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Abstract
For effective REDD+ implementation with multiple readiness activities, agents and drivers of deforestation and forest degradation needs to be identified appropriately. This study examined how
such identification can be utilized for instituting REDD+ activities design. We examined this question by using satellite imagery analysis and socioeconomic surveying around Gunung Palung National Park in Indonesia. After recognizing the deforestation rate in the area, the characteristics of
agents and drivers of deforestation were explored by using statistical analysis. Several canonical
discriminant analyses revealed that the agents and drivers could be classified effectively by using
socioeconomic type rather than ethnic groups or geographical location. A principal component
analysis and the associated scatter diagrams showed that various agents and drivers exist in a
given area within the study region. Finally, these efforts led to the suggestion of options for REDD+
readiness activities based on the diverse features and underlying causes.
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1. Introduction

Discussion about the Reducing Emissions from Deforestation and Forest Degradation plus additional measures
(REDD+) scheme and modality has continued under the United Nations Framework Convention on Climate
Change Conference (UNFCCC) since COP11, Montreal, in 2005. In decision 1/CP16 of the UNFCCC in Cancun, Mexico, in 2010, activities for developing technical capacities and institutional arrangements to be implemented in phases beginning with strategy development and demonstration activities with capacity building toward achieving results-based actions were encouraged (UNFCCC, 2010). Various preparatory actions and pilot
activities in developing countries are on-going as REDD+ readiness actions in the phased approach for achieving policy and measures to create an enabling environment for REDD+ (Angelsen et al., 2009; Streck et al.,
2009; Minang et al., 2014). In the Paris Agreement adopted in COP 21, the importance of reducing emissions
from deforestation and forest degradation with sustainable forest management was emphasized (UNFCCC,
2015), and in the Intended Nationally Determined Contributions (INDCs) proposed by member countries of the
UNFCCC, more than half of the countries made commitments in the forest sector including REDD+ (Petersen &
Varela, 2015).
In REDD+ implementation, actions to reduce drivers of deforestation and forest degradation through appropriate recognition of the drivers unique to each country’s national circumstances will be essential, as affirmed in
Decision 17/CP 19 of the UNFCCC in Warsaw (UNFCCC, 2013). Correct identification of agents and drivers of
deforestation and forest degradation also will be essential for establishing appropriate targets and actions to
achieve REDD+ (Kissinger et al., 2012; Minang et al., 2014). To identify specific key agents and drivers, the
Verified Carbon Standard (VCS), one of the standards for carbon-related verification, methodology suggests
combining several types of surveys and analyses (Shoch et al., 2011). Drivers of deforestation and forest degradation by unplanned activities can be divided into proximate drivers, such as logging and farm expansion, and
underlying causes, which are interactions among various complex influences and agents (VCS, 2012). Then,
omitting consideration of the underlying causes and focusing only on proximate drivers could minimize the impacts of measures for addressing those drivers (Angelsen & Kaimowitz, 1999; Geist & Lambin, 2001; Buys,
2007; Salvini et al., 2014). To explore measures for drivers as well as underlying causes, it will be important to
appropriately understand specific local characteristics by integrating several methods, including socioeconomic
surveys (Minang & Noordwijk, 2013; Pasgaard, 2013; Epule et al., 2014). Based on this information and understanding, multiple readiness activities with appropriate target scales or levels can be programmed for effective
REDD+ implementation (Angelsen et al., 2009; Akiefnawati et al., 2010; Caplow et al., 2011; Agung et al.,
2014; Sunderlin et al., 2014).
Indonesia has ideal relevance for REDD+ efforts because of its eighth-largest forested area and its extensive
peatland forests, which are under the second-greatest rate of forest reduction in the face of timber extraction and
agricultural expansion, such as by oil palm plantation (Edwards et al., 2012; FAO, 2015). As a part of REDD+
readiness in Indonesia, various policy-related and project-based pilot activities have been implemented (Dixon
& Challies, 2015; McNeill, 2015). Because these initiatives of project-level REDD+ under complex socioeconomic conditions will be common challenges in Indonesia, this study examined how identification of agents and
drivers of deforestation through socioeconomic surveys can be utilized for instituting the REDD+ activities design in readiness phase. We examined this question through surveys conducted around GunungPalung National
Park (GPNP) in Indonesia using the following steps: 1) recognize the actual deforestation situation around the
study area through satellite imagery analysis, 2) identify drivers and agents of deforestation and their linkages
with key socioeconomic characteristics through field surveying and statistical analysis, and 3) determine appropriate measures and their application level. After a description of the analyzed results, especially for 1) and 2),
options for REDD+ readiness activities are proposed in the discussion session.

2. Method
2.1. Study Area
GunungPalung National Park (GPNP), which covers 90,000 hectares of conservation forest (hutankonservasi in
Indonesian) designated in 1990 and proposed as a potential REDD+ area by the Ministry of Environment and
Forestry (MoEF) in Indonesia, was selected as the research site. Currently, around 45,000 people, comprising
various ethnic groups such as Malay, Dayak, Javanese, Bugis, Madura, and Chinese, live in 20 villages that
share boundaries with GPNP and are located in two districts—Ketapang and Kayong Utara. Annual rainfall in
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Kayong Utara District was 2645 mm in 2013, with periods of reduced rainfall from January to March and August to October (BPS, 2014). Based on consultation with the GPNP office and after considering the extent of
land cover changes determined through field observation and satellite image analysis, as described in the results,
six villages from the 20 surrounding villages were selected for this study. In addition, through interviews with
village representatives, it was assumed that ethnicity and geographic characteristics would be closely related
with livelihoods and forest uses of the communities. Thus, two of the six villages, which have a relatively large
variety of ethnic groups and higher utilization of forest resources, were selected from each of the western, eastern, and southern parts of the GPNP. These villages are Sedahan Jaya and Sejahtera in the western part, Sempurna and PangkalanTeluk in the eastern part, and RiamBerasap and LamanSatong in the southern part. Villages
in the northern part of GPNP were excluded from the sample because communities in the area currently use few
forest resources due to separation by a large river and are largely recruited by oil palm companies. Each village
(desa), a minimum government unit, consisted of three to five sub-villages (dusun), which tend to have similar
ethnic groups and cultures.

2.2. Data Collection
Necessary data for identifying the socioeconomic conditions in the six target villages were collected through
questionnaire surveys as well as by semi-structured interviews as a part of the activities in the Indonesia-Japan
Project for the Development of REDD+ Implementation Mechanism (IJ-REDD+), which is a technical cooperation project between the Japan International Cooperation Agency (JICA) and the Ministry of Environment and
Forestry (MoEF) in Indonesia. The questionnaire surveys and semi-structured interviews were conducted by
experienced local surveyors recommended by a local NGO after confirming survey skills and ethical consideration. Following semi-structured interview was done by Indonesian staff in the IJ-REDD+ project.
The questionnaire survey for the six villages was conducted by attempting to elicit quantitative information,
such as types and amounts, within five main survey sections: basic information (family size and ethnicity), assets (livestock and land use), farming conditions (types of crops, productivity, location of farming), collection of
non-timber forest products (NTFP; type of NTFP, amount, location of collection), and income structure (amount
from on-farm and off-farm activities). These survey items were designed and selected by referring to previous
socioeconomic-related surveys around the GPNP (Lawrence et al., 1998; Hiller et al., 2004; Zamzani, 2008).
Households for the survey were selected by using a stratified sampling method, which extracts characteristics of
various ethnic groups, farming types, and livelihood types by referring to village profile statistics. According to
the stratified number of ethnic groups, farming types, and livelihood types in each village, sample households
were selected with guidance from village leaders. From the six sample villages, 510 samples (18.7%) were selected from about 2722 total households: 120 samples (20.0%) in Sedahan Jaya, 70 samples (12.3%) in Sejahtera, 80 samples (21.2%) in Sempurna, 90 samples (26.4%) in PangkalanTeluk, 60 samples (20.7%) in RiamBerasap, and 90 samples (16.5%) in LamanSatong (BPS, 2014). For each household survey, it took around two
hours mostly in the afternoon or nigh time when villagers finished daily farm activity. After the questionnaire
survey had been administered, semi-structured interviews, which aimed to obtain supplemental background information about farming practices and forest uses, were conducted for 10 randomly selected households in each
village that engaged in farming and NTFP collection. These surveys and interviews were conducted from October 2014 to March 2015.

2.3. Data Analysis Procedure
At the beginning stage, the basic characteristics of the livelihoods and natural resource uses in the six sample
villages were compared by means of the collected data. Then, statistical analysis was proceeded by using canonical discriminant analysis (CDA), analysis of variance (ANOVA), and principal component analysis (PCA)
because it was desirable to obtain valuable information required to grasp the characteristics of each community.
Whereas CDA and ANOVA are useful for finding a combination of features that separates multiple classes of
objects, such as villages and ethnic groups, PCA, referring to previous studies (Soto & Pintó, 2010; Valdivia et
al., 2012; Jadin et al., 2013), can be utilized to identify key variables by reducing the various socioeconomic
factors in a region. The statistical analysis was conducted by the following four steps: 1) confirm the characteristics of the national park users by comparing the engagement rate among villages and ethnic groups to identify
tendencies of drivers and agents based on socioeconomic and geographic conditions, 2) conduct a CDA to explore
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the possibility of separating sample households by ethnic group and geographical location, 3) examine the PCA
and draw a scatters map of sample households to extract the key characteristics for proposing an effective capacity building program for villagers’ REDD+ activities, and 4) conduct an ANOVA to reveal the relationship
between national park users and possession of farm land.

2.4. Satellite Image Analysis
In order to reveal the situation of deforestation in the six target villages around the GPNP, land cover changes in
circular plots with a radius of five kilometers from the center of the sampled village or sub-village were calculated from remote sensing data (Figure 1). For the analysis, satellite imagery of a middle-resolution sensor
(Landsat, in 2000 and 2013) was analyzed to compare land use and land-use changes within each plot. A ground
truth survey was also conducted to verify the results of the land-use map derived from the Landsat data. Forest
gardens, such as rubber and durian trees, utilized by local people were included in Secondary Dry Forest.

3. Results
3.1. Land Cover Changes
Deforestation rate for the target villages was calculated by analyzing the land use change between 2000 and
2013 (Table 1). The highest deforestation rate was exhibited in the villages in the east area, 50.2% in Sempurna
and 49.3% in PangkalanTeluk. This deforestation was caused mainly by the development of oil palm plantation,
which began around 2008 near the villages. Approximately half of the forest area outside the GPNP, which had
not been designated as conservation (hutankonservasi) or protected (hutanlindung) forest by the MoEF, was
logged and converted to oil palm plantation. The medium rate, 32.9% - 36.1%, of deforestation was seen in the
villages in the south. This change also can be attributed largely to oil palm plantation initiated since 2008.

Figure 1. Circular plots with radius of five kilometers of the six target villages around the GPNP.
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Table 1. Changes of forest area and deforestation rate in the six target villages around the GPNP.
Forest area (1000 km2)
Area

Village

Deforestation rate (%)
2000

2013

Sedahan Jaya

3.66

3.66

0.0

Sejahtera

2.80

2.48

11.5

Sempurna

5.40

2.69

50.2

Pangkalan Teluk

7.95

4.04

49.3

RiamBerasap

5.11

3.31

35.1

Laman Satong

5.01

3.36

32.9

West

East

South

However, the change was not as high as that in the east because the villages are located near state forest, such as
production forest (hutanproduksi), and the GPNP. The lowest deforestation rate occurred in the west area,
11.5% in Sejahtera and 0% in Sedahan Jaya. Even though there is not yet any development of oil palm plantation around the area, people use the area for farming and as forest garden (kebunhutan). According to the village
leader of Sedahan Jaya village, deforestation and degradation by people in the community might be accelerated
due to increasing population and demand for forest resources and farming area. These risks can be estimated as
potential drivers or underlying causes of deforestation commonly applicable to the study area.

3.2. Overview of Socioeconomic Characteristics
From the questionnaire survey, 19 socioeconomic attributes were prepared as a dataset for statistical analysis
(Table 2). By comparing the means of number or volume for each socioeconomic attribute, features of the six
sample villages could be summarized for main ethnic group, main income sources, and ways of using forest area
in the national park (Table 3). In terms of ethnic groups, the Sedahan Jaya and Sejahtera villages consist of various ethnic groups, such as Malay, Javanese, Balinese, and Bugis, whereas the other villages are relatively dominated by a single ethnic group, Malay or Dayak. In all of the villages, but especially in Sedahan Jaya, paddy
rice agriculture is the main farming activity. However, there is a significant difference in the annual amount of
paddy production: 3.0 ton/ha in Sedahan Jaya compared with only 0.2 to 0.4 ton/ha in the other villages. The
availability of sufficient water resources and irrigation facilities in Sedahan Jaya probably contributes to the
larger amount of harvest. The number of households that cultivate vegetables and fruits in home gardens is
higher in Sedahan Jaya and RiamBerasap. The main livestock is chicken, which is owned by almost half of the
households in all sample villages. Ownership of cattle is less than 10%, and swine are owned only in Sedahan
Jaya and LamanSatong, where residents of Balinese and Dayak ethnicity are present. Such livestock graze
mostly around houses within villages outside the national park. Regarding land use, uses of the forest area inside
the national park for rice crop farming and forest gardens are especially higher in Sejahtera, Sedahan Jaya, and
Sempurna, although this practice does occur in all villages. Whereas forest gardening in the national park consists of the planting of various NTFP, such as rubber, durian, and banana, among the natural trees, plantation
outside of the national park is generally unitary rubber or wood production. According to the interviews conducted in Sempurna village, the boundary of the national park was demarcated without sufficient consideration
to traditional uses of forest area for rice and rubber cropping prior to foundation of the GPNP. For this reason,
approximately half of the households in Sempurna village have conducted activities inside the national park.
Collection of NTFP, mainly firewood and durians, occurs mostly inside the national park because of the limited
forest resources around the villages. According to the interview survey, there are customary user rights for durian trees. In order to participate in collecting durian fruits from the ground, people do minimum management
such as weeding around the trees. Firewood for cooking is collected by more than half of the households in all of
the sample villages. For income structure, on-farm activities are the main source of income in Sedahan Jaya and
Sempurna, whereas off-farm income has a higher mean in the other four villages. Especially, the mean income
from on-farm activities is quite low in RiamBerasap. In most villages, except for Sedahan Jaya and Sejahtera in
the west area, about 30% to 50% of the sampled households acquire their income by working on oil palm plantations.

110

T. Yoshikura et al.

Table 2. Socioeconomic attributes and units used in the statistical analysis.
Socioeconomic Attributes

Unit
Rice cropping

Ton/year

Home garden

Kg/year

Cow

Head

Pig

Head

Chicken

Head

Farm inside NP

1000 m2

Farm outside NP

1000 m2

Forest garden inside NP

1000 m2

Plantation outside NP

1000 m2

Fuelwood

Bundle/year

Agricultural Production

Possession of Livestock

Land Use

NTFP collection
Durian

100 kg/year

Paddy rice

100,000 Rupiah/year

Vegetables

100,000 Rupiah/year

NTFP (excluding rubber)

100,000 Rupiah/year

Rubber plantation

100,000 Rupiah/year

Total on-farm activities

100,000 Rupiah/year

Labor in oil palm plantation

100,000 Rupiah/year

Employment salary

100,000 Rupiah/year

Total off-farm activities

100,000 Rupiah/year

Income

Table 3. Main socioeconomic features of the six sample villages.
Area

Village

Total
Households

No. of
Sample
Households

Main Ethnic
Group

Main Income

Use of Forest Area in the
National Park

Sedahan Jaya

601

120

Malay,
Balinese,
Javanese

Agriculture

Moderate for NTFP
collection and paddy

Sejahtera

568

70

Malay, Bugis

Employment,
Agriculture

Sempurna

377

80

Malay

Rubber, Employment,
Oil Palm

Pangkalan
Teluk

341

90

Malay

Employment, Oil
Palm, Agriculture

Low

RiamBerasap

290

60

Malay

Employment, Oil
Palm

Low

Laman Satong

545

90

Dayak, Malay

Oil Palm,
Employment

Moderate for NTFP
collection and up-land rice

West

East

Moderate for durian
collection
High for rubber
plantation, paddy and
durian collection

South

3.3. Features of Forest Users
In order to understand the actual situation of deforestation agents and drivers around the study area, the percentage of households that use sites inside the national park for farming and forest gardening was examined by village (Figure 2). For each village, the percentage of users is shown with the classification of Malay or non-Malay. Even though users were identified in almost all villages, their number is remarkably high in Sempurna village,
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Figure 2. Percentage of households using sites inside the national park for farming (left) and forest gardening (right) by village.

where more than 60% of households engage in farming or forest gardening inside the national park. This trend
in Sempurna corresponds with the results of the interview survey and the land cover changes (Table 1). Thus, in
the case of Sempurna, not only oil palm plantation but also use of the national park can be estimated as deforestation drivers in the east area. In the west region, Sedahan Jaya and Sejahtera, approximately 10% to 20% of
households use sites inside the national park. The users are mostly Malay residents, except for in LamanSatong
village where a majority of the residents are members of the Dayak group. When these data are compared with
deforestation rate (Table 1), the national park users in the west and south areas seem to have smaller impact on
deforestation compared with those in the east. This implies that the situation of deforestation drivers and agents
is varied among different areas and villages.
For obtaining additional details about the condition of deforestation drivers, especially in Sempurna, the engagement rate of rubber plantation activity, either within or outside of the national park, was compared among
the sample villages (Figure 3). The rate was highest in Sempurna, followed by PangkalanTeluk, which are both
in the east area. As shown by the ethnic groupings in the figure, non-Malay people, such as Bugis and Dayak
residents, also engage in rubber plantation in Sejahtera and LamanSatong, whereas it is conducted entirely by
Malay households in the eastern villages. Additionally, the percentage of households possessing plantation sites
outside of the national park is illustrated by village in Figure 4. The rate is higher in PangkalanTeluk, Sejagtera,
and LamanSatong, which corresponds with the result of engagement rate for rubber plantation (Figure 3). This
means that rubber plantation activities must be conducted outside of the national park in these three villages,
which may have sufficient land for plantation inside the village. However, only around 10% of households in
Sempurna conduct rubber plantation outside of the national park, which is remarkably lower than the actual engagement rate of around 90% (Figure 3). When this result is compared with the result of engagement of forest
gardening inside the national park (Figure 2), it is apparent that the rubber cultivation activities of Sempurna
village are conducted mostly inside the national park as relatively intensive forest gardening activity.
From these results, the percentages of households using sites inside the national park for farming or forest
gardening are highly varied among the villages, although such activities occur in all villages. Especially, those
uses in Sempurna village have relatively larger number than in the other villages and could be mostly engaged in
rubber tapping activity as intensive forest gardening. It is a relevant park management issue, as described above,
that traditional uses of farming and rubber cropping were not reflected in the boundary demarcation of the national park and that a mismatching of recognition by villagers in Sempurna has continued to present. Even
though similar traditional uses of the forest was mentioned for Sedahan Jaya, the practice there could be more
extensive agroforestry of growing fruits and NTFP species compared with that in Sempurna. With regard to ethnic group, Malay people seem to have larger rates of engagement in rubber plantation.

3.4. Examination of Ethnic Characteristics
In order to examine features for classifying ethnic groups in sample households, a CDA was conducted for the
five main ethnic groups, Malay, Dayak, Javanese, Balinese, and Bugis, in the study area. For the CDA, all socioeconomic attributes were used and the process was continued by replacing factors until the highest discrimination rate was attained. Finally, the attributes were narrowed down to eight variables related with land use and
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Figure 3. Percentage of households engaged in rubber plantation by village.
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Figure 4. Percentage of households possessing plantation sites outside of the national park.

income that were closely related to the land use patterns. The extracted result, a 60.6% overall correct classification, showed that the socioeconomic characteristics of the sample households could not be discriminated well by
ethnic group (Table 4). When examining the details of each ethnic group, Malay people, who occupy the majority of the samples, exhibit higher varieties of characteristics compared with other ethnic groups because they are
classified correctly not only as Malay (63.4%) but also as Dayak (25.0%), Balinese (6.1%), and Javanese (5.2%).
Some Dayak groups are also classified as Malay (35.3 %). From the results, it was assumed that characteristics
of Malay and Dayak would be similar when compared with other groups. These results show that each village
would not be characterized with one ethnic group even though Malay or Dayak people are dominant in the six
target villages. Thus, the use of ethnic group is not appropriate for explaining the socioeconomic characteristics
of sample households or assigning agents in the area. During the survey, some sample households noted that
they had converted their ethnic identity from Balinese or Dayak to Malay due to a change of religious faith from
Hindu or Christianity to Islam, which was also observed in previous studies (Nagata, 1974; Reid, 2001). The
trend of ethnic homogenization as Islamic Malays will continue even though cultures and customs may vary
based on original ethnicity.
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Table 4. Results of discriminant analysis by five ethnic groups.
Predicted group
Group

Total
Malay
Malay

Dayak
Original
count

Javanese

Balinese

Bugis

Dayak

Javanese

Balinese

Bugis

208

82

17

20

1

328

(63.4%)

(25.0%)

(5.2%)

(6.1%)

(0.3%)

(100%)

30

55

0

0

0

85

(35.3%)

(64.7%)

(0%)

(0%)

(0%)

(100%)

10

4

12

7

0

33

(30.3%)

(12.1%)

(36.4%)

(21.2%)

(0%)

(100%)

1

1

4

21

0

27

(3.7%)

(3.7%)

(14.8%)

(77.8%)

(0%)

(100%)

16

2

0

0

4

22

(72.7%)

(9.1%)

(0%)

(0%)

(18.2%)

(100%)

Overall rate of correct classification: 60.6%.

3.5. Examination of Geographic Characteristics
To explore the geographic features of the areas, a CDA was conducted by using and replacing all socioeconomic
attributes until the highest classification rate (70.2%) was acquired (Table 5). The results showed a higher rate
by areas than that obtained by ethnic groups (Table 4), which could imply that socioeconomic characteristics are
more appropriate for discriminating geographic differences. The south area consisting of RiamBerasap and LamanSatong showed the highest correct classification (79.3%), whereas the east area including Sempurna and
PangkalanTeluk showed the lowest (65.9%). The insufficient discrimination in the east might be attributable to
the remarkably high rate of the users inside the national park in Sempurna, which causes different characteristics
compared with PangkalanTeluk even in the same (east) area. This implies that use of national park area should
be classified not only by geographic location but also by socioeconomic features of the sample households.
Based on the implications of the CDA by area, a further CDA was conducted by extracting Sempurna as one
group and by combining PangkalanTeluk and the villages in the south as the same socioeconomic type: 1) main
livelihood from agriculture, the two villages in the west; 2) higher use of the national park area, Sempurna; and
3) main income from oil palm plantation, the two villages in the south and PangkalanTeluk in the east. The
overall correct classification rate of 74.9% (Table 6) was higher than that of the result by area, 70.2% (Table 5).
The rate of correct classification for type B, Sempurna, is a clearly higher rate (76.3%) than that obtained by
combining it with PangkalanTeluk, as in Table 5 (65.9%). Even type 3 shows a slightly higher rate (80.8%) by
adding PangkalanTeluk when compared with the result for the south area (79.3%; Table 5). For the analysis,
eight variables of agricultural production, land use, and income were used, and a structure matrix with center of
gravity was extracted (Table 7). The center of gravity in function 1 corresponds with features of each socioeconomic type such that main livelihood in agriculture (Type 1) tends to be high in “production from rice cropping”
whereas users of national park (Type 2) tends to be high in “income from rubber.” Looking at function 2, villages with their main income from oil palm plantation (Type 3) show a negative value in the center of gravity as
well as in the structure matrix.
From these results, classifying the sample households by key socioeconomic type was found to be more appropriate compared with using ethnic group or geographic location in the case of the study area around GPNP.
In addition to agricultural practices and forest uses, off-farm income activity by laboring for oil palm companies
exhibits as one of the main types. Those households might be recognized as a newly emerged agent since their
accepting of investment by oil palm plantations by converting their farm land and forest areas.

3.6. Extraction of Key Characteristics in the Regions
To assist the results of the CDA and to identify possible agent groups impacting forest resources and their relationships with socioeconomic characteristics, a PCA with economic variables was applied to the whole sample
households in the six villages. Prior to being subjected to the PCA, the units of quantitative variables were
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Table 5. Results of canonical discriminant analysis by the three areas.
Predicted area
Area

Total
West

East

South

127

10

53

190

(66.8%)

(5.3%)

(27.9%)

(100%)

10

112

48

170

(5.9%)

(65.9%)

(28.2%)

(100%)

11

20

119

150

(7.3%)

(13.3%)

(79.3%)

(100%)

West

East

Original count

South
Overall rate of correct classification: 70.2%.

Table 6. Results of canonical discriminant analysis by the three socioeconomic types.
Predicted type
Type

Total
A

B

C

127

3

60

130

(66.8%)

(1.6%)

(31.6%)

(100%)

0

61

19

80

(0.0%)

(76.3%)

(23.8%)

(100%)

20

26

194

240

(8.3%)

(10.8%)

(80.8%)

(100%)

A

B

Original count

C
Overall rate of correct classification: 74.9%. A: Main livelihood in agriculture (Sedahan Jaya, Sejahtera). B: High use of National Park area (Sempurna). C: Main income from oil palm plantation (Pangkalan Teluk, Riam Berasap, Laman Satong).

Table 7. Structure matrix and center of gravity from canonical discriminant analysis by the three socioeconomic type.
Function
Variable
Production from rice cropping

1

2

−0.49

0.53

Farm area inside National Park

0.37

0.45

Farm area outside National Park

−0.04

0.04

Forest garden inside National Park

0.42

0.55

Plantation outside National Park

−0.09

0.09

Income from NTFP (excluding rubber)

−0.01

0.05

Income from rubber

0.57

0.30

Income from oil palm plantation

0.26

−0.59

Type A

−1.10

0.49

Type B

1.93

0.91

Type C

0.23

−0.69

70.4

29.6

Center of gravity

% variance

standardized (Table 2). The PCA extracted four principle components (PCs), which accounted for 71.8% of the
total variance (Table 8). For the analysis, eight independent variables that exhibited characteristics of agents
were selected from the dataset. It can be inferred that these variables are key features showing the socioeconomic characteristics in this study area because these mostly match those used in the CDA (Table 7).
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Table 8. Results of principal component analysis for households in all six villages.
Principal Component (PC)
Variable
1

2

3

4

Production from home garden

0.501

0.106

0.130

0.034

Farm area inside National Park

−0.053

0.449

−0.077

−0.169

Forest garden inside National Park

−0.089

0.455

−0.026

−0.168

Farming area outside National Park

−0.013

0.013

−0.020

0.885

Income from rice cultivation

0.081

−0.091

−0.639

−0.139

Income from NTFP (excluding rubber)

0.505

0.121

0.063

0.002

Income from rubber

−0.125

0.400

0.084

0.258

Income from oil palm company

−0.069

−0.111

0.600

−0.192

% variance

23.0

20.3

15.6

13.0

43.3

58.9

71.8

Accumulated %

With regard to the extracted principal components (PCs), PC 1, explaining 23.0% of the variance, can be
interpreted as separating households by main cropping type such as by NTFP collection with a positive value
and commercial crops, rubber, and oil palm with negative values (Table 8). PC 2 makes it possible to identify
households dependent on forest area, mainly inside the national park, for farming and agroforestry with a positive value. PC 3 helps to highlight households that conduct on-farm and off-farm activities, and PC 4 seems to
emphasize the legality of land use as farming outside the national park has a high positive value while activities
inside the national park have relatively high negative values. These implications from each PC, especially those
of PC 1, PC 2, and PC 3, match with the main socioeconomic types in the CDA (Table 6): agricultural activity,
use of the national park, and off-farm activities.
To explore additional details about legal land use, as deduced by PC 4 (Table 8), the engagement rate of
farming activities outside the national park was examined (Figure 5). The result clearly shows that Sempurna
has a value that is remarkably lower than the others, less than 20% of households, whereas the other villages
generally exhibit a 50% - 60% proportion of households using farm land outside of the national park. In order to
examine the factor of possessing farm land outside of the national park, an ANOVA was conducted to explore
the differences between non-immigrants and immigrants since 1990. The result of the ANOVA did not exhibit
significant differences in the statistics, F (1,508) = 3.86, p = 0.44. This shows that legal land possession, farming
in an area outside the national park, is not related with customary tenure or land ownership. It can also be seen
that the proportion of Malay residents in Sedahan Jaya is not higher than that of non-Malay residents in engagement in farming outside of the national park (Figure 5), whereas a majority of the users of forest inside the
national park were Malay (Figure 2). From these results, it can be deduced that such features of land tenure or
assets have no clear linkage with ethnicity or time from immigration, but can be more strongly related with park
management and lack of farmland, as observed in Sempurna village, which can be recognized as underlying
causes of the higher rate of conducting activities inside the national park area.

3.7. Identification of REDD+ Activities through Scatters Figures
To explore appropriate REDD+ measures with priority targeting agents, scatter plot diagrams (Figure 6) were
prepared by using the extracted variables and their PC factor scores for each PC in Table 8. Each dot in the diagram shows sample households and different symbols are used for the different socioeconomic types: A) main
livelihood in agriculture, B) high use of the national park area, and C) main income from oil palm plantation,
supporting the results of the CDA (Table 6). Contrasting PC 1 (main cropping type such as NTFP with a positive value and rubber with a negative value) as the X-axis with PC 2 (use of the national park with a positive
value) as the Y-axis, the characteristics of the sample households can be separated by quadrant by main livelihoods and forest uses: quadrant 1) conducting forest gardening or home gardening inside or outside of the national park; quadrant 2) rubber tapping mainly inside the national park; quadrant 3) obtaining income by working for
an oil palm company; and quadrant 4) main livelihood from rice cropping outside of the national park area. The
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Figure 5. Percentage of households possessing farm land outside of the national park.

Figure 6. Distribution (factor scores) of households in the six villages on two principle
components (PCs) by socioeconomic type. PC 1 (main cropping type) is used as the
X-axis, and PC 2 (dependency on national park) is used as the Y-axis.

households in quadrant 2 are recognized as a main agent group of deforestation and degradation because their
activities are related with intensive use of sites inside the national park.
Examining the socioeconomic types shown by the symbols, the characteristics in each quadrant mostly match
the socioeconomic type, especially for Type A (quadrants 1 and 4) and Type C (quadrant 3). However, there
seems to be a mixture of the three socioeconomic types in quadrant 2, a main agent of deforestation in the national park, even though the majority is occupied by Type B. This implies that the agents and drivers are diverse
in a geographic location and not always identified as a set in an area. Similar trends of mixing of the socioeconomic types are seen even in scatters when using the other PCs.
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4. Discussion
4.1. Identification of Agents and Drivers by Combining Methods

In this study, identification of deforestation agents and drivers was examined by combining satellite imaginary
and socioeconomic surveying. By using satellite imagery, deforestation area could be identified at the macro
level by historical land cover changes, such as conversion of forest area to oil palm plantation in the east and
south areas of the study area (Table 1). For further detailed identification, the use of socioeconomic surveying
with statistical analyses was shown to be effective. Statistical analysis by CDA could classify the agents effectively by geographic location but not by ethnic group (Table 4 and Table 5). Further CDA showed that socioeconomic type was even more appropriate for identifying sample households as types of agents (Table 6). By
conducting both CDA and PCA, it became possible to understand that there are various agents, multi-layered
drivers, and underlying causes in even the same village or location. These results highlight the effectiveness of
combining several methods such as satellite imagery and socioeconomic surveying with statistical analysis for
appropriate identification of deforestation agents and drivers.
With regard to underlying causes, the PCA result (Table 8) and the ANOVA implied that not possessing secured farm land, especially in Sempurna, could be an underlying cause of a related deforestation driver, such as
farming and forest gardening inside the national park. The interviews revealed that such uses are related with
park management as the peoples’ traditional land use pattern was not fully considered in boundary demarcation
when the national park enacted. Similar issues such as a lack of farm land and unclear boundaries were also
pointed out in other villages. The current uses of the national park may be accelerated and expanded if appropriate measures for increasing population and insufficient farm land are not taken. The same concerns can be applied in other areas that have lost farm land and surrounding forest resources by conversion to oil palm plantation.
Drawing scatter diagrams by use of PCA results can assist clear recognition of interactions among agents,
drivers, and underlying causes. When contrasting PC 1 and PC 2, various socioeconomic types were seen in a
quadrant, such as in quadrant 2, which represents intensive use of the national park area (Figure 6). Such a distribution suggests that an identified agent and driver may not always match in a given area. Rather, various
agents associated with multiple socioeconomic activities, or drivers, can impact the land cover in an area. Under
such conditions, decomposing into agents, drivers, and underlying causes, as proposed in the VCS methodology
(VCS, 2012), can aid recognition of interactions and target levels for providing activities. The target level in this
study area should be designated for households by socioeconomic type rather than by ethnic group or geographic location as various agents and drivers exist in an area, as shown in the scatters (Figure 6).

4.2. Implications for Designing REDD+ Readiness Activities
By utilizing PCA with the scatters (Figure 6), it is possible to consider and design appropriate strategies for
REDD+ readiness. The distribution of main agents with socioeconomic type can be summarized as a conceptual
diagram (Figure 7). The main agents can be classified by quadrant: 1) households that conduct home gardening
or NTFP collection (mixture of Types A and B), 2) users of sites inside the national park mainly for rubber production, 3) main livelihood in rice cropping (Type A), and 4) receiving income from off-farm activities such as
oil palm plantation. In this case, a priority target group of measures should be the households that conduct rubber plantation in the national park area, type B in quadrant 2. Under the unstable international market price of
rubber, the motivation for expanding plantation areas into forest areas will persist without appropriate countermeasures. As means for addressing those agents, shifting those households in quadrant 2 to other quadrants, especially quadrants 1 and 4, can be targeted. Then, a final goal would be to settle within quadrant 3, those who
conduct off-farm activities without using national park area. Based on the targeting quadrant and the terms, potential activities can be classified into the following three activity types.
Activity type 1: Potential activities with short-terms goals to introduce alternative on-farm incomes such as
growing and processing marketable horticultural crops such as vegetables and NTFPs that can be grown on existing farm or residential area with minimum usage of forest area. Additionally, measures for suppressing pressure on forest areas need to be taken by establishing forest utilization rules and monitoring as a process of collaborative management and safeguards with community and other stakeholders.
Activity type 2: Potential activities that could be conducted as medium-term interventions, such as technical
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Activity type

Options of measures

Term of intervention
Short

-

Promotion of marketable horticultural crops Setting
agreed forest utilization rules
Regular forest monitoring

2

-

Technical training on paddy growing
Promotion of collaborative activities
Securing land tenure for farming

3

-

Promotion of off-farm income opportunities
Enhancement of access to education

1

Medium

Long

Figure 7. Types of potential activities for each agent identified through the PCA in the study
area.

training on paddy farming, collaborative activities for irrigation management, and cooperative marketing. By
increasing agricultural productivity through enhanced skills, mitigation of forest use can be expected. However,
the issue of insufficient farm land needs to be considered as a common issue in the study area. Thus, securing
sufficient farm land in villages is a prerequisite for achieving sustainable land and forest management in the area.
Activity type 3: Promotion of off-farm income activities as a long-term approach by considering underlying
causes such as population increase and insufficient land. Although the existing oil palm plantations provide a
means of cash income, the distribution in the scatter diagrams shows that some of residents still rely on farming
activities as the plantation owners cannot hire all households in the region. Additionally, most of the people
hired for work at the oil palm plantations also continue agricultural activities as part-time farmers. Thus, it
would be more appropriate to introduce the aforementioned Type 1 to 2 activities as well as opportunities for
off-farm income. Moreover, facilitating access to basic education can be critically important for enhancing capability for acquiring additional options and opportunities of employment and means of income (Sen, 2001).
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In addition to the potential activities mentioned above, political approaches for solving issues pertaining to
insufficient farm land need to be considered as a measures for addressing underlying causes. To achieve sustainable forest management and REDD+, such efforts toward underlying causes and potential agents through
appropriate identification of socioeconomic characteristics would also be essential in the readiness phase (Pasgaard, 2013; Salvini et al., 2014). At the same time, flexible decision-making and implementation are desirable
in the process as socioeconomic conditions are diverse and may transform in accordance with development activities and related policies (Agung et al., 2014; Minang et al., 2014). Additionally, it critical to consider features
of various agents with plural identities by developing and providing multiple measures (Sen, 1992). Thus, readiness activities such as capacity building and institutional arrangement need to be conducted by targeting various stakeholders such as community, local government, and private sector at multiple levels.

5. Conclusion
To examine how identification of deforestation agents and drivers could be useful for instituting REDD+ design
in the readiness phase, satellite imagery analysis and socioeconomic surveying were conducted in six sample
villages around the GPNP. After recognizing the deforestation situation with the remote sensing analysis, identification of deforestation agents and drivers was examined by statistical analysis using the dataset from the socioeconomic survey. The results revealed that there are various deforestation agents and drivers in the study area
and that sample households can be discriminated more clearly by socioeconomic type than by ethnic group or
geographical location. An examination of the classifying of various agents by using scatters diagrams from the
PCA result implied that the agents and drivers identified do not always match in an area. Rather, various agents
associated with multiple socioeconomic activities and drivers can impact the forest and land cover in an area. To
implement REDD+ activities with sustainable forest management under such conditions, decomposing into
agents and drivers as suggested in the VCS methodology will be important for their appropriate identification.
Based on such identification and consideration of the socioeconomic situation, REDD+ readiness activities with
appropriate level of application that consider various socioeconomic types and underlying causes can be conducted, as discussed in the case of the study area. When applying for REDD+ at the national or sub-national
scale, a number of deforestation agents and drivers will be identified to address the broader area. To select appropriate targets and activities by establishing priorities, the methods for integrating various variables as the
primary components in a PCA examined in this study can be utilized. Even though the possibility of a general
approach for proposing REDD+ readiness activities was established from this case study in the GPNP, further
examination including other forest areas will be needed for application in a more extensive area.
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