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A B S T R A C T

The Vietnamese Government have been implementing 
the Payment for Forest Ecosystem Service (PFES) since 
2008 with the aim of both improving natural forest status 
and enhancing income for mountainous community. Yet, 
effectiveness of the PFES scheme is now debated because 
of the shortage of experimental studies. So, the overall 
purpose of this study is to measure the effectiveness of the 
PFES program by propensity scores analysis. To do so, the 
study randomly surveyed 469 households located in four 
districts across Quang Nam province and then estimated 
the Average Treatment Effect on Treated (ATET). It is 
found that: (1) the households within PFES had got a 
insignificantly higher income than those without PES in 
the short-run; (2) yet, PFES was effective in long-run due 
to the improvement on income for participants; (3) PFES 
had an important role in increasing income inequality. 
Although this study demonstrated reasonable results, some 
limitations still exist due to the objective reasons, thus 
more studies with alternative methods should be conducted 
to confirm the results of this study for better policies.
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Introduction

The forest ecosystem (ES) has been providing a wide range of important benefits to 
human beings so far, including water provision, carbon sequestration, biodiversity 
improvements, farmland abandonment restoring, water and air purification, production 
raw materials, as well as social and cultural values such as recreation, traditional 
resource uses and spirituality (Ruggiero, Metzger, Tambosi, & Nichols, 2019; Wang, 
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Bilsborrow, Zhang, Li, & Song, 2019). Thus, Jespersen and Gallemore (2018) and 
Treacy, Jagger, Song, Zhang, and Bilsborrow (2018) emphasized that the degradation 
of the forest ecosystem will definitely affect all objects of the economy and might 
result in sophisticated changes, both economically and socially. In fact, ES gives the 
way of life for local communities by so many different kinds of plants and animals 
originating from the forests, that is why Watson et al. (2018) argue that maintaining 
and restoring the integrity of forest ecosystem services is a high priority to limit 
the growing biodiversity crisis, slow down continuing climate change as well as 
accomplish sustainable development targets. In Vietnam, to hinder the forest ecosystem 
degradation, the Vietnamese government has been implementing a national program 
nationwide since 2008, called Payments for Forest Ecosystem Services (PFES), yet 
there is the shortage of ex post assessment to measure effectiveness and sustainability 
of this scheme. Although some current studies assess the effect of intervention schemes 
on local livelihoods as well as explore the determinants of scheme participation, a 
little literature show clear evidences about total income of households and use robust 
methods. Hence, to estimate the impact of PFES schemes as well as potential unplanned 
outcomes, it is necessary to investigate the depth, the extent, and allocations of the 
effects of conservation intervention over many period of time (Beauchamp, Clements, 
& Milner-Gulland, 2018).

Presently a large number of empirical studies demonstrate the effectiveness of 
PES projects on the environment including land loss reduction and forest coverage 
improvement, whereas the positive impacts of PES schemes on local livelihoods, 
income increase and poverty alleviation have been debated. Zhou, Wang, and 
Wang (2019) posit that there is considerable trade-off between the objectives of 
environmental conservation and social-economic growth, hence when implementing 
PES policy makers should focus on only one target either environmental or social-
economic objectives. This argument is consistent with the argument of Arriagada, Sills, 
Ferraro, and Pattanayak (2015) that although the conservation programs have positive 
influence on environmental outcomes (i.e. forest cover, land loss and biodiversity), 
the improvement in household assets or well-being is insignificant because the PES 
programs not only decrease two main on-farm inputs (cattle and hired labor), but also 
pay a small amount of cash to each household for daily expenses. 

The studies on the effect of PES programs on household prosperity display different 
results, with both positive and negative outcomes regarding total income, well-being 
and total assets (Alix-Garcia, McIntosh, Sims, & Welch, 2013; Q. Li & Zander, 2019). 
The reason for this situation is explained that the effect of PES is able to strongly 
rely on the specific context of study site and household characteristics, implying that 
the PES implementation does not definitely make improvements on livelihoods and 
total income for participants as planned. Empirical studies of Clements and Milner‐
Gulland (2015), Alix-Garcia et al. (2013), Hanauer and Canavire-Bacarreza (2015) 
argue conservation interventions having neither substantial influence on income nor 
considerable contributions to poverty reduction at the community level. In addition, 
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Beauchamp et al. (2018) add that protected areas might be able to improve local 
traditional livelihoods, yet reduce households’ socio-economic status, in spite of not 
hampering the progress. These arguments are in line with socio-economic assessments 
of Manjula, Venkatachalam, Mukhopadhyay, and Kumar (2019) who illustrate that such 
conservation actions may lead to negative influence on livelihoods of local residents, 
for example, increased production cost, unstable crop productivity, and thereby increase 
social pressure because of unequal distribution of benefits.

On the contrary, the research of Birte Snilstveit et al. (2019) argue that PES schemes have 
significantly positive influences on socio-economic outcomes such as strengthening the 
knowledge of locals and shifting the economic structure, and on measures of overall 
income of participants, but do not have an impact on income from off-farm activities 
such as tourism, hired labor as well as handicrafts. Additionally, PES schemes in Mexico 
are demonstrated to improve community income by both creating more off-farm jobs 
and diversifying income sources from agricultural activities such as crop planting, 
cattle rearing and the timber products harvesting (Costedoat, 2017). The studies of 
Hanauer and Canavire-Bacarreza (2015), Ruggiero et al. (2019), and Beauchamp et 
al. (2018) have also suggested that the payments from PES programs might be too low 
to develop total local income and to enhance the standard of living, whereas such PES 
programs have the role of changing community skills, knowledge as well as attitude 
towards the functionality of forest conservation, and providing a lot of other income 
streams namely forest services and rural non-agricultural employment. 

In Vietnam nowadays, to the best of our knowledge, there are a few household-level 
studies exploring the roles of PFES programs on community livelihoods and the standard 
of living. To date, some current studies of Pham et al. (2013), Asian Development 
Bank (2014), Do, Vu, and Catacutan (2018), and Vietnam Administration of Forestry 
(2019) investigated the challenge of applications of PFES in Vietnam, yet one of the key 
limitations is that most studies have not examined factors influencing the participation 
of PFES yet, analyzed results are mainly descriptive statistics by describing the basic 
features of data instead of using econometric models to interfere and test the research 
hypothesis, and thereby lack methodological robustness. To end the mentioned-above 
debates, we carry out in-depth interviews with rural household where PFES scheme is 
being implemented with the aim of evaluating effectiveness of PFES over a period of 10 
years (from 2010 to 2019), before and after PFES was introduced in the study region.

We concentrate on answering the following research questions (1) How is the influence 
of the PFES program on the livelihood outcome in terms of total income, the change in 
total income as well as the change in income inequality? (2) What are the implications 
for designing PFES schemes in the context of tropical countries in the future? This 
study’s contribution is to fill the literature gap of PFES in terms of social-economic 
evaluation by using the propensity scores analysis which is quite rarely in currently 
PES-related studies and has also never been applied for PES-related researches in 
Vietnam before.
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This research proceeds as follows: Section 2 introduces the overview about the PFES 
scheme in Vietnam; section 3 presents the method used in this study consisting of the 
study site, sampling and survey methods, data analysis and data validation; section 4 
displays results and discussion of the empirical research; and the last section of this 
study, the main conclusions are summarized, and the policy implications of the research 
work are presented.

Table 1. The impact of PES on the local livelihoods

Authors Study region Methods Livelihood outcomes

Beauchamp et al. 
(2018)

The Northern Plains of 
Cambodia

Multi-period impact 
evaluation

Decrease households’ socio-
economic status

Birte Snilstveit et al. 
(2019)

China, Mexico, Costa 
Rica, Ecuador Meta-analysis Positive effect on total income

Zhou et al. (2019) Anhui (China) Survey Reduce cultivated land

Hanauer and 
Canavire-Bacarreza 

(2015)

Protected Areas 
(Bolivia) Quasi-experimental Uncertain impact on income 

and poverty alleviation

Ruggiero et al. 
(2019) Atlantic Forest (Brazil)

Propensity score 
matching and 
differences-in-

differences

Little improvement on 
financial outcomes
Inconsiderable progress in 
diversifying off-farm jobs

Pauline (2016) Sub-Saharan Africa Meta-analysis

Extra income for poor 
households
Additional profits for planting 
crops
Decrease opportunity cost

Costedoat (2017) Protected Areas in 
Chiapas (Mexico) Quasi-experimental

Create more part-time jobs
Diversify agricultural 
activities

Muttaqin, Alviya, 
Lugina, and Hamdani 

(2019)

Customary and 
Research Forests, 
Nature Reserves, 
National Parks 

(Indonesia)

Qualitative approach
Promote national tourism
Develop economic alternatives
Create off-farm jobs

Samii, Lisiecki, 
Kulkarni, Paler, and 

Chavis (2014)

Mexico, Mozambique, 
China, Costa Rica Meta-analysis

Little additional income
Little contributions to poverty 
reductions
Insignificant welfare effects

Source: Summary from the previous studies
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Overview of PFES in Vietnam

Since 1990s, Vietnam has been actively shifting forest management and protection 
from exploitation to conservation of forests, especially native and national forests, after 
fairly rapid deforestation and degradation in the past decades. At the same time, several 
national forest schemes like Program 661 in 1998 and Program 327 in 1993 has been 
carried out across the country so far. Despite of so many achievements from these 
national programs, a large number of challenges still exist because of the shortage of 
mid and long-term funds and low disbursement rates. Hence, in an effort to improve 
and develop Vietnam’s natural forest, the Vietnamese government set up Payments for 
Forest Environmental Services or Payments for Forest Ecosystem Services (PFES) in 
2008 for the purpose of boosting the country’s overall forest coverage up to 42% by 
2020 and roughly 45% by 2030.

In 2009, the piloted PFES schemes were initially introduced in Son La province and 
Lam Dong province where deforestation and forest degradation were regarded as 
the most serious in Vietnam at that time. Next, Decree No. 99 in 2010 mandated the 
implementation of PFES nationwide even though the PES mechanism is quite different 
from the PES definition of Wunder (2005) because (1) ES buyers and sellers are 
selected instead of volunteering to participate, (2) the authorities have right to establish 
the levels of payments relied heavily on the specific types of forest ecosystem services 
(i.e. biodiversity loss, carbon sequestration, afforestation and watershed protection). 
In most cases, forest owners sign a civil contract (also called as the forest protection 
contract) with local peasant farmers who have so much experience in taking care of 
and protecting forest and often took part in the national forest programs (i.e. Program 
661 and Program 327) in the past. Nearly 11000 contracts have been signed up till now, 
and more importantly, more and more local households want to participate the PFES 
scheme if any. The Forest Protection and Development Fund has responsibility for 
collecting payments from ES buyers, then re-distribute them forest owners, who in turn 
pay local peasant farmers once at a specific periotic time, often every quarter.

To date, more than 20 PFES programs have been implemented nationwide through a 
civil contract drafted by the government so far. The terms in every PFES contract oblige 
private and state agencies to finance to forest owners for protection and development 
of forest and inversely forest ecosystem services suppliers (forest owners) will be 
punished in case of non-compliance. The progressive enhancement of legal frameworks 
regarding the implementation of PFES is clear illustration for the government’s interest 
and commitment to achieving effective, efficient and equitable outcomes from PFES 
schemes (Pham et al., 2013).
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Figure 1. Roles and responsibilities of ecosystem service providers and buyers

Source: Adapted by Pham et al. (2013)

Methods

Study site

The study region is located in Quang Nam province of Vietnam, where the PFES project 
has been implementing across 13 forested districts since 2012 under Decree No. 99, 
and focused on four categories of PFES, including (1) watershed protection, namely 
soil protection, reduction in land erosion, prevention of sedimentation of rivers, streams 
and reservoirs; (2) protection of natural landscapes and biodiversity conservation for 
developing tourism; (3) carbon sequestration, reduction in greenhouse gas emission by 
preventing forest resources from deforestation and degradation; and (4) provision of 
natural seeds and feeds as well as sources of water for the aquaculture sector. Presently, 
beneficiaries or ES buyers are hydropower plants, fresh water supply firms, tourism 
company while ES sellers are forest owners including forest management boards, state-
owned forest enterprises, private company, and so many households.

Nowadays, more than half of Quang Nam is covered by forests, in which the high 
percentage of forest are natural forests with some many species of extinction-risk and 
precious flora and fauna. Quang Nam province is also the place where the vast majority 
of indigenous residents still earn their living under the forestry sector. Quang Nam is 
also home to the conservation parks of the saola (Pseudoryx nghetinhensis), the red-
shanked douc (Pygathrix nemaeus), the Song Thanh protected area and the Cu Lao 
Cham Biosphere reserves. The forests in Quang Nam now contains the sheer richness 
of biodiversity with respect to genes, individual species, communities of creatures, and 
entire ecosystems, however are also highly been threating by climate change as well as 
deforestation and forest degradation (Pham et al., 2013).
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In present, a large proportion of total natural area is considered as “forest land”, whereas 
there is the shortage of production land for planting activities and animal husbandry, 
leading to substantial reduction in the living standards of mountainous people. Thus, 
current conservation policies like PFES can support and encourage forest conservation 
and economic development in private lands as well as protection of natural resources.

Figure 2. The location and map of Quang Nam province, Vietnam

Source: Quang Nam Provincial Forest Protection Department (2019)

Currently, according to the latest report from the Quang Nam Provincial Forest Protection 
Department (2019), total PFES area is coral reefs 276,826 ha across 31 river basins of 13 
forested districts of Quang Nam with total payments in 2019 of 4,662,531 US dollar (roughly 
17% increase in payments compared to that of 2018). 

Sampling and survey methods

PES-participants and nonparticipants were selected randomly in 4 districts of Quang 
Nam province, specifically sampling procedure mainly based on demographic and 
socio-economic characteristic information provided by the local forest management 
boards. There were two different forms of the questionnaire used to survey, one for 
PES-participants and the other for nonparticipants. For PES-participants, this study was 
designed as a cross – sectional investigation, in which 323 households were randomly 
sampled by the cluster sampling scheme from July 2018 to March 2019, while 146 
nonparticipants were interviewed at the same time. To ensure the robustness of estimated 
results, our survey only included (1) respondents with the age of 18-60, (2) respondents 
taking part in both agriculture and agroforestry activities, (3) a balance share between 
Kinh people and ethnic groups. Every interview lasted from 60 to 120 minutes.
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Every questionnaire for PES-participants and nonparticipants comprised of five parts, 
in which the questions were very straightforward and mainly involved household 
socio-demographic characteristics, revenue streams and cost from agriculture and 
agroforestry before and after the implementation of the PFES project, household 
attitudes towards economic impact of PFES. The households for the survey came from 
four districts, including Hiep Duc, Phu Ninh, Dai Loc and Tien Phuoc. The socio-
demographic characteristics of surveyed households in the sample were summarized 
in Table 2.

Table 2. The social-demographic characteristics of respondents

Hiep Duc Phu Ninh Dai Loc Tien Phuoc
Total respondents 155 102 132 80
Gender
Female 18 10 16 8
Male 137 92 116 72
Control groups 46 22 50 28
Treated groups 109 80 82 52
Ethnic groups
Kinh 54 25 40 30
Minority 101 77 92 50
Main crop        
Maize 49 57 59 18
Other crops 106 45 73 62
Age of respondents (years) 41.30 40.46 39.52 41.19
Year of schooling 6.59 7.35 7.54 6.83
Total members in the household 4.74 4.80 5.05 4.81
Working members 2.63 2.64 2.72 2.73
Members under the age of 15 2.08 2.17 2.10 1.81
Total income ($) 4480.39 3573.26 4520.82 4969.87
Income from forest activities ($) 406.45 456.39 358.39 375.60
Income from agricultural activities ($) 3376.62 2289.28 3313.82 3402.76
Income from hired labor ($) 452.54 680.32 650.99 661.74

Source: The calculation from the authors

Data validation

To detect fallacy and ensure data accuracy and reliability, we used the solutions as 
follow: (2) the survey questionnaire was well-designed, pre-tested and improved before 
the official survey; (1) the chosen respondents were initially approached by phone with 
the help of the local authorities, in case they agreed to join the survey, questionnaires 
would be finished through direct interviews; (3) interviewers were taken part in several 
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courses in terms of interview skills training before the fieldwork; (4) outlier data and 
responses with significant errors were eliminated from the analysis; (5) interview 
procedure was scrupulously organized and controlled by the team leader; finally, the 
finished questionnaires were coded, imported in STATA, then double-check prior to 
official analysis.

Propensity Score Matching

As a rule, the local authorities will select participants in the PFES projects on purpose, 
meaning that participation is, certainly, not stochastics, thus this study used a statistical 
matching technique called Propensity Score Matching (PSM) to measure the PFES 
scheme’s impact by the Average Treatment Effect on Treated (ATET). Propensity scores 
(PS) are known as the estimated probability of the treatment by accounting for the 
covariates that predict receiving the treatment and in this research, PS will be estimated 
by an probit regression model (Ramsey, Forsyth, Wright, McKay, & Westbrooke, 2019) 
with the help of STATA 14. Through a treatment effect model, the research compared 
the average potential outcome of interest between treated and controlled groups to 
assess the intervention actions’ effectiveness. 

Let E[Y1|D=1] be the average potential outcomes (i.e. income) for the treated group 
(participants), and E [Y0|D = 1] be the average potential outcome for the controlled 
group (nonparticipants). Then, ATET could be calculated as follow (Słoczyński & 
Wooldridge, 2018):

ATET = E[Y1|D=1] - E[Y0|D=1]

ATET = E[Y1 – Y0 |D=1]

In the above formula, E[Y1 – Y0 |D=1] represents the effectiveness of PFES. Y1 and 
Y0 are overall income of PES-participants and nonparticipants, respectively. The term 
D is a dummy variable as the treatment indicator which equals one if the surveyed 
household is in the PFES group and zero if otherwise.

However, the challenge was that we could not observe the outcomes of a household 
participated in PFES (D=1), but presently no longer participates anymore (Y0|D = 
1). To deal with this challenge, we created a counterfactual variable from group of 
nonparticipants in the sample, then simply replaced (Y0|D = 1) by (Y0|D = 0). Thus, 
ATET is simply estimated as ATET=E[Y1|D=1] - E[Y0|D=0] (Guo & Fraser, 2015). 
Additionally, to improve the ATET to be appropriate for calculation of the treatment 
effect, the research mimicked the conditions for a randomized experiment satisfying 
the equation Y0,Y1 ^ D\X, where X represented the covariates influencing to selection 
and the estimator outcome.

Furthermore, the study also used the difference-differences (DID) method to enhance 
the robustness of the matching procedure and to decrease the bias when the treated and 
controlled group are systematically different from each other. This approach computed 
the effect of an intervention on a specific outcome by comparing the average change of 
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the outcome variable for the treated and controlled groups over time. The DID estimator 
is defined as:

DID = E[Yn – Ym|D=1] - E[Yn – Ym|D=0]

DID = E[ΔY|D=1] - E[ΔY|D=0]

In the above formula, n and m represent “before” and “after” the implementation of 
PFES, and hence ΔY stands for the change in outcomes “before” and “after” the PFES 
is introduced in the study site.

Gini index

To assess the effectiveness of the PFES project, the paper computed the change in 
income inequality of a population by using Gini coefficient whose formula was 
proposed by Yitzhaki (1994) as follow:

where G denotes Gini index, Covar(y,ry) is the covariance between income (y) and 
the ranks of all households in the sample according to their income (ry) which ranges 
from the poorest household (rank=1) to the richest (rank=N). N is total number of 

observations and  represents mean income of the survey sample. The Gini coefficient 
will vary from 0 to 1, with 0 expressing perfect equality (meaning that every household 
has the same income level) and 1 representing perfect inequality (implying that only 
one household has all the income while remaining others have none).

Results and discussion

Probit model

With the aim of measuring propensity scores of the PFES scheme, the probit 
regression model was estimated with the explained variable as a dummy variable (1 
if PES-participant and 0 otherwise). The independent variables included the surveyed 
households’ social demographic characteristics: (1) The dummy for the main crop, (2) 
the dummy for years of settlement, (3) the dummy for ethnic groups, (4) ages of head 
of households, (5) average distance to forest, (6) pre-PES income, (7) income from 
agricultural activities, (8) years of schooling of respondents. 
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Table 3. Estimation results of the probit model for selection into the PFES scheme

                                              Coef.  St.Err.  
t-value

 
p-value  [95% Conf  Interval]  Sig.

Dummy for main crop 
(=1 if rubber) -0.402 0.165 -2.44 0.015 -0.724 -0.079 **

Dummy for years of 
settlement (=1 if >=20 
years)

0.831 0.252 3.30 0.001 0.338 1.325 ***

Dummy for ethnic groups 
(=1 if Kinh) 0.654 0.197 3.33 0.001 0.269 1.040 ***

Age (years) -0.022 0.006 -3.47 0.001 -0.034 -0.009 ***
Average distance to forest 
(km) -0.019 0.005 -3.51 0.000 -0.030 -0.008 ***

PrePES income ($) -0.0001177 0.0000186 -6.32 0.000 -0.0001542 -0.0000811 ***
Agricultural income ($) 0.290 0.076 3.79 0.000 0.140 0.440 ***
Years of schooling 0.037 0.020 1.89 0.059 -0.001 0.075 *
Constant 0.699 0.348 2.01 0.045 0.016 1.382 **
Mean dependent var 0.689 SD dependent var 0.464
Pseudo r-squared 0.157 Number of obs  469.000
Chi-square  91.338 Prob > chi2 0.000
Akaike crit. (AIC) 508.351 Bayesian crit. (BIC) 545.706
*** p<0.01, ** p<0.05, * p<0.1 

Source: The calculation from the authors

The estimation results in Table 3 showed that the probit model was statistically significant 
because Chi-square equaled 91.338 and Prob > Chi-square equaled 0.000. Furthermore, 
the explanatory variables in the model had a sig.<5%, suggesting that they actually 
affected the PFES participation of households although the effect size was either 
positive or negative. The families planting rubber as the main crop was found to be less 
likely to take part in the PFES project, probably because the current PFES resulted in 
higher opportunity cost and fairly low payment rate, thereby decline total income of the 
household. This finding was in agreement with our prior expectation. Likewise, older 
people had the lower probability in PFES participation than younger people and the 
distance to forest discouraged the households participate the PFES program. The negative 
relationship between the pre-PFES income level and the likelihood of PFES argued that 
the households with the high pre-PFES income level did not tend to join the PFES because 
they were not motivated to get additional income from PFES program. This exploration 
was in line with the research of Wang et al. (2019) and Watson et al. (2018).

Treatment effects by propensity scores matching

The summary of the estimation results of the ATET by PSM regarding the difference in 
the total income in 2019 and DID was displayed in Table 4. With reference to analyzing 
results, Average Treatment Effect (ATE) was also estimated and showed in Table 4. In 
the matching procedure, ATET and ATE were estimated to prioritize the requirement of 
overlap assumption by calculating the kernel density of the predicted propensity scores 
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for PES-participants and nonparticipants. Figure 3 displayed a clear image that the plot 
showed little estimated probability mass near 0 or 1, and the two estimated densities 
had most of their respective masses in region of common support, thus, confirmed that 
the requirement of overlap assumption was met (Clements & Milner-Gulland, 2015; 
Leite, Aydin, & Gurel, 2019). 

Table 4 demonstrated that the unmatched difference in the total income in 2019 between PES-
participants and nonparticipants was minus 857.807 US dollar and statistically significant 
(|T-stat| > 1.96) while both ATET and ATE were not statistically significant (|T-stat| < 1.96), 
meaning that the implementation of PFES schemes did not lead to change of total income 
of participants under cross-sectional data. This finding was rather consistent with the results 
of Wang et al. (2019) and Hanauer and Canavire-Bacarreza (2015).

Table 4. Estimation results of ATET with PMS

Treated Controls Coef. St.Err. T-stat

Cross-sectional 
(2019)

Unmatched  110.941  968.748  -857.807   393.821    -2.180

ATET 4110.941 4238.390  -127.449   714.134    -0.180

ATE - - 262.442 320.117 0.82

DID estimators 
(2010-2019)

Unmatched 1212.942   -61.626  1274.569   250.388     5.090

ATET 1212.942 328.917   884.025   556.060     1.590

ATE - - 765.55 191.6678 3.99

Source: The calculation from the authors

As mentioned previously, the DID estimator, which bases on the longitudinal data (2010-
2019), provides the more robust estimates of treated effect of intervention actions. The 
most advantage of DID estimator is to control systematic differences in the household 
characteristics between the treated and controlled groups. As displayed in Table 4, the 
unmatched difference was positive (1274.569 US dollar) and highly significant while 
ATET and ATE estimators were 884.025 US dollar and 765.55 US dollar respectively 
with statistically significance of the 5% and 1% level. This finding pointed to the 
positive change in total income of participants, compared to that of nonparticipants and 
also collaborated the effectiveness of the PFES scheme in the long-term.
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Figure 3. The distribution of estimated propensity scores

Source: The calculation from the authors

The change in income inequality

To analyze the change in income inequality and the distribution of income between 
the treated and controlled groups, this study computed the Gini index in 2010 and 
2019. As can be seen in Table 5, the 2019 income distribution was more equal for 
PES-participants (Gini = 0.381) than nonparticipants (Gini = 0.413). The research of 
J. Li, Feldman, Li, and Daily (2011) in terms of the largest PES projects in China also 
displayed the same finding.

Before the introduction of PFES, Gini index for PES-participants and nonparticipants 
were 0.471 and 0.436 respectively, suggesting that the income distribution among PES-
participants was more unequal than nonparticipants. However, this situation has varied 
substantially after seven years of PFES implementation. For the change in income inequality 
before and after the PFES introduction, Table 5 argued the 19.11% and 5.28% decline for 
PES-participants and nonparticipants, respectively. For whole sample, the results illustrated 
the nearly 18% decrease in income inequality (from 0.484 to 0.399). This finding confirmed 
the effectiveness of PFES in terms of the reduction in income inequality.

Table 5. The change in income inequality during period 2010-2019

   Gini  Std.Err.  t  P>t [95%Conf.  Interval]

Total income in 2019 
PES participants 0.381 0.024 16.05 0.000 0.334 0.427
Nonparticipants 0.413 0.0196 21.07 0.000 0.375 0.452
Whole sample     0.399     0.016    24.970     0.000     0.368     0.430
Total income in 2010 
PES participants 0.471 0.035 13.55 0.000 0.403 0.5396
Nonparticipants 0.436 0.020 21.74 0.000 0.397 0.476
Whole sample     0.484     0.020    24.440     0.000     0.445     0.522

Source: The calculation from the authors
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Conclusion, recommendations and limitations

Conclusion

Nowadays, the PES projects are been implementing across the world with the aim 
of improving both natural resources and mountainous community. As a consequence, 
so many PES-related researches have been conducting and rising attention from 
academics, practitioners and policymakers with the expanding scope in theory and 
practice. Along with this trend, the Vietnamese government have been mandating the 
local authorities to carry out the PFES scheme across the country since 2008 under 
Decision No. 380, yet the effectiveness of PFES implementation have been questioned 
and not many experimental studies evaluate the PFES effectiveness, especially in 
the context of tropical forests in Vietnam. So, the overall purpose of this paper was 
to explore and measure the effectiveness of the PFES scheme in Vietnam by using 
the propensity scores analysis which have not yet conducted in Vietnam before. To 
achieve the research objectives, the study randomly surveyed 469 households living 
in four districts across Quang Nam province of Vietnam by the questionnaire and 
used propensity scores to estimate the PFES program’s effectiveness through ATET. 
In addition, to enhance the robustness of the matching procedure and decline the bias 
when the treated and controlled group differed systematically, the study also utilized 
DID approach to measure the change in the household income before and after the 
introduction of PFES. Several conclusions were summarized as follows:

With the cross-sectional data in 2019, the estimated results by the analysis of propensity 
scores demonstrated that the difference in total household income within and without 
PFES was found to be not statistically significant. This implied that PFES scheme did 
not affect the household income and no evidence to support the effectiveness of PFFES. 
Arriagada et al. (2015) explain that the main reason of this situation was considerable 
cost of PFES participation and contract compliance. The other quite important reason 
was that ineffective management of PFES projects in the developing countries limited 
livelihood opportunities for indigenous community (Clements & Milner‐Gulland, 
2015), thereby restricted to develop the types of crops and resulted in farmland 
abandonment (Clements, Suon, Wilkie, & Milner-Gulland, 2014). Conversely, the PES 
policy might provide so many important kinds of forest resources (i.e. resin, animals, 
wood) for beneficiaries who did not obey PES contracts (Clements et al., 2014).

However, the results from DID estimators showed that ATET and ATE were positive 
and statistically significant with 5% and 1% level, implying that PFES resulted in 
the higher income for participants. The difference in household income participants 
and nonparticipants were 884.025 US dollar and 765.55 US dollar, respectively. This 
conclusion is quite consistent with the report of Sharma, Cho, and Yu (2019).

In terms of the change in income inequality, the Gini coefficient illustrated the positive 
and substantial progress for reduction in income inequality after the implementation of 
PFES. In detail, the current income distribution was more equal for PES-participants 
(Gini = 0.381) than nonparticipants (Gini = 0.413). Additionally, the 19.11% and 5.28% 
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decline in income inequality for PES-participants and nonparticipants respectively 
resulted from the introduction of PFES. This conclusion was so relevant to the 
effectiveness of the PFES policy in Vietnam. The study of Q. Li and Zander (2019) and 
Treacy et al. (2018) also illustrated the same finding.

Recommendations

Based on the above results, for the purpose of improving the PFES effectiveness in the 
future, some recommendations for the PFES design may be proposed as follow:

Firstly, the first priority of design of the PFES project is the improvement of income 
and livelihood for mountainous community, especially for poor community and ethnic 
groups. This suggestion is also in agreement with arguments from previous literature, 
for example Treacy et al. (2018), Ito, Feuer, Kitano, and Asahi (2019), Ezzine-de-
Blas, Corbera, and Lapeyre (2019) and Bremer et al. (2019). Kanchanaroek and Aslam 
(2018) argue that success and sustainability of any intervention policy like PFES will 
mainly rely on the participants’ satisfaction. This survey results displayed the quite low 
average payment for participants, was just nearly 17$ per hectare, thus hardly meet 
fully for daily expenses of households as well as for production activities. Further, with 
such a low amount of payments, PES-participants will not be encouraged to protect 
allocated forests effectively. 

Secondly, the direct payment should be replaced by a loan fund at the village level which 
is controlled and supervised by local community with the consultation of authorities. 
According to Costedoat (2017), this solution is able to help creditors use loan money 
on their expenses and production the most effectively.

Next, forest protection activities should be encouraged for participants to be paid the 
more income because so many households (roughly 15%) in the study region had 
capability to labor in agricultural sector but lack of land to plant crops leaded to decrease 
in agricultural productivity. This was demonstrated to be an efficient implication for 
designing PFES programs in the world (Austin, Schwantes, Gu, & Kasibhatla, 2019; 
Bremer et al., 2019; Steger et al., 2018). Besides, it is so important to support farmers 
in advancing agricultural extension skills, such as cultivation techniques, market 
information, and post-harvest product protection).

Finally, it is so essential to establish a monitoring mechanism to hinder non-compliance 
with the regulations.

Limitations

Firsly, it’s worth noting that households are currently simultaneously receiving money 
from the different sources of subsidies, such as Program 661 (known as the Five Million 
Hectare Reforestation Program) and Program 30A (known as the Speedy and Sustainable 
Poverty Reduction Program for the 61 Poorest Districts). Thus, the effectiveness of 
intervention policy on community might be determined by the interaction of these 
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above programs rather than only the PFES scheme. As a result, to measure the separate 
impact of PFES program on each potential outcome is so hard. Hence, we strongly 
suggest that the further research need to separate the actual influence of the intervention 
actions for the purpose of estimating the real effectiveness of the PFES program on 
targeted groups.

Next, keep in mind that data for calculating ATE and ATET was collected from recalled 
information of respondents in the past, which is so difficult to testify due to the shortage 
of official records regarding household income and production activities. So, this leads 
to the magnitude of potential instability, unreliability and bias. Therefore, the further 
research should use both self-reported information and official records of authorities to 
ensure the accuracy of analysis. This recommendation is also discussed fairly carefully 
by López-Pintor, Salas, and Rescia (2018)

Last but not least, because this study was conducted in only one province implementing the 
PFES regime, thus it must be remembered that the analyzed data from the survey was full of 
representativeness for the study site while the estimation results was difficult to be applied 
for another study region due to the fact that there is the such considerable heterogeneity with 
respect to socio-economic characteristics of respondents and conditions for applied PFES 
activities. Therefore, more studies in the other areas with alternative methods should be 
conducted to confirm the results of this study for better policies.
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