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Household land use decisions in the tropics have a wide range of outcomes and impacts on economic development,
environmental conservation, and social development. This study seeks to contribute to this debate by examining

the effects of tree planting on poverty alleviation and welfare improvement in Vietnam. We employ a combination

of multinomial endogenous treatment effect and propensity score matching, using survey data collected from 239
households in 11 communes in Vietnam’s Central Highlands region. We find that households engaged in tree plant-
ing can increase theirincome and alleviate poverty compared to non-engaging households. Specifically, long-term
cashew plantations provide early harvests and have proven to be a preferred crop for households dealing with imme-
diate livelihood needs. However, short-term acacia timber crops contribute insignificantly to poverty reduction

and may be more suitable for households with greater financial resources. The policy implication underscores

the importance of interventions tailored to support impoverished households with urgent livelihood needs. Prioritiz-
ing immediate necessities is crucial before households can invest in long-term tree planting.

Keywords Impact evaluation, Tree species choice, Income, Multinomial endogenous treatment effect, Propensity

Introduction

In the context of diminishing natural forests, global
efforts to plant trees have led to a significant expansion
of planted forests, covering 294 million hectares globally
in 2022, which accounts for approximately 7% of the total
global forested area (FAO 2023). Smallholder tree plan-
tations in developing countries, driven by government
reforestation and land-decentralization programs, have
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played a crucial role in this initiative. These efforts have
had a profound impact on local livelihoods, environ-
mental preservation, and the achievement of Sustainable
Development Goals (Osman et al. 2023; Aggarwal et al.
2021; Razafindratsima et al. 2021; Degnet et al. 2020;
Turner-Skoff and Cavender 2019; Kroger 2014).
Commercial tree plantings are primarily justified by
the financial gains from timber harvesting and associ-
ated benefits. Studies show that tree plantations contrib-
ute significantly to household income, ranging from 17
to 46% globally (Vedeld et al. 2007; Abebaw et al. 2012;
Gebreegziabher et al. 2020; Miller et al. 2020; Li et al.
2020). In Ethiopia, for example, Holden et al. (2003), Jag-
ger and Pender (2003) and Asfaw et al. (2013) find that
income from eucalyptus contributes 20-32.6% to the
total household income, whereas private trees in Nepal
contribute to merely 5.8% of household income. How-
ever, this impact is not universally positive. In various
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regions, tree-planting initiatives have yielded minimal
income, increases, or, in certain cases, limited or detri-
mental effects on household economies (Ameha et al.
2014; Alix-Garcia et al. 2015; Andersson et al. 2015). Van
der Meer Simo (2020) reviewed tree-planting initiatives
in the Greater Mekong sub-region, indicating that planta-
tions contributed to sustainable livelihoods in only a few
communities. Aligning with this viewpoint, Malkamaki
et al. (2018) conducted a systematic review, revealing a
negative impact of 48% on local livelihoods in large-scale
plantation contexts, although they acknowledged limited
robust evidence.

From an environmental standpoint, planting trees, par-
ticularly in mixed species schemes, presents an attractive
prospect, offering several benefits, including soil conser-
vation, biodiversity restoration, crop disease mitigation,
increased returns per unit area, and enhanced resilience
to climatic hazards (Tassone et al. 2004; Montagnini and
Nair 2004). A comprehensive examination across 8000
households in 24 developing countries by Angelsen et al.
(2014) revealed that environmental income constituted
up to 28% of total household income, with a substantial
portion (77%) stemming from natural forests. Interest-
ingly, in the context of the increasing adverse effects of
climate change in many parts of the world, farmers are
willing to forego additional income from crop produc-
tion and instead adopt tree planting. This shift provides
greater resilience and adaptability to changing climatic
conditions.

The establishment of tree plantations extends beyond
income generation to encompass the development of
local infrastructure and services, enhancing economic
activities within communities and income disparities
(Malkamiki et al. 2018). In particular, sustainable for-
estry practices are reported to improve social security
services and increase timber value by approximately
20-25% (Degnet et al. 2020).

In Vietnam, tree planting has increased significantly
over the past three decades, expanding from 0.7 mil-
lion hectares in 1989 to 4.66 million hectares in 2022.!
Approximately 3.93 million hectares of this area are
used for commercial purposes.” Smallholder households
have played a crucial role in tree plantations in Viet-
nam, accounting for 21.6% of the national plantation
area, which is equivalent to 3.20 million hectares. Their
contribution has had a significant impact on the coun-
try’s forest cover, effectively doubling it from 20.80% in
1990 to 42.02% in 2022. The primary factor behind this

! Minister Decision No. 2357/QD-BNN-KL on reporting the 2022 forest
status.

% Vietnam country report on forest status, 2022. Available at: https://www.
mard.gov.vn/VanBan/VanBan/2357-QD-KL-14062023.pdf (Accessed 20th
July 2023).
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achievement is the implementation of the forestland
allocation (FLA) program. This policy involves granting
50-year land use rights to households and communities
to support sustainable forest management, rural develop-
ment, and livelihood improvement. It aims to boost for-
est protection, local participation in conservation, and
secure land tenure for forestry activities, aligning with
the nation’s sustainable development goals, particularly
by enhancing household livelihoods through tree plant-
ing and related activities. Since 1994, the program has
allocated 11.37 million hectares of forestland to various
stakeholders, including smallholder households, while
3.42 million hectares remain under the control of local
authorities. However, government officials, academics,
and practitioners argue that up to 70% of the land has not
been cultivated or has been allocated for alternative uses
due to differing responses among land recipients to the
FLA policy (Dinh et al. 2017).

Empirical studies on the impacts of tree planting on
household welfare and poverty reduction in Vietnam
have shown mixed results. Socioeconomic inequali-
ties further complicate the picture, with forest-derived
income benefiting both the wealthiest and poorest house-
holds to varying degrees, from 20 to 77% of household
income (Castella et al. 2006; Clement and Amezaga 2009;
Nguyen et al. 2010; Nguyen and Noriko 2008; Nguyen
and Tran 2018; Cuong et al. 2019; Khuc et al. 2020).
However, there has been limited research simultaneously
examining the effects of diverse tree-planting practices
on household economies and livelihoods in Vietnam.
This study aims to fill this gap by evaluating the impact of
planting different tree species on household income and
poverty reduction in Vietnam’s Lam Dong province.

This paper provides new empirical evidence to the
existing knowledge by examining the impact of tree
planting initiatives under Vietnam’s FLA program on
household income and poverty levels. Our thorough
assessment of FLA’s effectiveness can provide valuable
insights for informing the development of similar inter-
ventions in other contexts. Unlike previous studies that
focus on the aggregate impact of a single or multiple tree
species, this study evaluates the income effects of two
distinct plantation initiatives: a 6—7 year acacia planta-
tion for wood chip and paper pulp, and a 35-year cashew
plantation for nut production. We use a combination of
the parametric approach known as multinomial endog-
enous treatment effect (METE) and the propensity score
matching (PSM) technique to estimate the economic
impacts of FLA on household income and poverty lev-
els. This combination helps to control for selection bias
from both observed and unobserved heterogeneities and
ensures the robustness of the estimated results when
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evaluating the influence of tree planting on household
welfare (Lawin and Tamini 2018; Basnet et al. 2021).

The remainder of the paper is organized as follows.
“Methods” section describes a detailed method, includ-
ing a brief description of the study area, data collec-
tion, and the estimation strategy. The “Results” section
presents the outcome of the model estimation and the
“Discussion” section explains how planting tree species
affects household income and poverty status. Finally, the
findings are synthesized to derive conclusions and policy
implications.

Methods

Survey area and data

This study collected data from three districts within
Lam Dong province,® situated in the Central Highlands
region of Vietnam (see Fig. 1). The survey was conducted
between June and September 2012, targeting household
heads or senior members. The research team consisted of
six interviewers, including the first author, a lecturer, and
four trained enumerators of Ho Chi Minh Agriculture
and Forestry University. Focus group discussions, key
informant interviews and household surveys using
semi-structured questionnaires were also used to obtain
data and information. We also collaborated with local
authorities to obtain secondary data on land use and
socioeconomic conditions within the study area.

A two-stage sampling approach was employed in
selecting households for the survey. Initially, a random
selection of 11 communes was made from a total of 37
communes listed among three districts, as shown in
Table 1. Subsequently, a complete list of 937 households
participating in FLA activities within the chosen com-
munes was obtained from the Forest Ranger Offices.
This list was then divided into two sub-lists: households
engaged in tree planting and households not involved in
such activities. Furthermore, we used a random selec-
tion process to determine the sampling units in propor-
tion to the sizes of the planting and non-planting groups
within each district. Since cashew and acacia are two pre-
dominant species, comprising over ninety percent of the
population, we excluded households that planted other
tree species to ensure uniformity of data collection and
analysis. The employed sampling approach ultimately
yielded a sample frame of 240 households across three
districts. Among these households, 172 were identified as
FLA households with plantations, while the remaining 68
households did not have any plantations. A total of 240

3 Lam Dong province was chosen for its diverse socioeconomic and ethnic
makeup, standard FLA policy implementation, its role in the government’s
post-Vietnam War resettlement program, and as a typical area where cash
crop cultivation clashes with land encroachment and forest degradation—
an ideal setting to study these interactions.
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6: Bao Lam
7: Cat Tien

Fig. 1 Map of the study area, Lam Dong province

households were interviewed using a structured ques-
tionnaire, except for a single non-planting household that
chose not to participate in the survey. Hence, the survey
response rate was 99.6%.

The survey questionnaire included variables of
interest, such as household characteristics, biophysical
endowments, and financial attributes like household
income and government subsidies. In this survey,
"household income" refers to the total cash income
from various sources, with monetary values based on
the year 2014. Table 2 shows that the percentage of
survey respondents involved in acacia plantations was
the lowest, accounting for 18.41%. This proportion
is significantly lower, about three times less, than the
percentage of respondents engaged in cashew plantation
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Table 1 General information of the three districts of the studied area. Source: Statistical Office of Lam Dong province, 2012
Natural area (km?) Number of Number of communes Population Number of
communes selected households
Bao Lam 1463.43 14 5 110,741 22,460
CatTien 426.57 12 3 37,631 7633
DaTeh 524.19 1 3 44,667 9060
Table 2 Land use action and species choices by households. EV* = Z,{Olj + 8ilij + myj (1)

Source: Surveyed data

Land use pattern Observation  Mean area(Ha)  Percentage
Inaction (control) 67 5.66 28.03
Acacia plantation 44 748 1841
Cashew plantation 128 3.12 53.56
Total/mean 239 4.84 100

(53.56%). On average, households planted 4.84 hectares
of trees. To avoid any spillover effects when assessing
differential income growth, we did not survey the few
households with both acacia and cashew plants.

Econometric models

Farmers’ land use decisions are influenced by their abil-
ity and motivation, resulting in differences in investment.
To analyze the effects of these decisions, we employed a
multinomial endogenous treatment effect (METE) analy-
sis and conducted a propensity score matching (PSM) for
additional validation.

The multinomial endogenous treatment effects (METE) model
To estimate the METE model, we employed a mixed mul-
tinomial logit (MMNL) model to analyze land use deci-
sions for tree planting. As argued by Deb and Trivedi
(2006), this model considers the interdependence of
planting decisions and addresses selection bias from
observable and unobserved characteristics. Farmers may
self-select endogenously, and their decisions are likely to
be influenced by unobserved factors that may be corre-
lated with outcome variables. Controlling for selection
bias helps ensure that our results accurately reflect the
intended sample, thereby strengthening the validity of
the conclusions of this study. In the second stage, we uti-
lized ordinary least squares (OLS) to evaluate the impact
of tree planting on household income and poverty sever-
ity. The MMNL model maximizes the expected utility
(EV) of the ith individual household, considering the jth
land use decision:

where z; is a set of exogenous covariates for the ith
household, j is the vector of corresponding parameters,
l;j denotes the latent factor, §; is the vector of correspond-
ing parameters, and 7;; represents the independent error
terms.

In this study, we assumed that farmers would choose
the forestland use alternative that offers the greatest
expected utility. To incorporate this selection, we defined
a multinomial variable d; to denote the observed land use
choice, where d; = d;1,dj» . . ., dyj, and [; is represented as
a sequence /;1,/;2 . .., l;. Subsequently, the probability of
selecting a specific land use choice, given the latent vari-
ables, can be written as:

Pr(d;|zi, ;) = f (zja1 + 8141, Zjory + Salia, . .., Zjoy + 87lyy) (2)

where f is an appropriate multinomial probability dis-
tribution. Following Deb and Trivedi (2006), we assume
that f has a mixed multinomial logit (MMNL) structure,
defined as:

exp (Z;Olj + 8jli]’)

Pr(dilzil;) = ;
1+ exp (z]fozk + Sklik)

(3)

In Eq. (3), we assumed that each land use choice is
affected by a single latent factor §; = 1 for all j, in order to
normalize the scale for each treatment choice equation.

In the second stage of the model, we evaluated the
impact of various land use alternatives on the outcome
variables. The expected outcome is derived as:

J J
E(yildi,xi i) = B+ > vidy+ > Al (4)
j=1 j=1

where y; represents the outcome variables, x; denotes a
set of exogenous factors with parameter f, y; represents
the treatment impacts, and /; represent the impact of the
latent factor /;; on the outcome.

Outcome variables We have considered two outcome
variables, household income and poverty severity.
Household income measures the total income obtained
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from tree planting, specifically acacia or cashew plantation
in Vietnamese local currency VND in million.

We measured poverty severity by using the poverty
classification introduced by Foster et al. (1984), which
can be written as:

P

1 z—Kr\*
FGT:NZ( . ) (5)

i=1

where N represents the total sample size, P represents the
number of households classified as poorer, z;, is the pov-
erty line, K7 represents the household’s per capita income,
and a denotes the poverty scale, where the value of 0, 1
and 2 indicates the levels of poverty incidence. When
a=0, FGTy = %, which is the headcount index, and
measures the proportion of the population that is classi-
fied as poor. Similarly, the values for a=1, denoted as
FGT,, represents the poverty gap, and a=2, denoted as
P

FGT, = L 3 (%)2

Accordin;:,I tlo the Vietnamese government, the poverty
line for the period 2012-2014, is set at VND 4.8 million
per year.* This threshold is significantly lower than the
poverty line determined by the Vietnam Statistics Office
and the World Bank in 2012, which was VND 10.46 mil-
lion. In this study, the poverty threshold is adjusted to
VND 6.24 million per year to cover those close to pov-
erty, resulting in 66 households (27.6% of the sample)
being classified as in poverty.

Endogeneity and identification issues Previous studies
have proposed using instrumental variables to address
endogeneity when evaluating the economic impact of
agricultural technology. Variables such as governmental
subsidies, agricultural output and productivity,
prior knowledge of new technology, and plot-level
characteristics have been included in the analysis (Di
Falco et al. 2011; Michalek et al. 2014; Manda et al. 2016).

In this study, we examined the use of government
support and grey soil as instrumental variables within
our empirical framework. These variables were found
to influence the farmers’ decisions regarding the adop-
tion of cashew or acacia plantings, despite not directly
impacting household income and poverty. We conducted
a falsification test to assess their validity and found that
they meet the criteria established by previous studies (Di
Falco et al. 2011; Di Falco and Veronesi 2013).

* Governmental Decision 09/2011/QD-T Tg stipulates that the rural poverty
line is VND 4.8 million/year/head (0.77 USD/person/day), and close to
poverty is VND 6.24 million/year/head (0.83 USD/person/day), which is
closer to the World Bank’s rate of 1.25 USD/person/day. The exchange rate
in 2012 was VND 20,828/USD.
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The propensity score matching (PSM)
In this study, we apply the propensity score matching
(PSM) technique, which neither requires parametric dis-
tributional assumptions nor covariate exogeneity, making
it easier to estimate causal effects in observational stud-
ies. This method helps reduce selection bias by balanc-
ing pre-treatment characteristics between treatment and
control groups. It is especially valuable when randomized
controlled trials are not possible due to practical or ethi-
cal constraints.

In a binary treatment framework, the average treat-
ment effect on individual farm households can be written
as follows:

o) =E(YT —YD=1,X= x)

:E(YT\Dzl,X:x>7E(YC|D=1,X:x> ©)

where YT and Y€ represent the outcome of the individu-
als who received treatment (D = 1) and of the individuals
in the control group (D=0). X represents a set of exog-
enous factors.

In Eq. (6), the potential outcome of the counterfactual
E(YC|D =1X= x) is unobservable. Hence, 6 (x) can be
estimated using the matching approach, provided that
the possible outcomes of the control group are independ-
ent from the treatment, conditional on the exogenous
covariates. This is referred to as the Conditional Inde-
pendent Assumption (CIA). The CIA does not require
matching based on observable characteristics, but rather
focuses on the propensity score, which is the probability
of being treated conditionally on the observable charac-
teristics. Within the PSM framework, we employed bino-
mial models, which involve households planting acacia
and cashew trees, instead of those not engaged in any
planting activities.

Variable consideration

The dependent variable consists of three distinct values: 0
represents the control group where no action is taken, 1
represents the group afforested with acacias, and 2 repre-
sents the groups afforested with cashews. A set of explan-
atory variables has been defined to determine the factors
influencing the establishment of acacia and cashew plan-
tations (Table 3).

Table 3 provides insights into the factors that influence
the adoption of acacia and cashew trees, as well as
the subsequent impact on household income and the
poverty severity. It has been observed that there are
no significant variations in household characteristics
between households that engage in planting activities and
those that do not. These characteristics include the age
and education level of the household head, the number
of household members, ethnicity, migration status,
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Table 3 Variable description and descriptive statistics (N=239)
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Variable All households Non-planting Planting Statistical test
(N=239) households  households
(N=67) (N=172)
Mean SD Mean SD Mean SD
Dependent variable
Planting decision (dummy =1 if acacia, 2 for cashew, otherwise 0)
Outcome variables
Household total income (VND mil.) 7991 14660 4180 3805 9506 16943 4.83%%xb
Poverty severity (%) 0.12 0.21 0.21 024 083 0.19 4.16%**a
Independent variables
Household characteristics
Age of household head (years) 49.49 1124 4837 10.88 4994 1138 —082°
Education of household head (year) 6.33 329 6.28 293 636 343 -0.7°
Number of family member (person) 479 168 453 148 484 175 —=1.27°
Household with at least one member working for the government (yes=1)  0.16 037 015 036 017 0.38 0.18°
Ethnic minority (yes=1) 0.15 036 012 032 0.6 037 —-0.89°

Migrant status (yes=1 if households from outside the province)
Farm endowment

Off-farm income (VND mil.)

Agricultural land (hectare)

Income from forestry (VND, mil.)

Forestry experience (years)

House size (m?)

Value of livestock (mil. VND)

Value of production asset (VND mil.)
Bio-physical factors

Forest road availability (yes=1)

Average distance from home to plots (km)

Grey (yes=1)

Soil quality (= 1-4, 1 is the lowest, 4 is the highest in the region)
Social-institutional support

Loan from all sources (mil. VND)

No. of support from the government (seedlings, fertilizers, credits.)

Number of years since obtaining land use right certificate (years)

District dummy (=1 if from Cat Tien)

0.83 037 088 032 081 0.38 1.29°

2059 13278 1367 2249 3593 13602 —1.17°
1.09 127 1.20 1.51 1.05 1.16 0.25°
13.61 2967 234 9.64 18.09 3354 6.32%%x0
8.24 7.51 591 819 9.6 703 —443%00
61.62 4717 5122 2352 6576 5326 —2.36%°
13.02 1929 1679 2302 1152 17.44 1.77%0
9.02 6541 8.38 49.21 9.27 7096  —2.63%
0.29 045 018 038 033 047  —241%*¢
5.87 747 990 892 427 6.14 5.3g%b

0.31 047 038 049 029 045 1.44¢

2.83 057 279 059 285 057 -069°
9.04 3041 206 1472 1182 3438 —521%0
047 079 001 012 065 087 —930**
8.63 186 862 171 863 192 -0.07°

0.525 0500 0.62 049 049 0.50

*Significant at 10%

**Significant at 5%

***Significant at 1%, SD is standard deviation
2 t-test

b Wilcoxon rank sum test

<x? test

and affiliation with governmental institutions. From a
resource endowment perspective, households engaged in
planting activities have statistically significant advantages
in terms of off-farm and forest incomes, larger houses
and more experience in forestry. Interestingly, the two
groups do not differ significantly in terms of agricultural
land area and the value of production assets. However,
non-planting households have a higher value of livestock.

In terms of biophysical attributes, the planting group has
a smaller proportion of grey soil, which is considered
the province’s second most favourable soil type after
basaltic soil. Additionally, the planning group tends to
have a shorter average distance from their residences to
the plots. However, they generally reside in regions with
better forestry infrastructure, including forestry roads.
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Results

Multinomial endogenous treatment effect

Table 4 presents the parameter estimates for the mixed
multinomial logit model of acacia and cashew impacts
on household income, representing the first stage of the
METE model in Eq. (3). The non-planting category is
used as the base for comparison. The model fits the data
well with a Wald test statistic x*=764.18 and a P-value
P>x*=0.00, rejecting the null hypothesis that all regres-
sion coefficients are zero. The likelihood ratio test rejects
the null hypothesis of treatment exogeneity at a sig-
nificance level of 1%, thereby supporting the exclusion
restriction that addresses endogeneity in the treatments.
Falsification tests reveal that government support and
grey soil variables are significant in the treatment equa-
tions but not in the outcome equation, leading to exclu-
sion from the outcome equation.

The analysis indicates that both acacia and cashew
plantations have a positive impact on household income,
with significant increases of 110% for acacia and 86%" for
cashews, compared to non-planting households. Semi-
structured interviews with FLA farmers reveal that 79%
of households believe tree planting contributes to future
food security and income generation (Fig. 2). This finding
is consistent with previous research on acacia (Nguyen
et al. 2010; Nguyen and Tran 2018; Nigussie et al.
2021) and cashew (Mariwah et al. 2019), as well as tree
plantations in general.

In addition, the reasons for planting trees include insuf-
ficiently fertile land for crops (83%, sum of Very impor-
tant, Relatively Important and Important in Fig. 2), less
labor required (83%), accessible resources (83%), poten-
tial profitability (81%), and contributing to food secu-
rity (79%). The primary motivations for investing in
tree planting were not the requirement to plant trees
or government support, as reported by 48% and 36% of
respondents, respectively.

However, up to 28% of households abandoned land. The
explanations included the following (Fig. 3): households
lacked money and labor resources; households were
not compelled to plant trees; planting trees was not
profitable; and food production was more critical,
accounting for 39.4%, 37%, 33%, and 21.5%, respectively.
Additionally, 23% of respondents considered government
assistance insufficient to endure plantations.

The cashew latent variable (\) has a highly significant
(P=0.00) and negative impact, indicating a negative
selection bias for cashew farmers. This means that the
unobservable characteristics associated with adopting

% Since income is logged and tree plantation is a dummy, the
percentage for acacia and cashew should be 100*(exp(0.744)—1)% and
100* (exp(0.621) — 1)%, respectively.
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cashew are linked to lower income levels. Conversely,
the acacia variable is significant at the 10% level and has
a positive coefficient, suggesting that the unobservable
characteristics related to selecting acacia plantations are
associated with higher income levels.

The analysis indicates that the level of education of the
household head does not significantly affect household
income, while age has a negative impact, consistent with
the findings of Dinh et al. (2017) and Nguyen and Tran
(2018). Together with off-farm income, forest income,
is statistically significant at the 1% level, suggesting that
tree planting under the FLA program greatly contributes
to household income. The number of household mem-
bers, government job affiliation, agricultural land owner-
ship, house size, rural infrastructure, and livestock and
productive asset value significantly influence household
income, in line with previous research by Nguyen et al.
(2010), Sikor and Baggio (2014), and Van der Meer Simo
(2020). However, factors like migrant status, forest expe-
rience, and years since acquiring land may negatively
impact income.

Table 5 presents the effects of acacia and cashew
plantations on reducing poverty severity. The Wald
test statistic x*=248.76 and the corresponding P-value
P>x*=0.00 strongly support the rejection of the null
hypothesis that all regression coefficients are equal to
zero in the context of poverty severity. The likelihood
ratio (LR) test for exogeneity of treatment also yields
a significant result at the 5% level, indicating rejection
of the null hypothesis of exogeneity. The variables of
government support and grey soil pass the falsification
tests, similar to the model used to assess the impact
on income. The impact patterns of the latent varia-
bles of acacia and cashews exhibit are similar to those
observed in the context of household income, indicat-
ing the presence of selection bias.

The results from the treatment equation in Table 5
indicate that acacia plantations do not have a significant
impact on poverty alleviation. However, cashew planta-
tions have a negative effect, suggesting that households
with this crop are 11.1% less likely to experience pov-
erty compared to non-planting households, supporting
the hypothesis that early cashew harvests can help pov-
erty alleviation (Mariwah et al. 2019).

Propensity scores matching (PSM)

The PSM estimators in Table 6 demonstrate that
both cashew and acacia plantations affect household
income and poverty severity. The PSM results in a
115%-point difference for acacia plantation, while the
METE produces a 110%-point difference. For cashew
plantation, PSM generates a 25.0%-point difference
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Table 4 Mixed multinomial logit model estimates of acacia and cashew plantations on household income

Variable Acacia plantation Cashew plantation Impact on
household
income (In)

Household characteristics

Age of household head (year) 0.001 (0.029) 0.004 (0.027) —0.011 (0.007)**
Education of household head (year) —0.086 (0.096) —0.083 (0.094) 0.014(0.018)
Number of family member (person) —0.105 (0.194) —0.072(0.139) 0.053 (0.024)***
Household with at least 1 member in government services (yes=1) 0.349 (1.015) —1.064 (0.911) 0.575 (0.118)***
Ethnic minority (yes=1 2.981 (0.801)*** 1.981 (0.759)*** —0.026 (0.174)
Migrant status (yes= 1 if household from outside province) —2.323 (0.740)%** 0.115 (0.826) —0.351(0.147)*
Farm endowment

Off-farm income (VND mil.) 0.045 (0.009)*** 0.042 (0.009)*** 0.002 (0.001)***
Agricultural land (ha) 0.186 (0.282) —-0.136 (0.216) 0.180 (0.042)***
Income from forestry (VND mil.) 0.085 (0.033)*** 0.076 (0.032)** 0.008 (0.007)***
Forestry experience (year) 0.105 (0.040)*** 0.076 (0.033)** —0.007 (0.008)*
House size (m?, In) 2.561 (0.800)*** 1496 (0.743)** 0.345 (0.179)**
Value of livestock (VND mil.) —0.014(0.023) —0.026 (0.015)* 0.006 (0.002)***
Value of production asset (VND mil, In) 0.152 (0.185) 0.300 (0.169)* 0.055 (0.027)**

Bio-physical factors

Forestry road availability (yes=1) —1.325(0.825) —0.873(0.825) 0.296 (0.110)***

Average distance from home to plots (km, In) —0.320(0.263) —0.634 (0.183)*** 0.059 (0.031)

Grey soil (yes=1) —2.398 (0.836)*** —-1.613(0.681)**

Soil quality (1 is the lowest, 4 is the highest) 0.702 (0.665) 1.617 (0.571)%** —0.041 (0.116)
Social-institutional support

Loan total (VND mil. In) 1.327 (0.390)*** 1.495 (0.343)*** —0.008 (0.029)

Number of government support household received 2.984 (1.086)** 3.821 (1.003)***

Year obtained FLA land (year) 0.438 (0.194)** 0.184 (0.179) —0.030 (0.035)*
Dummy district (=1 if from Cat Tien) —2478(0.737)%** —1.051 (0.656) 0.038 (0.097)
Constant —12.086 (3.914)*** —9.419 (3.969)** 2.327 (1.053)**
Acacia plantation 0.744 (0.157)%**
Cashew plantation 0.621 (0.139)***

Insigma —1.247 (0.933)***

0.122 (0.289)*
—0.598 (0.189)***

Lamda_acacia
Lamda_cashew

Log pseudolikelihood = — 331.942; Wald chi2 (63) = 764.18; Prob > chi2 =0.000
Likelihood ratio (LR) test (Ho: No exogeneity of treatment variable): 15.878***; P=000
Observations 239

Control group consists of the households who leave the land abandoned, i.e., non-planting. The sample size is 239 households and 300 simulation draws per
observation based on a Halton sequence

***¥P<0.01, ¥*P<0.05, *P<0.1; Robust standard errors in parentheses

Land not fertile for agricultural crop:s  —— N
Available labor and financial resources
Secures future livelihoods
Obliged to plant trees I
Takes advantage of government suports I

Requires less [albor | ]
Planting trees is profitalble | |
0 20 40 60 80 100 120

B Very important M Relatively important ® Important Relatively not important M Not very important

Fig. 2 Reasons FLA households plant trees (n=172). Source: Survey data, Obs: 239
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Fig. 3 Reasons FLA households do not plant trees (n=67). Source: Survey data; Obs: 239

compared to METE’s 86%-point difference. However,
METE consistently yields larger magnitude than PSM
for the effect of tree planting on poverty severity.

The differences in the magnitudes of the treat-
ment effects in PSM and METE may be because PSM
only controls for observed heterogeneity, while METE
addresses both observed and unobserved heterogeneity
originating from selection biases that could influence
the treatment effect (Lawin and Tamini 2018). The fac-
tor-loading parameters (\) are statistically significant in
all models, justifying the use of the METE model.

The estimated impacts of cashew and acacia
plantations can be sensitive to the cut-off values for
in-sample classification in the selection model. The
selection model calculates the proportions of correctly
predicted cashew and acacia plantations based on
the chosen cut-off value. To visualize this, we plotted
the accuracy at different cut-off levels, resulting in
a Receiver Operating Characteristic (ROC) curve.
The areas under the ROC (AUROCs) for acacia and
cashew plantations are estimated to be 0.6633 and
0.6229, respectively (Fig. 4). These values indicate that
the estimated model fits well (Mandrekar 2010), with
an accuracy or Correctly Classified Ratio (CCR) of
0.8075 and a predictive performance of 0.7993, where
the “n” represents the number of observations and the
propensity score cut-off point.

Discussion

Based on the analysis results, it can be seen that although
both acacia and cashews have improved income and
reduced poverty, the decision to choose a tree species that
is suitable for household resources, livelihood conditions
and other factors including governmental support is quite
interesting in this case study. Accordingly, the households
that decide to grow cashews are mostly poor and need
to make a living, as shown by the average total income of
cashew-growing households being 67.69 million VND/

year. In comparison, that of acacia-growing households is
173.67 million VND/year. Our focus group discussions
have revealed that cashew plantations provide a viable live-
lihood option for poor households, as they offer quicker
harvests, typically within 3—4 years, compared to the longer
6-7 years for acacia trees. This supports the assertions that
the early harvest of cashew trees can significantly reduce
poverty severity by meeting immediate household liveli-
hood needs (or providing early income) instead of dealing
with the uncertainty and long-term return of acacia and
other crops (Mariwah et al. 2019; Do et al. 2020).

The insignificant effect of acacia on poverty may be due
to households being in the early stages of plantation. This
finding is consistent with previous studies in Vietnam by
Nguyen et al. (2010) and Nguyen and Tran (2018), as well
as research in Mexico (Alix-Garcia et al. 2015), Malawi
(Jumbe and Angelsen 2006), and Ethiopia (Ameha et al.
2014). Long-term tree plantations, such as acacia trees
mandated by land allocation policies, may be more suita-
ble for financially stable households capable of long-term
investments. Acacia planting may not be ideal for soci-
oeconomically disadvantaged households facing acute
livelihood challenges.

Other interesting factors that impact tree planting
and income are worth discussing further. First, we need
to consider the impact of large-scale migration from the
North to the Central Highlands province and its effect
on socio-economic dynamics. Migrant households are
less likely to cultivate acacia. At the same time, cashew is
commonly grown near residences and on more fertile soil
types, possibly due to the intensive cultivation practices
associated with cashews. Second, the average distances
between residences and cashew or acacia plantations
are 3.01 km and 7.89 km, respectively, indicating a
connection between choosing to grow cashews to
support immediate livelihoods. Finally, acquiring FLA
land at an earlier stage is unlikely to significantly increase
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Table 5 Mixed multinomial logit model estimates of acacia and cashew plantations on household poverty status

Variable Acacia plantation Cashew plantation Impact on poverty severity

Household characteristics

Age of household head (year) —0.003 (0.030) 0.004 (0.027) 0.001 (0.001)
Education of household head (year at school) —0.066 (0.097) —0.082 (0.097) —0.001 (0.004)
Number of family member (person) —0.156 (0.204) —0.065 (0.146) 0.022 (0.006)***
Household with at least 1 person in the government services 0.297 (1.030) —0.913(0.925) —0.074 (0.020)***
Ethnicity minority (yes=1) 3.013 (0.845)*** 2.291 (0.793)*** —0.008 (0.037)
Migrant status (yes= 1 if household from outside province) —2.344 (0.714)%** 0.162 (0.817) 0.095 (0.025)**
Farm endowment
Off-farm income (VND mil.) 0.041 (0.011)*** 0.034 (0.010)*** —0.001 (0.000)***
Agricultural land (ha) 0.199 (0.263) —-0.115(0.221) —0.014 (0.008)*
Income from forestry (VND mil.) 0.087 (0.033)*** 0.078 (0.033)** —0.0006 (0.000)**
Forestry experience (year) 0.089 (0.039)** 0.068 (0.033)** 0.002 (0.002)
House size (m?, In) 2.573 (0.806)*** 1(0.745)** —0.035(0.022)
Value of livestock (VND mil.) —0.009 (0.024) —0.028 (0.016)* —0.001 (0.001)**
Value of production asset (VND mil, In) 0.187(0.178) 0.298 (0.167)* —0.008 (0.004)*
Bio-physical factors
Forestry road (=1 if available) —1.201 (0.815) —0.805 (0.832) —0.003 (0.025)
Average distance from home to plots (km, In) —0.291 (0.270) —0.601 (0.190)*** —0.009 (0.006)
Grey soil (=1 if yes) —2.562(0.821)*** —1.691 (0.730)**
Soil quality 0.817 (0.658) 1.607 (0.544)*** 0.001 (0.020)
Social-institutional support
Loan (VND mil. In) 1.424 (0.407)*** 1.554 (0.378)*** —0.006 (0.006)
Number of government support household received 3.403 (1.189)*** 4275 (1.118)***
Year obtained FLA land (year) 0.389 (0.198)* 0.157 (0.174) 0.063 (0.006)
Dummy district (=1 if from Cat Tien) —2485 (0.757)*** —1.208 (0.666)* 0.022 (0.025)
Constant 11.521 (3.881)*** —9.263 (3.791)*** 0.018 (0.136)
Acacia plantation —0.012(0.033)
Cashew plantation 1(0.034)***
Insigma —2.361 (0.148)***
Lamda_acacia —0.094 (0.023)***
Lamda_cashew 0.085 (0.012)***

Log pseudolikelihood =4.947; Wald chi2 (63) = 248.76; Prob > chi2 =0.000;
Likelihood ratio (LR) test (Ho: No exogeneity of treatment variable): 15.350**; P=0.000
Observations 239

Control group consists of the households who leave the land abandoned, i.e., non-planting. The sample size is 239 households and 300 simulation draws per
observation based on a Halton sequence

***¥P<0.01, **P<0.05, *P<0.1; Robust standard errors in parentheses

Table 6 Impact estimation by the nearest-neighbour estimators of propensity scores matching

Impact on income Impact on poverty
Coefficient (SE) t-stat Matched number Coefficient (SE) t-stat Matched
number
Acacia choice 0.766*** (0.169) 451 238 —0.081***(0.022) -356 238
Cashew choice 0.219*(0.115) 1.90 239 —0.046** (0.021) -2.19 239

***P<0.01,**P<0.05, *P<0.1
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Fig. 4 ROC curves of selection models of Acacia and Cashew
plantations

household income through investments in tree planting,
even with rich expertise in forestry.

There are several reasons why a significant proportion
of households (28.03%) could not afford afforestation.
First, their mean income is 41.28 million VND/year, only
half the income of planted households (95.06 million
VND/year). Additionally, these households often receive
remote plots of land, making investing in afforestation
difficult. Survey data also shows that the average distance
from home to the plot of planted households is 4.3 km,
while for non-planted households, it is 9.9 km. This
long-distance prevents poor households from planting
intensive crops like cashews. Combining these two
factors creates further difficulties that hinder households
from planting trees.

The results of our case study show that the goal of gen-
erating income and contributing to income generation
and poverty reduction through forestland allocation and
tree planting has not been fully achieved. Tree species
with long business cycles and large investments, such
as acacia, are difficult for poor households and those in
immediate livelihood needs to implement. As a result,
these households are forced to choose tree species that
align with government planting goals but also meet their
immediate livelihood needs. Therefore, alternative liveli-
hood strategies should be considered before committing
to long-term tree planting with credit support (Larson
et al. 2007; Meyfroidt and Lambin 2008; Dinh et al. 2023).

While our approach effectively tackles selection bias
stemming from unobserved heterogeneity, an ideal
model for households’ intricate land use decisions should
incorporate risk and uncertainty factors through a prob-
ability analysis approach (Do et al. 2020).
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Conclusion and policy implication

Despite the long-standing implementation of Vietnam’s
Forest Land Allocation (FLA) policy, many households
choose not to participate in tree planting or utilize trees
for other purposes. This is particularly true in the Cen-
tral Highlands region, where factors such as livelihoods,
migration, and crop competition complicate the relation-
ship between tree planting and household welfare. This
study aims to analyze the impact of tree planting, spe-
cifically planting different species over different periods
(7-year acacia versus 35-year cashew plantations), on
household income and poverty reduction. We examine
this relationship using both a multinomial endogenous
treatment effect and a propensity score matching estima-
tor. The multinomial endogenous treatment estimator
will account for both observed and unobserved heteroge-
neity in measuring the impact of tree planting on house-
hold income and poverty levels.

Our research unveils the transformative potential
of tree planting, particularly the cultivation of acacia
and cashew plants, in significantly elevating household
income. With acacia increasing income by up to 110%
and cashew increasing income by up to 86% compared
to households not engaged in tree planting, our findings
demonstrate the importance of tree planting and the dif-
ference the tree species makes to household income. In
terms of poverty reduction, cashew plantation shows
promise with a modest reduction of 9.9% in the likeli-
hood of experiencing poverty. This outcome, while seem-
ingly modest, carries two potential explanations. First,
larger farms may be more likely to embrace acacia plant-
ing and are not experiencing poverty. Acacia may not be
the best species to target for poverty alleviation, particu-
larly when landowners require immediate livelihoods.
Second, the duration of the impact evaluation on poverty
may have been too short to reveal any significant effects
for acacia plantations.

We also found that acacia plantations are more suit-
able for households with higher socioeconomic status,
while cashew farms are more practical for households
with lower socioeconomic status. This suggests that
many impoverished and migratory households have cho-
sen to cultivate cashew crops to support their livelihoods
instead of engaging in acacia planting, which requires a
waiting period of 6-7 years before harvesting timber. It
is important to consider the broader implications of tree
plantations and encourage the government to provide
incentives to impoverished households or those without
agricultural land, encouraging them to pursue alterna-
tive livelihoods such as agroforestry or environmental
income.

Increasing the sample size would improve the
accuracy of the propensity score model in capturing the
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characteristics of the data. Additionally, using panel data
would allow the model to account for variations in FLA
land utilization. Despite the survey being conducted in
2012, no subsequent studies have examined the impact
of the FLA land allocation program on household income
and poverty levels. This study contributes to the ongoing
scholarly discourse on rational decision-making in land
use, considering the limitations imposed by household
resource constraints. The research also has implications
for future comprehensive studies that explore the social
and environmental impacts of such behavior, as well as
related issues like land grabbing, tenure reinforcement,
and capital accumulation under risk and uncertainty
within the context of households’ investments in tree
planting.
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