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Abstract
Environmental and social problems triggered by rapid palm oil expansion in the tropics have
spurred the proliferation of sustainability certification systems such as the Roundtable on
Sustainable Palm Oil (RSPO). While the RSPO aims to improve the impact of oil palm production
on people and environments, its effect on local development, environmental quality, and,
especially, potential trade-offs between these outcomes remain unclear. Here, we evaluate whether
RSPO certification of large-scale industrial concessions has promoted village development and
supported environmental quality in Indonesia, the top global palm oil producer. Using a panel
dataset with observations from 11 000 villages in Kalimantan and Sumatra from 2003 to 2014, we
apply rigorous quasi-experimental methods to quantify the RSPO’s impacts on village
development and environmental outcomes. In the short-run, RSPO contributed to environmental
conservation, but had limited development outcomes. On average, relative to villages with
non-certified concessions, RSPO certification reduced deforestation and protected primary forests
in Sumatra and lowered the incidence of village-reported land pollution in Kalimantan. RSPO
certification also increased the number of private educational facilities in Kalimantan, but had no
statistically significant impacts on other development indicators. However, the trade-offs and
complementarities between conservation and development vary by slope, a proxy for ecosystem
fragility and oil palm profitability. On gentler slopes, we generally find complementarities between
conservation and development outcomes. In Kalimantan, certification increased the number of
private educational facilities and reduced deforestation and the incidence of land pollution on
slopes < 2◦. In Sumatra, certification retained more primary forests, decreased deforestation and
the incidence of water pollution on slopes < 1◦, along with a decrease in population density.
Higher slopes in both locations were associated with environment and development trade-offs. We
highlight the need to better understand the mechanisms behind the impacts of RSPO and
emphasized how the outcomes of certification depend on the communities’ bargaining power and
the profitability of the land for oil palm production. Thus, we provide insights into understanding
these mechanisms behind the impacts of RSPO, which is a prerequisite for improving the design of
certification systems and their impacts on the ground.
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1. Introduction

Globally, about a third of forest disturbance from
2000 to 2015 was associated with commodity-driven
deforestation [1] and commodities including oil
palm, beef, soy, and timber were primary drivers of
deforestation and forest degradation in the tropics
[2]. The rapid large-scale expansion of these com-
modities in developing tropical regions has spurred
concerns related to land grabbing, destruction of eco-
systems, loss of traditional livelihoods, lack of worker
safety, increased poverty, and increased migration
[3–6].

In response to these environmental and social
problems, voluntary market-based sustainability cer-
tification programs have grown substantially in recent
years [7]. These programs aim to provide incentives
to commodity producers to adopt environmentally
appropriate and socially beneficial practices [8, 9].
However, despite the recent proliferation of these
programs, recent syntheses have found limited evid-
ence of their impacts. Especially scarce are the studies
examining both socio-economic and environmental
outcomes and the complementarities and trade-offs
between social and environmental goals [10–12].

The Roundtable on Sustainable Palm Oil (RSPO)
was created in 2004 to incentivize sustainable produc-
tion of palm oil [13]. Initiated by non-government
organizations and palm oil producing companies,
RSPO offers a voluntary certification system to oil
palm producers; based on a set of Principles and Cri-
teria (P&C) designed to reduce the negative impacts
of oil palm cultivation on people and the environ-
ment [13]. While the RSPO P&C require, at min-
imum, adherence to all local regulations, the RSPO
certification system has been criticized for providing
insufficient benefits beyond what is legally required
[14–16].

RSPO certification is granted to mills and their
associated supply bases (‘plantations’) as well as inde-
pendent smallholder producers after evaluation by
independent third-party auditors who verify compli-
ance with the RSPO P&C. If a producer fails to com-
ply with RSPO requirements, certification is revoked.
As of May 2020, the volume of RSPO certified palm
oil produced globally was ∼ 15.7 M tonnes or 19%
of global annual palm oil production [13]. Since 2009
when the first RSPO certificate was issued in Indone-
sia, the country’s share of certified oil palm produc-
tion expanded rapidly and by 2020 approximately
56% of total global certified palm oil production was
produced in Indonesia, also the world’s leading pro-
ducer of palm oil [13].

We focus on Indonesia, a major tropical fores-
ted country with substantial carbon-rich peatlands
and forests but rapid deforestation rates that are
the focus of several multinational conservation and
climate change mitigation efforts [17, 18]. Indone-
sia faces significant problems like poverty and high

disease burden in part due to environmental factors
like air and water pollution [19], insufficient infra-
structure like electricity and roads [20], and limited
access to healthcare and education, especially in rural
areas [21]. Touted as a way to promote higher worker
incomes, economic growth, and rural development in
Indonesia [22, 23], most oil palm is grown in rural
areas with high poverty levels [24]. However, the oil
palm industry in Indonesia has also been implic-
ated in land grabbing [25], importation of workers
at the expense of local communities [26], exploita-
tion of labour [27], and environmental degradation
[18, 28, 29].

While RSPO aims to address social and envir-
onmental issues related to oil palm production
and expansion, limited evidence exists regarding its
impacts. An emerging body of literature has quan-
tified the impact of RSPO certification using quasi-
experimental and other research designs.Much of this
research has focused on Indonesia in part due to avail-
ability of oil palm concession and social and envir-
onmental indicator data. Using oil palm concessions
in Sumatra and Kalimantan as the unit of analysis,
Cattau et al [30] found that RSPO membership sig-
nificantly decreased fire activity in certified conces-
sions on lands other than peatlands during wet years,
but had no statistically significant impact during dry
years, when the likelihood of fires was high. Mor-
gans et al [31] evaluated the difference in economic
profits, orangutan habitat, and fire activity at the
plantation level as well as poverty and health centers
in villages surrounding certified and non-certified
concessions, in Kalimantan and found no statistic-
ally significant differences due to certification except
for increased economic returns. Noojipady et al [32]
found that certification is correlated with a decrease
in deforestation and fire-driven deforestation, but
did not eliminate forest loss. Using concessions as
the unit of analysis, Carlson et al [33] demonstrated
that RSPO certification lowered deforestation rates in
Sumatra and Kalimantan, although the total amount
of avoided deforestation was small. In their assess-
ment of spillovers from RSPO certification, Heilmayr
et al [34] used pixels as the unit of analysis and showed
that exposure to certification reduced deforestation
inside Indonesia’s forest estate, but increased defor-
estation in areas zoned for agricultural production.
Using villages as the unit of analysis, Santika et al
[35] examined the impact of certification on poverty
and village development in Sumatra, Kalimantan, and
Papua and suggested heterogeneity in outcomes cor-
related with pre-existing village level of development.

Of all previous studies, only Santika et al [35]
and Morgans et al [31] use villages as the unit of
analysis; and these studies focus predominantly on
the potential socio-economic impacts of certification.
However, trade-offs may exist between conservation
initiative goals [36]. For instance, there is concern
that certificationmay lead to exclusion of smallholder
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producers from global value chains due to high
costs that smallholders face inmeeting environmental
standards of certification systems [37]. Understand-
ing such trade-offs and potential synergies between
and among social and environmental conditions is
critical to improve the design and implementation
of sustainability certification systems [36]. Yet, little
is known about the trade-offs and complementarit-
ies between the environmental and socio-economic
goals of RSPO at the village level or the poten-
tial channels through which the certification scheme
effects change on the ground.

Building upon previous studies, here we exam-
ine the impact of RSPO certification on a set of vil-
lage development and environmental indicators in
Sumatra andKalimantan, the twomajor oil palmpro-
ducing regions in Indonesia. We use a detailed theory
of change framework, rigorous quasi-experimental
methods, and a rich village-level panel dataset from
2003 to 2014. We also examine the heterogeneity of
impacts across slope, a proxy for ecosystem fragility
[38] and agricultural suitability [39]. We find that,
relative to villages with non-certified concessions,
increasing presence of RSPO certification contributed
some environmental benefits (i.e. reduced deforesta-
tion and pollution in Kalimantan and protection of
remaining primary forests in Sumatra), had a lim-
ited impact on village infrastructure, and, depending
on the region, generated trade-offs or complement-
arities between environmental and development out-
comes. These appear to be correlated with changes in
the population density. By illustrating the heterogen-
eity of RSPO certification’s impacts, our results sup-
port better understanding of the mechanisms behind
RSPO’s impacts and potentially inform improvement
to the certification system’s design.

2. Materials andmethods

2.1. Theory of change framework
We developed a theory of change framework that
synthesizes causal pathways between RSPO certifica-
tion of oil palm plantations and subsequent change
in environmental and development outcomes due
to certification. Following Blackman et al [40], our
framework is based on a literature review of the
effectiveness of RSPO as well as a review of the
2007 RSPO P&C (figures S1–S2 (available online
at https://stacks.iop.org/ERL/15/124064/mmedia),
table S1). Specifically, we link the intervention (i.e.
RSPO certification), with outcomes (proxies for vil-
lage development and environmental quality) and
impact of the intervention (improved village social
well-being), and elaborate on the assumptions that
inform these links. We focus on the provision of
public goods in the village, proxied by the presence
of village infrastructure like educational facilities,
electricity, and health centers, and the abatement
of ‘environmental bads’ like water, air, and land

pollution, deforestation, loss of primary forests, and
incidence of fires, which are often associated with oil
palm expansion and production. Hereafter, we refer
to these collectively as ‘village public goods’.

We note that there is a body of literature that is
critical of the way the RSPO has formulated its sus-
tainability standards to address social issues related to
oil palm expansion [41–43]. Some concerns include
the dispossession of smallholders and communities
of their way of life and a reliance on companies or
non-governmental organizations (NGOs) for certi-
fication [44], the focus on economic principles and
efficiency practices instead of local concerns of land
sovereignty [45], as well as the skewed processes of
inclusion and poor participation of local communit-
ies [46].We acknowledge these broader societal prob-
lems related to the RSPO but limit our study to focus
only on specific environmental and development out-
comes which we were able to derive data for.

2.1.1. Intervention and channels of impact
The process of RSPO certification for companies
begins when the oil palm company submits a letter of
intent (LOI) to the RSPO Secretariat, notifying stake-
holders of the intent to pursue RSPO certification of
a plantation.

The LOI defines the scope of the certification
and planned assessment dates and invites interested
parties to submit comments. In preparation for certi-
fication, plantation managers may undertake meas-
ures to comply with the certification requirements.
For this reason, the LOI better represents the begin-
ning of the certification process (‘certification initi-
ation’) than the date of certification [33]. Upon com-
pliance with the certification standard, a third-party
audit takes place. If the audit finds that the plantation
adheres to the RSPO P&C, the plantation is awarded
a RSPO certificate.

We assume that all RSPO-certified plantations
comply with all of the RSPO’s P&C, which is required
to gain and maintain certification. If producers seek-
ing certification were initially not in compliance with
the standard, implementing these practices to achieve
certification could result in major changes in plant-
ation management, compared to non-certified oil
palm concessions; for producers already in compli-
ance, certificationwill result in no additional changes.
Cases of non-compliance occur and have been recor-
ded in audit reports [47], but no certificates were
revoked during our study period [48]. A recent review
of audit reports showed that the most frequently
reported non-compliances were related to issues on
health and safety, waste, and smallholder training,
and that most non-compliances are resolved with
time [47].

Consistent with previous work (e.g. Gnych et al
[49]; Morgans et al [31]), we argue that credible sus-
tainability certification systems like that offered by the
RSPO may provide some incentives (e.g. in the form
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of market access and price premiums) to oil palm
producers to adhere to governmental regulations and
adopt additional improved practices to contribute
to village development. Specifically, we assume an
implicit model of a bargaining game between local
communities and industrial oil palm producers, the
outcome of which depends on the relative bargain-
ing power of communities. Consistent with previous
studies (e.g. Engel et al [50]), we expect higher bar-
gaining power of local communities to translate into
higher provision of village public goods by the indus-
trial oil palm producer. A community’s bargaining
power is likely to increase with the degree to which
the plantation depends on a local community for
labor and land [51, 52], in the presence of strong
informal village institutions (e.g. as in Engel et al
[50] in the context of logging), and with enforcement
of government regulations that bolsters community
claim to land [53]. This negotiation is required under
Indonesian law for companies to secure land leases
[54] and thus even non-certified oil palm compan-
ies may provide some village public goods, although
compliance is not guaranteed [55–57].

We hypothesize that certification may result in
additional village public goods for two reasons. First,
because the RSPO requires that all land tenure con-
flicts be resolved before certification can be granted,
which can increase a community’s bargaining power
[53, 58]. Second, the P&C’s emphasis on resolving
land tenure disputes with local communities and
maintaining clear tenure may incentivize more act-
ive bargaining with local communities [53, 58]. Thus,
in cases where land tenure disputes remain when a
company begins to pursue certification or threaten
to arise after a company gains certification, industrial
RSPO certified producers may provide additional vil-
lage public goods as a compensation to local com-
munities, to secure rights to produce oil palm on
village land and therefore meet certification require-
ment (see Miteva et al [59] for an overview of the
some of the channels through which a voluntary cer-
tification scheme can help resolve land tenure issues).
While most of the certified plantations in our sample
were established long before certification and some
compensation to communities may have been nego-
tiated at the time of establishment (e.g. 47, 52), the
process of securing certification may lead RSPO cer-
tified companies to further compensate communit-
ies to address additional, unresolved issues related to
land tenure. In these areas we expect to see significant
additional impacts of RSPO.

As with village development, the additional
impact of RSPO certification on minimizing envir-
onmental ‘bads’ depends on the environmental
practices of the non-certified oil palm compan-
ies, which are shaped by government regulations
and their enforcement as well as pressure from
communities, NGO, and markets. For instance, all
producers in Indonesia are required to comply with

the government-mandated Indonesian Sustainable
Palm Oil (ISPO) system, a legality standard that
includes several environmental rules but lacks incent-
ives to assure compliance [49]. If compliance with
ISPO is low, we expect significant additional impacts
due to RSPO. Conversely, we expect negligible impact
of RSPO in cases where oil palm producers have
already adopted better practices prior to certifica-
tion. For example, driven by international market
and NGO pressures, large multinational oil palm
producers may choose to adopt improved practices
even in the absence of certification [49].

2.2. Heterogeneity of the impacts by slope
The optimal slope for oil palm plantings is between
0 and 4 degrees; higher slopes increase fertilizer run-
off, cause weak anchorage of the oil palm plants, and
may require land terracing, increasing oil palm grow-
ers’ costs [39]. Oil palm production on gentle slopes
is thusmost profitable. Given that adopting improved
practices is costly (e.g. Tan-Soo & Pattanayak [60]),
we hypothesize that oil palm companies may be able
to afford to adopt more mitigation practices on more
profitable lands, whereas on less profitable land, we
would expect fewer such practices. In the absence of
incentives to non-certified plantations to complywith
government regulations, we expect that the additional
impact of RSPO on mitigating impacts on the envir-
onment is likely to vary with slope, with the highest
additional impact on gentle slopes and smaller addi-
tional impacts on higher slopes.

Provision of village infrastructure due to RSPO
may also vary with slope, specifically, in cases when
certified plantations provide village public goods as
a form of compensation to local communities to
gain or maintain access to land for oil palm produc-
tion. Again, we posit that the level of compensation
depends on the profitability of the land: The more
profitable the land is, themore the companywould be
willing to pay to use the land for oil palm production.
Because steeper slopes impose additional costs on oil
palm producers and are not as profitable, we predict
that the level of compensation from the concession to
the village will be smaller in villages with greater aver-
age slope. Conversely, on profitable land with gentle
slopes, we expect higher compensation from the con-
cession to the village. Thus, we expect that RSPO cer-
tification has enhanced impacts on infrastructure in
villages with more gentle slopes and small or negli-
gible impacts in villages with relatively steeper slopes.

2.2.1. Outcome proxies for village development
Based onour reviewof theRSPOP&C,we categorized
how each RSPO criterion may contribute to the pro-
vision of 14 categories of village development indicat-
ors, ranging from improving land acquisition trans-
parency and tenure security, to improving worker
safety and reducing discrimination in the plantation’s
workforce (table S1). Our analysis did not evaluate
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the empirical impact of certification on all 14 cat-
egories due to a lack of data for outcomes in most
categories (e.g. reduce child labour, improve rights
for employees), especially for non-certified oil palm
companies. Following the United Nations Sustain-
able Development Goals [61] and prior studies (e.g.
Litzow et al [62]), we used the following indicators
to evaluate the impact that RSPO certification has on
village infrastructure, which we use as a proxy for vil-
lage development: the number of private educational
facilities, the number of households with access to
non-state sources of electricity, and the presence of
health centers in the village (table S2).

RSPO-certified plantations are expected to
provide adequate housing, water supplies, and med-
ical, educational, and welfare amenities at or above
national standards, especially where no such public
facilities are available or accessible (RSPO Criterion
6.5). As Criterion 6.5 requires companies tomeet only
minimum legal requirements, we hypothesize that
compliance is likely to improve village infrastructure
only in villages without legally mandated facilities
already in place; in all other areas we expect no addi-
tional impact. Certified plantations are also encour-
aged to contribute to local sustainable development
(RSPO Criterion 6.11), although the vague word-
ing of this requirement suggests context-dependent
application and impacts. Contributions by oil palm
companies in Indonesia under Criterion 6.11 may
include Community Development or Corporate
Social Responsibility programs, and/or provision of
healthcare facilities and services and participation in
school construction.

2.2.2. Outcome proxies for environmental quality
Given oil palm’s substantial negative environmental
impacts, the RSPO P&C focus strongly on ensur-
ing environmentally responsible palm oil produc-
tion. Specifically, certified plantations are expected to
reduce soil erosion, maintain water quality, practice
responsible waste disposal, reduce air pollution, and
preserve High Conservation Value areas (RSPO Cri-
teria 4.3, 4.4, 5.1, 5.2, 5.3 and 5.6). In addition, RSPO-
certified plantations must avoid the use of fires for
waste disposal or any form of land clearing and pre-
paration (RSPO Criterion 5.5). We thus used the fol-
lowing indicators to evaluate the impact of RSPO cer-
tification on environmental quality: the presence of
air, land, or water pollution, deforestation, the loss
of primary forests, and the incidence of fires at the
village level (table S2).

2.3. Study area
Between 1970 and 2017, oil palm area in Indone-
sia increased from 0.1 to 12.3 million ha [63, 64],
making Indonesia the top oil palm producer in
the world. While ISPO was introduced in 2011 to
address some of the environmental and social issues
underlying the production and expansion of oil palm,

previous studies have found ISPO to be less strict
than the RSPO certification system and its compli-
ance low [65].

The first Indonesian oil palm plantations were
established in Sumatra during the colonial era
and long before Kalimantan oil palm develop-
ment began [55]. As a result, patterns of oil palm
establishment differ between these two regions. In
1995, the extent of oil palm plantations in Sumatra
was ∼1.6 Mha, slightly more than three times the oil
palm area in Kalimantan (∼0.5 Mha) [66]. By 2015,
oil palm plantation area totaled∼5.9Mha in Sumatra
and∼5 Mha in Kalimantan [66]. While both regions
showed high growth rates in oil palm extents, the rate
of expansion in recent times (2006–2010) was sig-
nificantly higher in Kalimantan than Sumatra [67].
Due to these differences in oil palm expansion, more
recent deforestation and community conflict happen
in Kalimantan, and communities in Kalimantan have
less experience with oil palm cultivation [66, 68, 69].

We focus on nine Indonesian provinces (four in
Sumatra, five in Kalimantan), which represent 83%
(26.7 M tonnes) of Indonesia’s palm oil produc-
tion and 90% (1.5 Mha) of Indonesia’s RSPO certi-
fied concessions in 2017 [13, 63] (figure 1). Because
of the different timing of oil palm development in
Kalimantan and Sumatra, we examined each region
separately.

2.4. Spatio-temporal coverage and unit of analysis
Combining village-level census data and fine res-
olution geospatial information, our dataset covers
five time points (2003, 2005, 2008, 2011, and 2014)
across 11 years, and includes 7983 and 3545 villages
in Sumatra and Kalimantan, respectively. To evalu-
ate the impact of certification on the outcomes of
interest, we use the village as our unit of analysis.
An Indonesian village (Desa) includes human settle-
ments and adjacent land asmapped by the Indonesian
Bureau of Statistics (BPS). Because community devel-
opment programs and corporate social responsibility
programs from oil palm companies, including non-
certified companies, are often implemented at the vil-
lage level, we expect any impacts from RSPO to be
detectable at this administrative level.

2.5. Village development and environmental
indicators
We extracted indicators from the Indonesian Vil-
lage Potential Statistics (PODES) datasets [70] as
well as spatial data on forest cover and fires. PODES
data are based on information collected from village
heads (kepala desa) every 3 years and are intended
to represent overall socio-economic conditions of a
village. The village head is the single elected gov-
ernment official in each village. PODES data have
been used widely to evaluate the effect of social
and environmental governance initiatives such as
REDD + [71], forest certification schemes [72], and
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Figure 1. Distribution of the RSPO certified and non-certified oil palm concessions in select provinces of Sumatra and
Kalimantan. The RSPO concessions with a letter of intent (LOI) from 2009 to 2013 are in orange, and the concessions with a LOI
from 2014 to 2015 are in green. A village is considered as treated if it overlaps with a certified RSPO concession with a LOI from
2009 to 2013, and a control village is one that is intersected by a non-certified oil palm concession.

social forestry programs [73], and oil palm develop-
ment [24] on social and environmental outcomes.

We obtained six village infrastructure outcomes
and three environmental outcomes from PODES
(table S2) and derived three additional environmental
outcomes using spatial data on forest cover and fires
(table S2).We chose the indicators based on their abil-
ity to proxy village development and environmental
quality, and their availability and variability across
space (i.e. Kalimantan and Sumatra) and time (i.e. the
study period). Because sample village population data
were available only until 2011, we chose not to stand-
ardize counts of facilities and number of households
with access to electricity by population; however, we
present these standardized results up to 2011 in the
supplementary material (tables S3–S4, figure S3).

2.6. Sample processing and treatment definition
In constructing the panel dataset, we only retained
villages with names that were consistent in our
PODES dataset for 2003, 2005, 2008, 2011, and 2014
and removed any villages with incomplete data. This
process reduced our original dataset from 11 874 to
7983 villages in Sumatra, and from 6524 to 3545
villages in Kalimantan. We limited our analysis to
villages that partially or fully overlapped with an
industrial oil palm concession [33].

Villages that overlap partially or fully with
concessions that submitted Letters of Intent (LOI)

were considered treated in the LOI year (hereafter,
‘certified villages’ or ‘treated villages’). Villages that
overlapped with both RSPO certified and non-
certified concessions were considered part of the
treatment group. We excluded villages whose over-
lapping concessions submitted a LOI in 2014 and
2015, as we do not have outcome data post 2014.
The control group comprised villages that have at
least a fraction of their area overlap only with one or
more non-certified concessions (‘non-certified vil-
lages’ for short). Our final sample consists of 569
and 149 treated (as of 2013) and 1779 and 1607 con-
trol villages in Sumatra and Kalimantan, respectively
(table S5). In the statistical analyses, we use a con-
tinuous treatment based on the percentage of village
area under RSPO certification which ranges between
0.00062% and 83.34% in Kalimantan, and between
0.00016% and 100% in Sumatra.

2.7. Covariates
We chose covariates based on the placement of RSPO
certification as well as hypothesized drivers behind
the outcomes (table S6). For example, RSPO cer-
tified plantations tend to have a longer history of
oil palm establishment and less forest prior to cer-
tification [33]. Because they contain fewer residual
forests, certified plantations likely faced lower oppor-
tunity costs to participate in the RSPO compared to
other plantations. To account for this non-random
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placement of RSPO plantations, we included covari-
ates on the extent of different types of land cover
in a village, including primary forest cover in 2000
[17] and planted oil palm extent in 2000 [66]; we
also included peatland extent [74, 75] and the num-
ber of expected bird species [76]. To control for dis-
tance to markets and proxy for transportation costs,
we used village proximity to oil palmmills, ports, and
cities, and the length of the river network and the
road density within a village. In addition, we included
covariates to control for biophysical oil palm suitab-
ility (i.e. slope, elevation, temperature, and precipit-
ation) [39]. We also controlled for the baseline val-
ues of the outcomes as well as the village area, pop-
ulation density [77], and village dependence on fuel-
wood [70]. Further, we controlled for a host of land
zoning characteristics because we expect land desig-
nation to influence the distribution of certification.
Specifically, RSPO certified plantations have to abide
by national regulations that allow for development
of oil palm plantations over areas zoned for non-
forestry uses (areal pengunaan lain; APL) but prohibit
such development within the forest estate (kawasan
hutan) including conservation forests, limited pro-
duction forests (hutan produksi terbatas; HPT), per-
manent production forests (hutan produksi; HP),
and convertible production forests (hutan produksi
yang dapat di konversi; HPK). Thus, we included the
village-level extent of overlap with APL, Production
Forests (i.e. HPT, HP, and HPK), and Conservation
Forests. The differential regulations across land-use
zones defined by the IndonesianMinistry of Environ-
ment and Forestry are expected to influence a com-
pany’s decision to certify its oil palm plantations as
well as influence outcomes at the village level [78].

2.8. Estimation
Because the placement of certification depends on the
location and characteristics of the villages it spans, the
placement of RSPO (i.e. inwhich villages) is endogen-
ous. Endogeneity, when uncorrected, leads to biased
estimates, which can be unstable and depend on
model specification if there is limited overlap in the
covariate distributions of the treatment and con-
trol groups [79]. To address the endogeneity issue
and estimate the impact of RSPO certification on
the environmental and development indicators, we
used a combination of fixed effects panel data mod-
els and matching. Specifically, we used matching to
preprocess the sample and ensure sufficient covari-
ate overlap between the treatment and control groups
(Ho et al [80]; Imbens & Wooldridge [79]). We then
applied a fixed effects panel data estimator on the
matched sample, using frequency weights to account
for some observations in the control group being used
more than once. The fixed effects model further helps
address potential endogeneity by removing linear
time-invariant unobserved characteristics that may
not have been balanced by the matching procedure.

For each outcome we estimated a fixed effects
equation of the kind:

yitd = αi +λt +Treatitdβ+Treatitd ∗ xi0d + xitdδ+ εit
(1)

where yitd is the outcome for village i in district d at
time t, αi is a set of individual village fixed effects,
λt -year fixed effects, xitd is a set of exogenous time-
varying covariates (rainfall) assumed to affect the
outcome, and xi0d is a baseline covariate (average vil-
lage slope) likely to modify the impact of the treat-
ment, indicated by Treatitd. The treatment variable
denotes a vector of continuous variables indicating
the village area under RSPO certification in a given
year. That is, it has a value of 0 before concession lands
within a village become certified; for years after ini-
tial certification it contains the fraction of the village
area under certification. The treatment variable thus
defined allows for villages to become certified during
different years. The control group comprises villages
that overlap only with industrial oil palm concessions
that have never been certified. We estimate equation
(1) via a fixed effects regression, clustering the stand-
ard errors at the administrative district (kabupaten)
level to account for the hierarchical nature of the
model [81]. Because of the relatively large number of
districts (n= 55), we did not need to employ correc-
tions of the standard errors due to the small number
of clusters (e.g. Cameron et al [82]).

To examine the heterogeneity of the impacts along
slope, we calculated the marginal effects at represent-
ative values of slope, following the estimation of equa-
tion (1). These represent the predicted change in an
outcome due to the treatment along with significance
levels representingwhether the predictions are statist-
ically different from 0, at varying values of the slope
variable.

2.9. Matching
To preprocess the sample and ensure sufficient cov-
ariate overlap, we used nearest neighbour covariate
matching with a Mahalanobis distance metric and
trimmed on the propensity score. The covariates used
in the matching include population density in 2003,
road density, proportion of the village area under
peat, oil palm in 2000, forest and primary forest, pro-
portion of the village under non-forest, production
forest and conservation forest land use, dependence
on fuelwood, the proximity to cities, mills, and ports,
the village area, the length of the river network within
a village, slope, elevation, temperature, precipitation,
the number of bird species expected in a village, as
well as the baseline values of the village development
proxies (i.e. the presence of health facilities, water, air,
and land pollution in 2003, number of households
with electricity in 2003, the number of educational
facilities in 2003).
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Table 1 Average impact of RSPO certification on environmental indicators using the matched sample (standard errors in parentheses).

Kalimantan Sumatra

Outcome
Outcome
transformation Variable Coefficient (ste) n Coefficient (ste) n

Treatment −0.22a (0.13) −0.08a (0.05)Deforestation Cubic root
Treatment× Slope 0.11a (0.06) 1300 0.05b (0.02) 4545
Treatment −0.11 (0.19) 0.02 (0.05)Fire density= #Fire/

village area
Square root

Treatment× Slope 0.04 (0.11) 1315 −0.01 (0.03) 5395
Treatment −0.05 (0.06) 0.03b (0.02)Primary forest

remaining
Cubic root

Treatment× Slope 0.02 (0.03) 1315 −0.003 (0.01) 5376
Treatment −0.48 (0.41) −0.05 (0.04)Incidence of water

pollution
None

Treatment× Slope 0.25 (0.22) 1315 −0.0005 (0.02) 5395
Treatment 0.05 (0.17) 0.09 (0.14)Incidence of air

pollution
None

Treatment× Slope −0.05 (0.13) 1315 −0.06 (0.09) 5395
Treatment −0.21b (0.09) −0.03 (0.02)Incidence of land

pollution
None

Treatment× Slope 0.08 (0.07) 1315 0.01 (0.01) 5395

Significance levels: b5%, a10%

The resulting covariate balance tables from the
matching procedure are given in the supplementary
material (tables S7–S9).

2.10. Robustness checks to rule out alternative
explanations
We conducted a series of robustness checks to altern-
ative specifications regarding the role of matching
to preprocess the sample, functional form of the
equation, and outcomes (See supplementary mater-
ial tables S3–S4). In addition, we tested whether the
results are driven by changes in population dens-
ity. Considering population density when quantify-
ing the impacts of certification is important as sig-
nificant changes in the number of people may trans-
late into measurable changes in village infrastructure
and environmental quality, regardless of the effect-
iveness of the intervention. For example, regardless
of the effectiveness of RSPO, a significant outmigra-
tion in a village may result in less infrastructure like
schools as these amenities may not be needed. Simil-
arly, substantial outmigrationmay result in improved
environmental conditions due to decreased popula-
tion pressure, regardless of RSPO. Because popula-
tion data were unavailable for 2014, we restricted
the analysis of population to 2011. Further, in order
to control for the possibility that government provi-
sion of village public goods may crowd out privately
funded improvements due to RSPO certification, we
also considered changes in government-funded infra-
structure over time.

3. Results

3.1. Average impacts of RSPO in Sumatra and
Kalimantan
Between 2003 and 2014, we find small average
impacts of RSPO certification on environmental con-
ditions in Indonesian villages (table 1, figure 2(a)).
Specifically, relative to villages with non-certified
concessions, certified concessions reduced village

deforestation by ∼0.05% and 1% in Sumatra and
Kalimantan, respectively. RSPO certification also
conserved more remaining primary forest in Sumat-
ran villages and decreased the incidence of village
land pollution in Kalimantan by 21%, ceteris paribus.
These results are consistent with previous studies
that find small benefits or statistically insignificant
impacts on environmental outcomes (e.g. Carlson
et al [33].; Morgans et al [31]).

In terms of village infrastructure, we find that
RSPO certification increased the average number
of private educational facilities in villages in Kali-
mantan, but had no statistically significant effect on
other village development indicators in either region
(table 2). However, the average positive effect in
Kalimantan becomes insignificant when changes in
population density are considered (table S2).

Our results indicate that, although the RSPO has
had limited impacts on the number of village educa-
tional and health facilities in the first few years since
its implementation, it had an overall positive impact
on supporting environmental quality. While RSPO
certification had no statistically significant impact on
population density in Kalimantan, it decreased pop-
ulation density in Sumatra (table 2).

3.2. Heterogeneity of RSPO impacts across slope
The coefficients on the interaction terms in equation
(1) suggest that the impact of certification changes
with slope. For example, the impact on deforestation
decreased with village slope in both regions, ceteris
paribus (table 1). In Sumatra, with increases in the
slope, RSPO certification decreased the number of
private educational facilities, ceteris paribus (table 2).
In Kalimantan, with increases in slope, RSPO certi-
fication increased the probability of a village having a
health center.

Using the marginal effects from the regression
models, we plot additional impact of certification
on environmental outcomes as a function of the vil-
lage slope and illustrate the heterogeneity in impacts
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Figure 2. Average impacts of RSPO certification on (a) environmental quality and (b) village infrastructure and population
density for Kalimantan and Sumatra, Indonesia. ∗∗Indicates significance at the 5%, and ∗ at the 10%. Only statistically significant
indicators are presented here.

in more detail (figures 3(a) & b). For example,
we show that, relative to villages with non-certified
concessions, RSPO certification decreased deforest-
ation on gentle slopes (<2◦, impacts significant at
the 10% level), but had the opposite effect on
slopes > 3◦ in both Kalimantan and Sumatra. More
land area under RSPO certification also resulted
in more remaining primary forest and reduced the
incidence of water pollution in Sumatra villages on

slopes < 3◦ (impact significant at the 10% level);
in Kalimantan, certification reduced the incidence of
land pollution on slopes < 2◦ (impact significant at
the 10% level).

With the marginal effects, we also find some het-
erogeneity in certification’s impacts on village devel-
opment. Relative to villages with non-certified con-
cessions, we find that concessions with RSPO certific-
ation were associated with more private educational
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Table 2 Average impact of RSPO certification on village infrastructure indicators and population density using the matched sample
(standard errors in parentheses). Because the data on population were not available for 2014, we restrict the analysis on the changes in
population density to 2011.

Kalimantan Sumatra

Outcome
Outcome
transformation Variable Coefficient (ste) n Coefficient (ste) n

Treatment 2.09b (0.95) 0.18 (0.33)#Private educational
facilities

none
Treatment× Slope −0.68 (0.44) 1315 −0.31a (0.18) 5395
Treatment 290.41 (195.81) −30.60 (76.02)#Households with

non-state electricity
none

Treatment× Slope −129.31 (82.00) 1262 −25.73 (37.63) 5177
Treatment −0.35 (0.27) −0.06 (0.05)Presence of health

centers (1 if present)
none

Treatment× Slope 0.26b (0.12) 1315 0.02 (0.05) 5395
Treatment −0.46 (0.55) −0.34a (0.17)Population density Cubic root
Treatment× Slope 0.25 (0.23) 1052 0.12 (0.10) 4316

Significance levels: b5%, a10%

Figure 3. Heterogeneity in the impacts of RSPO certification on the proxies of (a) forest health and (b) pollution for Kalimantan
(blue) and Sumatra (yellow) based on marginal effects from the panel data regression models on the matched sample (equation
(1)). An impact is statistically significant if the 95% CI do not cross the 0 line.

facilities on slopes < 3◦ in Kalimantan and fewer
such facilities on slopes > 1◦ in Sumatra (figure 4).
However, these results are likely driven by changes
in population density. In Sumatra, adjusting by the
village population results in no statistically signific-
ant effects of certification (figure S3). In Kalimantan
we find that adjusting by the population density
changes the direction of the relationship between
slope and private educational facilities, and results
in no statistically significant effects of certification
(figure S3).

We did not find a statistically significant impact of
RSPO certification on the number of households with
non-state sources of electricity even after account-
ing for changes in population density in Kalimantan
(figures 4, S3). In Sumatra, certification resulted in
a decrease in the number of households with non-
state sources of electricity on slopes between 1◦ and

3◦, relative to non-certified concessions (figure 4);
these patterns remained consistent after accounting
for changes in population density (figure S3). In
Sumatra, although RSPO certification did not have
a statistically significant impact on the probability
of a village having a health center, it increased this
probability in villages on slopes > 3◦ in Kalimantan
(figure 4). Finally, we observe a statistically signific-
ant reduction in the number of people in treated vil-
lages on gentle slopes (<2◦) in Sumatra between 2003
and 2011 relative to observationally similar control
villages.

3.3. Trade-offs and complementarities
We also find evidence of trade-offs and complement-
arities in the environmental and development out-
comes along slope, our proxy for agricultural suitab-
ility and ecosystem fragility (figure 5). In Kalimantan,
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Figure 4. Heterogeneity in the village infrastructure and population impacts of RSPO certification for Kalimantan (blue) and
Sumatra (yellow) based on marginal effects from the panel data regression models on the matched sample (equation (1)). An
impact is statistically significant if the 95% CI do not cross the 0 line.

treatment villages with slopes < 2◦, the statistically
significant increase in the number of private edu-
cational facilities coincides with lower incidence of
land pollution and decreased deforestation, a com-
plementarity. In villages with slopes > 3◦, we observe
apparent environment-development trade-offs in the
form of a positive impact from RSPO certification on
both the probability a village will have a health cen-
ter and on deforestation rates. In Sumatra, there is a

reduction of deforestation and water pollution as well
as an increase in primary forests and no statistically
significant impacts on infrastructure on slopes < 1◦.
The trade-offs between environmental and develop-
ment goals occur where villages have slopes > 1◦.
In these villages, RSPO certification decreased defor-
estation and water pollution and protected remain-
ing primary forests, but resulted in lower house-
hold access to non-state sources of electricity and less
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Figure 5. Trade-offs and complementarities between the environmental and village development outcomes from RSPO
certification along village slope (horizontal axis), which proxies for agricultural suitability and ecosystem fragility. The boxes
above the horizontal line indicate increases in the outcome; those below indicate decreases in the outcome associated with
certification. Only the statistically significant predictions from the marginal effects are shown in the figure.

private educational facilities as well as lower popula-
tion density, relative to non-certified concessions.

3.4. Robustness checks
Our results are robust across multiple specifications
(tables S3–4). We also do not find evidence of sub-
stitution between state and non-state infrastructure.
In Kalimantan, we find no statistically significant
impacts of RSPO certification on the number of state
educational facilities and households with access to
state electricity (figure S4, tables S3–4). In Sumatra,
we find no statistically significant impact on state
educational facilities, but a significant decrease in the
number of households with access to state electricity.
The direction of impacts coincideswith that of private
educational facilities (figures 4, S4) but the impact
disappears when we consider changes in the popula-
tion density (tables S3–4).

4. Discussion

Using a novel village-level dataset spanning 2003–
2014 and rigorous quasi-experimental methods, we
demonstrate that RSPO certification resulted in
small, often heterogeneous and geographically lim-
ited changes in village environmental quality and
infrastructure relative to villages with non-certified
oil palm concessions. We identify several trade-offs
between environmental and developmental outcomes

in both regions, but also some complementarities in
Kalimantan.

Observed patterns in the provision of village pub-
lic goods due to RSPO certification are consistent
with our theory of change, for the most part. Espe-
cially on gentle slopes where oil palm production
is most profitable, certification may create incent-
ives for improving village infrastructure and mit-
igating negative environmental impacts associated
with oil palm production and expansion. Below we
offer some potential explanations for the observed
patterns-specifically focusing on changes in popula-
tion density, changes in observationally similar non-
certified concessions, and data limitations.

4.1. Changes in population density
The unexpected decline in the number of private edu-
cational facilities and households with access to non-
state electricity on slopes > 1◦ in Sumatra may be
correlated with a concomitant change in population
density. While certification had no significant impact
on village population in Kalimantan, in Sumatra the
trade-offs between the development and environ-
mental outcomes on gentle slopes may be correlated
with a significant decrease in the number of people
living in the treated villages only two years after ini-
tial certification, relative to non-certified concessions.
Although the lack of 2014 population data limits this
analysis, in Sumatra we cannot rule out the possibility
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that on gentle slopes improvements in environmental
outcomes and reductions in village infrastructure in
treated villages relative to control villages are due to
reduced migration to or greater out-migration from
villages overlapping with RSPO certified plantations.
In other words, it is possible that observed impacts
of RSPO certification could be driven not by changes
in oil palm company practices induced by certifica-
tion, but by decreased pressure on the natural envir-
onment and reduced need for infrastructure due to
lower population density in treated villages. Future
research needs to examine this possibility in greater
detail and also consider who themigrating people are,
why they migrated, and where they went.

4.2. Additionality
Critically, our analysis considers the additional
impact of RSPOcertification relative to effects of non-
certified oil palm plantations. A potential explana-
tion for RSPO certification’s limited impact on vil-
lage development is that most contributions to vil-
lage infrastructure likely take place when oil palm
plantations are initially developed. Previous research
(Budidarsono et al [55] and Baudoin et al [53] in
the context of oil palm; Engel et al [50] in the con-
text of commercial logging) has suggested that in
Indonesia, industrial actors compensate villages to
gain access to areas that overlap with village land, a
process that we expect to occur mainly during initial
plantation development. Thus, the additional impact
of certification that takes place after the plantation
is established may be small and limited to areas with
outstanding land tenure issues or other conflicts that
require resolution for achievement and maintenance
of RSPO certification. This could be the case for our
study sincemost certified concessions were developed
before 2005 [33]. Alternatively, compensation could
occur at the individual or household level rather than
the village-level or be in the form of programming
and direct funds; because of data unavailability, we
do not consider these types of compensation. Con-
comitant Indonesian government policies that aim
to develop the oil palm producing regions, regard-
less of certification status, could further contribute
to the lack of RSPO-induced village development
additionality [55]. In addition, the sustainability cri-
teria set out by the RSPO 2007 P&C and applied to
most certified plantations in this study lack clarity on
implementation other than what is legally required
under national and regional policies for improving
social well-being at the village-level.

4.3. Data limitations
Our study is subject to certain limitations. First, we
do not control for the spatial dependence of many of
the outcomes examined here (e.g. we do not distin-
guish between upstream and downstream villages for
water pollution or account for wind patterns for air

pollution and fire incidence). We also consider aver-
age annual impacts and do not allow for seasonal-
ity of the impacts even for outcomes that likely vary
within a year (e.g. differences in fire between wet and
dry seasons). Because many villages in our sample
are only partially spanned by certified concessions,
our estimates capture the net effect of certification
on all areas within the treated villages, not only areas
within certified concessions, and thus include within-
village spillover effects. Because developing and test-
ing a theoretical model for the location of spillovers
(i.e. effects outside the policy boundary) is beyond the
scope of this study, we do not attempt to capture the
possibility of spillovers beyond examining the aggreg-
ate impact of certification at the village level. Previous
work has shown that the spillovers from conservation
and development policies do not necessarily occur in
areas immediately adjacent to treated zones and may
depend on factors such as the level of village market
integration and size of markets, among others (e.g.
Miteva et al [83]). Spillovers due to certification can
be significant and may potentially offset or enhance
direct certification-induced changes in development
or environmental conditions. For example, Heilmayr
et al [34] find that RSPO certification in Kalimantan
induced heterogeneous spillovers to regional markets
and distant locations.

Second, we also do not attempt to quantify
the impact of RSPO on greenhouse gas emissions
from palm oil production, even though the RSPO
P&C include provisions for minimizing such emis-
sions. Substantial land-based greenhouse gas emis-
sions from oil palm production can occur during
land clearing via removal of vegetation biomass and
burning of peat carbon [84]. Ongoing emissions dur-
ing oil palm production include CO2 emissions from
peatland drainage [85, 86] and CH4 emissions from
anaerobic decomposition of palm oil mill effluent
[87]. We expect effects of certification on vegeta-
tion biomass emissions to be similar to certifica-
tion’s effects on forest cover, and we lack concession-
specific data on peatland drainage practices and asso-
ciated emissions and CH4 emissions from effluent.

Third, our analysis focuses only on large-scale
industrial concessions. Independent smallholder
groups can also achieve RSPO certification, but only
three groups in Sumatra with < 2000 ha total area
had released LOIs by 2013. Previous studies suggest
that, on average, oil palm production is beneficial to
smallholders in Indonesia [88], but the impacts vary
by smallholder access to land and labor, disparities
within communities, and land tenure security [89].
Thus, the exclusion of land under smallholder cer-
tification from our analysis is likely to introduce a
very slight downward bias of the extent and nature of
RSPO impacts.

Our analysis focuses on quantitative changes in
the village infrastructure. Because of the lack of
data, we do not consider the quality, size, or target
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populations of facilities and associated services. For
example, despite the general lack of statistically signi-
ficant positive impacts of RSPO certification on the
number of private educational facilities, incidence of
health centers, or household access to non-state elec-
tricity, certification may have improved the quality
and size of these facilities or number and/or quality
of the services they provide. For example, it is possible
RSPO both improved the quality of health centers on
gentler slopes and increased the likelihood of health
facilities in villages on higher slopes in Kalimantan.
In Sumatra, the decline in the number of private edu-
cational facilities relative to non-certified concessions
can be possibly due to improvements in quality, but
not numbers. Of course, it is also possible that new
infrastructure provided by companies be undertaken
not because of community needs, but for other reas-
ons such as upward accountability or succeeding on
paper to donors [90].

Our indicators for village infrastructure and
environmental conditionsmay promote village devel-
opment as they are correlated, albeit imperfectly, with
sustainability and development goals like improved
access to health care and education and reduced
exposure to hazardous environmental conditions. For
example, previous work has shown that exposure to
smoke from fires used to clear land for oil palm pro-
duction in Indonesia reduces adolescents’ height-to-
age scores and is correlated with significant losses in
income [60]. Similarly, previous studies in Indonesia
have found a positive impact of schooling and health
care accessibility on children’s health [91]. While our
selected indicators provide initial insight into the
impact of certification on village development, they
are far from comprehensive. Future work needs to
examine the impact of RSPO on individual outcomes
like literacy, incomes, poverty, health, and security in
both the short- and long-terms.

4.4. Long-term impacts of certification and
implications for policy
The lack of significant improvements in most vil-
lage development indicators found in this study may
be due to the nature of criteria intended to ensure
that companies contribute to village development.
The 2007 criteria are vaguely worded and thus may
have lacked stringency due to potentially broad inter-
pretation by auditors. For example, the indicator for
compliance with Criterion 6.11 (‘Growers […] con-
tribute to local sustainable development wherever
appropriate’) simply requires demonstrable contri-
butions to local communities. Such contributions are
likely to occur even in the absence of certification
due to the need for oil palm companies to nego-
tiate with local communities as well as Indonesian
law [56]. Moreover, guidance on how to implement
this Criterion (i.e. companies should consult local
communities, and use their profit for social develop-
ment projects), is vague [52]. The original 2007 RSPO

standard has undergone two rounds of revisions, in
2013 and 2018 [92] which provided some clarity
on how producers should implement the P&C. For
example, the 2018 RSPO P&C provides more guid-
ance on how companies can seek partnerships with
NGOs and civil society organisations to contribute
towards rural development, for instance via poverty
reduction, access to healthcare, and support of food
and water security. Such improved specificity may
lead to greater beyond-business-as-usual changes by
certified producers audited under the revised P&C,
changes not captured in our study.

In addition to the revised P&C, the RSPO intro-
duced a New Planting Procedure (NPP) in 2010 [93].
The NPP requires that prior to any new oil palm
development or replanting, companies engage with
local communities potentially impacted by the pro-
posed development and ensure their legal and cus-
tomary rights to land are respected [93]. TheNPP also
mandates companies to avoid developing areas with
high conservation values [94] and/or high carbon
stocks [95]. The implementation of these more strin-
gent criteria prior to oil palm development is likely to
have a larger additional impact on environmental and
development outcomes compared to implementation
of the P&C on a long-established plantation. How-
ever, translation of improved criteria and the NPP to
better environmental and socio-economic outcomes
is contingent on respect for human rights, good gov-
ernance, transparency, accountability, rule of law,
and access to justice [52, 96]. Given shortcomings in
RSPO compliance monitoring and enforcement [97],
it remains to be seen whether RSPO’s impacts on
development and environmental quality will change
through time.

Improving the additional impact of RSPO on the
ground is predicated on understanding the drivers
of certification as well as incentives and disincentives
for adoption across the spectrum of oil palm produ-
cers in Indonesia.Why certification is adopted by oil
palm growers as well as where certification is gran-
ted are likely to shape impacts on the ground [98].
Previous work has shown that conflicts with local
communities and pressure from NGOs (especially in
areas with high conservation values have been sig-
nificant drivers for adoption of RSPO certification
and improvement of agricultural practices in Indone-
sia’s oil palm industry (e.g. Gnych et al [49]). Thus,
like Forest Sustainability Council (FSC) certification
(Miteva et al [59]), RSPO has the potential to support
resolution of land tenure insecurities in the absence
of strong formal institutions and might contribute
to rural development, while decreasing the impacts
on the natural environment. However, it is less clear
howRSPO is going to balance development goals with
increasing pressure on natural resources due to con-
comitant increases in oil palm production [49].

Further, the impact of RSPO on the ground is also
determined by which producers become certified.
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Owing to international market pressures, multina-
tional corporations may have already adopted better
practices, with certification having little or no addi-
tional impact. In contrast, oil palm producing areas
dominated by smallholders may be left out of the cer-
tification scheme due to prohibitively large costs and
lack of incentives to employ improved oil palm pro-
duction practices [98, 99]. While the certification of
smallholder oil palm producers may generate signi-
ficant additional benefits to local communities and
ecosystems because of the change in practices, to date
very few smallholder producers participate in RSPO.
In 2019, the number of Indonesian smallholders (tied
and independent) who achieved RSPO certification
reached 2777 smallholders which is a fraction of the
total estimated number of oil palm smallholders in
Indonesia (2.3 million smallholders) [100, 101].

5. Conclusion

Evaluating the performance of sustainability certi-
fication systems is challenging for a variety of reas-
ons: the lack of clear mechanisms linking cause and
effect, the lack of reliable datasets spanning large areas
and multiple outcomes as well as lack of consensus
over appropriate measurable proxies for the out-
comes [102]. Our study addresses these concerns by
drawing on a rich panel dataset, spanning a large area
in Indonesia, a hypothesized mechanism of change,
and rigorous impact evaluationmethods.We evaluate
trade-offs between development and environmental
impacts of RSPO on local communities. We demon-
strate that, in the short-run, while RSPO has con-
tributed to environmental conservation, its impact
on rural development has been limited. The longer
term impacts of certification on the local environ-
ment and communities remain to be seen. Future
questions on measuring the impacts of palm oil cer-
tification systems should deepen our understanding
of plausible mechanisms of how certification systems
impact environmental and developmental outcomes
(e.g. the role ofNGOs in certification systems), as well
as consider historical and longitudinal approaches to
tackle somemore challenging outcomes that defy easy
measurement such as workers’ rights, land tenure
security, migration, and individual development out-
comes like literacy, income, poverty, and health both
in the short and long runs.

Our work addresses previous calls to strengthen
conservation evaluation by considering the hetero-
geneity of impacts, in order to develop hypotheses
about the mechanisms through which certification
leads to change on the ground [103], and to assess
trade-offs and synergies between the outcomes of sus-
tainability initiatives [36]. Understanding mechan-
isms and tradeoffs or complementarities in a particu-
lar context is a prerequisite for improving the design
of the intervention and its impacts on the ground. For

example, such analyses can help identify the benefi-
ciaries of RSPO certification and the time scales and
location over which direct and indirect impacts are
felt, and to guide the design of rigorous impact evalu-
ations [104]. By highlighting the heterogeneity of the
RSPO impacts across space and types of outcomes,
we provide the first step needed to understand and
model the mechanisms through which certification
schemes effect change on the ground. Specifically, we
identify several of the channels through which RSPO
may have impacts on the ground in Indonesia—
including the bargaining power of local communit-
ies and pressure from NGOs, changes in population
density due to migration, lack of standard stringency,
and international pressures versus local incentives
especially on large-scale oil palm companies. All of
these have important implications for policy makers
and academics interested in designing and evaluat-
ing policies like voluntary sustainability certification
schemes.
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