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ARTICLE INFO ABSTRACT

Keywords: The United Nations’ Sustainable Development Goals underscore the need for improved understanding of re-
Agriculture lationships between changes in landscapes, livelihoods, and social welfare, and how these relate to tackling
Borneo poverty, inequality, and environmental degradation. Such assessments are especially relevant in the context of
Impact evaluation oil palm agricultural expansion, which has rapidly replaced traditional livelihoods and generates ongoing po-
E:]lzta;tan litical debates around the world. Proponents of the oil palm industry have used economic objectives to justify

expansion, while opponents have raised the negative socioecological impacts on communities. To assist the
debate, we assessed the association between the change in land-uses and climate, the change in village primary
livelihoods towards monocultural oil palm cultivation, and the change in village welfare after adopting oil palm
across Kalimantan, Indonesian Borneo, between 2000 and 2014. We show that the change in village primary
livelihoods towards monocultural oil palm cultivation during this period was associated with complex inter-
relations between the expansion of agricultural industries, and conducive climate and market conditions for
supporting agricultural production. The shift to oil palm monoculture brought significant economic benefit to
villages, but this was limited to those with past exposure to plantation management and the market economy,
such as in polyculture plantation villages. For villages where the majority of communities practiced traditional
subsistence-based livelihoods (farming, foraging and fishing), the economic benefit from a shift to oil palm lasted
only a few years after transition, while the socioecological welfare deteriorated. Furthermore, the shift to oil
palm monoculture jeopardized food security among these subsistence livelihood villages. Baseline economic and
socioecological conditions of villages, therefore, critically determine the success of the oil palm sector in pro-
viding economic benefits over the long term. Our study urgently calls for considering oil palm development
objectives not only in terms of regional economic gain, but also the future maintenance of socioecological
welfare of village communities.

Rural livelihoods
UN Sustainable Development Goals

1. Introduction economic growth and livelihoods, while preserving the planet, and

mitigating the effects of climate change. The SDG framework under-

In many developing countries, over half the population live in rural
areas, where poverty rates are high and livelihoods dependent on
agriculture (Food and Agriculture Organization (FAO, 2015). The bold
vision of the United Nations via its Sustainable Development Goals
(SDGs) is to eradicate poverty, combat inequality, and create or sustain

scores the need for better understanding of the nexus between the
change in landscapes (land use and climate), livelihoods, and social
welfare, through an integrated landscape approach to guide policy and
planning programs in rural areas (Reed et al., 2016; Erbaugh and
Agrawal, 2017). The framework also requires the evaluation of welfare
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through economic, social and ecological perspectives (Reed et al.,
2017).

Subsistence farming and foraging (including hunting and gathering
of forest products and fishing) are common traditional livelihood ac-
tivities of rural communities across the developing world (Mertz et al.,
2005; Padoch and Pinedo-Vasquez, 2010). In the 1960s, the Green
Revolution brought high-yielding crops and modernized cultivation
systems across Asia, Africa and South America, which began a transi-
tion from traditional rural livelihoods to market-oriented crops, such as
rubber, oil palm, coffee and other commodities, as well as industrial
plantation methods (Ekadinata and Vincent, 2011; Van Vliet et al.,
2013; Robinson, 2018). Rubber, concentrated in Malaysia, Indonesia,
Thailand, Sri Lanka and India, now accounts for a substantial volume of
the world’s exports (Food and Agriculture Organization (FAO, 2015).
Also in the South-East Asian region, oil palm production has rapidly
increased with Malaysia and Indonesia now contributing more than
80% of world production of oil palm (Food and Agriculture
Organization (FAO, 2015). The plantation sector is dominated by large-
scale plantation estates while smallholder farmers operating as part of
nucleus estates or independently (Gatto et al., 2015), generating com-
plex small and large-holder interactions.

0Oil palm is currently one of the economic pillars of Indonesia and
Malaysia, contributing substantially to foreign exchange earnings and
providing employment for a large number of people (Koh and Wilcove,
2007; Meijaard et al., 2018). Continued viability of this crop is central
for sustaining the economies of these producer countries. Driven by
increased global populations and demands for food, fibre, and fuel, the
extent of this crop has rapidly expanded over the last decades (Santika
et al., 2015; Gaveau et al., 2016b). In Indonesia, this expansion has
prompted ongoing debates among government ministries, with argu-
ments for or against oil palm mainly being based on sectoral and in-
stitutional interests (Obidzinski et al., 2012). Poverty eradication and
improvement in economic welfare is used by the proponents of o0il palm
industry to justify expansion, especially in remote forested landscapes
where the poorest communities live (Buys, 2007; Susanti and Maryudi,
2016). On the other hand, opponents of oil palm have raised concerns
about the social and environmental impacts of the industry on rural
welfare (Sayer et al., 2012; Sloan et al., 2019). Several small-scale
studies indicate that benefits of oil palm agriculture to rural commu-
nities typically vary among individuals, with those possessing more
land and capital (i.e. the least poor) benefiting the most (Obidzinski
et al., 2014; Euler et al., 2017; Krishna et al., 2017). Such benefits likely
also vary according to exposure to market economy (Scoones, 2009).
However, landscape-level analyses are yet to be undertaken to assess
the impact of this crop more broadly.

Here we assessed the association between the change in landscapes
(land uses and climate), the change in village primary livelihoods to-
wards monocultural oil palm cultivation, and the change in village
welfare after adopting oil palm monoculture across Kalimantan,
Indonesian Borneo between 2000 and 2014. Oil palm monoculture
villages are defined as villages where plantations were reported as the
primary livelihood of the majority of village households according to
the village-based census PODES (Potensi Desa or Village Potential)
conducted by the Indonesian Bureau of Statistics (BPS Indonesia, 2017),
and where extensive land areas within the village boundaries are
planted with oil palm and overlap with oil palm concessions. We fo-
cussed on three types of village primary livelihood sectors that existed
prior to shifting to oil palm monoculture: (a) subsistence livelihood, (b)
freshwater fishing, and (c) polyculture plantations.

As the framework of analysis, we adapted the Sustainable
Livelihood Approach (Scoones, 1998; Bebbington, 1999), which high-
lights the different elements that fundamentally shape rural livelihoods,
which include: (1) access to different types of capital, assets, or welfare;
(2) choice to pursue or adopt particular livelihood activities condi-
tioned by resource endowments, biophysical circumstances, and exo-
genous factors; and (3) the resulting outcomes from adopting the new
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livelihood strategy that in turn affects or alters the capital or welfare
(Scoones, 1998). More specifically, our study aimed to answer three
broad questions associated with each of the elements of the sustainable
livelihood framework. First, what are the merits of villages having
different livelihood systems in Kalimantan in terms of economic and
socioecological welfare? Second, how do biophysical circumstances
affect the change in village primary livelihood towards monocultural
oil palm cultivation? Third, what is the impact of shifting the primary
livelihood sector towards monocultural oil palm cultivation on village
welfare, economically and socioecologically, and how does the impact
vary across villages having different livelihood systems prior to oil palm
developments?

2. Materials and methods

This section provides detailed methodologies of our study and is
organized as follows. The first subsection presents an overview of the
study area and village primary livelihoods in Kalimantan. The second
subsection describes the primary data used in this study, which includes
(1) indicators of village welfare and (2) proxies for village biophysical
conditions. The third subsection describes the analysis approaches as-
sociated with each of the three research questions that we aimed to
answer.

2.1. Study area and village primary livelihoods

Kalimantan (530,000 km?), the Indonesian part of the island of
Borneo, comprised five provinces and 7166 villages in 2014 (BPS
Indonesia, 2017). The island of Borneo has undergone rapid landscape
transformation over the past decades, causing significant loss of natural
forest and biodiversity (Gaveau et al., 2016b; Santika et al., 2017a), and
impacting rural communities, particularly those who used to depend
highly on forest and natural resource (Mukherjee and Sovacool, 2014).
The island is characterised by changing rainfall patterns (Kumagai
et al., 2013; Struebig et al., 2015; Sloan et al., 2017; McAlpine et al.,
2018) with drought becoming more frequent and intense, which has
exacerbated the occurrence and magnitude of wildfire and haze, af-
fecting the health of millions of people (Othman et al., 2014; Koplitz
et al., 2016) as well as oil palm productivity (MPOC, 2013; Paterson
and Lima, 2018).

Based on socioeconomic census data PODES collected roughly every
3years at village level (BPS Indonesia, 2017), spatiotemporal bound-
aries of oil palm concessions (Santika et al., 2015; Carlson et al., 2018),
and the extent of (planted) oil palm plantations every five years be-
tween 2000 and 2015 (Gaveau et al., 2016a), five major village primary
livelihoods were identified between 2000 and 2014. These include: (1)
subsistence livelihood, (2) freshwater fishing, (3) polyculture planta-
tion, (4) oil palm monoculture, and (5) other sectors, which include wet
rice farming, forestry (logging and tree plantation), horticulture,
aquaculture, coastal fisheries, livestock, and non-agricultural activities.
Although the Indonesian government has put tremendous efforts into
increasing farmer attention to staple agriculture by establishing ‘rice
estates’ in various parts of Kalimantan, only 5% of villages consider wet
rice farming as their primary livelihood sector (BPS Indonesia, 2017).
We have therefore included wet rice farming under livelihood category
‘other sector’. These livelihood categories represent the primary sectors
upon which the majority of communities within a village depend for
income (monetary and non-monetary), and the key sectors that mainly
drive the village economy (BPS Indonesia, 2017). The distribution of
these livelihood systems across Kalimantan in 2011 and the change in
the distribution every 3-5 years between 2000 and 2014 is shown in
Fig. 1A-B.

Subsistence livelihoods in Kalimantan are supported by swidden
rice agriculture on dryland, and typically supplemented by forest pro-
duct collection in complex agroforestry landscapes (e.g. tiwmawakng in
West Kalimantan; simpukng in East Kalimantan; kaleka in Central
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Fig. 1. (A) Distribution of different livelihood
systems across villages in Kalimantan in 2011.
Village primary livelihoods include: (1) sub-
sistence livelihoods, (2) freshwater fishing, (3)
polyculture plantation, (4) oil palm mono-

PODES cansus year culture, and (5) other livelihood sectors. Black

2003
M 2008 lines in the map represent provincial bound-
=§g11 aries. (B) Change in the proportion of villages

engaged in each livelihood sector between
2003 and 2014, showing marked increase in oil
palm monoculture villages and sharp decline in
subsistence livelihood villages. (C) Forest
characteristics, (i.e. mean proportion of forest
cover and forest connectivity measured as the
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Kalimantan) (Rahu et al., 2014; Budiharta et al., 2016). This livelihood
category encompasses villages where food staple agriculture (padi or
palawija) was reported as the predominant livelihood of the majority of
communities and where the village land allocated to swidden is re-
ported to be predominant compared to those allocated to wet rice
farming (sawah) in the PODES data. Livelihood category freshwater
fishing encompasses inland villages where fishing (perikanan tangkap)
was reported as the primary sector in the PODES data. Freshwater
fishing is a livelihood typical for villages located on the floodplains of
large Kalimantan rivers and wetlands, such as the Mahakam, Barito,
Kahayan, Kapuas, and Seruyan Rivers (Nooteboom and de Jong Edwin,
2010). Many inland fishing communities in Kalimantan are part-timers;
these communities engage more in fishing during rainy seasons (or the
wet years) and grow market-oriented crops on their land or are in-
volved in timber harvesting once the river or wetland dries out (or
during the dry years) (Neiland, 2008). The dynamics of inland fishing is
reflected by the higher number of villages reporting this livelihood
category in the PODES censuses following a wet year (i.e. a year when
rainfall during the dry months is higher than average) (Fig. S1). Live-
lihood category polyculture plantation encompasses villages where
plantation (perkebunan) was reported as the primary livelihood of the
majority of villagers in the PODES data and village land area does not
overlap with any industrial oil palm concessions. Polyculture plantation
outside concessions mainly includes independent smallholders of
rubber, oil palm, coffee, and/or coconut under simple agroforestry
system (Budiharta et al., 2016). Livelihood category oil palm mono-
culture encompasses villages where plantation (perkebunan) was re-
ported as the primary livelihood of the majority of villagers in the
PODES data and extensive village land area are planted with oil palm
plantations and overlap with the oil palm concessions. Oil palm
monoculture is a livelihood sector dominated by industrial scale

Village primary livelihoods

plantations; smallholders mainly operate as part of nucleus estate
system, i.e. cooperation between company plantations and smallholders
in terms of capital and labour supply (Semedi and Bakker, 2014).

Villages of these four livelihood systems are characterised by dif-
ferent landscapes: high natural forest cover ("70% on average) is typical
for villages of subsistence livelihoods, moderate natural forest cover for
villages of polyculture plantation and freshwater fishing ("40% on
average), and highly degraded forest or non-forest for villages of oil
palm monoculture ("20% on average) (Fig. 1C). Natural forest is de-
fined as a mature forest that has not been completely cleared in the last
30 years. Natural forest cover data every 3years between 2000 and
2014 were estimated by combining the extent of natural forest (primary
and secondary forest according to the Ministry of Environment and
Forestry Indonesia) in 2000 derived from Margono et al. (2014) and the
forest loss variable in the Global Forest Change (GFC) dataset (Hansen
et al., 2013).

Ethnic compositions of the indigenous Dayak and Melayu, and re-
cent migrants (mainly from neighbouring islands of Java, Madura, Bali
and Lombok, who arrived mainly as part of government supported
transmigration programs since the beginning of the New Order regime
in the 1960s), also vary across different livelihood systems (Fig. 1D).
The indigenous Dayak communities make up the largest ethnic group in
subsistence livelihoods and polyculture plantation villages. In fresh-
water fishing villages, both the indigenous Dayak and Melayu com-
munities are common. In monoculture plantation villages, the propor-
tion of migrants is highest among all livelihood categories, confirming
those reported in other studies (Potter, 2012; Sloan et al., 2017). In
villages with other livelihood category, the indigenous Dayak and
Melayu communities predominate, and migrants are also common.
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Table 2
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Variables used as proxies for village biophysical characteristics. We used these variables in the second analysis (assessing drivers of change in village primary
livelihood towards oil palm monoculture) and third analysis (assessing association between transition towards oil palm monoculture sector and the change in village

welfare).

Variable  Description

Type (Scale)

Data source

SOCIO-POLITICAL

PROV Provincial boundaries Categorical Geospatial Information Agency (BIG, 2015)
WLFR Baseline welfare indicator prior to transition to oil palm sector ~ Either continuous or Potensi Desa (PODES) data (BPS Indonesia, 2017)
(see Table 1) categorical
MARKET VALUE
ELEV Elevation Continuous SRTM 90 m Digital Elevation Database v4.1 (Jarvis et al., 2008)
(log(m))
SLOP Slope Continuous SRTM 90 m Digital Elevation Database v4.1 (Jarvis et al., 2008)
(log(degree))
CITY Distance to large cities or arterial roads Continuous Geospatial Information Agency (BIG, 2015)
(log(km))
RIVR Distance to rivers Continuous Geospatial Information Agency (BIG, 2015)
(log(km))
POPD Population density Continuous Potensi Desa (PODES) data (BPS Indonesia, 2017)
(log(people))
I0PP Distance to existing industrial oil palm plantations Continuous MEF (2016); Gaveau et al. (2016a)
(log(km))
AGRICULTURE PRODUCTIVITY
DRYS Long-term monthly rainfall during dry season Continuous Worldclim (Hijmans et al., 2004)
(mm)
WETS Long-term monthly rainfall during wet season Continuous Worldclim (Hijmans et al., 2004)
(mm)
PEAT Majority of soil type (peat versus mineral soil) Binary MEF (2016)
DRYT Monthly rainfall during the dry season over time period Continuous TRMM Multi-Satellite Precipitation Analysis (TMPA) v. 7 (Huffman
assessed (mm) et al., 2007)
WETT Monthly rainfall during the wet season over time period Continuous TRMM Multi-Satellite Precipitation Analysis (TMPA) v. 7 (Huffman
assessed (mm) et al., 2007)
2.2. Data of Poverty tool (Gonner et al., 2007). The directionality of indicators

2.2.1. Indicators of village economic and socioecological welfare

We used village boundaries according to the 2014 PODES census as
the unit of analysis and 18 indicators of economic and socioecological
welfare derived from the PODES data for census years 2000, 2003,
2006, 2008, 2011 and 2014 (Table 1). During data preparation, we
encountered three main challenges with the PODES data. The first
challenge was related to the inconsistencies in the names of villages
reported in the PODES censuses and those described in the village
boundary data. Village names in PODES censuses were often reported in
local ethnic language, while village names in the spatial data were re-
ported in Indonesian language. The second challenge was related to the
shift in village administration from one district (kecamatan) to a
neighbouring district, or from one regency (kabupaten) to a neigh-
bouring regency, within two subsequent PODES censuses. To overcome
both problems, we first applied an automated matching of regency,
district, and village names using R (R Development Core Team, 2017),
and then for the remaining villages with no match (which typically
accounts for up to 30% of the total villages in each province) we con-
ducted search and matching manually. The third challenge was related
to the change in village boundaries over time. Every three years be-
tween 2000 and 2014, village boundaries across Kalimantan have
changed subsequently, as new village administration had been formed,
creating division within the older village boundaries (known as peme-
karan desa). To allow comparison of villages socioeconomic changes
through time, we adjusted each variable by recalculating the original
PODES data from the 2000, 2003, 2005, 2008, and 2011 censuses to
match the 2014 village boundaries.

Economic indicators in the PODES data mainly characterize living
condition, infrastructure, and income support, whereas socioecological
indicators characterize social equity and natural hazard prevention.
Our choice of indicators and directionality of the effects on welfare was
informed by existing methodologies used to assess poverty, such as the
Multidimensional Poverty Index (Alkire and Santos, 2014), the Sus-
tainable Livelihood Approach (Scoones, 1998), and the Nested Spheres

described in Table 1 on welfare are all quite straightforward, except for
the indicators regarding the proportion of families with agricultural
wage labourers and the number of small-size enterprises (< 20 em-
ployees) (denoted by § in Table 1). A decrease in the prevalence of
agricultural wage labourers in a village was assumed to represent better
welfare. PODES defines an agricultural wage labourer as a person who
works in the agricultural sector for one or more employers or compa-
nies and receives wages on a daily or wholesale basis. Examples of
agricultural wage labourer include rice harvesting worker, labourer for
preparing paddy fields with hoes, rubber tapping worker, coffee picker,
oil palm fruit bunch harvester, and oil palm labourer for fertilization
and chemical spraying. Small farmers and agricultural wage labourers
remain the poorest segment of society with low purchasing power in
developing countries, and in Indonesia this condition has exacerbated
despite the country’s economic growth (Booth, 2012; Van Vliet et al.,
2012). An increase in the prevalence of small-size enterprises in a vil-
lage was assumed to represent better welfare, because it reflected im-
proved distribution of income among communities and the main-
tenance of diversified local livelihoods (e.g. small-scale industries of
non-timber forest products (NTFPs), such as rattans, honey, gaharu, and
dammar) (Pambudhi et al., 2004; Dewi et al., 2005), as opposed to the
dependency of communities on a single sector income, such as those
typically occurring in monoculture plantation villages (Klasen et al.,
2016).

It is worth noting that PODES data represent the overall socio-
economic conditions of communities in a village, and thus do not
capture the variation and disparity in socioeconomic indicators among
different sub-villages or households. Rather, the data provide a useful
way to compare village administrative units over large spatial extents.
The data have been used extensively in rural development studies and
have proven useful for monitoring the various socioeconomic impacts
of land-use policy interventions (e.g. Barron et al., 2009; Jagger and
Rana, 2017). In addition, some of the welfare indicators we used in our
analysis focused on the prevalence of socioeconomic programmes, such
as cooperative schemes, credits, and small businesses, and distance to
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nearest health facilities and schools. While information about the rates
of community participation on socioeconomic activities could provide a
better proxy for welfare than merely the prevalence or access to these
programs, such data is unfortunately not available in the PODES dataset
over the spatial and temporal scale of our study.

2.2.2. Proxies for village biophysical conditions

We considered numerous variables as proxies for the biophysical
conditions of villages (Table 2). These variables broadly include: (a)
socio-political factors, (b) market value, and (c) agriculture pro-
ductivity. We used provincial boundaries (PROV) and village baseline
welfare (WLFR) as proxies for socio-political factors. Decentralization of
government functions to provincial levels has been identified as a key
driver of land use change and agriculture expansion in Indonesia
(Resosudarmo, 2004; Moeliono and Limberg, 2012). Economic growth
can also vary across different provinces (Suryahadi et al., 2009). The
indicator of welfare prior shifting to oil palm monoculture provides a
baseline to control for initial conditions that may bias impact estimates.

We used elevation (ELEV), slope (SLOP), proximity to large cities or
arterial roads (CITY), distance to rivers (RIVR), population density
(POPD), and distance to industrial oil palm plantations (IOPP) as
proxies for market value. Areas closer to roads or rivers, and located at
lower elevation and on flat terrain tend to have high anthropogenic
pressure because they are more accessible (Kinnaird et al., 2003; Linkie
et al., 2004). Agriculture expansion in Kalimantan had been partly at-
tributed to the expansion of oil palm plantation industries (Gaveau
et al., 2016b).

We used long-term seasonal rainfall patterns (DRYS and WETS),
location on peat soil (PEAT), and monthly mean rainfall during the dry
season in a given period (May to September) (DRYT) and the monthly
mean rainfall during the wet season in a given period (November to
March of the following year) (WETT) as proxies for agriculture pro-
ductivity. Indeed, long-term rainfall during the dry and wet seasons
determines the agro-climatic zones and agricultural productivity in
Indonesia (Oldeman and Frere, 1982), and therefore potentially drives
land use change and livelihood transition. Soil condition, such as soil
type (peat or mineral soil) is also an important factor driving conver-
sion of land to agriculture (Carlson et al., 2013). Extreme climate, such
as prolonged dry months and heavy rains, can decrease agricultural
productivity (lizumi and Ramankutty, 2015; Oettli et al., 2018) and
increase natural disasters such as wildfire and flood (Field et al., 2016;
Wells et al., 2016; Santika et al., 2017b). Such extreme events can lead
to reduced economic growth and adversely affect community social
welfare (Herawati and Santoso, 2011).

2.3. Analyses

We performed three analysis approaches associated with the three
research questions that we aimed to answer. The first analysis provided
an overview of the economic and socioecological merit of villages
having different livelihood systems (i.e. subsistence livelihoods, fresh-
water fishing, polyculture plantations, and oil palm monoculture). The
second analysis assessed biophysical drivers of change in village pri-
mary livelihood (i.e. subsistence livelihoods, freshwater fishing, and
polyculture plantations) towards monocultural oil palm cultivation
roughly every 5 years between 2000 and 2014. The third analysis as-
sessed the association between the shift in village primary livelihoods
(i.e. subsistence livelihoods, freshwater fishing, and polyculture plan-
tations) towards oil palm monocultures and the change in village
welfare. A detailed description of each analysis methodology is pro-
vided below.

2.3.1. Assessing the economic and socioecological merit of villages having
different livelihood systems

For each indicator of welfare described in Table 1, we first multi-
plied the value by w, where w represents the directionality of indicator
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that defines better welfare. For each indicator of welfare and livelihood
category, we calculated the average value across villages with the as-
sociated livelihood category. For each indicator and across different
livelihood categories, we then normalized the value between 0 and 1,
where ‘0’ represents the most deprived livelihood system in terms of the
given indicator and ‘1’ represents the most advantaged. For each live-
lihood category, we then averaged these values across indicators within
the economic and socioecological group. This pair-wise index measured
the balance between the economic and socioecological merit for each
village primary livelihood system.

2.3.2. Assessing biophysical drivers of change in village primary livelihood
towards oil palm monoculture

We considered biophysical variables described in Table 2 as the
potential drivers of change in village primary livelihood towards
monocultural oil palm cultivation roughly every 5 years between 2000
and 2014. We first selected villages that had maintained the same
primary livelihoods and those that had shifted to oil palm monocultures
within 5-6 years, i.e. 2000-2006, 2003-2008, 2006-2011, and
2008-2014 to match the PODES census years. For villages with the
same initial livelihood sector, we fitted a regression tree model im-
plemented in R-package rpart (Therneau et al., 2017) with a binary
variable representing whether or not a shift to the oil palm sector had
occurred as response, with all variables described in Table 2 as pre-
dictors. While the use of other regression models was possible for in-
ferring drivers of village primary livelihood change, we chose the re-
gression tree method mainly due to the flexibility of the model in fitting
non-linear relationships between the predictors and the response being
measured (Santika and Hutchinson, 2009) and the ease of interpreta-
tion. We fitted three regression tree models for subsistence livelihood,
freshwater fishing, and polyculture plantation as initial livelihoods. It is
worth noting that using this approach we aimed to explore the asso-
ciation between biophysical conditions (agricultural productivity,
market value) and livelihood transition towards the oil palm sector,
rather than inferring absolute causality.

2.3.3. Assessing impact of shifting to oil palm monoculture sector on village
welfare

We applied a counterfactual analysis by comparing the change of
welfare in villages that had transitioned to oil palm monocultures with
the change of welfare in villages that had maintained the same liveli-
hood sector as counterfactual. We investigated two time-lags post li-
velihood transition: 2-3 years and 9-11 years. The rationale for these
time periods is based on the fact that certain crops, such as oil palm,
require time to mature and to be harvested (Koh and Wilcove, 2007),
and thus some delay is to be expected in the accrual of economic
benefits in the villages. For the first time-lag analysis, we selected vil-
lages that had maintained the same primary livelihood over 5-6 years
or over three consecutive PODES censuses, i.e. 2000-2003-2006, 2003-
2006-2008, 2006-2008-2011, and 2008-2011-2014, and those that had
shifted to oil palm monoculture between the first and second survey
and then stayed in the oil palm sector until the third survey. For the
second time-lag analysis, we selected villages that had maintained the
same primary livelihood over 9-11 years or over five consecutive
PODES censuses, i.e. 2000-2003-2006-2008-2011 and 2003-2006-
2008-2011-2014, and those that had shifted to oil palm monoculture
between the first and second surveys and then stayed in the oil palm
sector until the fifth survey. The change in village economic and so-
cioecological welfare was quantified using the change in 18 indicators
of welfare described in Table 1.

The relative effect of transitioning village livelihood towards oil
palm monocultures on the change in each indicator of welfare (Table 1)
was estimated following three broad steps. First, we employed a pro-
pensity score matching (Dehejia and Wahba, 2002) to select control
villages that had stayed in the same primary livelihood sector with the
same baseline characteristics as villages that had shifted to oil palm
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Fig. 2. The balance between economic and socioecological wel-
fare of villages having different livelihood systems in Kalimantan,
including subsistence livelihoods, freshwater fishing, polyculture
plantation, and oil palm monoculture. Data were averaged across
PODES censuses every three years between 2000 and 2014.
Number inside the parenthesis below each livelihood category
represents the averaged number of villages in the PODES censuses
for each livelihood category. Vertical black error bar represents
the 95% confidence interval for the mean.

Subsistence Freshwater Polyculture Oil palm
livelihoods fishing plantation monoculture
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Village primary livelihoods

monoculture. We generated propensity scores by fitting a non-para-
metric generalized boosted regression model implemented in the R-
package gbm (Ridgeway et al., 2015) to a binary variable representing
villages with or without livelihood transition to the oil palm sector as a
response and all variables described in Table 2 as predictors. We note
that variable welfare (WLFR) in Table 2 is associated with the baseline
condition of the welfare indicator that we aimed to measure. Thus, the
value can either be categorical of continuous.

Second, for each village with livelihood transition to the oil palm
sector, we searched for control villages without livelihood transition by
matching the propensity scores. We used the nearest neighbour ap-
proach implemented in the R-package Matching (Sekhon, 2015) with
calliper widths 0.25 of the propensity score standard deviations, as this
width has previously been shown to be optimal (Austin, 2011). We
ensured that the key categorical baseline variables (i.e. PROV, WLFR
and PEAT) of the control villages exactly matched the characteristics of
villages with livelihood transitions to oil palm, and continuous baseline
variables were also balanced across villages with and without liveli-
hood transition in the matched dataset. This is to allow fair comparison
of villages with different exposure to oil palm.

Third, for each indicator of welfare, we first calculated the change
over 2-3years or 9-11 years, and then multiplied the change by w
(Table 1). We then divided the value by the maximum of the absolute
change of welfare across all villages and time-lags. Thus, we obtained
values that ranged roughly between -1 and 1, where -1 and 1 denotes
the largest reduction and improvement in welfare indicator, respec-
tively, and O denotes no change in welfare indicator after 2-3 and 9-11
years. We applied this transformation approach mainly to preserve in-
formation about the directionality of change in welfare (i.e. improved
or declined) over time. We then fitted an ordinary linear regression
model to the matched dataset using the transformed values of the
change in welfare indicator as a response, a binary variable re-
presenting whether or not a transition to oil palm monoculture had
occurred, and key variables PROV, WLFR and PEAT (described in
Table 2) as predictors. The estimated regression coefficient for the
binary variable represented the difference in the pace of improvement
or reduction in welfare in villages that had adopted oil palm sector
relative to villages that had stayed in the same livelihood sector (and

both villages have similar baseline characteristics prior to oil palm
development). For example, an indicator of economic welfare - elec-
tricity access — is expected to improve across villages in Kalimantan as
various developments continue through time, but how much does the
extent of improvement occur in villages that had transitioned to oil
palm sector to those that had not? Similarly, an indicator of socio-
ecological welfare — water quality — is expected to deteriorate across
villages on the island as various developments disturb the natural en-
vironment, but how much does the speed of deterioration occur in
villages that had adopted oil palm sector compared to those that had
not? For each indicator of welfare, we repeated these procedures for
each baseline village livelihood (i.e. subsistence livelihoods, freshwater
fishing, and polyculture plantation) and time-lag (i.e. 2-3 year and
9-11 years).

To obtain the overall effect of a livelihood transition towards
monocultural oil palm on economic or socioecological welfare, we
averaged the estimated effects across all indicators belonging to each
aspect of welfare. Although the estimated effect of livelihood transition
was derived using transformed indicators of welfare to allow compar-
able measures across different indicators, it is worth noting that each
indicator of welfare inherently quantifies different things (Table 1).
Thus, there are inevitable assumptions of equivalence of impact in one
indicator relative to another when averaging in this way. While the
averaged indicators provide a pragmatic and informative overview of
the impact of oil palm shift on welfare, they should not distract from the
nuances in the data provided by individual indicators.

3. Results

3.1. Economic and socioecological merit of villages having different
livelihood systems

Each major livelihood system differs with respect to baseline eco-
nomic and socioecological welfare. In villages with predominantly
subsistence livelihood communities, the socioecological welfare typi-
cally surpassed the economic aspect (Fig. 2). This was depicted from
low incidence of conflicts, low rate of agricultural wage labourers, low
suicidal rate, high number of small-size enterprises, frequent voluntary
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Fig. 3. Economic and socioecological welfare characteristics of villages having different livelihood systems in Kalimantan, including subsistence livelihoods (SL),
freshwater fishing (FF), polyculture plantation (PP), and oil palm monoculture (OP). Economic welfare includes: (A) living condition, (B) infrastructure, and (C)
income support. Socioecological welfare includes: (D) social equity, and (E) natural hazard prevention. Detail description of each indicator of welfare is given in

Table 1.

community cleaning and maintenance (gotong royong) (Fig. 3E), and
lack of water and air pollution and flood incidence (Fig. 3D). However,
in subsistence livelihood villages, a large proportion of the communities
are under poor living conditions (Fig. 3A) and basic infrastructure is
generally lacking (Fig. 3B). In contrast, in villages with oil palm
monoculture as the primary sector, the economic welfare typically
surpassed the socioecological aspect (Fig. 2). Villages with pre-
dominantly polyculture plantation communities generally shared si-
milar welfare to that of the oil palm monoculture villages, but the
economic welfare was typically lower than that of the oil palm growing
villages while the socioecological welfare was higher (Fig. 2). The
welfare characteristics of freshwater fishing villages were quite similar
to that of subsistence livelihood villages, except that the economic and
socioecological welfare indicators were nearly in equilibrium (Fig. 2).

3.2. Biophysical drivers of change in village primary livelihood towards oil
palm monoculture

Roughly every 5 years between 2000 and 2014, about a fifth of
villages engaged primarily in subsistence livelihoods, freshwater
fishing, or polyculture plantation switched to oil palm monoculture
(Fig. 4A). The classification tree model successfully predicts the prob-
ability of village primary livelihood transition towards oil palm
monoculture, with classification accuracy 89.4%, 92.6%, and 86.1% for
baseline village primary sector subsistence livelihood, freshwater
fishing, and polyculture plantation, respectively (Fig. 4B). The model
estimated the change in village primary sector from subsistence liveli-
hoods to monocultural oil palm; this was associated largely with po-
tential for industrial agriculture (distance to large-scale oil palm plan-
tation < 10km and high long-term monthly rainfall during the wet
season) and remoteness (population density <15 people/km?)
(Fig. 4B). Change from freshwater fishing or polyculture plantation to
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oil palm monoculture was associated largely with recent climatic con-
dition (reduced amount of seasonal rainfall during the dry and wet
seasons, respectively) (Fig. 4B). Remoteness (population density < 50
people/km?) and proximity to industrial oil palm plantation were also
important factors of transition of village primary sector from poly-
culture plantation to oil palm monoculture (Fig. 4B).

3.3. Impact of shifting to oil palm monoculture sector on village welfare

The change in village welfare after moving to monocultural oil palm
varied across different village primary livelihoods, reflecting their past
exposure to the market economy. A transition from subsistence liveli-
hood (i.e. weak exposure to market system) towards the oil palm sector
was associated with a marked increase in economic welfare, but also a
marked decrease in socioecological welfare after 2-3 years of transition
(Fig. 5A). The benefit from increased economic welfare reduced

Village primary livelihood node

. Subsistence livelihood
Freshwater fishing

. Polyculture plantation

. 0Oil palm monoculture

Polyculture
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Fig. 4. (A) Proportions of villages with dif-
B ferent livelihood transitions from subsistence
livelihood, freshwater fishing, and polyculture
plantation, to other livelihood sectors, every "5
years between 2000 and 2014 across villages
in Kalimantan. Proportions of villages that had
remained in the same livelihood sector are
shown in hatched stripes. (B) Classification
trees depicting the drivers of change in village
primary sector from subsistence livelihood,
freshwater fishing, and polyculture plantation,
towards oil palm monoculture. Each node is
coloured by the predicted livelihood class and
shows the predicted probability of the liveli-
hood class and the percentage of observations.
Important biophysical drivers include: market
value (human population density POPD as a
proxy), agriculture productivity (distance to in-
dustrial scale oil palm plantation IOPP, long
term mean annual rainfall during the dry and
wet seasons, i.e. DRYS and WETS, and mean
annual rainfall during the dry and wet seasons
5 years prior to livelihood transition, i.e. DRYT
and WETT, as proxies).

dramatically after 9-11 years of transition, while a decrease in socio-
ecological welfare became more pronounced. This suggests that the
economic benefit of oil palm monocultures only lasted for a short while,
since after 9-11 years villages that chose to retain subsistence liveli-
hoods had been able to reach the same level of economic improvement
as those that had adopted oil palm monoculture. The move from
freshwater fishing towards oil palm monoculture also had minimal
impact on village economic welfare. However, for villages that had
chosen to embrace the oil palm sector, the socioecological debt accrued
markedly higher than those villages that had chosen to remain in the
fishing sector.

On the other hand, a transition from the polyculture plantation
sector (i.e. good exposure to market system) to the oil palm sector was
associated with increased village economic welfare and the benefit had
become optimal after 9-11 of transition (Fig. 5A). Despite a positive
impact on the economic welfare, however, village welfare reduced

Fig. 5. Relative effect of the change in village primary livelihoods
towards oil palm monoculture sector on village welfare, eco-
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significantly, although the reduction of socioecological welfare had
become less pronounced after 9-11 years of transition. It is worth
noting that the reduced negative impact of oil palm monoculture on
socioecological welfare over the longer time period does not necessarily
imply a reduction in the absolute impact. It implies instead that the
speed of deterioration of socioecological welfare of villages that had
shifted to oil palm monoculture sector had become similar to the speed
of deterioration in villages that had stayed in polyculture plantation
after longer period.

4. Discussion

Our study presents an integrated landscape analysis towards un-
derstanding the nexus between change in landscapes, livelihoods, and
rural well-being. We present evidence of the impact of landscape
change on shifting livelihoods across villages in Indonesian Borneo
between 2000 and 2014, and importantly demonstrate how different
circumstances forced communities to pursue different livelihood path-
ways. We show how the adoption of new livelihood systems could have
different implications on rural welfare years later, depending on the
baseline economic and socioecological welfare of the community.

4.1. What drives the change in village primary livelihood towards oil palm
monoculture?

Polyculture plantation villages that experienced reduced seasonal
rainfall and were located in remote areas tended to shift away from
their current livelihoods towards monocultural oil palm cultivation.
This might reflect an adaptation strategy against a changing climate in
which the reduction of seasonal rainfall can no longer sustain the cur-
rent livelihood. For those villages with polyculture plantation liveli-
hoods, such changes to rainfall in a remote area can be particularly
challenging, since reduced production can no longer compensate for the
already high cost of transporting commodities to the nearest market or
city (Bot et al., 2015). For those villages with freshwater fishing live-
lihoods, the unpredictability of seasonal rainfall can disrupt fish
spawning and recruitment, as well as fishers’ ability to catch fish
(Welcomme and Halls, 2001; Patrick, 2009). A drier dry season may
require the diversion of more water from water bodies for irrigation for
agriculture, compounding the problem of decreased water quality as
water levels reduce (Halls and Welcomme, 2004). The result of this is
reduced fish capture, and therefore a decline in protein source, barter
commodity and income for freshwater fishing villages. For both fresh-
water fishing and polyculture plantation communities combined, the
high agriculture value (fertile soil) of land and the existence of in-
dustrial plantation nearby provides ideal opportunity to adopt oil palm
monoculture.

Unlike villages with freshwater fishing or polyculture plantation
livelihoods where transition to the oil palm sector had been associated
with complex interrelation between agriculture pressure and environ-
mental condition, transition from subsistence livelihoods to oil palm
monocultures tended to be driven primarily by the expansion of in-
dustrial agriculture targeting remote areas with fertile soil, which is
likely associated with the ease and low costs of acquiring land
(Deininger, 2011).

4.2. What are the impacts of shifting towards oil palm monoculture on
village welfare?

4.2.1. Impacts vary by baseline village livelihoods prior to oil palm
development

The livelihood transition to oil palm monoculture was associated
with a marked increase in economic benefits for villages with poly-
culture plantation as the primary sector, especially after 9-11 years of
transition, the period when oil palm plantations start to be productive
(Koh and Wilcove, 2007). Adequate experience in plantation
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management, and knowledge of and familiarity with the market
economy (Fig. 3A-C), are likely key factors for why the economic
benefit from oil palm monoculture was optimal and long lasting among
polyculture plantation smallholders. Additionally, shifting to areas to
save transaction costs (monetary an oil palm and sending the harvested
crop to nearest plantations or mills allowed smallholders in remote d
time) they would have incurred by sending the commodity directly to
markets or cities (Laborde Debucquet et al., 2016). The living condi-
tions in communities improved markedly after transitioning to oil palm
monoculture, as shown by the continuous increase in proportions of
household with electricity and improvement in sanitation and cooking
fuel up to 9-11 years of transition (Fig. S2C). Better infrastructure, such
as healthcare facilities and schools, was realized after a decade of
transition (Fig. S2C). Despite significant gains in economic wealth, the
socioecological negative implications associated with transition to oil
palm were also high, mainly from exacerbated water pollution (Fig.
S2C) and decreased community cohesion, i.e. increased influx of agri-
culture wage labourers from outside the villages (Fig. S2C) (as indicated
by increased ethnic diversity (Fig. S3)) and reduced voluntary com-
munity cleaning and maintenance (gotong royong) (Fig. S2C). While the
local communities could weakly depend on rivers or lakes for drinking
water (Fig. 3A), water pollution could have a detrimental affect on the
poorest communities within these villages. Water pollution degrades
aquatic ecosystems, and many depend on water bodies as sources of
protein, regardless of their major livelihood (Food and Agriculture
Organization (FAO, 2011).

On the other hand, for villages that used to depend on traditional
subsistence-based livelihoods (farming, foraging and fishing), a move
towards oil palm monoculture appeared to be a serious challenge. This
can be related to two things. First, these local communities are shaped
from a fundamentally different life system than those based on cash
crop agriculture. The dependency on forest and natural resources are
the main characteristics of villages with traditional subsistence-based
livelihoods (Fig. 2), thus ecosystem deterioration through increasing
water and air pollution and floods from the oil palm industry (Fig. S2A-
B) could have a negative impact on their existence (Mainusch, 2010).
Many of these communities also have strong cultural ties with their
ancestral livelihoods (Pretty and Ward, 2001), which could make them
reluctant to adopt oil palm monoculture. Thus, despite investments and
credit opportunities pour into these new oil palm areas at the beginning
of oil palm development (Fig. S2A-B) increasing the economic welfare
of the villages overall after transitioning to the oil palm sector relative
to the counterfactual (Fig. 5A), the local communities are unlikely to
take advantage of the opportunities and do not benefit from such ser-
vices. In addition, an influx of agricultural wage labourers from outside
the village to fill plantation labour quota (Fig. S2A) could overwhelm
the existing facilities that had already been lacking (Fig. 3A-B), as re-
flected by the reduced provision of electricity compared to the coun-
terfactual, and slowing down in the improvement of access to clean
sanitation and drinking water after 9-11 years of oil palm plantation
development (Fig. S2A). A growing influx of agricultural labourers
could further lead to inequitable competition and displacement of local
communities and their traditional culture. Thus, for these subsistence-
based communities, exacerbation of poverty can be caused not only by
isolation from the modern market economy, but also from contact with
it (Sunderlin et al., 2005).

The heterogeneous impacts of a transition to monocultural oil palm
on welfare in villages having different baseline livelihood systems,
particularly between subsistence and non-subsistence based commu-
nities, conforms to our literature review on the impacts of oil palm
monoculture in developing countries (Table S1). The review found that
studies conducted in areas where non-subsistence based communities
predominated were more likely to report positive impact of oil palm
monoculture on indictors of economic welfare (93%) than studies
conducted in areas where subsistence livelihood communities pre-
dominated (20%). The impact of oil palm monoculture on indicators of
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socioecological welfare appeared to be negative overall, regardless of
livelihood types.

4.2.2. Impacts of shifting to oil palm monoculture on food security

In rural areas across Kalimantan, migrant and indigenous commu-
nities living in floodplains rely on fishing either for subsistence or to
supplement their food needs, although many have shifted to oil palm
sector as a major livelihood. If fishing is an important source of food
security and it exists regardless of the major livelihoods, then the in-
crease in water pollution, which often follows the switch to oil palm
monoculture (Fig. S2), is detrimental not only to those communities
that switch livelihoods, but also to all communities within the wa-
tershed (Gillett, 2009). Climate change could have palpable impact on
changing fish distribution and populations, as well as extinction of
highly specialized endemic species, and this could further jeopardized
the welfare of communities at broader scale (Allison et al., 2009).

The shift of village primary sector from subsistence livelihood to oil
palm monoculture induced a rise in reported cases of malnutrition, both
in the early (2-3 years) and late (9-11 years) periods after conversion
(Fig. S2A). The change from subsistence to cash crop planting decreased
the amount of food cultivation. The relatively slow maturity of the crop
means that these households could face a food shortage at least for the
first few years in the initial stages of crop establishment. Even when the
plantation begins to produce three to four years after planting, the
translation from income to improved nutrition is not ensured (Von
Braun and Immink, 1994; Palmer and Di Falco, 2012).

5. Conclusion

Our study provides the first comprehensive insight on the impact of
oil palm production on the village welfare over a large growing area
(Kalimantan). We show that the oil palm monoculture sector across
Kalimantan brought significant economic benefits to village commu-
nities, but this was limited to villages where the majority of commu-
nities had prior knowledge of plantation management and past ex-
posure to market economy, such as polyculture plantation villages. For
villages where the majority of communities largely depended on tra-
ditional subsistence-based livelihoods (including farming, foraging, and
fishing), the economic benefit lasted only a few years after transition,
while the socioecological capital, in which these village communities
had depended and invested most, deteriorated. Refinement of this
broad-scale evaluation looking at more nuanced impact of oil palm on
rural households and whether or not large disparities of impacts exist
across different community segments will be required to guide oil palm
development policy at subnational level. Nonetheless, our study is
crucial in the context of the current oil palm debate, and underscores
the need for the governments of producer countries to carefully eval-
uate oil palm development objectives not only in terms of regional
economic gain, but also the future maintenance of socioecological
welfare of local communities. Baseline socioeconomic and sociocultural
characteristic of rural communities within oil palm development port-
folios ought to be considered, as this will critically determine the suc-
cess of oil palm sector in bringing economic benefits and improving the
overall welfare of communities in the long term.
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