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Abstract

Deforestation and forest degradation are complex and dynamic processes that vary from

place to place. They are driven by multiple causes. Local communities are, to some extent,

driving and also affected by some of these processes. Can their knowledge aid and add to

place-specific assessment and monitoring of Deforestation and forest Degradation (DD)

drivers? Our research was conducted in seven villages across three provinces of Indonesia

(Papua, West Kalimantan and Central Java). Household surveys and focus group discus-

sions were used to investigate how local community knowledge of DD drivers contributes to

place-specific assessment and monitoring of DD drivers. We analyzed the link between

drivers and local livelihoods to see how attempts to address deforestation and forest degra-

dation might affect local communities and how this link might influence their participation in

climate change mitigation measures such as Reducing Emissions from Deforestation and

Forest Degradation (REDD+) and Measuring, Reporting and Verifying (MRV) activities. We

found that local knowledge is fundamental to capturing the variety of drivers particularly in

countries like Indonesia where forest and socio-economic conditions are diverse. Better

understanding of drivers and their importance for local livelihoods will not only contribute to

a more locally appropriate design of REDD+ and monitoring systems but will also foster

local participation.

Introduction

There is increasing interest in the potential of local participation in the Reducing Emissions
from Deforestation and forest Degradation, sustainable management of forests, conservation
and enhancing carbon stock (REDD+) scheme [1–5]. Nonetheless, many studies have focused
mainly on local participation in measuring and monitoring (M) of carbon stock [6–11]. While
most agree that participatoryMeasurement, Reporting and Verification (MRV) is possible and
can offer many benefits, e.g. lower costs but with equally reliable results compared to those

PLOS ONE | DOI:10.1371/journal.pone.0145330 November 2, 2016 1 / 17

a11111

OPENACCESS

Citation: Bong IW, Felker ME, Maryudi A (2016)

How Are Local People Driving and Affected by

Forest Cover Change? Opportunities for Local

Participation in REDD+ Measurement, Reporting

and Verification. PLoS ONE 11(11): e0145330.

doi:10.1371/journal.pone.0145330

Editor: Martin Herold, Wageningen University,

INDONESIA

Received: June 3, 2015

Accepted: December 2, 2015

Published: November 2, 2016

Copyright: © 2016 Bong et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All data used in the

paper are available from the CIFOR data repository

that can be accessed through the following URL

link: http://data.cifor.org/dvn/.

Funding: Our research is funded by: 1. The U.S.

Agency for International Development (USAID),

grant number MTO069018, http://www.usaid.gov/;

2. The Norwegian Agency for Development

Cooperation (NORAD), grant number GLO-3945,

QZA 12/0882, http://www.norad.no/. The funders

had no role in study design, data collection and

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0145330&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://data.cifor.org/dvn/
http://www.usaid.gov/
http://www.norad.no/


produced by external experts [1, 4, 12–15], few studies have investigated local participation
beyondmeasuring and monitoring carbon.

Interventions that can effectively address Deforestation and forest Degradation (DD) need
to be designed based on comprehensive data and analysis on forest cover changes and what
drives these changes [5, 16]. Meanwhile, forest cover changes are occurring at the local level,
thus the factors that directly drive these changes and the underlying social, economic and/or
political forces working behind these drivers, to some extent, are known locally. This informa-
tion on local level land use activities is essential for place-specific assessment and analysis, and
strategy development to address and monitor forest cover changes.

Studies on the drivers of DD are often based on global, regional or national-scale analyses of
remote sensing data, documents and scientific literature [16–20]. There are some place-specific
analyses identifying drivers at a smaller scale using remote sensing [21–24]. However, remote
sensing data are limited because the image interpretations are highly dependent on the techni-
cal skills and knowledge of those analyzing the maps as well as other technical problems such
as persistent cloud cover and costly high resolution images [25, 26]. Most importantly, in this
type of study, the identified drivers might not fully capture the variety of local drivers, particu-
larly those that are related to forest degradation such as selective logging and artisanal mining
[27, 28]. Locally collected information can fill these gaps, providing better data on varieties of
drivers and explaining the dynamic processes that led to forest cover changes.

In terms of prioritizing drivers, most studies assess the importance of drivers based on the
scale of forest cover change; the bigger the deforested area caused by a certain driver, the higher
the priority to monitor and address the driver. However, at the local level, each driver varies in
its relevance to local livelihoods. Analyzing the link between drivers and local livelihoods is
essential to understand the possible impacts of the activities, aiming to reduce DD, on local
livelihoods and if local communities are to be involved in REDD+ activities and monitoring.

Indonesia, as part of its REDD+ readiness phase, is currently developing strategies to
address drivers of DD and design an MRV system that also includes monitoring drivers of
deforestation and forest degradation [16, 29]. Indonesia is regarded as one of the REDD+ par-
ticipant countries with good quantitative data on drivers available at the national-scale [16].
Yet, the REDD+ interventions the Indonesia Government have proposed are considered to
have no explicit linkage to DD drivers [30]. This link is important if interventions are to be suc-
cessful in reducing DD. Meanwhile, at the project level the MRV capacity and readiness is low
in terms of, among others, understanding drivers, interventions planned for the proximate and
underlying drivers, and long-termmonitoring plans to evaluate the interventions [31].

Given the potential of local participation in assessing and monitoring drivers of DD in the
REDD+MRV context, we assessed local perceptions of drivers of DD and investigated the
relationship between drivers and local livelihoods.We highlight how attempts to address DD
might affect local livelihoods and thus influence community participation in REDD+ activities
in general and MRV specifically. Finally, we discuss how incorporating locally collected infor-
mation to better capture the variety of drivers will benefit REDD+.While we acknowledge that
local people also contribute to forest recovery or regrowth, this paper focuses only on the driv-
ers of deforestation and forest degradation at the local level.

Materials and Methods

Study Areas

We conducted our study in seven villages in three provinces of Indonesia: Yoke and Bagusa in
Mamberamo Raya District, Papua; Hulu Pengkadan, Nanga Jemah and Sri Wangi in Kapuas
Hulu District,West Kalimantan; and Lebak and Karanganyar inWonosobo District, Central
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Java (Fig 1). In selecting the study sites, a set of criteria was used to represent various forest,
social and economic conditions in Indonesia [32].

Mamberamo Raya, Papua. Yoke and Bagusa have a high percentage of natural forest
cover, low population density and poor accessibility. The area has been of interest to many
investors for its natural resources as shown by the past oil exploration activities, ongoing log-
ging concessions and possibly natural gas and coal exploration in the future. Even though there
is no formalized community forestry scheme present in the area, the villages have managed the
forest, possibly for centuries, following their customary rules.

Kapuas Hulu, West Kalimantan. Hulu Pengkadan, Nanga Jemah and Sri Wangi have a
medium percentage of natural forest cover, population density and accessibility. There were
expansive logging activities in the past that have now been inactive for more than ten years,
but the private concessionaire still holds an active logging license. Various companies have
attempted to open oil palm plantations and map areas in the villages for mining exploration.
Traditionally, forest areas have beenmanaged by the villages and supported by customary
institutions. Formalized community forestry schemes have recently been introduced with the
designation of the Village Forest (Hutan Desa) areas in Nanga Jemah and Sri Wangi in 2014.

Wonosobo, Central Java. Lebak and Karanganyar are at the other extreme end of our
study sites; the villages are densely populated, have high accessibility, but have almost no natu-
ral forest except for very small patches in the forest plantation areas, which have been desig-
nated for preservation. The forest plantation is managed by the state-owned forest company
(Perum Perhutani) and consists of pine and other timber trees. Despite its low percentage of
natural forest cover, the villages have a long history of community forestry as part of both the
Perhutani’s community partnership program and agroforestry practices initiated by the com-
munity itself.

Methods and Analysis

This study was part of a larger study that used a multidisciplinary approach (social, gover-
nance, remote sensing and geographical information systems) to look at the feasibility of Par-
ticipatoryMeasurement, Reporting and Verification (PMRV) in Indonesia [32]. In this study,

Fig 1. Map of the study sites. The map was developed by the Center for International Forestry Research

under the Participatory Measurement, Reporting and Verification (CIFOR-PMRV) Research Project using

administrative boundary data obtained from the Indonesian National Statistics Agency (Badan Pusat

Statistik Indonesia) 2010.

doi:10.1371/journal.pone.0145330.g001
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our aim was to better understand the DD drivers from the local communities’ perspective and
what opportunities it provides for REDD+ PMRV.

The primary data were collected during two field visits in each village (7 villages in total)
from July 2013 to January 2014 through Household Surveys (HHs) and Focus Group Discus-
sions (FGDs).

Household livelihoods. Data on household livelihoodswere derived from household sur-
veys. We used the following formula to calculate the sample size for the household surveys in
each village:

n ¼
Npð1 � pÞx2

ðN � 1Þ
c2

z2
þ pð1 � pÞ

n = minimum sample size
N = population size (number of households in a village)
z = normal score, determined by a confidence level of 95% = 1.96
c = margin of error (upper and lower bounds), determined by the level of accuracywe

would like to have (0.1)
p = a rough estimate of the household proportion who were our main interest in the survey

(0.7 and 0.8 for Bagusa and Yoke respectively and 0.5 for the other 5 villages.We used larger
proportion values for Bagusa and Yoke because we considered the villages in Papua to be more
homogenous in terms of people behavior and environmental conditions)

Since the villages consist of two or three hamlets the households were stratified by hamlets.
The sampling stratification ensures proper representativeness of households from each hamlet.
The households were then selected randomly using the lotterymethod of sampling [33]. We
interviewed the first adult we met in each household. If no one was available at the time of our
visit, we revisited the household. If we still found no eligible respondent or the household
refused to participate, we randomly selected another household as a replacement. In total we
conducted 418 household surveys (Papua: 34 HHs in Bagusa and 28 HHs in Yoke; West Kali-
mantan: 64 HHs in Hulu Pengkadan, 65 HHs in Nanga Jemah, and 56 HHs in Sriwangi; and
Central Java: 78 HHs in Lebak and 84 HHs in Karanganyar). We usedMicrosoft Excel software
[34] to code and run descriptive statistical analysis for the livelihoods data.

We defined a household livelihood as the income, both cash and subsistence, earned by a
household through different means. For analysis, we classified the collected livelihood data
into thirteen categories based on their relations to the forest from the most forest based liveli-
hoods to non-forest related [35, 36]: 1) hunting and gathering, 2) shifting cultivation, 3) fish-
ing, 4) harvesting timber from natural forest, 5) harvesting timber from forest plantations and
agroforests, 6) harvesting non-timber forest products (NTFPs), 7) farming, 8) animal hus-
bandry and fish farming, 9) artisanal gold mining, trade and small enterprise working with
forest products, 10) working as labor in forest related activities, 11) working outside forest/agri-
culture/agroforestry sector, e.g. teachers, civil servants, and traders, 12) in-kind or cash aid,
and 13) remittance.

In this study, ‘Agroforest’ (agroforestri, kebun or talun) is a term used in Java to describe a
privately owned area planted with mixed timber and fruit trees as well as agricultural crops.
‘Garden’ (kebun) inWest Kalimantan is a privately (individual, family or group) owned area
with mixed planted and naturally growing fruit and timber trees, but commonly dominated by
one species such as rubber, BorneoTallow Nut (tengkawang) or durian. Grove (dusun) is a
term used in Papua for a privately (family or clan groups) owned area that consists of planted
and mixed fruit and timber trees and naturally occurring and/or planted sago trees. Non-
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Timber Forest Products (NTFPs) are broadly defined as all products, excluding timber, col-
lected for both subsistence and cash income purposes that are derived from natural forests as
well as agroforest, garden and grove.

Localperceptions of drivers of deforestation and forest degradation. We used FGD to
assess the changes in village forests and factors that drive these changes. An FGDwas con-
ducted in each village (7 in total) with a mix of 5–15 women and men participating in each
FGD. The participants were suggested by the villagers during a community meeting based on
their knowledge of the forest condition and changes in the village. A research team of at least 3
people facilitated each FGD; a facilitator led the discussionwith the help of a co-facilitator and
another teammember observed and documented the process.

We used ‘forest’ as commonly defined by the local communities. In Central Java, villagers
use ‘forest’ when talking about Perhutani’s forest plantation(s), predominately covered in pine
trees mixed with timber trees such as teak, mahogany, and albizia. In West Kalimantan and
Papua, ‘forest’ means an area covered in a mix of natural growth (primary forest) or re-growth
trees (secondary forest).

Drivers of DD were assessed using the ‘problem tree’ method in which participants were
asked to identify and discuss causes of DD in their village. The causes were written down and
visualized in the form of a tree-like diagram to represent cause-effect relationships that led to
forest decline in their area. The facilitator then distributed five stickers to each participant;
each sticker represented one point. Each participant was asked to select and score drivers that
she/he thought had significant impact on forest decline by placing one or more stickers (up to
five stickers) on each selected driver. The bigger its perceived contribution to forest decline, the
more stickers a driver got. We used the terms ‘cause’ for ‘driver’ and ‘forest decline’ for ‘defor-
estation and forest degradation’ interchangeably.

We usedan R-based Qualitative Data Analysis (RQDA) software [37] to code and analyze
the drivers and descriptive explanation given during the FGDs. The participants identified
direct causes of forest decline and indirect factors behind the direct causes. In the analysis, we
re-defined these two categories, i.e. direct causes of proximate drivers and the indirect causes of
underlying factors. The content in these two categories and links between them are the same as
those generated in the FGDs [19]. Proximate drivers are human activities conducted at the vil-
lage level and have direct impact on forest cover. Underlying factors are social, economic, and/
or political forces behind proximate drivers working either at the local level or as a result of
multi-scale processes. Natural disasters (e.g. erosion, storm), natural processes (e.g. tree com-
petition) and tree diseases were mentioned in some villages as causes of forest decline, but for
analysis we only focused on those that were anthropogenic. Next, in the analysis, we ranked the
proximate drivers from the highest to the lowest in terms of impact on forest decline based on
the sum of the scores given to proximate drivers and their related underlying factors. When
one underlying cause was mentioned for two or more proximate causes, the score was divided
proportionally among the proximate drivers. Some proximate drivers are un-ranked because
during the scoring activity, none of the participants gave these drivers a score (the participants
did not consider these as having a significant impact on forest decline in comparison to other
drivers).

Relative importance of drivers of deforestation and forest degradation for local liveli-
hoods. To assess the relative importance of drivers for the local livelihoods, we followed three
steps. First, we clustered proximate drivers and underlying factors together based on the
respective livelihood activity they were related to. In the FGDs, the participants were asked to
identify and explain the drivers. Information on livelihood activities that were related to drivers
was collected during this exercise. Second, we estimated the percentages of households that
depended on each of these livelihoods (drivers) and its mean rank in the household livelihoods
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in each village. Data on the percentages of households and rank were derived from the house-
hold surveyswhere respondents were asked to list and rank all sources of income (livelihood)
in his/her household from the highest to the lowest based on its contribution to the whole
household income. Finally, we mapped the position of each livelihood (driver) in a village
within four quadrants of relative importance: 1) high importance, 2) medium importance-1, 3)
medium importance-2, and 4) low importance. The quadrants are defined by two dimensions:
one reflects the proportion of households dependent on a particular livelihood that is also iden-
tified as a driver in a village, and the other indicates the mean rank of that livelihood in the
households’ livelihoodswithin a village. The first dimension is plotted along the horizontal axis
as a percentage of households whose livelihoods are also drivers of DD, and the second dimen-
sion is plotted along the vertical axis as the mean rank of the drivers’ contribution to the house-
holds’ livelihoods in a village.We utilizedMicrosoft Excel software [34] to build and present
the importance quadrant map.

Ethics Statement

Prior to our research we obtained a written research permit from the Directorate General of
National Unity and Politics (Kesatuan Bangsa dan Politik, Kesbangpol) of the Indonesia Minis-
try of Home Affairs. We reported to the provincial, district, and sub-district government and
police offices where the studies were conducted. The village level governments then granted
our team verbal permission to conduct our research. At the beginning of each fieldwork visit
we held a village level community meeting to introduce the research team, explain the study
objectives and activities as well as to ask the community for permission to conduct the research
activities. In some villages where hamlets are some distance from each other, community meet-
ings were held in each hamlet. During household surveys, we re-explained to the participants
about the study, its objectives, household selection, survey processes, voice recordings, confi-
dentiality, and how the data would be used.We then obtained verbal informed consent from
respondents before we continued with the household surveys.We audio recorded the inter-
views except for respondents who requested not to be recorded. In our analysis, all data was
rendered anonymous to protect the respondents’ confidentiality.

Results

Local livelihoods

In the villages, there were multiple sources of livelihoods ranging from highly forest dependent
(e.g. hunting and gathering forest products) to non-forest related (e.g. teachers and remittance
from relatives) (Fig 2).

Forest dependent livelihoods. Forest plays an important role in the household income
for subsistence and cash across all the study villages. Fig 2 shows the diversity of forest-related
livelihood activities and percentages of households relying on these livelihoods across seven
villages.

Fishing and collectingNon-Timber Forest Products (NTFPs) were the dominant forest-
based livelihoods in both villages in Papua. Approximately 50% of households in Yoke and
82% in Bagusa earned their living from fishing.More than half of the sampled households in
both villages, 57% in Yoke and 65% in Bagusa, collectedNTFPs such as sago, areca palm and
vegetables from the forests. On the other hand, relatively fewer households were involved in
hunting and gathering (25% in Yoke and 12% in Bagusa) and selling forest products such as
areca palm nut, papeda (a sago based porridge), and salted dried fish (36% in Yoke and 29% in
Bagusa).

Local People and Drivers of Forest Change for Participatory MRV
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In all three villages inWest Kalimantan, the major forest related livelihoodswere harvesting
timber and NTFPs, shifting cultivation and artisanal gold mining. Harvesting timber was only
dominant in Nanga Jemah (60% of households), which has the largest forest area compared to
the other two villages. Between 81–99% of households (in all three villages) collectedNTFPs
for their livelihoods. The main NTFPs were rubber followed, to a lesser extent, by seasonal
tengkawang nuts and durian. Shifting cultivation was another livelihood activity conducted
mainly for subsistence; this activity was carried out by 36–58% of households in all three vil-
lages. The percentages of households involved in artisanal gold mining varied across villages
with 39% in Hulu Pengkadan, 43% in Nanga Jemah and 75% in Sri Wangi. The other forest
dependent livelihoods carried out by fewer households were hunting and gathering, fishing,
farming, animal husbandry, fish farming and working as wage labor in forest related activities.

In both villages in Central Java, the main forest related livelihoodswere more diverse
including harvesting timber from their own agroforests and Perhutani’s plantation forests
(subject to Perhutani regulations), harvestingNTFPs, farming, animal husbandry, fish farming,
trading, small enterprises working with forest products and labor in forest related activities.
Between 41–52% of households in Lebak and Karanganyar harvested timber from Perhutani
plantation forests and privately owned agroforests. Around half of the households in both vil-
lages (51% and 57%) collectedNTFPs such as pine resin from Perhutani's forest (part of a
profit sharing scheme between Perhutani and the local community), rudraksha jenitri seeds
and duku (Lansium parasiticum) for their livelihoods. Farming was dominant in Lebak (78%
of households) compared to Karanganyar (44% of households).While between 41–42% of
households derived their livelihoods from animal husbandry and fish farming in both villages,
relatively fewer households were involved in trading palm sugar and timber (24% in Lebak and

Fig 2. Proportion of households by livelihood categories in each village (n = 418 HHs). Livelihood categories: A1: Hunting and gathering, A2:

shifting cultivation, A3: fishing, B1: harvesting timber from natural forest, B2: harvesting timber from plantation forest and agroforest, B3: harvesting

NTFPs, B4: farming, B5: animal husbandry, fish farming, C1: artisanal gold mining, trade and small enterprise working with forest products, C2: labor in

forest related activities, D: working outside forest/agricultural/agroforestry sectors, e.g. teacher, civil servant, trader, etc., E: in-kind or cash assistance,

F: remittance.

doi:10.1371/journal.pone.0145330.g002
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10% in Karanganyar) and as labor for cutting trees, carrying logs and working on farms (21%
in Lebak and 28% in Karanganyar).

Non-forest related livelihoods. Households also relied on other livelihoods not related to
the forest. These livelihoods included working outside the forest or agricultural sectors (e.g. as
teachers, civil servants, traders), in-kind or cash assistance (from the government, NGOs,
neighbors or relatives) and remittance (from relatives mostly working in the cities) (Fig 2).
Across all the villages, noticeable proportions of households worked outside forestry and agri-
culture. Approximately 44–56% of households in Papua and Central Java and 29–31% inWest
Kalimantan worked as construction laborers, teachers, civil servants, traders or drivers. In
terms of in-kind or cash assistance, between 74–79% of households in both villages in Central
Java, 52–82% in both villages in Papua and 4–19% in all three villages in West Kalimantan
received support from the government and, to a lesser extent, from relatives.

Migrant workers often sendmoney to their family members in the villages.More house-
holds in Central Java (22% in Lebak and 13% in Karanganyar) receivedmoney transfers (remit-
tance) from family members than those inWest Kalimantan (2% in Nanga Jemah, 4% in Sri
Wangi and none in Hulu Pengkadan).

Local perceptions of drivers of deforestation and forest degradation

Village participants identified proximate drivers and to some extent the underlying factors
behind the proximate drivers of deforestation and forest degradation in their villages (Fig 3).

Drivers in Papua. Oil exploration and logging by concessionaries ranked first as a
major cause of forest decline in Yoke and Bagusa respectively (Fig 3). In the past (1980’s)
Shell Indonesia Mamberamo oil company cut down trees to make way for roads, camp and
oil exploration. Even though the forest has since regrown, the participants mentioned that
the forest has not returned to its former condition. Recently, the participants have observed
private investors’ increasing interest in exploring the area for natural gas and coal. Mambe-
ramo Alas Mandiri (MAM) logging concessionaire has been cutting trees from the natural
forest around the villages since 2000. The logging activities were perceived as a major cause
of forest decline in the area, particularly in Bagusa. The concessionaire holds a license to
log an area of over 670,000 hectares in Papua, the largest single logging concession in Indone-
sia [38].

Settlement expansion was ranked as the second cause of forest decline in both villages (Fig
3). In Bagusa road development and clearing forest for sago groves were other causes men-
tioned. These drivers were related to population growth, an underlying factor mentioned in
both villages. Another underlying factor is river transportation, which was mentioned only in
Bagusa, because it provides better access for people to come and go from the village, which is
located in the Mamberamo River watershed.

Drivers in West Kalimantan. Clearing forest for shifting cultivation and rubber gardens
ranked as the top DD drivers in all three villages inWest Kalimantan (Fig 3). Shifting cultiva-
tion and rubber gardens are practicedwithin a rotation of agricultural land use; people open
forest or fallow and burn the land for dried rice cultivation. Subsequently, after about 3 years of
cultivation, the soil loses its fertility and is either planted with rubber or left fallow for at least 4
years before it can be used again or for a longer period until it re-grows into forest. Once the
rubber is no longer productive (approximately 30 years) the trees are cut down and the land is
burnt for another rotation.

Illegal logging and logging concessions were considered the second and third causes of for-
est decline in Nanga Jemah and Sri Wangi. The villages perceived the logging concession as
one of the drivers due to the vast forest area impacted by the logging and, despite there being
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no longer active logging (logging operated during 1980’s) in the forest around Sri Wangi and
Nanga Jemah, the concessionaire still holds a valid logging license.

Hulu Pengkadan mentioned illegal logging as one of the proximate drivers, but considered
it an insignificant cause of forest decline.Most of the available trees are difficult to access, and

Fig 3. List of proximate drivers and underlying factors of forest decline in each village as described by focus

group discussion participants (n = 7 FGDs). The diagrams from the FGD in each village have been amalgamated in

this figure. The lists were rearranged in order of rank based on scores given by the FGD participants (the first rank is the

driver with the highest score, and so on). The links between the underlying factors and the proximate drivers, as

indicated by the arrows, were derived during the FGDs. Some proximate drivers are un-ranked because the participants

gave no score to drivers they did not consider to have a significant impact on forest decline in comparison with the other

drivers.

doi:10.1371/journal.pone.0145330.g003
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the village regulations only allow villagers to cut down trees for personal use and prohibit out-
siders from harvesting trees in the village. Interestingly, Hulu Pengkadan, which has the longest
history of mixed rubber agroforestry practices compared to the other two villages, counted the
thinning of rubber agroforests as the second cause of forest decline.

Timber harvesting was mentioned as one of the drivers of forest decline in all three villages,
yet it was considered insignificant in terms of impact on forest cover because villagers only har-
vest a limited number of trees for housing and bridge materials. Gold mining was described in
Nanga Jemah as a minor cause because it was artisanal and only involved clearing a small area
along the river where the mining was taking place.

The underlying factors effectingDD varied across all study villages; population growth was
identified as an underlying cause in Hulu Pengkadan whereas the local economy (households’
need for cash income), policy (concession license issuance) and land claim practices (the land
is owned by those who first cleared the forest) were underlying factors in Nanga Jemah. In Sri
Wangi, the underlying causes were policy and institutional factors (concession license issuance
and lack of regulations), social (community afraid of the government, lack of understanding of
community rights, competition among farmers), economic factors (lack of alternative liveli-
hoods), and absence of new agricultural technologies (irrigated paddy fields and limited land
productivity).

Drivers in Central Java. Both villages in Central Java mentioned illegal logging as the
main driver of forest decline (Fig 3). Illegal logging refers to the massive logging event during
the economic crisis and the change in the Indonesian government from a centralistic to decen-
tralized system in 1998–2003. Since then, the local communities have beenmore involved in
taking care of the Perhutani forest plantations in return for land use rights for intercropping
and profit sharing.

Interestingly, the participants identified the forest plantation management practices of clear
cutting and thinning trees as the drivers of forest decline and ranked them as the second and
third most important drivers, respectively. Forest fire was also mentioned and placed as the
least important driver. Their last major fire occurredwell before the 1980’s and both natural
events and human activities were mentioned as possible causes of the fire.

The underlying causes included policy and institutional factors (i.e. lack of regulations,
enforcement, control and monitoring, corrupt officers, and lack of local engagement in forest
plantation management) and economy factors (households’ need for cash income). In Lebak,
participants mentioned local social jealousy of outsiders who illegally logged trees in the Perhu-
tani forest area around their village as an underlying factor driving the local people to partici-
pate in illegal logging.

Relative importance of drivers of deforestation and forest degradation

for local livelihoods

Some drivers of DD were related to livelihoods and played important roles in supporting the
local households. The relative importance of these livelihoods can be seen from how many
households in a village rely on each livelihood and its contribution to all of the households’
livelihoods (main or secondary livelihoods).

Links between drivers and local livelihoods. There were four types of local livelihood
activities related to drivers of DD, identified in the villages, i.e. establishment of rubber garden
or sago grove, shifting cultivation, timber extraction and mining (Table 1). These four activities
are related to drivers of DD in that the activities often include the clearing of a forested area or
cutting of trees from either natural forests or forest plantations.

Local People and Drivers of Forest Change for Participatory MRV

PLOS ONE | DOI:10.1371/journal.pone.0145330 November 2, 2016 10 / 17



Relative importance of drivers for household and village livelihoods. Relative impor-
tance of DD drivers for household and village livelihoods is defined by: 1) the proportion
of households in a village, the livelihoods of which are also drivers of DD; and 2) the mean
rank of a livelihood (driver) in the households’ livelihoods in a village. Fig 4 presents the
relative importance of each livelihood (driver) for household and village livelihoods in four
quadrants.

The area in the top right (red shaded quadrant 1) shows drivers with the highest relative
importance for household and village livelihoods. Drivers are the livelihood activities for
the majority of households in the villages and the households’ main source of livelihoods.
These drivers include the establishment of rubber garden (D1) in Hulu Pengkadan, Sri
Wangi, and Nanga Jemah, timber extraction (D3) in Nanga Jemah, and gold mining (D4) in
Sri Wangi.

The area in the top left and bottom right (yellow shaded quadrants 2 and 3) describe driv-
ers with medium relative importance for household and village livelihoods. Drivers in the
bottom right are carried out by more than half of the households in the village, but serve as
second or third sources of household livelihoods, while drivers in the top left are primary
sources of livelihoods carried out by less than half the households in the village. Drivers that
are included in these areas are sago grove (D1) in Yoke and Bagusa, shifting cultivation (D2)
in Hulu Pengkadan, timber extraction (D3) in Lebak and Karanganyar and gold mining (D4)
in Hulu Pengkadan.

Moreover, the area in the bottom left (green shaded quadrant 4) consists of drivers with rel-
atively lower importance for the household and village livelihoods.Drivers are associated with
the livelihoods of less than half the households in the village and are the second or third sources
of household livelihoods. This area consists of shifting cultivation (D2) in Sri Wangi and
Nanga Jemah, timber extraction (D3) in Hulu Pengkadan and Sri Wangi, and gold mining
(D4) in Nanga Jemah.

Table 1. List of livelihoods that are also drivers of deforestation and forest degradation.

Related local livelihoods Driver clusters

Establishment of rubber garden

or sago grove

Proximate: rubber garden or sago grove, thinning rubber garden.

Underlying: population growth, economic factors, land ownership

claim.

Shifting cultivation Proximate: shifting cultivation/garden.

Underlying: population growth, economic factors, land ownership

claim, lack of new agricultural technology, lack of alternative livelihoods,

no regulation, competition to increase yields, limited dried rice

productivity.

Timber extraction Proximate: logging concession, illegal logging, settlement expansion,

road development, plantation clear cutting, and practice of thinning

plantation trees.

Underlying: population growth, river transportation, economic factors,

no regulation, logging permit, community afraid of government,

community do not know their land rights, lack of alternative livelihoods,

no regulation, plantation program, social jealousy, lack of local

engagement, corrupt officials, lack of control and monitoring, Perhutani

monopoly.

Mining Proximate: artisanal gold mining, oil exploration.

Underlying: economic factors, no regulation.

doi:10.1371/journal.pone.0145330.t001
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Discussion: Opportunities for Local Participation in REDD+ and

MRV

Local perceptions for better understanding of drivers

Most studies on drivers of DD occur at global, regional or national levels. While they provide
an interesting overviewof drivers, the level of these studies is broad and not comprehensive
enough to use as a basis for policy intervention. For instance, Kissinger et al. [19] highlight
commercial drivers, agriculture and wood extraction, as the main DD drivers in Southeast Asia
together with cross-scale underlying factors of international markets and prices, national poli-
cies, domestic markets, governance, population growth, and local poverty and subsistence.
Hosonuma et al. [16] limited their assessment to proximate drivers, and presents major drivers
of deforestation (i.e. commercial and subsistence agriculture, mining, infrastructure, and urban
expansion) and degradation (i.e. logging, uncontrolled fires, fuel wood collection, charcoal

Fig 4. Relative importance of drivers of deforestation and forest degradation for household and village livelihoods. Villages: Yk: Yoke, Bg:

Bagusa, HP: Hulu Pengkadan, SW: Sri Wangi, NJ: Nanga Jemah, Lb: Lebak, Ka: Karanganyar. Drivers: D1: Rubber or sago garden, D2: Shifting

cultivation, D3: Timber extraction, D4: Mining.

doi:10.1371/journal.pone.0145330.g004
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production, and livestock grazing) in developing countries, including Indonesia. Another anal-
ysis that utilized local case studies to build a picture of DD at the regional level, found agricul-
ture expansion, infrastructure extension and wood extraction to be the key proximate causes
of deforestation, driven by a set of economic, political, and institutional factors [17]. At the
national level, Indrarto et al [20] identify country specific drivers in Indonesia that include oil
palm plantations, mining, illegal logging, forest fires and swidden agriculture (proximate driv-
ers) and resource-based economic development, timbermarket, population growth, tenure,
local politics, poor governance and forest management (underlying factors).

Studies of drivers at the sub-national level are few. Curran et al. [21] specifically gathered
information on drivers at the village level and contrasts them with a literature review of drivers
elsewhere. This provides place-specific proximate drivers (i.e. illegal logging, issuance of small
parcel leases within protected areas, and conversion to oil palm) that link to specific underlying
drivers (i.e. international markets, oil palm plantation expansion, government policies, and
international finance institutes). However, this analysis is currently limited to drivers within
protected areas in Kalimantan.

This study reveals that local processes behind forest cover changes are dynamic and varied
from place to place. They are driven by various cross-scale proximate drivers and underlying
factors (Fig 4). The main drivers in Papua came from outside of the villages (i.e. mining explo-
ration and logging concessions). In Java, illegal logging, conducted by both villagers and outsid-
ers in Perhutani forest plantations, was considered the main driver. In West Kalimantan, DD
were related to agricultural activities (i.e. shifting cultivation and smallholder rubber planta-
tions). Population growth was perceived as the underlying factor in both villages in Papua,
while inWest Kalimantan and Java the underlying causes were a mix of population growth,
policies and institutional factors, technological interventions in forestry and agricultural sec-
tors, and economic factors.

Drivers in this study were identified based on local perceptions of the drivers of DD pro-
cesses taking place in their village areas over a 30 year time period.Many of these drivers are
still happening today such as illegal logging, shifting cultivation, rubber plantations, and timber
extraction. Some are past events such as the vast illegal logging in Central Java, oil exploration
in Papua, and logging concessions inWest Kalimantan. Even though these were drivers in the
past, to some extent, the local people (at the time of our study) were still affected by the loss of
the forest; and they perceived possible risks from similar types of drivers in the future. In the
villages inWest Kalimantan, the concessionaire still holds the legal right to log the forest; in
Papua, the community observed the increasing interest of investors to explore the area for coal
and natural gas; in Central Java, the communities felt uncertain about the continuity of the
partnership between the communities and state-owned forest plantation that has so far pre-
vented outsiders from illegally logging the forest.

The place-specific nature of drivers implies that measures to address DD should be devel-
oped case by case and based on a detailed understanding of drivers in each respective location.
The local communities can provide in-depth insights into drivers and the dynamic DD pro-
cesses at the local level such as:

1. The different ways livelihood activities act as drivers (actors, proximate drivers and underly-
ing factors, historical and current DD): this could be used to see who will be affected and
how, who to target, scale of drivers, and possible future risks of DD.

2. The importance of these drivers for local livelihoods (prevalence and level of importance of
a driver): this could be used to assess the risks associated with addressing drivers, opportu-
nity costs, possible benefits and co-benefits, and safeguards.
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Considering local livelihoods in efforts to reduce deforestation and forest

degradation

Local communities, to varying degrees, rely on forest for their livelihoods (Fig 2). Some of their
livelihood activities involve modification and conversion of land and forest, many of which are
considered drivers of deforestation and forest degradation. The local drivers’ contribution to
national deforestation and forest degradation is considered low in Indonesia compared to
other countries (local drivers contributed less than 33% to national DD) [5], yet it is continuous
and widespread across forest areas.

In the context of locally driven DD, addressing the drivers and actors behind themmight be
the most important and easiest measure to take for REDD+ [39]. This approach requires local
participation to change their forest and land uses that cause DD. However, local people utilize
the forest mainly to fulfill their livelihood needs, thus solely prioritizing drivers based on the
scale of forest cover change and carbon emissions is not enough. REDD+must take into con-
sideration the relative importance of drivers for local livelihoods. For instance, addressing rub-
ber plantations inWest Kalimantan might be seen as a priority due to the high impact the
plantation has on land cover change. However, it might not be the most efficient and effective
approach in terms of risks and opportunity costs. Communities are unlikely to participate in
activities that prevent them from carrying out their livelihood activities. Thus, interventions
should include incentive(s) to compensate affected communities for a lost livelihood [4, 40,
41]. In addition, participation in MRV activities can also serve as alternative job opportunities
for those whose livelihoods are affected by the interventions [1, 42]. Both compensation and
provision of jobs should be undertakenwith an understanding of the role of the livelihood in
each village.

We found that livelihoods acted as drivers differently in each place (Fig 4). Two measures
of this difference are the percentage of the population involved in a livelihood activity and the
ranking of the income that comes from that activity (primary, secondary, or third source). For
example, timber extraction (Java) and sago cultivation (Papua) are carried out by more than
half of the villagers, but they serve as secondary or third sources of livelihoods. In West Kali-
mantan villages, the drivers are the livelihoods of more than half of the village and act as a
primary source of income (i.e. rubber gardens in all the villages, timber extraction in Nanga
Jemah, and artisanal gold mining in Sri Wangi). The place-specific nature of drivers and their
links to local livelihoods implies that no one measure fits all for addressing and monitoring
drivers of DD. In the context of participatoryMRV, it shows one type of information local
communities can provide. This information is required to prioritize areas for interventions
and monitoring of both drivers and livelihood impacts of interventions, as well as for adaptive
management of an intervention. Detailed information on drivers and their links to local liveli-
hoods is also useful to shape the incentive structure, and ensure clear, fair and effective distri-
bution of incentives. Incentives for participation in MRV can be fashioned in accordance with
how and whose local livelihoods are affected by REDD+measures. The more important an
affected livelihood is for the local communities the more incentive(s) should be built into
the activities. As alternative jobs, participatoryMRV activities should target the households
whose livelihoods are most affected. Compensating communities for the monitoring work
[12], ensuring a clear incentive structure [43], and equitable distribution of incentives [44] are
key factors for higher and more sustainable local participation in MRV. When livelihoods are
considered in the participatoryMRV activities, local participation has three functions: 1)
ensures effectiveness [45], transparency and accountability [46] of REDD+ activities on the
ground; 2) provides a way to distribute benefits (livelihood opportunities) [47, 48]; and 3)
complies with social safeguards.
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Conclusion

Factors that influence forest cover change vary from place to place, come frommultiple sectors
(e.g. forest, agriculture, mining and infrastructure), and have cross-level aspects (local, sub-
national and national). Thus, local level analysis of drivers is necessary to better capture these
varieties and to understand the dynamics of local land use activities. This analysis also needs to
be embedded into land use studies more generally so that the focus is not only on the forestry
sector. This locally collected data could inform, supplement and validate other sources of data
(e.g. remote sensing and forestry) and should be integrated into the national level analysis to
provide comprehensive assessment of drivers.

We argue that understanding drivers of DD from the local communities’ perspectives is
essential in the design of interventions and monitoring systems that are locally appropriate. In
the early phase of intervention development, prioritizing drivers to address DD should not be
based only on the scale of forest cover change but also on the relative importance of drivers for
local livelihoods.

We presented how locally collected data can shed light on the different ways livelihoods act
as drivers and the relative importance of these drivers for the local people. This information can
be used to assess the risks, opportunity costs, possible benefits, actors and beneficiaries associ-
ated with activities to reduce deforestation and forest degradation. It also highlights possible
areas for local participation, i.e. providing information on the locally driven activities that led to
DD and monitoring the drivers and local DD processes. From the project development perspec-
tive, local participation also serves as a mechanism to ensure compliance with social safeguards.
Incorporating locally collected data on drivers in the design and monitoring of interventions
will be crucial in ensuring outcomes that benefit not only forests but also local people.
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