environmental management, and upland 
sustainable development in Vietnam and other countries.

Keywords  Local-scale forest transition · Socio-economic drivers · Structural regression 
model · Rehabilitated forests · Rural livelihood · Vietnam

1  Introduction

Forests provide cultural and social benefits, food, fuel, timber, bioproducts, and ecolog-
ical functions (such as water and air purification, carbon storage, and nutrient cycling), 
all of which contribute to human wellbeing (Chhatre & Agrawal, 2009; Griscom et  al., 
2017; Hogarth et al., 2013; Khuc et al., 2016; Vuong et al., 2021). Increased forest cover 
through rehabilitation and/or restoration improve the livelihoods of nearby rural communi-
ties, improve biodiversity and environmental services, and mitigate the effects of climate 
change (Bui et  al., 2019; Martin & Watson, 2016; Miles & Kapos, 2008; Pirard, 2012; 
Sunderlin et al., 2005). Thus, improving the understanding of factors driving forest change 
is necessary for better forest management and forest transition.
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Although the concept of a transition forest has been around for over two decades, it 
has only recently gained attention in the context of global warming. The transition from 
deforestation to reforestation describes the trend toward increased forest cover (Hoso-
numa et  al., 2012). Economic growth, forest scarcity, globalization and displacement, 
smallholder land use intensification, and state forest policy are all potential drivers of 
forest transitions (Meyfroidt et al., 2018a; Trædal & Angelsen, 2020). The majority of 
the world’s forests are now in the post-stage of forest transition, though many are still in 
the pre-forest or the early stages of forest transition (Hosonuma et al., 2012).

Regarding this, the transition to forest from farmland in Vietnam is instructive for 
the rest of Asia. The percentage of land covered by national forests increased dramati-
cally, from 28.7 to 42.1% between 1990 and 2020 (MARD, 2021). Each year, approxi-
mately 160,000 hectares of forestland, including both natural and plantation forests, are 
restored or added. Several studies have been conducted over the last two decades to 
identify factors that affect forest changes in Vietnam. Meyfroidt and Lambin (2008a; b), 
for example, identified economic development and forest scarcity as the main drivers. 
In particular, using cross-sectional data at the district-local scale, they found that agri-
cultural intensification can accelerate reforestation while forestry policy has an impact 
on forest change. In another study, De Jong et al. (2006) identified a set of biophysical-
socioeconomic factors influencing forest rehabilitation. Similarly, Cochard et al. (2017), 
with support from a dataset in 1993–2013, confirmed that biophysical variables, popu-
lation, agricultural productivity, wood processing, and forest land tenure affect forest 
cover change to some extent. Although most studies examine reforestation and deforest-
ation (for example, see also studies such as Clement et al. (2009); Cochard et al. (2017); 
Khuc et al., (2018, 2020), these studies have either used simple models with cross-sec-
tional data or relied heavily on official data. The majority of research has been done 
at broad levels (i.e., province, district). As a result, we learn little about how different 
technological, political, cultural, and economic factors influence forest change.

This study contributes to the literature on the theory of forest transition and upland 
rural development as well as analytical techniques. First, it improves the understanding 
of factors driving forest transition at small scales, which is very useful for policymakers 
and relevant stakeholders, who will then have better and/or appropriate practices and 
ecological management policies. Second, it fills research gaps in a country where a large 
population relies on forests as a main income source; related studies are quite limited. 
Hence, social and economic welfare, particularly of the poor, can be improved signifi-
cantly with appropriate supporting policies, which can also be applied to other regions 
with similar socioeconomic and forest transition conditions. Third, it is based on a panel 
dataset associated with a structural model, which helps capture more information on the 
complex interactions among social, ecological, and economic processes that influence 
rehabilitated forests and reduce endogeneity.

In this study, we set out to answer two key research questions: (i) where and how 
much forest rehabilitation has occurred in Dien Bien, and (ii) what are the driving 
causes of forest rehabilitation? Based on the aforementioned research questions and 
research objectives, our assumption is that livelihood characteristics and biophysical 
and accessibility conditions are associated with forest expansion. Hence, we proposed 
specific hypotheses to test as follows:

•	 Hypothesis 1 (H1): Higher income, lower population density, presence of forestland 
allocation policy, and lower elevations lead to an increase in rehabilitated forests 
area.
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•	 Hypothesis 2 (H2): Larger rehabilitated forests area, presence of industrial trees, higher 
literacy, and larger paddy land area can lead to higher income.

•	 Hypothesis 3 (H3): Literacy and paddy land are positively associated with higher food 
production.

2 � Definition of forests and rehabilitated forests

The legal definition of “forests” in Vietnam, which is enforced through forest conservation 
and development laws, has existed for many years. This analysis was based on the defini-
tion given in Vietnam’s legal forestry document (MARD 2009). Accordingly, a forest is 
characterized by a densely wooded area with a canopy cover of at least 10% and a mini-
mum continuous area of 0.5 hectares. It must be dominated by woody perennial trees, areca 
palms, or bamboo, and it must be capable of providing a variety of benefits such as wood, 
non-wood forest products, biodiversity conservation, and environmental protection.

Forests are classified into two main types based on their origin: natural and planted. Nat-
ural forests are those that have grown and renewed themselves without human intervention, 
while planted forests are those that have been created by humans. Forests are separated 
into protection forests, special-use forests, and production forests based on their intended 
use. Protection forests are primarily utilized for their environmental benefits. Special-use 
woods are used primarily for scientific and educational purposes. Production forests serve 
primarily economic functions. The categories of protection forests, special use forests, and 
production forests include both natural and plantation forests.

There are three main techniques for forest rehabilitation in Vietnam: artificial regen-
eration, natural regeneration, and a combination of the two. Artificial regeneration repre-
sents the highest amount of investment in labor capital and financial capital, followed by a 
combination of artificial regeneration and natural regeneration, and then natural regenera-
tion. In practice, protection and special-use forests are frequently restored through natural 
regeneration, whereas production forests are frequently rehabilitated using a combination 
of natural and artificial regeneration. To restore forests, one may utilize one or more strate-
gies, depending on the biophysical and financial conditions.

This study focuses on rehabilitated forests, a type of secondary forest that is part of 
the natural forest ecosystem. Rehabilitated forests are those that have naturally regrown on 
land that has lost its forest cover due to slash-and-burn agriculture, forest fires, or low-level 
logging. Dien Bien province has rehabilitated forests that in all three categories of forest: 
protection forests, special use forests, and production forests. These forests have been reha-
bilitated through natural regrowth with the help of local residents.

3 � Methods

3.1 � Study region

Our research focuses on Dien Bien province (Fig.  1) due to the significant role forestry 
plays in local subsistence and economic growth. Because of its enormous amount of forest-
land and undeveloped land, this province possesses excellent potential for forest manage-
ment. There are forests encompassing 602,566  ha (18.41% of the province’s total land 
area) and agricultural land comprising 176,097 hectares (63.19%) of the province’s land 
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area. In the 1990s, a plan for allocating forest acreage was devised (To & Tran, 2014). 
In 2009, the average quantity of forest land provided to commune families for long-term 
use was 5904  ha. In Dien Bien, numerous comprehensive forest development projects 
have been performed as part of national initiatives. 45% of the province’s communes have 
participated in an industrial tree (rubber) development initiative since the turn of the cen-
tury. Dien Bien province and the Vietnam Rubber Corporation’s northwest region view 
the expansion of rubber plantations as important to their socioeconomic prospects. Rubber 
plantations can utilize a wide range of terrain types; however, the vast majority of land is 
either underdeveloped or highly deforested.

The commune, the smallest level of administrative division in Vietnam, was chosen as 
the unit of analysis in order to better explore the factors that have led to Vietnam’s suc-
cessful reforestation. The research team interviewed foresters and managers from Dien 
Bien’s Agricultural and Rural Development, Forestry, and Forest Protection departments 
in order to determine which communes are reflective of the province’s typical economic 
and ecological conditions. Forty communities were chosen for a thorough examination of 
regenerated forest (Fig. 1). The communes in question contain more than half (56.49%) of 
the province’s land area and 63.18% of the province’s forest cover (Vietnamese law distin-
guishes between “forestry land” and “forest land”).

3.2 � Forest rehabilitation model

Based on our hypotheses, we developed a theoretical model of rehabilitated forests that 
includes key factors that could explain changes in rehabilitated forests in the study area. 
We first reviewed numerous relevant publications on land use and land cover change, 

Fig. 1   Map of study region
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restoration, and its factors in many parts in the world (Call et al., 2017; Hosonuma et al., 
2012; Khuc et al., 2016; Lambin et al., 2003; Magliocca et al., 2019, 2020; Nguyen et al., 
2018; Noszczyk, 2018; Shi et al., 2020; Stibig et al., 2014; Verburg et al., 2004; Yin et al., 
2010). We subsequently narrowed the review down to several research articles that are 
closely associated with Vietnam.

We discovered that there were numerous elements that could have an impact on recov-
ered forests in Dien Bien province, and we divided them into five categories: biophysi-
cal and attainable elements; socioeconomic issues; food security; population growth; and 
forest policy. The following section provides justifications and/or assumptions for includ-
ing these variables in the rehabilitated forests, income, and food equations. Biophysical 
and accessibility characteristics are frequently included as critical factors to consider in 
reforestation, forest recovery, and forest change models (Cochard et al., 2017; Meyfroidt 
& Lambin, 2008a). For example, we hypothesized that, given the same set of conditions, 
recovered woods would be more abundant in areas farther from urban centers. Follow-
ing that, socioeconomic variables were considered. Among these are several critical fac-
tors incorporated into forest-change models (Cochard et al., 2017; Meyfroidt & Lambin, 
2008a). Two potential key elements in this category are population and disposable income. 
The first assumption is that rising populations and economies will increase demand for 
wood goods. The increased risk of harvesting, rather than protection, may impact forest 
restoration. Furthermore, the study area is home to a variety of ethnic minority groups, 
each of which uses land and forest resources in their own unique ways. The international 
community has recognized Vietnam’s early forest rehabilitation success (De Jong, 2010), 
which may be linked to national forestry policy (i.e., forest land allocation policy) (Cochard 
et al., 2017). As a result, the forest restoration model may take into account national for-
estry policy.

Vietnam, like many other growing Southeast Asian countries, is quickly urbanizing. 
Nonetheless, the country has long been a country where the vast majority of the popula-
tion lives and works in rural areas, with agriculture accounting for a sizable portion of the 
national economy (Pham et al., 2019; VUSTA, 2011). Because land is such an important 
component of agriculture, its price can have a significant impact on the industry’s ability to 
produce food and profit. The ability of a family to provide for itself is heavily influenced by 
its human resources. A program for the development of industrial trees was implemented 
in a well-known upland area of Dien Bien province in 2008. Restoring forests can provide 
people with multiple income streams. Some may make a living by selling timber and non-
timber forest products, while others are paid by the local government to protect the forests. 
As a result, in the income generation model, we include land capital, human resources, 
and forest productivity, whereas in the food generation model, we include land and human 
resources.

Based on this reasoning, we developed a structural model to discern the complex inter-
actions among the drivers of rehabilitated forests, income, and food in Dien Bien. The the-
oretical structural model of rehabilitated forests (FR) is expressed as follows:

Model I ∶ RFit = f
(

BIit, ACit, SOit, INit, FDit, POPit, FPit

)

Model II ∶ INit = f
(

LAit, HUit, FPit, RFit

)

Model III:FDit = f
(

LAit, HUit

)
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where RFit, INit, and FDit are dependent variables while BIit, ACit, SOit, POPit , FPit , LAit , 
and HUit are independent variables. RFit represents rehabilitated forests in commune i at 
time t. BIit , ACit , SOit , INit , FDit , POPit , FPit , HUit, LAit is short for biophysical, accessi-
bility, social, income, food, population, forest policy, land, and human resource variables 
respectively.

Based on a theoretical framework that incorporates these hypotheses, we developed 
an empirical model for replanted forests. The study considered the complex relationships 
between the factors that drive forest rehabilitation. To reduce the possibility of endogene-
ity, the study used a structural model with estimates based on the three-stage least squares 
method. Model specification is central to the development of any structural model (Shi 
et al., 2020; Yin & Xiang, 2010). We used a three-stage least squares (3SLS) estimator to 
estimate socioeconomic variables related to changes in rehabilitated forests. We also used 
ARCGIS software and GEODA v1.6 to test for spatial autocorrelation, which can influ-
ence spatial data-based models (Anselin & Rey, 2014; Anselin et al., 2006). Unfortunately, 
there was no evidence of spatial autocorrelation in our tests. The empirical estimation for 
this study is presented using a structural model. Our model’s input variables were clearly 
defined (Table 1).

3.3 � Data

Our research focuses on three sets of data spanning the years 1990–2010: (i) biophysical 
and accessibility data, (ii) forest data, and (iii) socioeconomic data. We consulted MONRE 
for collecting data on the biophysical and accessibility variable. Regarding the forest vari-
able, we used forest distribution maps prepared by the Ministry of Agriculture and Rural 
Development (MARD) and the Japan International Cooperation Agency (JICA). The For-
est Inventory and Planning Institute (FIPI), a sub-agency of MARD, conducts a national 
forest inventory every five years and produces the data used to create the forest distribution 
maps. JICA and FIPI developed forest distribution maps for 1990, 2000, and 2010 using a 
forest classification system with 17 categories (e.g., “rehabilitated forests” has a code of 
4). The quality of the forest data was ensured by using both satellite imagery and ground 
truthing method. Specifically, the forest distribution maps were cross-checked to ensure a 
categorization consistency of 89%.

Data for socioeconomic variable (iii) was collected by a team from the Vietnam 
National University of Forestry through a field survey conducted in 2012 and 2013. Forty 
of the seven districts in Dien Bien province were surveyed (Fig. 1). The data were com-
piled through both individual and focus group interviews. Interviewers (researchers, lectur-
ers), respondents (local commune personnel, farmers), and organizing elements were all 
within the control of the research team in order to improve data quality and reduce bias 
(pre-survey, final survey). Interviewers participated in the creation of a questionnaire that 
was piloted with a focus group prior to modifications. In addition, the interviewers received 
brief, in-person training on a variety of interviewing techniques.

Similar to the forest map data, the collected socioeconomic data were organized in a 
panel format (panel data) that combines observations of many dimensions obtained across 
two time periods for the same commune. Using forest distribution maps as input, the area 
of reforestation during 1990–2000 and 2000–2010 was determined. These statistics were 
used as dependent variables in the subsequent study. As dependent variables, we selected 
two measures of forest restoration success: forest restoration area per inhabitant and forest 
restoration area as a percentage of total commune land area. The proportion of a province’s 
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forest that has been recovered has been well studied (Cochard et al., 2017). Secondly, while 
it is well acknowledged that population growth is one of the key causes of deforestation, 
it is also well established that other factors, including socioeconomic and policy issues, 
significantly affect the relationship between population and forest cover. Thus, the change 
in restored forest area per capita is a helpful indicator of how policy, income, and other 
factors have interacted with population expansion over time to influence repaired forests. 
We rely on this data because they represent forest changes that are consistent with forest-
protection and management actions by a variety of organizations. We researched and meas-
ured plantation forest, forest area expansion, and forest area loss throughout the same time 
period as restored forests in order to have a better understanding of their interdependence.

For the proper measurement of reforested regions, plantation forests, forest gain, and 
deforestation in Dien Bien, multiple stages were essential, such as the production of forest 
distribution maps. We relied on this forest distribution map for our research, as it repre-
sented the most reliable and publicly available forest data in Vietnam. This map was con-
structed and verified at a national size (JICA, 2012). Between 1990 and 2010, forest dis-
tribution maps included a land classification system that distinguished 13 land use types 
(Table  S2). Rehabilitated forests are forests that were reestablished on previously defor-
ested land, whereas forest gain refers to land that went from being unforested to forested 
and forest loss refers to area that went from being forested to unforested. We then deter-
mined the percentage increase or decrease in forest cover, as well as the total area of refor-
ested land, plantation forest, forest gain, and forest loss in a variety of localities.

We used ARCGIS v10.2 to determine the total area of forested land that has been 
regrown, planted, gained, or lost as a result of deforestation (ESRI, CA, USA). The multi-
ple GIS map layers displayed 13 distinct land use codes (1 through 4, 6 through 7, and 11 
through 17). We were able to construct both forest and non-forest maps by initially specify-
ing query conditions. Using query conditions, we later created a map depicting the loca-
tions of restored forests, planted forests, and forested land. We generated information and 
a map of replanted forests, natural forests, lost forests, and gained forests using the “inter-
sect” and “dissolve” commands in ArcGIS version 10.2. Since the distribution of some 
forest data (rehabilitated forests, plantation forests, forest gain, and deforestation) was non-
normal, a non-parametric test (Wilcoxon signed rank test) was used to compare forest reha-
bilitation and its relationship to other variables between 1990 and 2010. (Table S3-4).

4 � Results

4.1 � Forest change and rehabilitated forests

According to our investigation, medium evergreen forests were the most common forest 
type in Dien Bien in 1990, followed by poor evergreen forests, mixed bamboo forests, and 
rehabilitated forests. Between 2000 and 2010, the area of rehabilitated forests increased 
significantly, becoming the most common forest type, followed by mixed bamboo forests 
and medium and poor evergreen forests. For example, the area of rehabilitated forests 
increased from 21,000 hectares in 1990 to 101,000 hectares in 2000 and 161,000 hectares 
in 2010 (Fig. 2).

The share of plantation forests relative to the total forest area is small (7%), while the 
share of restored forests to the total forest area is substantial (84%). There was a definite 
rising trend in the proportion of forest land that had been restored from 1990 to 2010. 
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Between 1990 and 2000, as well as between 2000 and 2010, the area of rehabilitated forests 
increased considerably, whereas the area of plantation forests decreased. In addition, the 
overall forest growth in Dien Bien and all of the study’s communes consists of almost the 
same area of rehabilitated and plantation forests (> 90%). The remainder of forest growth 
is comprised of the remaining six forest types (rich evergreen forest, medium evergreen 
forest, poor evergreen forest, bamboo forest, mixed bamboo forest, and limestone forest) 
(Table 2). In general, the major changes recorded in forests since the 1990s can be attrib-
uted more to reforestation than to forest plantations. As will be demonstrated in the follow-
ing section, there appears to be a relationship between land tenure policies (Redbook) and 
the size of the regenerated forest, consistent with the role of state policy in forest transition 
theory. The following section provides additional clarification.

The patterns of forest cover change observed in rehabilitated forests during the course 
of the study period relative to the various biophysical variables present on the landscape 
are shown in Table 3. Rehabilitated forested areas tended to be larger in size and located 
farther from the provincial capital. In the meantime, there was a linkage between restored 
forests and proximity to the provincial capital, whereas a higher road density was associ-
ated with fewer restored forests. These findings suggest that biophysical circumstances may 
be a substantial factor in influencing the location and rate of forest expansion.

4.2 � Estimated results of rehabilitated forests model

Table 4 presents the structural model’s empirical results. All models with a P-value less 
than 0.05 were deemed statistically significant in terms of their ability to explain observed 
variance in the dependent variable. Distance, road density, altitude, allocation of forestland, 
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Fig. 2   Difference in forest cover between 1990 and 2010 across a range of forest types in Dien Bien prov-
ince, Vietnam. There are many different types of forests, such as rich (evergreen), medium (deciduous), 
poor (deciduous), rehabilitated (forests that have been restored), mixed (bamboo and mixed bamboo), lime-
stone (evergreen), and plantation (non-forest land) (plantation forest)
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and ethnicity are among the factors that can be used to distinguish between the complete 
and restricted models.

In models I, II, and III, the “Redbook” variable is statistically associated with rehabili-
tated forests, as shown in Table 4. A 1% increase in forestland would lead to a 0.14 per-
centage point increase in recovered forests. This shows that forestland allocation strategy 
(FLA) may have a direct, positive impact on forest expansion following rehabilitation.

The first model suggests that the variables “Industrial tree”, “Paddy land”, “Literacy” 
and “Rehabilitated woods” all have a beneficial impact on income. The presence of reha-
bilitated forests contributed to a 3.0% increase in per capita income; the development of 
industrial trees contributed to a 14.5% increase in per capita income; and a 1% increase 
in literacy contributed to a 1.8% increase in per capita income. These findings illustrate 
the significance of planted forests in bolstering the local economy. In addition, spreading 
rehabilitated forests and improving educational standards may help improve income in the 
study area.

Regarding the food dimension, the impacts of the variables “Literacy” and “Paddy land” 
in the food equation were as expected; both the amount of available land and the level of 
education had a favorable impact on food production. When the area of land used for paddy 
rice increased by 1% and the literacy rate doubled, food production capacity increased by 
1.2% and 0.4%, respectively. These results confirm the significant support for the govern-
ment’s current efforts to increase food security, reduce poverty, and promote sustainable 
livelihoods in the mountainous regions of Vietnam.

5 � Discussion

In this section, we discuss the key results of forest changes and its factors in Dien Bien 
province in light of forest transition theory, socio-ecological systems, semiconducting prin-
ciple, and sustainable livelihood framework (Meyfroidt et al., 2018b; Partelow, 2018; Ser-
rat, 2017; Vuong, 2021).

Between 1990 and 2010, forest cover increased in the examined communes; however, 
the increase was mostly related to restored forests rather than plantations. This study 
suggests that changes in restored forests, not forest plantations, were responsible for the 
transformation of forests in some highland communes. This demonstrates the success of 
national forest-development initiatives and policies (McElwee, 2016), but it also demon-
strates that upland residents face challenges in extending plantation forests in inaccessible 

Table 3   Correlations between rehabilitated forests area and biophysical variables

*** , **, * correlation is significant at the levels of 0.1, 0.05, and 0.01 (2-tailed)

Variables Initial rehabilitated forests (ha) Rehabilitated forests by periods (ha)

1990 2000 2010 1990–2000 2000–2010 1990–2010

Elevation 0.377** 0.375** 0.042** 0.186 0.125 0.198
Road density − 0.104 − 0.449*** − 0.496*** − 0.555*** − 0.563*** − 0.532***
Forestland area 0.298* 0.850*** 0.861*** 0.790*** 0.717*** 0.778***
Distance 0.382** 0.584*** 0.419*** 0.447*** 0.146 0.278*



Driving forces of forest cover rehabilitation and implications…

1 3

Ta
bl

e 
4  

T
he

 re
su

lts
 o

f a
 st

ru
ct

ur
al

 m
od

el
 o

f t
he

 sh
ar

e 
of

 re
ha

bi
lit

at
ed

 fo
re

sts
 in

 re
ga

rd
s t

o 
re

sp
ec

tiv
e 

co
m

m
un

al
 a

re
a

Fu
ll 

m
od

el
 (m

od
el

 I)
Re

str
ic

te
d 

m
od

el
 (m

od
el

 II
Re

str
ic

te
d 

m
od

el
 (M

od
el

 II
I)

Va
ria

bl
es

Re
ha

bi
lit

at
ed

 fo
r-

es
ts

 1
99

0–
20

10
In

co
m

e 
(ln

)
Fo

od
Re

ha
bi

lit
at

ed
 fo

r-
es

ts
 1

99
0–

20
10

In
co

m
e 

(ln
)

Fo
od

Re
ha

bi
lit

at
ed

 fo
r-

es
ts

 1
99

0–
20

10
In

co
m

e 
(ln

)
Fo

od

In
co

m
e 

(ln
)

−
 6

.3
88

0.
57

5
−

 3
.1

95
(1

2.
76

)
(9

.3
20

)
(1

1.
63

)
Fo

od
0.

00
51

6
−

 0
.0

54
2

−
 0

.0
53

7
(0

.1
92

)
(0

.1
69

)
(0

.1
81

)
Po

pu
la

tio
n 

de
ns

ity
0.

00
07

57
−

 0
.0

06
33

−
 0

.0
17

3
(0

.0
32

4)
(0

.0
26

9)
(0

.0
28

9)
Re

db
oo

k
0.

13
8*

0.
09

85
*

0.
12

9*
*

(0
.0

75
1)

(0
.0

50
6)

(0
.0

60
6)

D
ist

an
ce

0.
07

24
0.

03
95

(0
.0

44
6)

(0
.0

30
2)

El
ev

at
io

n
−

 0
.0

00
30

7
−

 0
.0

00
73

5
(0

.0
04

13
)

(0
.0

03
45

)
Ro

ad
 d

en
si

ty
−

 6
.9

44
−

 2
.2

02
(5

.3
17

)
(4

.2
59

)
Et

hn
ic

ity
−

 0
.4

07
−

 0
.0

00
22

3
0.

08
20

(0
.2

71
)

(0
.0

07
02

)
(0

.2
54

)
Re

ha
bi

lit
at

ed
 fo

re
sts

0.
03

25
**

*
0.

03
15

**
*

0.
03

83
**

(0
.0

11
2)

(0
.0

12
1)

(0
.0

16
2)

In
du

str
ia

l t
re

e
0.

14
5*

0.
11

5
0.

13
5

(0
.0

81
5)

(0
.0

72
5)

(0
.0

86
5)

Li
te

ra
cy

0.
01

80
**

*
0.

58
2*

**
0.

01
87

**
*

0.
56

2*
**

0.
01

83
**

*
0.

56
1*

**
(0

.0
05

74
)

(0
.2

08
)

(0
.0

05
45

)
(0

.1
98

)
(0

.0
06

25
)

(0
.1

98
)

Pa
dd

y 
la

nd
0.

01
10

1.
21

6*
**

0.
01

09
1.

20
3*

**
0.

01
18

1.
20

4*
**

(0
.0

06
78

)
(0

.2
38

)
(0

.0
06

78
)

(0
.2

35
)

(0
.0

08
00

)
(0

.2
35

)



	 V. Q. Khuc et al.

1 3

Ta
bl

e 
4  

(c
on

tin
ue

d)

Fu
ll 

m
od

el
 (m

od
el

 I)
Re

str
ic

te
d 

m
od

el
 (m

od
el

 II
Re

str
ic

te
d 

m
od

el
 (M

od
el

 II
I)

Va
ria

bl
es

Re
ha

bi
lit

at
ed

 fo
r-

es
ts

 1
99

0–
20

10
In

co
m

e 
(ln

)
Fo

od
Re

ha
bi

lit
at

ed
 fo

r-
es

ts
 1

99
0–

20
10

In
co

m
e 

(ln
)

Fo
od

Re
ha

bi
lit

at
ed

 fo
r-

es
ts

 1
99

0–
20

10
In

co
m

e 
(ln

)
Fo

od

C
on

st
an

t
59

.2
4

1.
04

9
8.

84
9

12
.2

4
1.

02
0*

**
17

.0
1*

22
.7

5
0.

93
5*

**
17

.0
2*

(4
0.

86
)

(0
.7

39
)

(2
6.

99
)

(1
4.

82
)

(0
.2

79
)

(9
.3

14
)

(2
0.

14
)

(0
.3

32
)

(9
.3

10
)

O
bs

er
va

tio
ns

80
80

80
80

80
80

80
80

80
R-

sq
ua

re
d

0.
06

3
0.

29
6

0.
49

9
0.

14
2

0.
30

4
0.

49
8

0.
04

8
0.

19
2

0.
49

8
P 

va
lu

e
0.

03
58

0.
00

00
0.

00
00

0.
02

51
0.

00
00

0.
00

00
0.

04
13

0.
00

00
0.

00
00

Th
e 

de
pe

nd
en

t v
ar

ia
bl

es
 o

f m
od

el
s I

, I
I, 

an
d 

II
I a

re
 th

e 
pr

op
or

tio
n 

of
 re

ha
bi

lit
at

ed
 w

oo
ds

 re
la

tiv
e 

to
 th

e 
en

tir
e 

re
sp

ec
tiv

e 
co

m
m

un
al

 a
re

a 
(p

er
ce

nt
), 

pe
r c

ap
ita

 in
co

m
e 

(m
ill

io
n 

V
N

D
), 

an
d 

th
e 

av
er

ag
e 

pr
op

or
tio

n 
of

 fa
m

ili
es

 w
ith

 s
uffi

ci
en

t f
oo

d 
th

ro
ug

ho
ut

 th
e 

ye
ar

 (
pe

rc
en

t),
 re

sp
ec

tiv
el

y.
 N

I 
is

 e
xc

lu
de

d 
fro

m
 th

e 
lis

t. 
In

 th
e 

se
co

nd
 a

nd
 th

ird
 m

od
el

s, 
th

er
e 

w
as

 n
o 

co
ns

id
er

at
io

n 
of

 e
th

ni
ci

ty
. I

n 
m

od
el

 II
I w

ith
 fu

ll 
re

str
ic

tio
ns

, c
ha

ra
ct

er
ist

ic
s 

su
ch

 a
s 

di
st

an
ce

, e
le

va
tio

n,
 a

nd
 ro

ad
 d

en
si

ty
 w

er
e 

el
im

in
at

ed
. V

al
ue

 a
bs

ol
ut

e 
of

 z
 

st
at

ist
ic

s e
nc

lo
se

d 
by

 p
ar

en
th

es
es

*,
 *

*,
 *

**
 in

di
ca

te
 si

gn
ifi

ca
nc

e 
le

ve
ls

 o
f 1

0%
, 5

%
, a

nd
 1

%
, r

es
pe

ct
iv

el
y



Driving forces of forest cover rehabilitation and implications…

1 3

areas due to biophysical and accessibility issues, inadequate infrastructure, and limited 
markets (Nguyen et al., 2021; Yen et al., 2013).

Vietnam has implemented its forestland allocation (FLA) program for the past two dec-
ades (De Jong et al., 2006; Meyfroidt & Lambin, 2008a; Nguyen & Tran, 2018). This pol-
icy promoted land privatization and equitable access to financing in order to promote the 
active participation of locals in forest rehabilitation and reforestation (Dang et al., 2018; 
To & Tran, 2014). Forestland allocation policies may facilitate the transfer of ownership to 
farmers and other stakeholders, notwithstanding their dubious impact on naturally regener-
ated forests (Thanh & Sikor, 2006; Yang et al., 2016). Some upland regions, for example, 
were found to have a low chance of benefiting from forest extension and improved liveli-
hoods as a result of FLA (Sikor, 2001). Our data corroborate the first hypothesis of our 
study, which predicted that FLA policy would influence forest recovery (Table 4). Several 
more studies have come to the same conclusion (De Jong et al., 2006; Meyfroidt & Lam-
bin, 2008a). This finding is important because it could support the government’s current 
forestland allocation program. Although decentralization is a crucial part of forest gov-
ernance, the rising need for food, biofuels, wood, and environmental services may exceed 
FLA’s capabilities (Agrawal et al., 2008). Keeping and improving the implementation of 
FLA in inventive ways while expanding the policy to address the continuing limitations, 
and empowering the community with more education and market actors may yield addi-
tional benefits (Nguyen & Tran, 2018; Simelton et al., 2016; Tran & Vu, 2019; Yang et al., 
2016). It is essential to resolve the issues that have arisen as a result of the existing FLA 
policy. Not providing clear and rigorous instructions about FLA, slowing down the pace at 
which FLA is implemented, not precisely establishing forestland boundaries in the field, 
and not supporting policy procedures that follow FLA are examples of these issues (To & 
Tran, 2014).

People’s desire for wood for their own existence may potentially affect the growth of 
sustainable forests. When farmers’ earnings increase, they may be more likely to purchase 
forestland, plant trees, and invest in tree nurseries (Nguyen & Tran, 2018; Sikor & Baggio, 
2014), all of which result in a larger forest cover. Our community-level findings confirm 
the proportional relationship between improved livelihoods and the expansion of restored 
forests (hypothesis 2). This is illustrated in Table 4. This study suggests that development 
policies that improve people’s incomes and livelihoods can also lead to increased for-
est cover, especially if these policies are combined with sound land use and land tenure 
arrangements. Agricultural intensification, which reflects a paradigm shift in land use, has 
been shown to greatly contribute to reforestation efforts (Dang et al., 2018; Meyfroidt & 
Lambin, 2008b). Furthermore, it appears that the industrial trees program boosts the aver-
age revenue of a commune, but this may have long-term negative impacts on the viability 
of rural livelihoods (Dao, 2015). This evidence implies that existing government attempts 
to reduce poverty (such as the “New Rural” program) may be effective, but that expanding 
the use of industrial tree plantations to achieve so will require adjustment. Some species, 
for instance, may have detrimental consequences on the ecosystem, and this is a subject 
that requires additional research.

The exploratory results of forest change and the estimated results of the forest reha-
bilitation model discussed here suggest that there might still be potential for increasing the 
forest cover area, including through plantation forests. But this requires not only improving 
livelihoods but also overcoming enduring constraints such as infrastructure, limited liter-
acy, markets, forestland tenure, forestland fragmentation, sloping farmlands, etc. (Nguyen 
et al., 2021; Tran & Vu, 2019; Yen et al., 2013). In light of the 3D-mindsponge-serendipity 
knowledge management system (Nguyen et al., 2023; Vuong, 2023; Vuong et al., 2022), 
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socio-ecological systems (Partelow, 2018), semiconducting principle (Vuong, 2021) along 
with the sustainable livelihood framework (Serrat, 2017), it appears key to build and apply 
innovative solutions that are tailored to social-ecological contexts rather than one-size-fits-
all scenarios. To be specific, strong collaborations, improved science and technology in 
agro-forestry, effective communication, and environmental culture are key to enhancing 
people’s awareness, empowering community, improving household livelihood, and enlarg-
ing forests.

We acknowledge that our study has some limitations. The first pertains to the low-
quality data used in our analysis. The interval between each set of maps is ten years, and 
each set is based on data from a single year. In addition to possible inconsistencies in the 
socioeconomic data due to respondents’ possible bias, the satellite-derived forests data set 
acquired from FIPI forest cover maps also contain a certain degree of inaccuracy (JICA, 
2012; Putz & Redford, 2010). Our study only included 40 communes, so we cannot be 
sure that our findings apply to the entire northwest region of Vietnam, which has 600 com-
munes. We also acknowledge that environmental culture (Khuc et al., 2023; Vuong, 2021) 
is a significant factor that influences how people perceive natural resources and act to pro-
tect and develop forests, and that this aspect should be studied further, but this was beyond 
the scope of our study.

6 � Conclusions and policy implications

Vietnam’s forest transition has taken place over several years, but further forest expansion 
and, in particular, improvement in forest quality are essential for enhancing the upland 
environment, household livelihoods, and reducing carbon emissions in order to reach net 
zero carbon emissions by 2050. This study demonstrates the significant potential and chal-
lenges for increasing forest area and quality. Along with maintaining a forestry policies 
pathway, Vietnam should particularly consider and follow the smallholder land-use inten-
sification and economic development pathway for further forest expansion. Based on the 
results and discussions in this study, three key conclusions and/or lessons learned are as 
follows:

•	 First, the management of rehabilitated forests poses both opportunities and challenges. 
This is because rehabilitated forests constitute a local source of forest gain and can ulti-
mately contribute to the acceleration of forest transition. Increases in rehabilitated for-
ests may suggest opportunities for further forest restoration. Regardless, this growth is 
essential for the expansion of national forests and for continued climate change mitiga-
tion efforts targeted at reducing emissions caused by deforestation and forest degrada-
tion.

•	 Secondly, a positive association between “Redbook” proxy and “rehabilitated forest” 
represents the initial outcomes of a series of forestry preservation laws that were imple-
mented in the 1990s. For instance, under the forestland allocation program, rangers and 
farmers were responsible for forest protection via forest protection contracts. To ensure 
that these programs have lasting effects on forest recovery, they must be maintained and 
evaluated frequently.

•	 Thirdly, the relationship between forest conservation and improved livelihoods is typi-
cally conflicting, making it difficult to fulfill both objectives. In our study, however, 
forest transition happened simultaneously with substantial economic growth and forest 
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extension. This indicates that it may be possible to create policies that generate synergy 
between these two objectives.

These lessons from Vietnam may be applicable to some other developing nations where 
forest transition is taking place. The policies for sustainable rural development must be 
developed in local contexts, and it is essential to acknowledge that no single solution will 
be appropriate in all contexts. Based on the key findings, we hope that this study could help 
to advance the understanding of how to rehabilitate and/or restore forests at the local level, 
which could support a faster and more effective forest transition, as well as improved liveli-
hoods for people living in upland rural areas in Vietnam and other countries.
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org/​10.​1007/​s10668-​023-​04159-z.

Acknowledgements  The authors are wholeheartedly grateful to the collaborators who work hard on the 
field in Dien Bien province. This study contributes to the Global Land Programme (https://​glp.​earth).

Author Contributions  Conceptualization, VQK, MWP; methodology, VQK, BQT, MWP; data curation, 
VQK, BQT; formal analysis, VQK, DN, M-HN; visualization, VQK, BQT; writing—original draft, VQK, 
BQT, DN, THN, PM, DVP, SJL, MWP; writing—review and editing: VQK, BQT, DN, THN, M-HN, T-TL, 
HKL, PM, DVP, SJL, MWP.

Funding  This research received no external funding.

Data Availability  Data will be available on appropriate request.

Declarations 

Conflict of interest  The authors declare no conflict of interest.

Institutional Review Board Statement  Not applicable.

References

Agrawal, A., Chhatre, A., & Hardin, R. (2008). Changing governance of the world’s forests. Science, 
320(5882), 1460–1462. https://​doi.​org/​10.​1126/​scien​ce.​11553​69

Anselin, L., & Rey, S. J. (2014). Modern spatial econometrics in practice: A guide to GeoDa, GeoDaSpace 
and PySAL. Geoda Press LLC.

Anselin, L., Syabri, I., & Kho, Y. (2006). GeoDa: An introduction to spatial data analysis. Geographical 
Analysis, 38(1), 5–22. https://​doi.​org/​10.​1111/j.​0016-​7363.​2005.​00671.x

Bui, T. M. N., Khuc, V. Q., Khang, L. N., Le, S. D., & Nguyen, Q. H. (2019). The economic and environ-
mental performances of agroforestry land-use models in Dak Nong province. Jounal of Forestry Sci-
ence and Technology, 8(8), 157–164.

Call, M., Mayer, T., Sellers, S., Ebanks, D., Bertalan, M., Nebie, E., & Gray, C. (2017). Socio-environmen-
tal drivers of forest change in rural Uganda. Land Use Policy, 62, 49–58. https://​doi.​org/​10.​1016/j.​
landu​sepol.​2016.​12.​012

Chhatre, A., & Agrawal, A. (2009). Trade-offs and synergies between carbon storage and livelihood ben-
efits from forest commons. Proceedings of the National Academy of Sciences of the United States of 
America, 106(42), 17667–17670. https://​doi.​org/​10.​1073/​pnas.​09053​08106

Clement, F., Orange, D., Williams, M., Mulley, C., & Epprecht, M. (2009). Drivers of afforestation in 
Northern Vietnam: Assessing local variations using geographically weighted regression. Applied 
Geography, 29(4), 561–576. https://​doi.​org/​10.​1016/j.​apgeog.​2009.​01.​003

https://doi.org/10.1007/s10668-023-04159-z
https://doi.org/10.1007/s10668-023-04159-z
https://glp.earth
https://doi.org/10.1126/science.1155369
https://doi.org/10.1111/j.0016-7363.2005.00671.x
https://doi.org/10.1016/j.landusepol.2016.12.012
https://doi.org/10.1016/j.landusepol.2016.12.012
https://doi.org/10.1073/pnas.0905308106
https://doi.org/10.1016/j.apgeog.2009.01.003


	 V. Q. Khuc et al.

1 3

Cochard, R., Ngo, D. T., Waeber, P. O., & Kull, C. A. (2017). Extent and causes of forest cover changes in 
Vietnam’s provinces 1993–2013: A review and analysis of official data. Environmental Reviews, 25(2), 
199–217. https://​doi.​org/​10.​1139/​er-​2016-​0050

Dang, T. K. P., Visseren-Hamakers, I. J., & Arts, B. (2018). Forest devolution in Vietnam: From rhetoric to 
performance. Land Use Policy, 77(7), 760–774. https://​doi.​org/​10.​1016/j.​landu​sepol.​2018.​06.​008

Dao, N. (2015). Rubber plantations in the Northwest: Rethinking the concept of land grabs in Vietnam. 
Journal of Peasant Studies, 42(2), 347–369. https://​doi.​org/​10.​1080/​03066​150.​2014.​990445

De Jong, W. (2010). Forest rehabilitation and its implication for forest transition theory. Biotropica, 42(1), 
3–9. https://​doi.​org/​10.​1111/j.​1744-​7429.​2009.​00568.x

De Jong, W., Dinh, D., Trieu, S., & Hung, V. (2006). Forest rehabilitation in Vietnam lessons from the past. 
Center for International Forestry Research (CIFOR).

Griscom, B. W., Adams, J., Ellis, P. W., Houghton, R. A., Lomax, G., Miteva, D. A., et al. (2017). Natural 
climate solutions. Proceedings of the National Academy of Sciences of the United States of America, 
114(44), 11645–11650. https://​doi.​org/​10.​1073/​pnas.​17104​65114

Hogarth, N. J., Belcher, B., Campbell, B., & Stacey, N. (2013). The Role of forest-related income in house-
hold economies and rural livelihoods in the border-region of Southern China. World Development, 43, 
111–123. https://​doi.​org/​10.​1016/j.​world​dev.​2012.​10.​010

Hosonuma, N., Herold, M., De Sy, V., De Fries, R. S., Brockhaus, M., Verchot, L., et al. (2012). An assess-
ment of deforestation and forest degradation drivers in developing countries. Environmental Research 
Letters. https://​doi.​org/​10.​1088/​1748-​9326/7/​4/​044009

JICA. (2012). The Study on Potential Forests and Land Related to “Climate Change and Forests” in The 
Socialist Republic of Vietnam. https://​openj​icare​port.​jica.​go.​jp/​pdf/​12067​948_​01.​pdf

Khuc, Q. V., Alhassan, M., Loomis, J. B., Tran, T. D., & Paschke, M. W. (2016). Estimating urban house-
holds’ willingness-to-pay for upland forest restoration in Vietnam. Open Journal of Forestry, 06(03), 
191–198. https://​doi.​org/​10.​4236/​ojf.​2016.​63016

Khuc, Q. V., Le, T. A. T., Nguyen, T. H., Nong, D., Tran, B. Q., Meyfroidt, P., et al. (2020). Forest cover 
change, households’ livelihoods, trade-offs, and constraints associated with plantation forests in poor 
upland-rural landscapes: Evidence from north central Vietnam. Forests. https://​doi.​org/​10.​3390/​F1105​
0548

Khuc, Q., Tran, B. Q., Meyfroidt, P., & Paschke, M. W. (2018). Drivers of deforestation and forest degra-
dation in Vietnam: An exploratory analysis at the national level. Forest Policy and Economics, 90, 
128–141. https://​doi.​org/​10.​1016/j.​forpol.​2018.​02.​004

Khuc, Q. V., Tran, P.-M., Nguyen, T., Nguyen, A.-T., Dang, T., Tuyen, D. T., et al. (2023). Improving energy 
literacy to facilitate energy transition and nurture environmental culture in Vietnam. Urban Science. 
https://​doi.​org/​10.​3390/​urban​sci70​10013

Lambin, E. F., Geist, H. J., & Lepers, E. (2003). Dynamics of land-use and land cover change in tropical 
regions. Annual Review of Environment and Resources, 28, 205–241. https://​doi.​org/​10.​1146/​annur​ev.​
energy.​28.​050302.​105459

Magliocca, N. R., Khuc, Q. V., de Bremond, A., & Ellicott, E. A. (2020). Direct and indirect land-use 
change caused by large-scale land acquisitions in Cambodia. Environmental Research Letters, 15(2), 
024010. https://​doi.​org/​10.​1088/​1748-​9326/​ab6397

Magliocca, N. R., Khuc, Q. V., Ellicott, E. A., & De Bremond, A. (2019). Archetypical pathways of direct 
and indirect land-use change caused by Cambodia’s economic land concessions. Ecology and Society. 
https://​doi.​org/​10.​5751/​ES-​10954-​240225

MARD. (2009). Circular No. 34/2009/TT-BNNPTNT: Establishing criteria for identifying and classifying 
forests. https://​vanban.​chinh​phu.​vn/​defau​lt.​aspx?​pageid=​27160​&​docid=​89016

MARD. (2021). Decision No.1558/QD-BNN-TCLN announcement of national forest status in 2020. http://​
www.​kieml​am.​org.​vn/​Deskt​op.​aspx/​List/​So-​lieu-​dien-​bien-​rung-​hang-​nam/

Martin, T. G., & Watson, J. E. M. (2016). Intact ecosystems provide best defence against climate change. 
Nature Climate Change, 6(2), 122–124. https://​doi.​org/​10.​1038/​nclim​ate29​18

McElwee, P. (2016). Forests are gold: Trees, people, and environmental rule in Vietnam by. University of 
Washington Press, Seattle. https://​doi.​org/​10.​1353/​tech.​2018.​0019

Meyfroidt, P., & Lambin, E. F. (2008a). The causes of the reforestation in Vietnam. Land Use Policy, 25(2), 
182–197. https://​doi.​org/​10.​1016/j.​landu​sepol.​2007.​06.​001

Meyfroidt, P., & Lambin, E. F. (2008b). Forest transition in Vietnam and its environmental impacts. Global 
Change Biology, 14(6), 1319–1336. https://​doi.​org/​10.​1111/j.​1365-​2486.​2008.​01575.x

Meyfroidt, P., Roy Chowdhury, R., de Bremond, A., Ellis, E. C., Erb, K. H., Filatova, T., et  al. (2018a). 
Middle-range theories of land system change. Global Environmental Change, 53(3), 52–67. https://​doi.​
org/​10.​1016/j.​gloen​vcha.​2018.​08.​006

https://doi.org/10.1139/er-2016-0050
https://doi.org/10.1016/j.landusepol.2018.06.008
https://doi.org/10.1080/03066150.2014.990445
https://doi.org/10.1111/j.1744-7429.2009.00568.x
https://doi.org/10.1073/pnas.1710465114
https://doi.org/10.1016/j.worlddev.2012.10.010
https://doi.org/10.1088/1748-9326/7/4/044009
https://openjicareport.jica.go.jp/pdf/12067948_01.pdf
https://doi.org/10.4236/ojf.2016.63016
https://doi.org/10.3390/F11050548
https://doi.org/10.3390/F11050548
https://doi.org/10.1016/j.forpol.2018.02.004
https://doi.org/10.3390/urbansci7010013
https://doi.org/10.1146/annurev.energy.28.050302.105459
https://doi.org/10.1146/annurev.energy.28.050302.105459
https://doi.org/10.1088/1748-9326/ab6397
https://doi.org/10.5751/ES-10954-240225
https://vanban.chinhphu.vn/default.aspx?pageid=27160&docid=89016
http://www.kiemlam.org.vn/Desktop.aspx/List/So-lieu-dien-bien-rung-hang-nam/
http://www.kiemlam.org.vn/Desktop.aspx/List/So-lieu-dien-bien-rung-hang-nam/
https://doi.org/10.1038/nclimate2918
https://doi.org/10.1353/tech.2018.0019
https://doi.org/10.1016/j.landusepol.2007.06.001
https://doi.org/10.1111/j.1365-2486.2008.01575.x
https://doi.org/10.1016/j.gloenvcha.2018.08.006
https://doi.org/10.1016/j.gloenvcha.2018.08.006


Driving forces of forest cover rehabilitation and implications…

1 3

Meyfroidt, P., Roy Chowdhury, R., de Bremond, A., Ellis, E. C., Erb, K. H., Filatova, T., et  al. (2018b). 
Middle-range theories of land system change. Global Environmental Change, 53(11), 52–67. https://​
doi.​org/​10.​1016/j.​gloen​vcha.​2018.​08.​006

Miles, L., & Kapos, V. (2008). Reducing greenhouse gas emissions from deforestation and forest degrada-
tion: Global land-use implications. Science, 320(5882), 1454–1455. https://​doi.​org/​10.​1126/​scien​ce.​
11553​58

Nguyen, A. T., Sarah, N., & Margaret, T. (2021). Challenging slopes: Ethnic minority livelihoods, state 
visions, and land - use land cover change in Vietnam’s northern mountainous borderlands. Environ-
ment, Development and Sustainability. https://​doi.​org/​10.​1007/​s10668-​021-​01539-1

Nguyen, M.-H., et al. (2023). Examining contributors to Vietnamese high school students’ digital creativity 
under the serendipity-mindsponge-3D knowledge management framework. Thinking Skills and Crea-
tivity, 49, 101350. https://​doi.​org/​10.​1016/j.​tsc.​2023.​101350

Nguyen, T. H., Cook, M., Field, J. L., Khuc, Q. V., & Paustian, K. (2018). High-resolution trade-off 
analysis and optimization of ecosystem services and disservices in agricultural landscapes. Envi-
ronmental Modelling and Software, 107, 105–118. https://​doi.​org/​10.​1016/j.​envso​ft.​2018.​06.​006

Nguyen, T. V., & Tran, T. Q. (2018). Forestland and rural household livelihoods in the North Central 
Provinces. Vietnam. Land Use Policy, 79(3), 10–19. https://​doi.​org/​10.​1016/j.​landu​sepol.​2018.​07.​
046

Noszczyk, T. (2018). Human and ecological risk assessment : An international a review of approaches to 
land use changes modeling. Human and Ecological Risk Assessment. https://​doi.​org/​10.​1080/​10807​
039.​2018.​14689​94

Partelow, S. (2018). A review of the social-ecological systems framework: Applications, methods, modi-
fications, and challenges. Ecology and Society. https://​doi.​org/​10.​5751/​ES-​10594-​230436

Pham, T. T., Hoang, T. L., Nguyen, D. T., Dao, T. L. C., Ngo, H. C., & Hong, P. V. (2019). The con-
text of REDD+ in Vietnam: Drivers, agents and institutions [2nd edition]. https://​doi.​org/​10.​17528/​
cifor/​007402

Pirard, R. (2012). Market-based instruments for biodiversity and ecosystem services: A lexicon. Envi-
ronmental Science and Policy, 19–20, 59–68. https://​doi.​org/​10.​1016/j.​envsci.​2012.​02.​001

Putz, F. E., & Redford, K. H. (2010). The importance of defining “Forest”: Tropical forest degradation, 
deforestation, long-term phase shifts, and further transitions. Biotropica, 42(1), 10–20. https://​doi.​
org/​10.​1111/j.​1744-​7429.​2009.​00567.x

Serrat, O. (2017). The Sustainable Livelihoods Approach. Knowledge Solutions: Tools, Methods, and 
Approaches to Drive Organizational Performance. https://​doi.​org/​10.​1007/​978-​981-​10-​0983-9

Shi, M., Yin, R., & Lv, H. (2020). Forest policy and economics: An empirical analysis of the driving 
forces of forest cover change in northeast China. Forest Policy and Economics, 78(2017), 78–87. 
https://​doi.​org/​10.​1016/j.​forpol.​2017.​01.​006

Sikor, T. (2001). The allocation of forestry land in Vietnam: Did it cause the expansion of forests in the 
northwest? Forest Policy and Economics, 2(1), 1–11. https://​doi.​org/​10.​1016/​S1389-​9341(00)​00041-1

Sikor, T., & Baggio, J. A. (2014). Can smallholders engage in tree plantations? An entitlements analysis 
from Vietnam. World Development, 64, S101–S112. https://​doi.​org/​10.​1016/j.​world​dev.​2014.​03.​010

Simelton, E. S., Catacutan, D. C., Dao, T. C., Dam, B. V., & Le, T. D. (2016). Factors constraining and 
enabling agroforestry adoption in Viet Nam: A multi-level policy analysis. Agroforestry Systems, 
91(1), 51–67. https://​doi.​org/​10.​1007/​s10457-​016-​9906-2

Stibig, H. J., Achard, F., Carboni, S., Raši, R., & Miettinen, J. (2014). Change in tropical forest cover 
of Southeast Asia from 1990 to 2010. Biogeosciences, 11(2), 247–258. https://​doi.​org/​10.​5194/​
bg-​11-​247-​2014

Sunderlin, W. D., Belcher, B., Santoso, L., Angelsen, A., Burgers, P., Nasi, R., & Wunder, S. (2005). 
Livelihoods, forests, and conservation in developing countries: An overview. World Development, 
33(9 SPEC. ISS.), 1383–1402. https://​doi.​org/​10.​1016/j.​world​dev.​2004.​10.​004

Thanh, T. N., & Sikor, T. (2006). From legal acts to actual powers: Devolution and property rights in 
the Central Highlands of Vietnam. Forest Policy and Economics, 8(4), 397–408. https://​doi.​org/​10.​
1016/j.​forpol.​2005.​08.​009

To, X. P., & Tran, H. N. (2014). Forest Land Allocation in the Context of Forestry Sector Restructur-
ing: Opportunities for Forestry Development and Upland Livelihood Improvement. Hue, Viet Nam. 
https://​www.​forest-​trends.​org/​wp-​conte​nt/​uploa​ds/​impor​ted/​fla-​report_​eng-​pdf.​pdf

Trædal, L. T., & Angelsen, A. (2020). Policies drive sub-national forest transitions in vietnam. Forests, 
11(10), 1–21. https://​doi.​org/​10.​3390/​f1110​1038

Tran, T. Q., & Vu, V. H. (2019). Land fragmentation and household income: First evidence from rural 
Vietnam. Land Use Policy, 89(9), 104247. https://​doi.​org/​10.​1016/j.​landu​sepol.​2019.​104247

https://doi.org/10.1016/j.gloenvcha.2018.08.006
https://doi.org/10.1016/j.gloenvcha.2018.08.006
https://doi.org/10.1126/science.1155358
https://doi.org/10.1126/science.1155358
https://doi.org/10.1007/s10668-021-01539-1
https://doi.org/10.1016/j.tsc.2023.101350
https://doi.org/10.1016/j.envsoft.2018.06.006
https://doi.org/10.1016/j.landusepol.2018.07.046
https://doi.org/10.1016/j.landusepol.2018.07.046
https://doi.org/10.1080/10807039.2018.1468994
https://doi.org/10.1080/10807039.2018.1468994
https://doi.org/10.5751/ES-10594-230436
https://doi.org/10.17528/cifor/007402
https://doi.org/10.17528/cifor/007402
https://doi.org/10.1016/j.envsci.2012.02.001
https://doi.org/10.1111/j.1744-7429.2009.00567.x
https://doi.org/10.1111/j.1744-7429.2009.00567.x
https://doi.org/10.1007/978-981-10-0983-9
https://doi.org/10.1016/j.forpol.2017.01.006
https://doi.org/10.1016/S1389-9341(00)00041-1
https://doi.org/10.1016/j.worlddev.2014.03.010
https://doi.org/10.1007/s10457-016-9906-2
https://doi.org/10.5194/bg-11-247-2014
https://doi.org/10.5194/bg-11-247-2014
https://doi.org/10.1016/j.worlddev.2004.10.004
https://doi.org/10.1016/j.forpol.2005.08.009
https://doi.org/10.1016/j.forpol.2005.08.009
https://www.forest-trends.org/wp-content/uploads/imported/fla-report_eng-pdf.pdf
https://doi.org/10.3390/f11101038
https://doi.org/10.1016/j.landusepol.2019.104247


	 V. Q. Khuc et al.

1 3

Verburg, P. H., Schot, P. P., Dijst, M. J., & Veldkamp, A. (2004). Land-use change modeling: Current 
practice and research. GeoJournal. https://​doi.​org/​10.​1007/​s10708-​004-​4946-y

Viña, A., McConnell, W. J., Yang, H., Xu, Z., & Liu, J. (2016). Effects of conservation policy on China’s 
forest recovery. Science Advances, 2(3), 1–8. https://​doi.​org/​10.​1126/​sciadv.​15009​65

Vuong, Q. (2023). The Kingfisher Story Collection. https://​philp​apers.​org/​archi​ve/​VUOTKS.​pdf
Vuong, Q. H. (2021). The semiconducting principle of monetary and environmental values exchange. 

Economics and Business Letters, 10(3), 284–290. https://​doi.​org/​10.​17811/​ebl.​10.3.​2021.​284-​290
Vuong, Q. H., et al. (2022). Covid-19 vaccines production and societal immunization under the seren-

dipity-mindsponge-3D knowledge management theory and conceptual framework. Humanities and 
Social Sciences Communications, 9(1), 1–12. https://​doi.​org/​10.​1057/​s41599-​022-​01034-6

Vuong, Q., Pham, P., & Nguyen, M. (2021). Farmers’ livelihood strategies and perceived constraints 
from poor and non-poor households: A dataset from a field survey in Nghe An. Vietnam. Data in 
Brief, 36, 106991. https://​doi.​org/​10.​1016/j.​dib.​2021.​106991

VUSTA. (2011). Research report on rural labour and employment in Vietnam. International Labour Office, 
CH-1211 Geneva 22, Switzerland. https://​www.​ilo.​org/​wcmsp5/​groups/​publi​c/---​asia/---​ro-​bangk​ok/---​
ilo-​hanoi/​docum​ents/​publi​cation/​wcms_​171760.​pdf

Yang, A., Tien, N. D., Phuong, V. T., Trung, L. Q., Thuy, P. T., Larson, A. M., & Ravikumar, A. (2016). 
Analyzing multilevel governance in Vietnam: Lessons for REDD+ from the study of land-use change 
and benefit sharing in Nghe An and Dien Bien provinces. https://​doi.​org/​10.​17528/​cifor/​006392

Yen, B. T., Saskia, M., & Thai, C. (2013). Constraints on Agricultural Production in the Northern Uplands 
of Vietnam Constraints on Agricultural Production in the Northern Uplands of Vietnam. Moun-
tain Research and Development (MRD), 33(4), 404–415. https://​doi.​org/​10.​1659/​MRD-​JOURN​
AL-D-​13-​00015.1

Yin, R., & Xiang, Q. (2010). An integrative approach to modeling land-use changes: Multiple facets of 
agriculture in the Upper Yangtze basin. Sustainability Science, 5(1), 9–18. https://​doi.​org/​10.​1007/​
s11625-​009-​0093-1

Yin, R. S., Xiang, Q., Xu, J. T., & Deng, X. Z. (2010). Modeling the driving forces of the land use and land 
cover changes along the upper yangtze river of China. Environmental Management, 45(3), 454–465. 
https://​doi.​org/​10.​1007/​s00267-​009-​9377-6

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under 
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of such publishing agreement and applicable 
law.

Authors and Affiliations

Van Quy Khuc1   · Bao Quang Tran2 · Duy Nong3,4 · Trung H. Nguyen5 · 
Minh‑Hoang Nguyen6 · Tam‑Tri Le6 · Hoang Khac Lich1 · Patrick Meyfroidt7,8 · 
Dien Van Pham9 · Stephen J. Leisz10 · Mark W. Paschke11

 *	 Van Quy Khuc 
	 qvkhuc@vnu.edu.vn

	 Bao Quang Tran 
	 baofuv@yahoo.com

	 Duy Nong 
	 duy.nong@csiro.au

	 Trung H. Nguyen 
	 nguyentrung1710@gmail.com

	 Minh‑Hoang Nguyen 
	 hoang.nguyenminh@phenikaa-uni.edu.vn

https://doi.org/10.1007/s10708-004-4946-y
https://doi.org/10.1126/sciadv.1500965
https://philpapers.org/archive/VUOTKS.pdf
https://doi.org/10.17811/ebl.10.3.2021.284-290
https://doi.org/10.1057/s41599-022-01034-6
https://doi.org/10.1016/j.dib.2021.106991
https://www.ilo.org/wcmsp5/groups/public/---asia/---ro-bangkok/---ilo-hanoi/documents/publication/wcms_171760.pdf
https://www.ilo.org/wcmsp5/groups/public/---asia/---ro-bangkok/---ilo-hanoi/documents/publication/wcms_171760.pdf
https://doi.org/10.17528/cifor/006392
https://doi.org/10.1659/MRD-JOURNAL-D-13-00015.1
https://doi.org/10.1659/MRD-JOURNAL-D-13-00015.1
https://doi.org/10.1007/s11625-009-0093-1
https://doi.org/10.1007/s11625-009-0093-1
https://doi.org/10.1007/s00267-009-9377-6
http://orcid.org/0000-0001-9516-2413


Driving forces of forest cover rehabilitation and implications…

1 3

	 Tam‑Tri Le 
	 letamtri10@gmail.com

	 Hoang Khac Lich 
	 lichhk@vnu.edu.vn

	 Patrick Meyfroidt 
	 Patrick.meyfroidt@uclouvain.be

	 Dien Van Pham 
	 pham_van_dien@yahoo.com.vn

	 Stephen J. Leisz 
	 steve.leisz@colostate.edu

	 Mark W. Paschke 
	 mark.paschke@colostate.edu

1	 Faculty of Development Economics, VNU University of Economics and Business, Vietnam 
National University, Hanoi 100000, Vietnam

2	 Department of Forest Resources and Environment, Vietnam National University of Forestry, 
Hanoi, Vietnam

3	 Agriculture and Food, The Commonwealth Scientific and Industrial Research Organisation, 
Brisbane 4067, Australia

4	 Centre for Applied Energy Economics and Policy Research, Griffith University, Brisbane, 
Australia

5	 Department of Environmental Science, Regrow Ag, Durham, New Hampshire, USA
6	 Centre for Interdisciplinary Social Research, Phenikaa University, Yen Nghia Ward, Ha Dong 

District, Hanoi 100803, Vietnam
7	 Earth and Life Institute, UCLouvain, 1348 Louvain‑la‑Neuve, Belgium
8	 Fonds de la Recherche Scientifique F.R.S.-FNRS, 1000 Brussels, Belgium
9	 Department of Silviculture, Vietnam National University of Forestry, Hanoi, Vietnam
10	 Department of Anthropology, Colorado State University, Fort Collins, USA
11	 Department of Forest and Rangeland Stewardship, Colorado State University, Fort Collins, USA


	Driving forces of forest cover rehabilitation and implications for forest transition, environmental management and upland sustainable development in Vietnam
	Abstract
	1 Introduction
	2 Definition of forests and rehabilitated forests
	3 Methods
	3.1 Study region
	3.2 Forest rehabilitation model
	3.3 Data

	4 Results
	4.1 Forest change and rehabilitated forests
	4.2 Estimated results of rehabilitated forests model

	5 Discussion
	6 Conclusions and policy implications
	Anchor 14
	Acknowledgements 
	References


