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Abstract: Understanding the drivers of deforestation and forest degradation and the agents of
such drivers is important for introducing appropriate policy interventions. Here, we identified
drivers and agents of drivers through the analysis of local perceptions using questionnaire surveys,
focus group discussions, and field observations. The Likert scale technique was employed for
designing the questionnaire with scores ranging from 1 (strongly disagree) to 5 (strongly agree).
We found nine direct drivers of forest deforestation and forest degradation, namely illegal logging
(4.53 ± 0.60, ± is for standard deviation), commercial wood production (4.20 ± 0.71), land clearing for
commercial agriculture (4.19 ± 1.15), charcoal production (3.60 ± 1.12), land clearing for subsistence
agriculture (3.54± 0.75), new settlement and land migration (3.43± 0.81), natural disasters (3.31 ± 0.96),
human-induced forest fires (3.25 ± 0.96), and fuelwood for domestic consumption (3.21 ± 0.77).
We also found four main indirect drivers, namely lack of law enforcement, demand for timber,
land tenure right, and population growth. Our analysis indicates that wood furniture makers,
medium and large-scale agricultural investors, charcoal makers, land migrants, firewood collectors,
and subsistent farmers were the agents of these drivers. Through focus group discussions, 12 activities
were agreed upon and could be introduced to reduce these drivers. In addition to enforcing the
laws, creating income-generating opportunities for locals along with the provision of environmental
education could ensure long-term reduction of these drivers. The REDD+ project could be an option
for creating local income opportunities, while reducing deforestation and forest degradation.

Keywords: illegal logging; law enforcement; REDD+; Likert scale; binary probit; Cambodia

1. Introduction

Forests play important roles in subsistent livelihoods of billions of people around the world [1],
providing wood fuel as energy for daily cooking and warmth [2–4], hosting various types wildlife
habitats [5,6], protecting biodiversity [7,8], and maintaining the full functions of the ecosystem
services [9]. Unfortunately, overexploitation and clearing of forest resources to meet the basic needs
of an increasing population and for supporting economic growth have caused rapid loss of forests,
especially in the tropics, where more than two-thirds of the world’s biodiversity is found [7]. Such loss
due to forest clearing and forest degradation cause significant loss of biodiversity [10] in addition
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to releasing between 10% and 25% of global carbon emissions [11]. In fact, the world lost about
26 million hectares (ha) of forests annually between 2014 and 2018, with about 90% of it occurring in
the tropics [12]. To avoid further loss and the consequences on human beings and the economy, it is
critically urgently important that we take immediate actions to reduce or even reverse the trend of
forest cover loss at any scale.

Loss of tropical forests (deforestation and forest degradation or D & D hereafter) is caused by
various drivers, which occur at different scales [13–15]. Since drivers of D & D occur across scales,
national, and international boundaries, reducing or eliminating any of these drivers requires national
and international cooperation. Foreseeing the urgent need for international cooperation to reduce
these drivers as well as forest cover loss, a broad coalition of governments, companies, civil society,
and indigenous peoples’ organizations endorsed the New York Declaration on Forest in 2014 with 10
important goals to halt the tropical deforestation by 2020 and to restore 350 million ha of the degraded
forestlands by 2030 [12]. Another important international agreement is the REDD+ scheme (reducing
emissions from deforestation and forest degradation, conversation, sustainable management of forests,
and enhancement of forest carbon stocks) of the United Nations Framework Convention on Climate
(UNFCCC), which was introduced in 2007 [16] and ever since has been known as the result-based
payment for developing countries for their activities implemented to reduce D & D and related carbon
emissions [17]. Apart from these landmark agreements, the UN’s Sustainable Development Goal 15
was also agreed by the world leaders to manage and restore the tropical forests by 2030. However,
despite such agreements and countless efforts, the rate of deforestation and forest degradation has
not been slowing down [12]. Due to the complexity of the deforestation and forest degradation
processes [18,19], previous studies suggest the need to understand the drivers and agents of these
drivers before introducing any activities or interventions that are effective in reducing them [18].
Accordingly, when these drivers are reduced or eliminated, D & D and their associated carbon emissions
can also be reduced. Understanding these drivers is equally important for designing and implementing
REDD+ activities that involve multi-stakeholder participation [20,21].

Identification of the drivers of D & D is important for all member countries of the United Nations
Framework Convention on Climate Change (UNFCCC) because they need to develop national REDD+

strategies; in which drivers, agents of drivers, intervention policies, and activities need to be included
as part of the requirements for the REDD+ result-based payment scheme. Scientists have attempted
to document the drivers of D & D across the tropics. Hosonuma et al. [22] analyzed the drivers in
self-reported REDD+ readiness activities and the Readiness Plan Idea Notes (R-PIN) prepared for
the Forest Carbon Partnership Facility of the World Bank in 46 countries. They identified five types
of drivers of deforestation and four types of drivers of forest degradation (Table S1). In Cambodia,
drivers of D & D are difficult to identify due to complicated demands and links between locals and
different stakeholders [23] (Table S2).

Until recently, various methods have been used to identify the drivers of deforestation and forest
degradation. On a global scale, Curtis et al. [18] used satellite imagery and a forest loss classification
model to identify the drivers of D & D. They found that clearing of forests for commodity production
was the main driver (27%), followed by logging activities (i.e., forestry, 26%), shifting agriculture (24%),
and wildfire (23%). Using a questionnaire survey to collect information from landscape managers who
manage 28 tropical landscapes around the tropics, Jayathilake et al. [19] identified some of the major
drivers of D & D in the surveyed regions. Their findings indicate that commercial and subsistence
agriculture were the main drivers of deforestation, followed by settlement expansion and infrastructure
development. Specifically, land was cleared for rice, rubber, cassava, and maize cultivation in these
emblematic conservation landscapes. By conducting and analyzing data available in scientific literature
and national and international reports, Green et al. [20] identified the five main drivers of deforestation
on all tropical continents: urban expansion, infrastructure, mining, agriculture for local subsistence,
and agriculture for commercial purposes. They further identified the four main drivers of forest
degradation: livestock grazing in forests, uncontrolled fires, fuelwood charcoal, and timber logging.
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Although previous studies on identification of the drivers provide useful insights into the causes of
tropical deforestation, they failed to focus on drivers that were actually perceived to be essential for the
survival of the local people, especially for those whose livelihoods have depended on forest ecosystem
services for subsistence over many generations. In Vietnam, Van Khuc et al. [15] suggested the need to
understand the drivers at the local level before introducing any interventions to reduce D & D. As the
drivers involve many agents, any policy interventions are doomed to failure if they do not address
the individual agents of the drivers [24]. Skutsch and Turnhout [24] analyzed the drivers of D & D
in 12 countries across the tropics and found that local agents were responsible for more than 70% of
D & D drivers. This showed that it is important to identify the drivers and their agents at the local level
through direct interviews and field observations before proposing any policy interventions for effective
implementation. This study aims to identify the drivers of deforestation and forest degradation,
agents of these drivers, and the appropriate activities for reducing these drivers, through analysis of
local perceptions in Kampong Thom province, Cambodia. Field questionnaire surveys, focus group
discussions, and field observations were conducted in seven communities adjacent to the recently
validated Tumring REDD+ project site located in the Prey Long Wildlife Sanctuary in Kompong Thom
province, Cambodia. Local perceptions were analyzed using the Likert scale scoring method.

2. Study Methods and Materials

2.1. Overview of Drivers of Deforestation and Forest Degradation

In its report to the Forest Carbon Partnership Facility (FPCF) in 2011 [23], Cambodia classified
drivers of D & D as direct and indirect drivers within and outside forest sector. There were 6 direct
drivers and 24 indirect drivers (Table 1).

Table 1. Drivers of deforestation and forest degradation within and outside the forest sector in Cambodia.

Within the Forest Sector Outside the Forest Sector

Direct Drivers

1. Unsustainable and illegal logging
2. Fire
3. Unsustainable wood fuel collection

1. Clearance for agriculture
2. Expansion of settlements
3. Infrastructure development

Indirect drivers

1. Lack of demarcation of forest areas: Low institutional capacity and
weak policy implementation

2. Inadequate forest law enforcement
3. Weak forest sector governance: Low levels of stakeholder

participation and involvement; Lack of transparency and
accountability; Inadequate assessment of social and
environmental impacts

4. Lack of sustainable or alternative supply of wood and timber,
including for wood energy to meet demand

5. Demand for wood energy for domestic and industrial use
6. Low efficiency of wood conversion and use for construction,

energy production, etc.
7. Lack of incentives promoting sustainable management of forests.
8. Lack of finance to support sustainable forest management

activities by line agencies, local authorities and local communities

1. Population increases
2. Poverty
3. Rising incomes and demands for resources
4. Increasing accessibility of forest areas
5. Low agricultural yields
6. Migration into forest areas
7. New settlements, including in border areas
8. Large-scale agro-industrial developments (including economic and social land

concessions and other concessions)
9. Land speculation
10. Regional demand for resources
11. Poor ESIA regulations and lack of implementation
12. Governance: Weak forestland tenure—tenure is weakest in forests and other areas

outside residential or farming zones; Land grabbing; Weak enforcement of the law;
Limited implementation of land registration (private and state); Insufficient
implementation of land-use planning; Overlapping/unclear jurisdictions;

13. Social norms (claiming land through utilization);
14. Economic benefits provided by sustainable management of forests at the national

level often appears lower than alternative land-uses;
15. Opportunity costs of sustainable management of forests at the local level;
16. Low awareness of environmental roles of forests

Source: Adapted from FCPC & UN-REDD [23].

Drivers in Table 1 were used in the focus group discussions to discuss whether to accept,
eliminate or add additional drivers prior to conducting the individual household surveys.
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2.2. Description of the Study Area

The study area was located in Kampong Thom province, Cambodia. It was part of a Forestry
Administration’s feasibility study project, sponsored by the International Tropical Timber Organization
(ITTO) in 2015, under the project name “Sustainable Forest Management through REDD+ mechanisms
in Kampong Thom province, Cambodia.” This project covered a total of 23 forestry communities with a
total population of 5267 families. The fieldwork of this study was conducted in seven of the 23 forestry
communities. These communities include Veal O Khdey, Prey Cheam Smach, Prey Naktala, Prey Kbal
Daun Tey, Prey Kbal Ou Kror Nhak, Beong Rolom, and Andoung Pring, located inside the Prey Long
Wildlife Sanctuary in Kompong Thom province, Cambodia (Figure 1).

1 
 

 
Figure 1. Map of study area and selected community forests for the survey. Source: This map was
produced by the authors.



Sustainability 2020, 12, 9987 5 of 26

2.3. Data Collection

Both the questionnaire survey and the focus group discussions were conducted to understand the
drivers and agents of D & D, and to obtain a consensus among the local communities on appropriate
activities for addressing the drivers and their agents. The questionnaire was designed according to
the Likert scale format to elicit the degree of agreement from local residents about what the drivers
and agents of D & D in their area are, as well as suitable solutions for their region. On the Likert
scale, scores 1, 2, 3, 4, and 5 refer to strongly disagree, disagree, neutral, agree, and strongly agree,
respectively, regarding the associated questionnaire statement. The drivers and agents of D & D
with scores from 3 to 5 were considered as the perceived drivers and agents of forest loss in the
study areas. Additionally, the measures taken (e.g., agricultural intensification, law enforcement
on illegal logging, and community forest management) to address the drivers of D & D applicable
to the study area were derived based on the interpretation of focus group discussions and the
survey results. A few activities (e.g., environmental, and social impact assessment for development
proposal, building infrastructure, and agroforestry) that received a score below 3 were excluded
from the study due to feasibility constraints and unsuitability to the area. The perception of nine
direct drivers and 11 indirect drivers was elicited. For this study, direct drivers included illegal
logging/unauthorized forest encroachment, commercial wood production, land clearing for commercial
agriculture, charcoal production, land clearance for subsistence agriculture, new settlements/migration,
natural disasters (floods, storms), human-induced forest fires, and fuelwood (domestic usage or local
consumption). Indirect drivers included road construction, population growth, public service, mining,
hydropower development, shifting cultivation, livestock grazing, application of the wood sector,
fertile land availability limitation, land tenure and rights issues, and limitations in law enforcement on
illegal logging. Additionally, focus group discussions were used to support and interpret the responses
to the survey and to corroborate the reliability of the survey results and their implications.

2.4. Sampling

2.4.1. Household Surveys

The surveys were conducted in August 2018 covering seven community forests in Kampong Thom,
Cambodia (Figure 1). These communities were purposively selected as they were located in or near
the areas where the highest rate of forest cover change was observed (Figure 1).

The minimum suggested sample size was calculated using the following formula proposed by
Yamane [25]:

n =
N

1 + Ne2 (1)

where:

n = minimum suggested sample size
N = household population in the ITTO project area (5267 households)
e = margin of error (5 to 10%)

According to Equation (1), the minimum suggested sample size was in the range of 98 to 372,
based on which we aimed to interview approximately 200 households. In case any errors in data
collection led to usable observations, we aimed to interview 10% additional households, resulting in
219 households in total in the study area. Four of them were intentionally removed because some
information was missing from their data. In each community, the households were randomly selected
from the roster obtained from the community leader. Table 2 shows the number and percentage of
households surveyed in each community forest. Due to difficulties in local moving from one house to
another in the rural areas, convenient sampling was adopted. We randomly visited the house and
interviewed whether the farmer was present. In the case where a wife and husband were at home,
only the husband was asked because the husband is the common head of the household in Cambodia.
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Table 2. Number and percentage of households interviewed in the selected community forests.

Community Forest Sample Size Percentage (%)

1. Veal O Khdey 31 14.4
2. Prey Cheam Smach 31 14.4
3. Prey Naktala 32 14.9
4. Prey Kbal Daun Tey 30 14.0
5. Prey Kbal Ou Kror Nhak 32 14.9
6. Beong Rolom 28 13.0
7. Andoung Pring 31 14.4

Total (n) after removing the invalid entries 215 100

2.4.2. Focus Group Discussions

In almost every country, previous studies have shown the need to integrate local communities and
their acceptance of conservation planning and practices for long-term success [26–28]. We organized
focus group discussions with senior locals who have lived in the study area long enough to understand
the changes that have occurred, to agree on and/or eliminate the general drivers of D & D that were
found elsewhere in Cambodia so as to save time for asking questions that were not actually seen
in the study area, and to understand locals’ acceptance of driver agents and appropriate activities
for reducing the drivers. These focus group discussions also served to re-affirm the results from the
individual surveys in the study area. The main criteria for selecting the focus group participants
was that they were locals who had lived in the study area for at least 10 years in order to ensure
that the they were knowledgeable about forest clearing, logging, and other land clearing activities
by locals, private companies, and others. With these criteria, and in consultation with government
officials and village chiefs, 72 participants (39 of which were female) were chosen. Their residences
were unevenly distributed throughout the study areas (Table 3). Accordingly, four focus groups
held discussions separately, in Prey Cheam Smach (18 participants), Prey Naktala (18), Prey Kbal Ou
Kror Nhak (19), and Prey Kbal Daun Tey (17) villages on the 28th and 29th of August 2018. Initially,
the perceived agents of D & D were obtained through household surveys. These perceived agents
were comprehensively described and explained to the participants during the focus group discussions.
Members were then asked to reach a consensus on the actual existence of the agents of D & D in the
study area.

Table 3. Number of participants in the focus group discussion for each community forest.

Community Forest Number of Participants Number of Female Participants

Prey Cheam Smach 18 12
Prey Naktala 18 6

Prey Kbal Ou Kror Nhak 19 13
Prey Kbal Daun Tey 17 8

Total 72 39

2.5. Analysis

The descriptive statistics for the five-level ordinal variables representing the extent of agreement
with nine direct drivers, 11 indirect drivers, 11 types of agents, and 18 types of REDD+ activities
were analyzed using frequency distribution, mean, median, and standard deviation. For articulation,
these drivers, agents, and activities were ranked per respective category according to their mean scores.
The quantitative results are discussed in conjunction with insights from the focus group discussions.
In addition, regression analysis was employed to examine how sociodemographic factors influenced
the perceived drivers, agents, and activities for reducing the drivers. We initially estimated the ordered
probit model. However, in our attempts to test for the parallel-lines assumption, the iterations in the
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maximum likelihood estimation failed to converge because of the concentration of observations in less
than three values. In fact, most of the ordinal variables representing the perception were found to have
their observations concentrated in one or two levels. Hence, the ordinal variables were converted to
binary scale for analysis in a probit regression [29] rather than applying ordinal regression models [30].
After removing multicollinear variables based on the VIF (variance inflation factor), 11 independent
variables were included in this analysis: woman dummy (1 if a woman), age, marriage dummy (1 if
married), household size (headcount), secondary school dummy (1 if completed), residency duration
(years), farmer dummy (1 if a farmer), occupation duration (years), income (natural logarithm of
annual income in US dollar), CF membership dummy (1 if a member), and CF management dummy
(1 if participating in management). Lastly, the heteroscedasticity robust standard errors were used
to account for unknown structures of variation. The quantitative analyses were performed using
STATA 16.

3. Results and Discussions

3.1. Respondent’s Profiles

Although the sampling unit was households, key variables were based on respondents’ individual
perceptions. Therefore, most of the information collected on basic profiles were the respondents’
sociodemographic variables rather than household characteristics, with the exception of family size
and household income. Accordingly, Table 4 summarizes the descriptive statistics of the respondents’
profiles. More than two-thirds (68%) of the respondents were women, and the rest (32%) were men.
The higher number of female respondents was due to their availability during the time of the survey.
Most women were at home, while men were in the field or far from home. Many of the men were labor
workers in Thailand or South Korea. The respondents’ ages ranged from 18 to 81 years. The combined
age segment from 18 to 50 accounted for 69.7% of the sample. Some of these adults worked on farms or
used to go to the forest to collect NTFPs, and participated in forest protection and management, in roles
such as rangers. Therefore, they witnessed how the forest in their community had previously degraded
or deforested. Furthermore, 30.3% of the sample was above 50 years old. These people had experience
and knowledge about the changes in forest cover and other conditions in their community and were
thus able to provide perspectives on how and why local forested regions were lost or degraded.

The majority (88.8%) of the respondents were married, while only 0.5% were single, 2.8% divorced,
and the remaining 7.9% were of an unknown relationship status (Table 4). Most (70.2%) of the households
had 4 to 7 family members. Smaller households accounted for 21.9%, and larger households accounted
for 7.9%. Many (38.1%) of the respondents were educated up to primary school, 26.5% were illiterate,
21.4% finished secondary school, and only 7.0% completed high school. Most (70.2%) of the respondents
had been living in the studied area for more than 20 years, 15.4% had up to 10 years of residency,
and 14.4% had 11–20 years of residency. Most (80.5%) of the respondents were farmers, followed by
labor workers (8.4%), business persons (5.1%), NTFPs collectors, and government officers (0.9% each).
About half (54.9%) of them had been in the same occupation for 10 years or less. The average household
income was estimated to be approximately two thousand US dollars per annum.

To our surprise, it was revealed that two-thirds (68.8%) of the respondents were members of
the forest communities. However, only 43.7% had ever participated in activities related to forest
management or conservation, such as attending forestry-related meetings or being forest rangers.
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Table 4. Profile of the survey respondents in the study area (n = 215).

Sociodemographic Profile Variable Category or Level Frequency (%) Mean
(SD)

Gender of respondent * Male 32.6
Female 67.4

Age of respondent (years)

18–30 23.7

42.3
(14.3)

31–40 28.8
41–50 17.2
51–60 17.7
>60 12.6

Marital status of respondent

Single 0.5

NA
Married 88.8
Divorced 2.8
Other 7.9

Household size (headcount)
Less than 4 21.9

4.8
(1.6)4–7 70.2

More than 7 7.9

Level of education of respondent

No education 26.5

NA

Informal education at pagoda 1.9
Literacy class 2.8
Primary school 38.1
Secondary school 21.4
High school 7.0
Diploma, vocational Education 0.5
College or higher 1.9

Duration of residency of respondent (years)

1–10 15.4
32.9

(18.4)
11–20 14.4
21–30 16.7
>30 53.5

Primary occupation of respondent

Farmer 80.5

NA

Labor worker 8.4
Businessperson 5.1
Government officer 0.9
NTFPs collector 0.9
Rancher 0.5
Other 3.7

Duration with primary occupation (years)

1–10 54.9
16.4

(14.0)
11–20 15.8
21–30 10.7
>30 18.6

Household income from primary
occupation (USD/year)

<500 28.4
1266.3

(1604.8)
500–1000 39.1
1001–2000 15.8
>2000 16.7

Household income from other occupations
(USD/year)

<500 61.4
790.7

(1181.2)
500–1000 9.3
1001–2000 21.9
>2000 7.4

Community forest by respondent Member 68.8
NANon member 31.2

Participation in forest management
committee by respondent

Participant 43.7
NANon participant 56.3

Note: * The respondent was the adult person who was at home at the time of interviews.
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3.2. Drivers of Deforestation and Forest Degradation in the Study Area

3.2.1. Direct Drivers

Table 5 presents the descriptive statistics of the responses to the Likert-scale questionnaire on direct
drivers of D & D. Of the nine items assessed, the top three direct drivers of D & D were illegal logging
and unauthorized encroachment, commercial wood production, and land clearing for commercial
agriculture. For these drivers, the average score exceeded 4.0. The other direct drivers had average
scores between 3.0 and 4.0. Among them, charcoal production and land clearing for subsistence
cultivation were perceived as relatively important direct drivers of D & D.

Table 5. Extent of agreement to the nine direct drivers of deforestation and forest degradation in the
study area (n = 215).

Direct Driver Mean Score (SD) Median Score

N1 Illegal logging/unauthorized forest encroachment 4.53 (0.60) 5
N2 Commercial wood production 4.20 (0.71) 4
N3 Land clearing for commercial agriculture 4.19 (1.15) 5
N4 Charcoal production 3.60 (1.12) 4
N5 Land clearance for subsistence agriculture 3.54 (0.75) 4
N6 New settlements/migration 3.43 (0.81) 3
N7 Natural disaster (flood, storm) 3.31 (0.91) 3
N8 Human induced forest fire 3.25 (0.96) 3
N9 Fuelwood (domestic usage or local consumption) 3.21 (0.77) 3

Illegal logging and unauthorized encroachment: The mean rating score for this direct driver of
D & D was the highest (4.53). Almost all (97.7%) of the respondents agreed that illegal logging was
the main reason for forest degradation, and that unauthorized encroachment was the main reason
for deforestation in their respective community forests. According to the focus group discussions,
illegal logging was the main concern for forest degradation and eventual loss of forest cover in
their community forests and surrounding areas, and that it would continue until all the forests were
gone. The participants observed that there was almost no forest left near their community forests,
and that their community forests were increasingly threatened by the unauthorized encroachment
of outsiders. The community forests were encroached, and the trees were being felled by both local
communities and outsiders, due to the lack of alternative resources for their daily subsistence and
livelihoods. Furthermore, the participants noted that although people with a lower socio-economic
background committed most of the illegal logging, there were instances where the more affluent
were involved. In addition to illegal logging, trees were also cut down by local hunters to facilitate
catching wild animals. Although the felling of trees for hunting purposes was not the major cause
of forest degradation, this practice repeated over large areas could cause forest degradation and
even deforestation [31]. Elsewhere in the tropics, illegal logging has also been reported as a major
cause of deforestation and loss of carbon stocks in the tropics [32–35]. Delux [36] reported that land
encroachment is a known driver of deforestation and forest degradation in the northeastern part
of Cambodia.

Commercial wood products: This driver refers to organized logging activities involving
the export of wood by trucks, for delivery to external parties. The score for this item was 4.20,
and about 87.7% of respondents perceived that commercial wood products were the second main
driver of forest degradation and eventual loss of forest cover in their respective communities. In general,
the participants perceived that commercial wood products triggered the need for wood in huge amounts;
therefore, increasing volumes of wood were being logged for commercial export. They felt that as the
loggers had little knowledge about tree felling, their tree-felling activities caused excessive damage to
residual stands, resulting in rapid forest degradation and a reduction of forest cover. Collection of
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commercial wood products was a leading cause of rapid deforestation in the Philippines between the
1970s and the 1980s [37] and in the Baltistan Region of Pakistan [38].

Land clearing for commercial agriculture: The score for this item was 4.19, with 80.4% of
respondents perceiving it as a major driver of the loss of forest cover in their respective communities.
Economic land concessions, offered to investors growing cassava, rubber, and cashew nut trees,
has caused a huge reduction in forest cover because concessions were granted for land in forested
areas. Vast tracks of forest were leased to private companies in the name of development. Moreover,
these investors also profited from the sale of the wood logged while clearing the land in preparation
for agriculture. Using high-resolution remote sensing data, a recent study also found that land clearing
incentivized by economic land concessions has caused rapid deforestation in Cambodia [39].

Charcoal production: The score for this driver was 3.60, with 66.7% of respondents believing
that charcoal production contributed to forest deforestation and forest degradation in their region.
Charcoal kilns have been constructed in the project study area for commercial charcoal production,
such as those in Ou Thmor and Ou Phoum. Charcoal production has caused forest degradation and
deforestation in Mozambique [40], Brazil [41], and Angola [42].

Land clearing for subsistence cultivation: The score for this driver was 3.54, with 55.2% of
respondents of the opinion that subsistence cropping of local residents contributed to forest clearing.
To grow more crops for agricultural purposes, locals had cleared any forest land they had access to.
A recent study indicated that clearing the forest for subsistence agriculture could be due to declines
in crop productivity; in order to support the livelihood of the increasing number family members
more crop was sown to maintain sufficient output [43]. Depending on the country, not all subsistence
cultivation causes deforestation or forest degradation. This finding is supported by studies in Indonesia
(where slash-and-burn agriculture is practiced) [44], eastern Madagascar [45] and the Philippines [46].
However, Moonen et al. [47] found that subsistence cultivation in the Democratic Republic of the
Congo did not cause deforestation. Instead, that clearing of forests by rich farmers for cash earnings
was the cause of deforestation. Similarly, Ravikumar et al. [14] found that subsistence agriculture did
not cause deforestation in the Peruvian Amazon, arguing that previous studies with results to the
contrary had performed their analysis using only remotely sensed data.

New settlement: New settlements were established by the flow of migrants to the community and
through increases in household family member numbers. The score for this driver was 3.44, with 47.5%
of respondents perceiving it as a driver for deforestation and forest degradation. Links between
migration and clearing of forests in Cambodia were also reported by Kong et al. [43] and Milne [48].
Clearing forests for new resettlements has also been reported in other tropical regions such as
Brazil [49,50], Thailand [51], Vietnam [52], and Indonesia [53].

Natural disaster: This driver got a score of 3.31 out of 5, suggesting that it was also one of the
drivers of forest degradation and deforestation in the region. About 45.2% of respondents agreed on
this response and corroborated its impact on community forests. For example, drought and storm
conditions in 2016 caused many trees to fall and eventually die, in Prey Kbal Ou Kror Nhak community
forests. A recent study around Tonle Sap Great Lake, adjacent to this study area, confirmed that natural
disasters can result in deforestation and forest degradation in Cambodia [54].

Human-induced forest fire: The score for this item was 3.24, with 45.7% of respondents agreeing
that it was the driver of forest loss. Based on the score and the response from local people,
human-induced forest fire was a recent concern for forest loss, although it occasionally occurs.
Forest fire was induced by humans as a means for land clearing for agriculture and for wild animal
hunting. In the tropics, human-induced fires are the main cause of large-scale deforestation and forest
degradation in Brazil [55,56], Indonesia [57,58], and the Democratic Republic of the Congo [59].

Fuelwood for domestic consumption (local consumption): This driver received an average score
of 3.21. About 37.9% of respondents believed that fuelwood for domestic consumption could contribute
to forest loss, but this was not a serious concern because most of the wood that they used were from
dead trees or cassavas. Based on the focus group discussion, local people confirmed that there was no
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electricity available for them for use as cooking energy, and the lack of gas stoves and gas itself was
so expensive that they could not afford to use gas. Therefore, the use of fuelwood for daily cooking
was inevitable. When wood is required for daily consumption, this affects forest degradation and
deforestation to various degrees. A study in Kampong Thom province found that the per capita
wood fuel consumption rate was approximately 200 kg of wood per year [60]. Another study found a
higher amount of fuelwood consumption for cooking and boiling, reaching 8 kg per day per family in
Kampong Thom province, Cambodia [61]. Although respondents in the study area tend to consider
this driver as less important, 100% of the Cambodian local population depends on the use of wood from
nearby forests for daily cooking energy and other purposes such as boiling water, protecting animals
from insect bites, making bricks, and more [61]. Therefore, this driver may be considered an important
driver that needs to be addressed in different activities.

3.2.2. Indirect Drivers

Table 6 presents the descriptive statistics of the responses to the Likert-scale questionnaire on
indirect drivers of D & D. Of the 11 items assessed, the top two indirect drivers of D & D were
limitations in law enforcement for illegal logging and demand for timber. For these drivers, the average
score exceeded 4.0. Two other indirect drivers registering an average between 3.0 and 4.0 and were
land tenure and rights issues and population growth. Hydropower development was perceived as the
least significant indirect driver of D & D in the studied area.

Table 6. Extent of agreement to the eleven indirect drivers of deforestation and forest degradation in
the study area (n = 215).

Indirect Drivers Mean
Score (SD)

Median
Score

P1 Limitation in law enforcement 4.33 (0.54) 4
P2 Demand for timber 4.15 (0.68) 4
P3 Land tenure and rights issue 3.72 (0.78) 4
P4 Population growth 3.47 (0.73) 3
P5 Fertile land availability limitation 2.94 (0.97) 3
P6 Road construction 2.79 (0.84) 3
P7 Shifting cultivation 2.73 (0.94) 3
P8 Public service 2.32 (0.89) 2
P9 Mining 1.95 (0.83) 2

P10 Livestock grazing 1.85 (0.69) 2
P11 Hydropower development 1.60 (0.63) 2

Limitation in law enforcement: This indirect driver received an average score of 4.33. Almost all
(96.8%) of the respondents viewed weak enforcement of the law as the main indirect driver for
D & D in their region. Based on focus group discussions, participants viewed the limited capacity of
those involved in forest protection (such as government officers and forest rangers) to arrest illegal
loggers as contributing to forest loss. The rangers normally went to the forests two to three times per
week, and illegal logging occurred on other days of the week. In addition, the forest community areas
are usually large, and rangers have been unable to patrol all of it. Examples include Prey Kbal Ou Kror
Khak (1593 ha), Veal O Khdey (4450 ha), and Prey Kbal Doun Tey (1803 ha). Illegal loggers have been
taking the absence of rangers as opportunities to fell trees. This perception was confirmed in recent
studies in Cambodia [62] as well as in the Amazon forests [63], Indonesia [64], and different parts of
Africa [65].

Demand for wood: This driver had an average score of 4.15, and 84.5% of respondents perceived
that increased demand for wood results in higher wood prices; therefore, wood is a high priority for
illegal loggers. This driver contributed to forest degradation, i.e., gradual loss of highly valuable timber
species. Focus group discussions corroborated that demand for wood was an indirect driver that
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significantly caused forest loss. Participants stated that the high price of wood and the huge demand
for wood made the impoverished cut down trees to support their daily needs and that the wealthy
cut down trees to out of greed. Participants also felt that if there were no buyers, there would be no
sellers. Without buyers and sellers of wood, there would be no illegal logging for commercial purposes.
The complicated relationship between the demand for wood, buyers and sellers, and timber fellers has
been reported in various studies [66–68], indicating the existence of this driver at different scales.

Land tenure rights: The score for this indirect driver was 3.72. About 70.7% of respondents
agreed that land tenure and right issues contributed to forest clearance. Local people tend to get more
and more land for family purposes and for selling; therefore, they had to clear the accessible forest to
get the land. Furthermore, some local people cleared the forest land that belonged to the community to
grow temporary crops and probably claimed the land later. Similar clearing of land due to lack of land
tenure has also been reported in different parts of the tropics, such as in Peru [69], Brazil [70], and in
various countries in the tropics [71].

Population growth: This indirect driver achieved a score of 3.47. About 50% of the local
population believed that the increase in population in the study area was due to the rapid growth and
influx of land migrants, and this driver put greater pressure on forest land use. Either the growth
of migrant populations incentivized local residents to clear forest land to sell it to the newcomers,
or migrants cleared the forest themselves for settlement and agriculture. In Vietnam, population
growth is closely linked to the increased demand for and extraction of forest resources [15].

3.3. Agents of Deforestation and Forest Degradation in the Study Area

Table 7 shows the levels of agreement by survey respondents who were responsible for D & D
in the locality. Out of the 11 types of agent inquired about, six exhibited an average score of above
3.0, which were furniture makers (average score 4.16), medium- and large-scale agricultural investors
(3.99), charcoal makers (3.54), immigrants (3.38), firewood collectors (3.24), and subsistence farmers
(3.14). These six types of agent had an average score above 3.0. Ranchers were perceived as the least
significant agent (1.87).

Table 7. Extent of agreement to the eleven types of agents of deforestation and forest degradation in
the study area (n = 215).

Rank Agents

Frequency of Response (% of
Households) in Relation to Strongly

Disagree (1), Disagree (2), Neutral (3),
Agree (4), Strongly Agree (5)

Average
Score (SD)

Median
Score

(1) (2) (3) (4) (5)

1 Furniture makers 0.0 1.9 10.7 57.2 30.2 4.16 (0.68) 4
2 Medium and large-scale agricultural investors 0.0 19.1 4.7 34.9 41.4 3.99 (1.11) 4
3 Charcoal makers 1.4 27.0 7.4 44.2 20.0 3.54 (1.13) 4
4 Migrants 0.5 10.7 42.8 42.3 3.7 3.38 (0.74) 3
5 Firewood collectors 0.5 20.0 39.1 35.8 4.7 3.24 (0.84) 3
6 Subsistence farmers 4.7 17.2 38.1 39.5 0.5 3.14 (0.87) 3
7 Shifting cultivators 11.6 23.3 46.1 17.7 1.4 2.74 (0.93) 3
8 Infrastructural developers 8.8 38.6 30.7 21.9 0.0 2.66 (0.92) 3
9 Mining investors 23.3 43.3 7.9 21.4 4.2 2.40 (1.18) 2

10 Hydropower establishers 27.9 42.8 7.4 19.1 2.8 2.26 (1.14) 2
11 Ranchers 30.7 54.4 12.1 2.8 0.0 1.87 (0.72) 2

Our focus group discussions revealed that not all the agents in Table 8 are perceived to have
caused D & D. Table 8 presents the activities undertaken by the agents that were perceived to cause
D & D in the study areas. These activities were received through the Focus Group Discussion.
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Table 8. Agents’ activities that were perceived to have contributed to deforestation and forest
degradation in the study area.

Agents Activities

Furniture makers - Fell trees in huge amount for commercial wood products
- Trigger illegal logging from local people

Medium- and large-scale agricultural investors - Convert forest land to agricultural land
Charcoal makers - Produce charcoal

Land migrants
- Clear forest for land settlement
- Clear forest for agricultural land
- Trigger local people to clear forest land and sell to them

Firewood collectors - Collect wood for domestic use
Subsistent farmers - Clear forest land for growing crop

As the real estate business booms in Cambodia, furniture is produced to supply individuals and
housing complexes such as townhouses, condominiums, and villas. Furniture producers actively looked
for sources of wood supply to meet the demands for their products. Wood is also sought from furniture
producers in Vietnam, where furniture manufacturers also export wooden furniture to Europe [72].
Apart from wood, increasing populations and high demand for agricultural products for local
consumption and export, coupled with high prices of agricultural commodities [73], have prompted
medium- and large-scale agricultural investors to venture into the agricultural sector; especially after
Cambodia introduced the economic land concession system in 2006 [74]. In addition, as almost 90%
of the Cambodian population still depends on fuelwood for cooking energy needs, the increasing
population provides the opportunity for charcoal makers to produce more charcoal for locals to use,
mainly in crowded towns in rural areas or for export to other provinces in Cambodia [19]. Apart from
charcoal, local people also use firewood directly [75]. Firewood collectors collect wood and even clear
forests for the collection of large amounts of firewood, for sale to consumers.

Due to the lack of land tenure rights in some parts of the study area, subsistence farmers tend
to practice seasonal clearing of the forests for farming [76] with little long-term care for their farms.
Similarly, migrants have been taking opportunities to clear forests for resettlement and agriculture,
and even selling cleared land when the timing is right. In fact, land speculation has prompted migrants
to clear the forested areas expressly for the purpose of selling land to middlemen, in anticipation of
further sales at higher prices [77]. Migrants have also caused deforestation in Brazil, Bolivia, Colombia,
Ecuador, Perú, and Venezuela [78], Madagascar [79], and Indonesia [80].

Through the focus group discussions, we could conclude that these five agents of D & D (Table 9)
were not perceived as responsible for D & D in the area. The major reasons for this are as follows.

Table 9. Agents and reasons for excluding them from project study.

Agents Reason

Shifting cultivator No more practice in the region
Infrastructural developers No effect on forests since the road was built or repaired on the existing road
Mining investors No mining activity in the region
Hydropower establishers No hydropower development in the region
Livestock raisers Local people raised animals in very small numbers such as chickens and cows

3.4. Appropriate REDD+ Activities to Address the Drivers of Deforestation and Forest Degradation

Any introduction of REDD+ activities needs to be acceptable to the local residents, who will play
multiple roles in implementing on-the-ground activities and monitor the performance of these REDD+

projects. Table 10 shows the levels of agreement between survey respondents regarding activities that
may be introduced to address the drivers of D & D. Out of the 18 types of activity inquired about,
11 were given an average score of above 4.0. Provision of sufficient farmland for family garnered
the greatest agreement, followed by financial incentives for agriculture and law enforcement against
illegal logging. On the other hand, livestock rangeland management received the lowest level of
agreement as a measure for controlling D & D. The top 11 types of activity are further explained in the
following paragraphs.
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Table 10. Extent of agreement to the eighteen types of activities for addressing the drivers of deforestation and forest degradation in the study area (n = 215).

Rank Activity
Frequency of Response (% of Households) in Relation to Strongly
Disagree (1), Disagree (2), Neutral (3), Agree (4), Strongly Agree (5) Average Score (SD) Median Score

(1) (2) (3) (4) (5)

1 Sufficient farmland for family 0.0 0.0 9.3 31.2 59.5 4.50 (0.66) 5
2 Financial incentives for agriculture 0.0 0.9 7.4 35.4 56.3 4.47 (0.68) 5
3 Law enforcement on illegal logging 0.0 0.0 4.2 51.6 44.2 4.40 (0.57) 4
4 Improve market access for agricultural products 0.0 2.3 2.3 54.4 40.9 4.34 (0.64) 4
5 Community forest management 0.0 0.5 3.3 67.9 28.4 4.24 (0.53) 4
6 Policy and governance reform 0.0 0.9 8.4 61.9 28.8 4.19 (0.61) 4
7 Reforestation/tree plantation 0.0 1.9 9.8 60.9 27.4 4.14 (0.66) 4
8 Environmental education on forest management 0.5 1.9 7.9 62.8 27.0 4.14 (0.67) 4
9 Land tenure and rights 1.4 0.5 8.4 67.4 22.3 4.09 (0.67) 4

10 Agricultural intensification 0.0 0.5 12.6 71.6 15.4 4.02 (0.55) 4
11 Restoration of degraded forests 0.0 0.9 17.2 60.9 20.9 4.02 (0.65) 4
12 Good land use planning 0.0 4.7 12.6 76.3 6.5 3.85 (0.60) 4
13 Environmental and social impact assessment for development proposal 1.4 3.3 15.8 73.0 6.5 3.80 (0.66) 4
14 Fuelwood efficient cookstoves and rooftop solar power 0.0 0.5 26.5 67.0 6.1 3.79 (0.55) 4
15 Build infrastructure for local employment 1.4 5.1 22.8 62.3 8.4 3.71 (0.75) 4
16 Create alternative income opportunities 1.9 7.9 23.7 60.0 6.5 3.61 (0.80) 4
17 Agroforestry 1.4 4.2 34.9 51.6 7.9 3.60 (0.75) 4
18 Livestock rangeland management 11.6 9.8 29.3 36.3 13.0 3.29 (1.17) 3
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Sufficient farmland for family: Respondents were in strong agreement (90.7%) that their current
farmland size was insufficient for supporting their growing family sizes. Average and median scores
for this activity to reduce D & D were high 4.50 (0.66 for standard deviation) and 5, respectively.
In the rural areas, almost 100% of the Cambodian population depend almost entirely on agricultural
cultivation [81,82] to support their families. Since their farming activities can only be implemented in
the rainy season (due to lack of rainfall in the dry season), more land is needed, unless water supplies
are made available throughout the year. In the dry season, some farmers go to other provinces or cross
the border into Thailand to look for work. The majority however, opt to look for timber and/or other
forest products to sell, to support their family [83].

Financial incentives for agriculture: The average score for this activity was 4.47 (0.68) and the
median score was 5. About 91.8% of respondents stated that this activity would reduce illegal logging
by local residents because respondents had faced many problems in the past, such as prolonged drought
during rainy seasons [84], uncertainty of harvesting yields due to natural hazards [85], variations in
weather patterns [86], and fluctuations in crop price. The worst situations occurred at the start of the
season, when they had to borrow money from others to begin agriculture, but poor harvests or low
sale prices of agricultural products made it impossible for them to repay their debts to the lenders.
This was also the reason that they had to find alternative sources of income by felling trees and selling
cleared forest land. About 81% of respondents were farmers, and financial incentives for farming
would encourage them to focus on working on their respective farms, rather than going into the forests
to fell trees. In many parts of the tropics, financial incentives have reduced deforestation to some
extent [87,88].

Law enforcement on illegal logging: Average and median scores for this activity were 4.40 (0.57)
and 4, respectively. About 95.9% of respondents thought that for laws on logging to be respected and
to reduce illegal logging, illegal loggers would have to be made to face maximum penalties. Based on
the survey and focus group discussions, illegal logging and encroachment have been the main causes
of forest loss in the region. It is usually difficult to stop illegal logging without interventions from
the central government [89], especially if it is supported by powerful groups [89,90]. Many studies
have found that law enforcement is critically required to reduce or eliminate illegal logging in the
tropics [91–94]. Therefore, it is important to enforce logging laws and their associated regulations in
order to reduce deforestation and forest degradation.

Improve market access for agricultural products: The average score was 4.33. A total of 94.9% of
respondents agreed that this activity would address forest degradation and deforestation. According to
the focus group discussions, they believed that local residents were the main agents for almost every
driver of deforestation and forest degradation. They argued that their activities were justified by the
need to fulfill their daily needs and livelihood, because local farmers’ crop calendars are dependent on
rainfall and reaching the market. If there is more rain, farmers can increase crop production but their
products cannot reach the market, forcing them to sell their products below the break-even price point
before they go bad, as these farmers do not have the means to store their products any longer. As 81%
of respondents are farmers, improving market access for their agricultural products is necessary to ease
pressure on logging or clearing of forests. Recent studies indicate that improving marketing access for
farmers can improve agricultural productivity [95,96] and therefore, it can prevent locals from clearing
forests in order to produce agricultural products to meet the needs of their families. The development
of social enterprises for selling their products online or to ecotourism visitors could also connect their
products to responsible consumers [97,98].

Community forest management: This activity refers to a coordinated effort to manage the forests,
on which communities depend on for daily needs. The average score for this activity was 4.24 out of
5. About 95.4% of respondents were of the opinion that this activity is practical for addressing forest
degradation and deforestation. Based on focus group discussions, participants strongly believed that
community forest management could protect the remaining forests. They have witnessed the benefits
of community forest management firsthand. They believed that only the community forests remained,
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as all the forested land outside the community forest had already been converted to agricultural land
or cleared for other purposes. A meta-analysis of community forest management around the world
found that community forest management is important for the long-term successful management of
forests [99–101].

Policy and governance reform: The average score for this activity is 4.19. Respondents agreed
that the government needs to reform its policies and governance toward natural resource use in favor
of their expected activities in Table 11. Locals seemed to have lost their trust in the government because
of corruption and on-going illegal logging in their areas, but policy and governance reform can lead to
reductions in corruption among law enforcement officers at various levels. A previous study indicated
that governance and policy reform could lead to reducing illegal logging and improving trust between
locals and the government [102,103].

Table 11. Proper activities to address deforestation and forest degradation in the study area according
to the focus group discussions.
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Sufficient farmland for family
√

Financial incentives for agriculture
√

Law enforcement against illegal logging
√ √ √

Improved market access for agricultural products
√

Community forest management
√

Policy and governance reform
Reforestation/tree plantation

√ √ √ √

Environmental education on forest management
√ √ √ √

Land tenure and rights
√ √

Agricultural intensification
√ √

Restoration of degraded forests
√ √ √ √

Reforestation and tree plantation: The average score for this activity was 4.14. About 87.7% of
respondents perceived that reforestation or tree plantations could address drivers of deforestation
and forest degradation such as illegal logging, illegal encroachment, natural disasters, and the use
of wood for commercial or domestic purposes. Reforestation is viewed as an important activity
for increasing forest cover. Nurrochmat et al. [104] found that reforestation programs could reduce
deforestation in Indonesia. A study in the Philippines shows similar results after reforestation projects
were introduced [105].

Environmental education on forest management: The average score for this activity was 4.14.
Of the respondents, 89.9% agreed on it as a solution for reducing the following drivers: forest fires,
illegal logging, and land clearing without government permission. Education on sustainable use
and harvesting of forest and non-forest products such as wild animals, wild fruits, wild vegetables,
mushrooms, potatoes, honeys and bees, resin, bamboo shoot, rattan, herds, traditional medicines,
and forest products can be an important avenue for reducing deforestation and forest degradation.
Therefore, environmental education about how all necessary forest food and products can be obtained
in a sustainable way is essential for local residents. For example, in order to get honey, locals use
smoke to chase thousands of bees from their beehives. Forest fires can then be unintentionally started
by careless bee hunters who do not keep their fires under control or left fires burning. Furthermore,
the sustainable exploitation and use of wood can save many young and nearby trees. Therefore,
environmental education on forest management can give local residents a broader picture of practical
forest management and its long-term benefits, which can eventually reduce forest fires and forest
clearing. A study of 101 local households in Honduras found that education could contribute to the
reduction of deforestation [106].
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Land tenure and rights: The average score for this activity was 4.09. About 89.5% of respondents
agreed that land tenure and rights could reduce land encroachment and land clearing drivers. Tenure is
a term that describes rules regulating how people, communities, and others gain rights to land, water,
fisheries, and forest, including access rights, management rights, and alienation rights. Local residents
believe that land tenure can reduce illegal forest clearing and encroachment from the community.
As there is no land tenure specified in the study area, residents tend to enlarge their land as much
as possible. Moreover, without recognition of customary rights to their land, they have been afraid
of losing their existing land, so they appear to use the land in an unsustainable way to extract the
maximum benefits of land. Then, when their existing land loses fertility, they looked for new fertile
land in forested areas. Tenure and rights are good measures to reduce deforestation and degradation
caused by land tenure and rights issues and the problem of forest clearance for subsistent cultivation.
The successful prevention of land encroachment and clearing due to this measure has been confirmed
in previous studies [107–109].

Agricultural intensification: The average score for this activity was 4.02. Approximately 86.8%
of respondents thought that agricultural intensification would reduce forest clearing for agriculture
because it could increase productivity and income from existing cleared land as the same land can be
further cultivated outside of the rainy season. Intensification of agriculture refers to a reduction in fallow,
higher use of organic fertilizer to offset declines in soil fertility, and investments in mechanization and
irrigation systems (thereby increasing the number of cycles of crop cultivation), which potentially offset
the negative impact of population growth on farm size and can maintain or increase per capita food
production [110]. Depending on location, building water tanks and/or the creation of water reservoirs
to store water for year-round use can certainly increase crop production and improve the health of local
residents. The use of IoT and big data technologies can also help manage water efficiently. However,
a study by Phelps et al. [111] provided mixed results for agricultural intensification implemented at
large scales because it can lead to increasing the conservation costs of the nearby forests. However,
Pelletier et al. [112] indicated that reductions in deforestation based on agricultural intensification can
only be achieved when smaller farms used higher quality seeds for farming.

Restoration of degraded forests: The score for this activity was 4.02. This activity refers to
enrichment planting on degraded forest land in the community forests. About 81.7% of respondents
agreed that restoration of degraded forests could solve the problem of forest degradation. This method
is suitable for areas affected by overexploitation, natural disasters, and human-induced forest fires.
It has been reported that restoration could avoid further deforestation and even increase carbon stocks
in the tropics [113].

Table 11 illustrates which drivers of D & D, with the potential to be addressed by certain activities,
were assessed as promising. Many of the activities identified through our interviews and focus group
discussions are expected to have the greatest reduction on reduce illegal logging practices, followed by
human-induced forest fires and fuelwood collection.

On the contrary, the seven activities that did not receive a high level of agreement from the
respondents are further summarized and discussed in Table 12, with closer attention to the foreseeable
challenges and to implementations.

3.5. Sociodemographic Factors Influencing Respondents’ Perception

Tables 13 and 14 show the results of the probit analysis of how sociodemographic factors influenced
the perceived direct and indirect drivers of D & D, perceived agents of D & D, and perceived activities
to address the drivers. To keep the tables succinct, only the summary of the sign and statistical
significance of the estimated coefficients are displayed, while the full data tables are provided in the
Supplementary Material.

Table 13 presents the results for the direct and indirect drivers. Four independent variables
were found to have significant influences on many perceived drivers, namely: gender, income,
CF membership, and participation in CF management. Agreement among women on direct and
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indirect drivers was generally lower than that among men. Seven out of the twenty drivers exhibited
this gender gap. This implies that compared to the population, these drivers were underestimated
in our sample, i.e., commercial wood production, land clearing for commercial agriculture,
charcoal production, new settlements/migration limitation in law enforcement, population growth,
and fertile land availability limitation. While income level showed a mixed result, low-income people
perceived charcoal production and fuelwood collection to be a cause of forest resource degradation,
presumably because they tended to consume more resources than their higher-income counterparts.
With many of the drivers, community forest members had greater agreement than nonmembers,
while participants in community forest management exhibited lower agreement than non-participants.
Interestingly, this tendency was reversed for the indirect drivers that were considered the least
important. This result implies that general members of community forests and those engaged in
management showed contrasting perceptions of the drivers, where the perception by the former was
largely consistent with the ranking of the drivers, while the perception by the latter group was relatively
neutral across the drivers. The other sociodemographic factors showed smaller or had no impact on
the drivers of D & D in general.

In terms of perception of the groups responsible for D & D, five independent variables showed
significant influences on more than four perceived agents, i.e., gender, occupation, community forest
membership, and participation in community forest management (Table 14). Men tended to agree
more than women that these agents caused D & D, especially agricultural investors. This implies that
compared to population, five agents were underestimated in our sample, i.e., furniture makers,
medium and large-scale agricultural investors, migrants, mining investors, and hydropower
establishers. Farmers tended to mention shifting cultivators, subsistence farmers, and hydropower
constructors, while non-farmers tended to cite investors in agriculture and migrants. However,
those who were stably in the same job, farming or not, were more likely to think firewood collectors
were responsible for D & D. Similar to the case of the drivers, thoughts of general members of
community forests tended to be in line with the ranking of the agents, whereas management members
tended to have the opposite perceptions. The other sociodemographic factors showed either mixed,
smaller, or no association with the perception of agents responsible for D & D.

Table 12. Explanation of REDD+ activities not deemed by locals as appropriate for the study area.

Activities Characteristics Application to Study Area and Challenges

1. Good land use planning Land use for sustainable use of the
natural resource

Local people had less knowledge about the importance
of good land use planning.

2. Environmental and social impact
assessment for development proposals

The assessment on the impact of project
development on environment and society

It is practiced in the region; however, economic
development variables are often the criteria to consider
to make the proposal accepted.

3. Fuelwood-efficient cookstoves and
rooftop solar power

Reduce the fuelwood demand for cooking
energy and other purposes

Local people were not aware about the efficient
cookstoves as they still used the traditional 3-stone
cookstove. Solar is still unthinkable to the locals.

4. Build infrastructure (schools, hospitals,
tourist centers) and employ local people

Build schools, hospitals or tourist centers, then
hire local people to work

Requires funds for development.
Need to have a solid plan and long-term investment.

5. Create alternative income opportunities
such as eco-tourism, aquaculture,
handicrafts, and souvenirs

- Promote ecotourism in the region
- Create income from aquaculture, handcrafts,
and souvenirs

- Takes time to promote ecotourism and build the
reputation of ecotourism.
- Lack of staff with skills in tourism.
- Lack of support from local people in making
handicrafts (there used to be a handicraft store in Kbal
Doun Tey community where local people used to make
handicrafts, but it was not long until it closed).

6. Agroforestry - Trees or shrubs are grown around or on the
same land as agricultural crops and/or animals - Not suitable in the study area.

7. Livestock/rangeland management - Management of the land for animal raising
especially the land that can provide forage

- Not a problem for forest loss in the study area since
only less than 1% of respondents were livestock raisers.
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Table 13. Sociodemographic factors influencing to the perceived direct and indirect drivers of 650
deforestation and forest degradation in the study area: probit regressions (n = 215).
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Direct drivers

1 Illegal logging/unauthorized forest encroachment ++ +++ − − −

2 Commercial wood production − − − + ++ +++ − − −

3 Land clearing for commercial agriculture − − − +++ − − −

4 Charcoal production − ++ − − − −

5 Land clearance for subsistence agriculture + −

6 New settlements/Migration − − − − − + +++
7 Natural disaster (flood, storm) +
8 Human-induced forest fire + + − − −

9 Fuelwood (domestic usage or local consumption) + + − −

Indirect drivers

1 Limitation in law enforcement − − − + +++ − − −

2 Demand for timber + +++ +++ − −

3 Land tenure and rights issue + ++
4 Population growth − − − − − +++ − −

5 Fertile land availability limitation − − − + − − − +++ − −

6 Road construction −

7 Shifting cultivation ++ − − +++ − − − − − − − − − ++
8 Public service − − −

9 Mining − − +++ − − − ++
10 Livestock grazing − − − +++
11 Hydropower development + − − − +

Note: + and − indicate a positive coefficient and a negative coefficient, respectively. +++, ++, and + indicate
p < 0.01, < 0.05, and < 0.10, respectively.

Table 14. Sociodemographic factors influencing the perceived agents responsible for deforestation and
forest degradation in the study area: probit regression (n = 215).
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Agents

1 Furniture makers − − − − +++ +++ − − −

2 Medium and large-scale agricultural investors − − − + + +++ − − −

3 Charcoal makers
4 Migrants − − − +++ − − −

5 Fire wood collectors − − ++ −

6 Subsistence farmers ++ +
7 Shifting cultivators ++ − − − − − − − − +++
8 Infrastructural developers − − − −

9 Mining investors − − + −

10 Hydropower establishers − + − −

11 Ranchers − − − +++

Note: + and − indicate a positive coefficient and a negative coefficient, respectively. +++, ++, and + indicate
p < 0.01, < 0.05, and < 0.10, respectively.

Regarding which activities of REDD++ were conducive to reductions in D & D in the study
area, six independent variables were found to have significant influences on more than four
perceived activities, i.e., gender, marriage, residency duration, income, community forest membership,
and participation in community forest management (Table 15). The result on the gender effects implied
that compared to population, the effectiveness of the following activities were underestimated in our
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sample, namely, having sufficient farmland for the family, law enforcement against illegal logging,
and building infrastructure for local employment. Long-term residents tended to perceive these
activities as conducive: securing enough farmland, controlling financial incentives for agriculture,
conducting impact assessments, energy savings, and rangeland management. Income level was
the factor most associated with the perception of activities for reducing D & D, where wealthier
people thought many of these activities to be effective; with the exceptions of policy reform and
environmental education, which garnered more agreement by those of relatively lower socio-economic
status. Community forest membership and participation in community forest management exhibited
the same patterns as observed in the analysis of the drivers and agents. The other factors were relatively
unrelated to the perception of effective activities.

Table 15. Sociodemographic factors influencing the perceived activities that can control deforestation
and forest degradation in the study area: probit regression (n = 215).
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Activities

1 Sufficient farmland for family +++ − ++
2 Financial incentives for agriculture ++ ++ ++
3 Law enforcement against illegal logging − − − +++ +++ − − −

4 Improved market access for agriculture products ++ +
5 Community forest management − ++ +++ − − −

6 Policy and governance reform ++ ++ − − + − −

7 Reforestation/tree plantation ++ +++
8 Environmental education on forest management +++ − − −

9 Land tenure and rights − + + ++ − − −

10 Agricultural intensification ++
11 Restoration of degraded forests + + + +++ − −

12 Good land use planning +++ +++
13 Environmental and social impact assessment for development proposal − − − − ++ +++ − +
14 Fuelwood efficient cookstoves and rooftop solar power − − − − ++ +++ − +
15 Build infrastructure for local employment ++ − − −

16 Create alternative income opportunities − − − +++
17 Agroforestry − −

18 Livestock rangeland management + + + +++ − −

Note: + and − indicate a positive coefficient and a negative coefficient, respectively. +++, ++, and + indicate
p < 0.01, < 0.05, and < 0.10, respectively.

4. Conclusions and Recommendations

Data from 215 respondents in seven communities in Kampong Thom province, Cambodia were
analyzed to understand the local perceptions of the direct and indirect drivers of deforestation
and forest degradation, agents of such drivers, and appropriate activities to reduce these drivers
according to five levels of the Likert scale. Local residents seem to accept that illegal logging and
unauthorized forest encroachment (4.53), commercial wood production (4.20), and land clearing for
commercial cultivation (large economic land concession) (4.19) were the main direct drivers of D & D.
Local people considered charcoal production (3.60), land clearing for subsistence agriculture (3.54),
new settlements (3.43), natural disasters such as droughts and storms (3.31), human-induced forest
fires (3.25), and fuelwood for domestic usage (3.21) as less relevant direct drivers. They considered
the limitation in law enforcement (4.33), high demand for timber (4.15), lack of land tenure and
rights (3.72), and the growing population (3.47) as indirect drivers of D & D. Our results suggest that
furniture makers, medium and large-scale agricultural investors, charcoal producers, land migrants,
and local residents such as firewood collectors and subsistent famers were the agents of these drivers.
Furthermore, local residents seemed to accept that these drivers can be reduced through the provision
of farmland for households, financial incentives for agriculture, law enforcement on illegal logging,
improvement in market access for agricultural products, community forest management, policy and
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governance reform, reforestation, environmental education on forest management, reform for land
tenure and rights, agricultural intensification, and restoration of degraded forests.

Since these activities accepted by the local people are also REDD+ project activities, the REDD+

project can play an important role in the sustainable management of community forests, while providing
carbon-based incentives and creating local development opportunities to ensure the long-term
sustainability of projects and improve local livelihoods. As many potential REDD+ activities to reduce
D & D are still new to local residents, provision of training and environmental education may increase
the success of reducing the drivers through the implementation of the REDD+ project. In designing
the training and education programs, perception gap among different segments of people should
be considered. For instance, as women tended to underestimate the importance of law enforcement
against illegal logging and community forest management, gender sensitive sensitization [114,115]
in these topics may be useful. Likewise, community non-manager members were more likely to
underestimate social impact assessment, fuelwood efficient cookstoves and rooftop solar power,
building infrastructure for local employment, creation of alternative income opportunities, agroforestry,
and livestock rangeland management. These subjects can be strengthened in interventions designed
for community forest members.

Although the current study provides important information on local perceptions of direct and
indirect drivers of D & D, seasonal field surveys may further increase may reduce the biases that would
result in a loss of memory about the exact events that occurred in the study area.

Supplementary Materials: The supplementary materials are available online at http://www.mdpi.com/2071-1050/
12/23/9987/s1.
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