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Abstract: Community forestry, which is how local communities are involved in forest conservation
and utilization activities, is an important forestry program in developing tropical countries. We
evaluated the importance of geographical factors and community characteristics in the deforestation
of community forests between 2000 and 2019 in the buffer zone of Inlay Lake Biosphere Reserve,
Myanmar, using a mixed-effects logistic regression model. Distance to the nearest village, slope,
and distance to the community forestry boundary were the most important variables explaining
deforestation in community forests. Forests closer to human settlements and with gentle slopes
faced higher risks of deforestation, presumably because such forests are more accessible. In addition,
forests located far from the boundaries of community forests were more vulnerable to deforestation.
Community characteristics were less important compared with geographical factors. Leadership was
the most important variable among community characteristics, although not statistically significant.
We conclude that deforestation depends more on forest accessibility. This indicates that the locations
at which new community forests are established should receive increased consideration.

Keywords: community forest; deforestation; accessibility; leadership; Myanmar

1. Introduction

Forests in tropical regions, which make up 45% of the world’s forests, have experienced
and continue to experience severe deforestation, although the rate of deforestation has
slowed since 1990 [1]. Deforestation in tropical regions adversely affects the carbon cycle [2],
biodiversity [3,4], and climate [5–7]. There is thus a pressing need to mitigate deforestation
in tropical regions. Although there are several approaches for mitigating deforestation,
approaches that are compatible with the needs of local communities are essential given that
many people living in and around the world’s tropical forests depend on forest resources
for cooking and heating [8,9], hunting [10], and income [11–13].

Community forestry, which refers to forest management in which local community
members play an active role in management activities, can provide both ecological and
socio-economic benefits [14,15]. Since the concept of community forestry was introduced
in the late 1970s [16,17], community forests (CFs) have become widely established in
tropical countries (e.g., [15,18,19]). However, the effectiveness of community forestry for
mitigating deforestation is still debated, as some studies have shown that community
forestry positively affects forest conservation (e.g., [19–23]), whereas others have shown
that the effects of community forestry on forest conservation are limited (e.g., [18,20]).
One reason for this inconsistency is that a variety of site-specific factors can affect the
effectiveness of community forestry (e.g., [19,20,23–26]).
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Numerous studies have attempted to identify the factors affecting the effectiveness
of CFs (e.g., [26,27]). Geographical factors such as elevation and the distance from the
nearest village are important considerations for newly established CFs, as the locations
that are most likely to succeed as CFs can be determined before their establishment. Some
studies that have identified the geographical factors affecting the effectiveness of CF
(e.g., [24,28–30]) have revealed that the accessibility to CFs affects the success of forest
conservation. The characteristics of the local community managing CFs are also important
to consider when evaluating the likelihood of success for a community forestry program.
Previous studies have evaluated the importance of community characteristics such as
group size [28,29,31,32], forest dependence [33–36], and leadership [37–39] in determining
the success of CFs or community-based conservation projects. As numerous factors can
affect the effectiveness of CFs, evaluation of the importance of these factors is critically
important for the successful implementation of community forestry.

Another reason for the inconsistency among studies regarding the effectiveness of CFs is
that previous studies have often been poorly designed and have not used robust indicators for
evaluating the effectiveness of CFs [40]. As satellite remote sensing can capture large areas of
quantitative forest cover change, an increasing number of studies have used satellite-derived
datasets to more robustly assess the success of CFs [41]. These studies have mainly used causal
inference to assess forest conservation effectiveness (e.g., [19,25,42]) and have compared the
effectiveness of CFs with non-CF areas. However, few studies have characterized variation in
conservation effectiveness among CFs. As studies identifying casual effects often only use
geographical factors, meteorological factors, and census-derived community characteristics
(e.g., population density), whether community characteristics that cannot be collected from
censuses (e.g., forest dependence and leadership) affect the conservation effectiveness of CFs
remains unclear. Here, we evaluated the importance of geographical factors and community
characteristics using satellite-derived forest cover change datasets, which can provide more
robust information for conservation managers and policymakers.

Myanmar is the largest country in mainland Southeast Asia and has a population of
ca. 51 million [43]. Approximately 70% of the population lives in rural areas and depends
on forests for their basic needs, such as cooking, heating, and shelter. Forests in Myanmar
make up 42.19% of the country’s total area [44] and have experienced severe deforestation
for decades [45–47]; Myanmar has the third highest deforestation rate globally, according
to annual net forest cover loss from 2010 to 2015 [48]. The main drivers of deforestation
are agricultural expansion and the extraction of forest resources (e.g., firewood, charcoal,
timber, and household materials) [47,49–54]. To accommodate the needs of local com-
munities and improve forest conditions, the participation of local communities in forest
management in Myanmar was formally initiated by the Community Forestry Instructions
in 1995. The government’s target is to place 9186 km2 under CF management by 2030. As
of March 2020, 32% of this target has been achieved. Identifying the factors that affect the
success of forest conservation is critically important for enhancing the effectiveness of the
management of already established CFs and for ensuring the effectiveness of new areas
placed under CF management in Myanmar.

The aim of this study was to explore the factors driving deforestation in CFs in the
buffer zone of Inlay Lake Biosphere Reserve, Myanmar, with a special focus on the roles of
geographical factors and community characteristics.

2. Case Study Context: Community Characteristics of CFs in Myanmar

In this study, we focused on three community characteristics—forest dependency, lead-
ership, and group size—because previous studies have suggested that these characteristics
are particularly important.
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2.1. Forest Dependency

There are a variety of ways to measure forest dependency, such as economic depen-
dence on forests, the non-economic benefits provided by forests, the environmental services
of forests, and the monetary worth of forest products [55–57]. The effect of forest depen-
dency on the outcome of community forestry can vary. For example, some studies have
shown that forest dependency increases participation in CF activities and achieves success-
ful outcomes [58,59]. However, other studies have shown that heavy forest dependency
can lead to decreased forest cover and reduce the success of community forestry [35,60,61].
An analysis of a large dataset indicated that forest dependency was not associated with
forest condition [62].

CFs in Myanmar are established to provide basic needs for local communities in addition
to forest conservation. According to CF instructions, the establishment of CF is permitted
in areas where forests have the potential to meet local needs, including forest products and
income. Those who depend on forests can apply for the establishment of CFs. Thus, the
relationship between forest benefits and local communities has been considered since the
initiation of community forestry. The resources collected from CFs vary depending on the
region. Community forestry user groups (CFUGs) often collect firewood from CFs (e.g., [8]).
In addition, seasonal crops, fodder, fuelwood, and thetke (Cylindrical imperator) are the main
forest products of plantation-type CFs in the dry zone [63]. Wood, non-timber forest products,
mud crab (Scylla serrata), and nypa palm (Nypa fruticans) are also extracted from mangrove CFs
in delta areas [64]. Although previous studies of forest dependency in the CFs of Myanmar
have been conducted in different parts of the country, including the dry zone and delta areas
(e.g., [63,64]), they have focused exclusively on forest dependency in terms of livelihood
strategies [64] and participation in CF activities [63]. For example, Feurer et al. [64] reported
that CF members earned higher forest income from mangrove CFs than non-CF members.
The effect of forest dependency on deforestation in CFs remains unclear.

2.2. Leadership

Leadership is thought to greatly affect the success of resource management [65,66].
However, only a few studies have quantified the effect of leadership on the outcomes of
resource management [65]. Most studies have defined leadership based on the presence or
absence of a leader (e.g., [26,38,66]). A previous analysis of a cross-national dataset showed
that the presence of leaders has a positive effect on CF management.

In Myanmar, the CF chairman should be unanimously elected by CFUG members
according to the 2019 instructions. Being respected, fair, knowledgeable, and sociable are
considered desirable qualities of CF chairmen per the procedures of community forestry in
2016. Although a previous case study of 4 CFUGs in Myanmar aimed to qualitatively char-
acterize the effect of leadership on the participation of CFUG members in CF activities [63],
no quantitative studies to date have evaluated the effect of leadership on deforestation.

2.3. Group Size

Group size, which has various effects on cooperative activities [67–69], greatly affects
the success of community forestry [26,70]. An increasing number of studies have focused
on group size, but the effect of group size is still debated because the findings of previous
studies are often inconsistent. For example, one study showed that cooperation was
difficult to achieve for large groups involved in CF activities [71]. However, studies from
Nepal and India found that larger forest groups tended to be more successful because more
people were involved in monitoring and management activities [60,72].

According to the Community Forestry Instructions (1995) in Myanmar, households
that seek to establish CFs are grouped into CFUGs. In the 2019 instructions, a CFUG is
defined as a group formed by households residing for five consecutive years in or within
8 km from the forest. This group includes households interested in forest activities as well
as those dependent on forests for their livelihoods. Group size is not specified in both
sets of instructions. The lower limit of group size is described in the Standard Operating
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Procedures of community forestry in 2016; thus, a proper balance between group size and
forest size is required when a CF is established. Although CF studies in Myanmar have
analyzed the social and economic attributes of CF group members [63,64,73], no studies to
date have focused on group size.

3. Materials and Methods
3.1. Study Area

This study was conducted in CFs established in two watershed conservation forests—
Inlay East Reserved Forest (RF) and Inlay West Protected Public Forest (PPF)—in Nyaung-
shwe Township, Taunggyi District, southern Shan State, Myanmar (Figure 1). Nyaungshwe
Township is located between 19◦58′ and 20◦45′ N and 96◦46′ and 97◦07′ E.

The climate is humid and subtropical with three seasons: summer (March–June), rainy
(July–October), and winter (November–February). The mean air temperature ranges from
21.9 to 31.3 ◦C [74]. The average annual precipitation is 928 mm [75], and approximately
70% of the annual rainfall occurs during July, August, and September in the southwest
monsoon [76]. The geology of the western part of Inlay lake primarily comprises Mesozoic
carbonate rock and Tertiary clastic sedimentary rock [77]. The eastern part is primarily
composed of Lower Paleozoic carbonate and clastic sedimentary rock. The forest types of
Nyaungshwe Township include dry forest and deciduous dipterocarp forest. We selected
Nyaungshwe Township because it has one of the longest histories of CF management
in Myanmar. The total land areas of Inlay East RF and Inlay West PPF are 213.26 and
140.86 km2, respectively. According to the internal report of the Myanmar Forest Depart-
ment in 2019, approximately 172.66 km2 (80.96%) of Inlay East RF is covered with forests,
and approximately 56.69 km2 (40.25%) of Inlay West PPF is forested.
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The CFs in Myanmar can be classified into two categories: natural forest conservation
areas and plantations. As our aim was to evaluate the effectiveness of the forest conservation
of CFs, we focused exclusively on the CFs of natural forest conservation areas. According to
the 2019 internal report of the Forest Department, Myanmar, 76 CFs were registered as natural
conservation areas in the two watershed conservation forests. Out of the 76 CFs, the earliest
CFs, which were established between 2000 and 2001, were the focus of our study. One CF
established in 2001 in Inlay West PPF is soon going to be terminated because of the migration
of the local people. Another CF near the West PPF was located outside of the two watershed
conservation forests. We thus excluded these two CFs from analyses. We examined a total
of 24 CFs in our study. When CFs were located on the border of the watershed conservation
forests and included areas both outside and inside of the watershed conservation forests, the
areas outside of the forest boundaries were included in analyses. The CFs used in this study
ranged in elevation from 893 to 1696 m and slope from 1◦ to 51◦.

3.2. Data

The Global Forest Change dataset, which is a global map with a spatial resolution
of 30 m derived from Landsat images, was used to assess forest cover change from 2000
to 2019 [80,81]. The dataset provides tree canopy cover for the year 2000, annual forest
loss from 2001 to 2019, and forest gain during the period 2000–2012. Tree cover in 2000
was defined as canopy closure for all vegetation taller than 5 m in height. Forest loss was
defined as a change from a forest to a non-forest state. Forest gain was defined as a change
from a non-forest to forest state from 2000–2012. Areas with greater than 30% tree cover
were defined as forest per a previous assessment of the accuracies of different tree cover
thresholds for forest cover mapping derived from the Global Forest Change dataset in
Myanmar [82]. The overlap of forest loss and gain pixels was assessed because forest loss
and gain often occurred in the same pixels. Forest loss was defined as the change in pixels
from forest in 2000 to non-forest from 2001 to 2019. If tree canopy cover was still forested
in 2019, it was not defined as forest loss.

CF boundaries were obtained from the Forest Department of Nyaungshwe Township,
Myanmar. As the accuracy of the CF boundaries was unclear, we confirmed the boundaries
through a field survey with the help of CFUGs (see Section 3.3). A digital elevation model
with a 30 m resolution from the Shuttle Radar Topography Mission (SRTM) was acquired
from the U.S. Geological Survey (USGS) [83]. The slope values were identified using the
elevation data. The locations of villages were downloaded from the Myanmar Information
Management Unit (MIMU) [79]. A total of 519 villages (including villages located in a 2 km
buffer of Nyaungshwe Township) were included in the analyses.

3.3. Field Survey

The semi-structured group interviews were conducted in the 24 CF villages between
November and December 2019. In some CFs, two, three, or four villages are combined;
in such cases, data from these villages were pooled. There were approximately ten re-
spondents in each group interview. All respondents were members of CFUGs, and the
CF chairman was included if one was designated. We informed the respondents of the
academic purpose of the interviews before interviews began. CFUGs were queried about
household characteristics, such as ethnicity, education status, livelihood activities, and
types of cooking energy, along with community characteristics related to CFs, including
forest dependency and CF activities. Forest dependency was defined as the extraction
of forest resources from CFs to meet basic needs. CFUGs were asked whether they have
extracted forest resources from CFs. If CFUGs indicated that they have extracted forest re-
sources, information on the forest resources extracted from CFs was recorded. We collected
information on CF activities since the establishment of CFs. We also asked whether there
was a CF chairman, and whether the CF chairman participated in the CF activities, as we
defined leadership based on the participation status of the CF chairman (see Results).
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We also collected information on the CF boundaries in multiple ways. We first
consulted the CF locations and a CF map in the Management Plan book. CFs are usually
demarcated by prominent features in the landscape, such as valleys, mountain ranges,
villages, roads, and streams. In the field survey, we confirmed the location of prominent
features described in the Management Plan book and the locations of CF boundaries from
CFUGs by showing the CF map received from the Forest Department of Nyaungshwe
Township and a satellite map. We also visited some of the CF boundaries where the
demarcation pillars are established with the help of CFUGs and took the coordinates of
the pillars using a global navigation satellite system (GNSS; GPSmap 62SJ, Garmin Ltd.,
Schaffhausen, Switzerland). We finally updated the CF boundaries using the positions of
demarcation pillars and prominent features with a satellite map in ArcGIS 10.6.

3.4. Data Analysis

We performed a generalized linear mixed model (GLMM) with a binomial distribution
and a logit link function. The GLMM model was applied in R version 3.6.3 using the
“lme4” package [84,85]. We used forest fate in 2019 relative to the baseline forest cover in
2000 as the binary response variable (1 = forest loss; 0 = no forest loss). We used forest
dependency, leadership, group size, CF area, forest cover ratio, elevation, slope, distance
to the nearest village, and distance to the CF boundary as independent variables (Table 1).
Forest dependency was a binary variable that indicated the presence (1) or absence (0) of
forest dependency. We assigned 1 to 17 CFs in which forest resources were extracted and 0 to
the other CFs based on the results of the group interviews (see Section 4.1). Leadership was
also a binary variable: 0 corresponded to strong leadership and 1 corresponded to all other
scenarios. Previous studies categorized leadership based on the presence of a leader [26,38].
As some CF chairmen did not participate in any CF activities in this study, the presence
of a leader did not necessarily reflect leadership. Thus, we considered the performance of
CF chairmen in CF activities in addition to the presence of CF chairmen. Last, we assigned
strong leadership to CFs that had a CF chairman who managed, organized, and participated
in CF activities. Weak leadership was assigned to the other CFs. Group size is the number
of households involved in CF activities in the CF in the year in which it was established. CF
area refers to the area of the CF, and forest cover ratio refers to the proportion of forest pixels
to non-forest pixels in the CF in 2000. The forest cover ratio was used to examine whether
the baseline forest cover affected the outcomes of community management. Distance to the
nearest village was calculated as the distance between the given pixel and the closest village.
Distance to the CF boundary was measured as the distance between the given pixel to the
nearest CF boundary. We included the identity (ID) of CF as a random effect. Before the
analysis, we standardized group size, CF area, forest cover ratio, elevation, slope, distance
to the nearest village, and distance to the CF boundary.

Twenty percent of pixels (4094 pixels) were randomly selected from the forest pixels in
2000. AIC-based model selection and model averaging approaches were used to estimate the
relative importance of independent variables. We regressed independent variables against
every possible combination of dependent variables and calculated delta AIC (∆AIC), which is
the difference in the AIC between the lowest AIC model and another model. Models with
∆AIC smaller than four were selected for model averaging, and relative model importance,
which is the sum of Akaike weights, was calculated from the selected models. We used the
“MuMIn” package for standardization and model selection and averaging [86].
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Table 1. Summary statistics for the response and independent variables used in the GLMM model.

Variables Unit Mean Median Min. Max.

Response variable
Forest loss (1) Binary (0,1)

No forest loss (0)

Independent variables
Community characteristics

Forest dependency Binary (0,1)
Leadership
Group size Number of households 87.8 95.0 18.0 400.0

Geographical factors
CF area ha 377.8 271.0 33.7 711.8

Forest cover in 2000 Proportion (%) 46.5 41.0 1.8 73.2
Elevation m 1212.0 1188.0 893.0 1696.0

Slope Degree 21.4 20.9 0.7 50.7
Distance to the nearest village m 1178.0 1132.1 54.4 2440.1
Distance to the CF boundary m 271.2 208.8 0.2 1055.6

4. Results
4.1. Community Characteristics Related to CFs

CFUGs in 15 CFs collected firewood from their forests for use in cooking. Four CFUGs
in 15 CFs collected poles to build schools, monasteries, houses for teachers, and houses for
CFUGs, in which meeting the needs of the poor was high-priority. In addition, CFUGs in
two CFs collected medicinal plants, leaves (Dipterocarpus tuberculatus), bamboo, and bamboo
shoots; however, neither of these CFUGs collected firewood. Overall, CFUGs in 17 CFs (i.e.,
15 CFs and two CFs) extracted forest resources for subsistence needs such as cooking.

Among the 24 CFs (Table 2), two did not have a CF chairman or conduct CF activities.
There was one CF that had a CF chairman, but no CF activities had been conducted since
the establishment of this CF. The other 21 CFs have conducted CF activities, including
planting, patrolling, wildfire protection, and participation in the training program. In these
21 CFs, three did not have a CF chairman. The CF chairmen of 13 of the 18 CFs with a CF
chairman have managed, organized, and participated in CF activities. The CF chairmen of
the other five CFs have not participated in CF activities.

Table 2. Characteristics of 24 CFs.

CF Status
Number of CF

CF Chairman CF Activities Chairman Participation in Activities

No No No 2
Yes No No 1
No Yes No 3
Yes Yes Yes 13 †

Yes Yes No 5

Total 24
† All CF activities were stopped in one CF among the 13 CFs.

In 11 of the 13 CFs in which the CF chairmen have managed, organized, and partici-
pated in the CF activities, more than one CF activity has been implemented since the CF’s
establishment. Although several CF activities ceased a few years after CF establishment,
12 CFs among these 13 CFs have continued to carry out at least one CF activity. One CF
among the 13 CFs stopped all CF activities, but did conduct planting and patrolling when
the CF was first established. We thus categorized this CF as “weak leadership,” and we
assigned “strong leadership” to the other 12 CFs in which the CF chairman participated in
CF activities. “Weak leadership” was also assigned to all other remaining CFs.
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4.2. Factors Affecting Deforestation

There were 23 models with ∆AIC values of less than four (Table 3). Distance to the
nearest village and slope were present in all models. Distance to the CF boundary was
present in 22 models. The remaining variables were in six models. Distances to the nearest
village, slope, and distance to the CF boundary were the most important variables, followed
by elevation, forest cover ratio, and leadership (Figure 2). Distance to the nearest village
and slope were negatively related with the probability of deforestation, whereas distance
to the CF boundary was positively related to the probability of deforestation (Figure 3).
Elevation was negatively related to the probability of deforestation in CFs, but the 95% con-
fidence interval included both positive and negative parameter estimates. Leadership was
positively related to the probability of deforestation but with a 95% confidence interval that
spanned both positive and negative parameter estimates. The coefficients of community
characteristics other than leadership also had 95% confidence intervals that encompassed
both positive and negative parameter estimates.

Table 3. AIC model ranking of the component models.

Models k AIC ∆AIC AIC Weights

Distance to the CF boundary + Distance to
the nearest village + Slope 3 448.22 0.00 0.14

Distance to the CF boundary + Distance to
the nearest village + Elevation + Slope 4 449.15 0.93 0.09

Distance to the CF boundary + Distance to
the nearest village + Forest

cover ratio + Slope
4 449.57 1.35 0.07

Distance to the CF boundary + Distance to
the nearest village + Leadership + Slope 4 449.81 1.59 0.07

Distance to the CF boundary + Distance to
the nearest village + Group size + Slope 4 450.07 1.84 0.06

Distance to the CF boundary + Distance to
the nearest village + Dependency + Slope 4 450.17 1.95 0.05

CF area + Distance to the CF boundary +
Distance to the nearest village + Slope 4 450.19 1.96 0.05

Distance to the CF boundary + Distance to
the nearest village + Elevation +

Leadership + Slope
5 450.58 2.36 0.04

CF area + Distance to the
CF boundary + Distance to

the nearest village + Elevation + Slope
5 450.98 2.76 0.04

Distance to the CF boundary + Distance to
the nearest village + Elevation + Group

size + Slope
5 451.02 2.80 0.04

Distance to the CF boundary + Distance to
the nearest village + Elevation + Forest

cover ratio + Slope
5 451.10 2.88 0.03

Distance to the CF boundary + Distance to
the nearest village + Dependency +

Elevation + Slope
5 451.13 2.90 0.03

Distance to the CF boundary + Distance to
the nearest village + Leadership + Forest

cover ratio + Slope
5 451.28 3.06 0.03



Forests 2021, 12, 541 9 of 15

Table 3. Conts.

Models k AIC ∆AIC AIC Weights

Distance to the CF boundary + Distance to
the nearest village + Group size + Forest

cover ratio + Slope
5 451.44 3.21 0.03

Distance to the CF boundary + Distance to
the nearest village + Dependency + Forest

cover ratio + Slope
5 451.50 3.28 0.03

CF area + Distance to the CF boundary +
Distance to the nearest village + Forest

cover ratio + Slope
5 451.51 3.28 0.03

Distance to the CF boundary + Distance to
the nearest village + Group size +

Leadership + Slope
5 451.71 3.49 0.03

Distance to the CF boundary + Distance to
the nearest village + Dependency +

Leadership + Slope
5 451.74 3.51 0.02

CF area + Distance to the CF boundary +
Distance to the nearest village +

Leadership + Slope
5 451.80 3.58 0.02

Distance to the CF boundary + Distance to
the nearest village + Dependency + Group

size + Slope
5 452.03 3.81 0.02

Distance to the nearest village + Slope 2 452.04 3.82 0.02

CF area + Distance to the CF boundary +
Distance to the nearest village + Group

size + Slope
5 452.05 3.82 0.02

CF area + Distance to the CF boundary +
Distance to the nearest village +

Dependency + Slope
5 452.15 3.92 0.02
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Distance to the CF boundary + Distance to the nearest 
village + Group size + Leadership + Slope 

5 451.71 3.49 0.03 

Distance to the CF boundary + Distance to the nearest 
village + Dependency + Leadership + Slope 

5 451.74 3.51 0.02 

CF area + Distance to the CF boundary + Distance to the 
nearest village + Leadership + Slope 

5 451.80 3.58 0.02 

Distance to the CF boundary + Distance to the nearest 
village + Dependency + Group size + Slope 

5 452.03 3.81 0.02 

Distance to the nearest village + Slope 2 452.04 3.82 0.02 
CF area + Distance to the CF boundary + Distance to the 

nearest village + Group size + Slope 5 452.05 3.82 0.02 

CF area + Distance to the CF boundary + Distance to the 
nearest village + Dependency + Slope 5 452.15 3.92 0.02 
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5. Discussion

In this study, the effects of geographical factors and community characteristics on
deforestation in CFs in two watershed conservation forests in Myanmar were examined.
Three geographical factors (distance to the nearest village, slope, and distance to the com-
munity forestry boundary) strongly affected the probability of deforestation. The two most
important variables, distances to the nearest village and slope, are both related to for-
est accessibility. Distance to the nearest village was negatively related to deforestation,
indicating that forests located closer to human settlements are more likely to experience de-
forestation. This result is consistent with similar studies conducted in Myanmar [52,54,87],
Indonesia [88], and Mexico [29]. Slope is also known to affect the probability of deforesta-
tion [88–91]. In this study, slope was negatively related to deforestation, indicating that
forest loss was higher in areas with lower slopes. This makes sense given that gentle slopes
facilitate human activities such as firewood extraction and agricultural expansion.

Distance to the CF boundary showed a similar relative variable importance as distance
to the nearest village and slope. Distance to the CF boundary was positively related to
deforestation, which suggests that deforestation was more likely to occur far from the CF
boundary. This is likely explained by the patrols of CFUGs being concentrated near the
edge of the CFs, which were more accessible. CFs are typically demarcated by prominent
features in the landscape, such as villages, roads, and streams. Thus, the edges of CFs
are often more accessible than the CF interior and can be more easily patrolled; this also
explains why illegal logging may occur in areas far from the CF boundary. A similar pattern
was observed in a previous study showing that the probability of deforestation was high in
closed forests located far from a national park in Myanmar [54]. Regular patrolling both
along the CF boundary and inside CFs is thus essential for slowing deforestation in CFs.

Leadership was the most important factor among community characteristics. Leader-
ship was positively related to deforestation, which indicates that the absence of leadership
or weak leadership increased the probability of deforestation. Consistent with previous
studies emphasizing the importance of leadership [26,38,66], this study confirmed that
leadership contributes to deforestation. However, the 95% confidence interval of the pa-
rameter estimate for leadership included both positive and negative values. Thus, there is
still some uncertainty regarding the effectiveness of leadership in our study area.

Previous studies on CFs and collective action have examined the effects of group size
(e.g., [24,32]). In this study, group size was positively related to deforestation. However,
the 95% confidence interval of the parameter estimate of group size included both positive
and negative values, and its relative importance was the second lowest among all variables.
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Similar results were obtained by a country-scale analysis of forest cover change in CFs
in Cambodia. Why group size was not an important variable remains unclear. One
possible reason is that the forest use by CFUGs made a limited contribution to deforestation.
Firewood collection was the main forest use in this study, and the demand for firewood
is likely positively correlated with group size given that firewood is a material that is
used on a daily basis by the local people. Thus, group size may reflect the intensity of
firewood collection. Previous studies have shown that firewood collection might not be
a direct cause of deforestation, especially in Myanmar [9], where firewood collection is a
major cause of forest degradation [92–94]. This stems from the fact that the cutting of trees
for firewood collection is highly selective: only a few tree species and sizes are typically
cut [9]. Thus, the lack of importance of group size in our analysis might be explained by
our study’s focus on deforestation, which does not capture the effects of selective cutting.
The low relative importance of forest dependency also supports this hypothesis, as forest
dependency was largely driven by firewood collection in our study.

Although we considered the potential effects of both geographical factors and com-
munity characteristics on deforestation, geographical factors were more closely tied to
the probability of deforestation. This may be explained by our focus on deforestation. Al-
though community characteristics made limited contributions to deforestation based on our
analysis, they might actually play important roles in forest degradation. Monitoring forest
degradation through satellite remote sensing is technically more difficult than monitoring
deforestation [95,96], and improved methods are currently being developed (e.g., [97]).
There is thus a need to develop forest degradation monitoring tools to characterize the
importance of community characteristics for CF management.

6. Conclusions

This study examined the relative importance of geographical factors and community
characteristics in regard to affecting deforestation in CFs. We found that three geographical
factors strongly affected the likelihood of deforestation. Of these, distance to the nearest
village and slope were the most important variables, which were associated with forest
accessibility. We also found that community characteristics were low in relative impor-
tance, but leadership was the most important factor among community characteristics.
We conclude that forest accessibility is a more important predictor of the probability of
deforestation than the other factors. Therefore, the locations of CFs should receive increased
consideration when new CFs are established.
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