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Abstract

Palm oil is the most widely produced and consumed vegetable oil worldwide, but its production
is associated with deforestation and other environmental and social problems. Roundtable on
Sustainable Palm Oil (RSPO) is the only internationally-recognized voluntary certification stan-
dard aimed at mitigating such problems. Many studies examine RSPO’s effects on particular out-
comes in specific contexts, but a consolidated global assessment is lacking. Here, we systemati-
cally review the literature and identify 53 original studies covering RSPO effects in various coun-
tries of Asia, Africa, and Latin America. Where data availability permits, we also conduct meta-
analysis. Results reveal that RSPO can lead to environmental improvements, such as reduced peat-
land use and greenhouse gas emissions, but these effects are context-dependent and not consis-
tently achieved. RSPO reduces deforestation within certified concessions, but this is largely oft-
set by leakage to non-certified land, such that the overall effect on deforestation is insignificant.
RSPO contributes to improved oil palm yields, especially for large-scale producers, and often

also to higher profits and incomes. Yet, RSPO seems to exacerbate asymmetric power structures.
Certification of independent smallholders remains limited due to technical and institutional con-
straints. While RSPO has certain positive effects in specific situations, further development of the
standard and other policies are needed to make palm oil production more sustainable. Another
important finding is that the methodological approaches of the original studies vary considerably.
Rigorous impact studies consistently show smaller effects than less-rigorous ones, suggesting that

uncontrolled confounding factors may lead to exaggerated reports about RSPO benefits.

1. Introduction

Palm oil is the most widely produced and consumed
vegetable oil worldwide. Over the last six decades, the
global oil palm area has expanded 8-fold (3.6 mil-
lion ha—29.1 million ha), while oil palm fruit pro-
duction has increased more than 30-fold (13.6 million
tons in 1961-418.7 million tons in 2024) (FAO 2025).
Palm oil is extracted from the fruits of the oil palm
(Elaeis guineensis), a tropical palm native to West
and Central Africa, now widely cultivated in Asia
and Latin America as well (Corley and Tinker 2015).

© 2026 The Author(s). Published by IOP Publishing Ltd

Palm oil’s versatility makes it an essential ingredient
in a variety of food and non-food products, includ-
ing biodiesel and cosmetics (Murphy et al 2012).
However, the rapid expansion of oil palm planta-
tions has been linked to severe environmental and
social issues in tropical regions, including large-scale
deforestation, greenhouse gas (GHG) emissions, bio-
diversity loss, and conflicts over land rights (Qaim
et al 2020, Abram et al 2017). The clearing of tropi-
cal forests for oil palm cultivation has not only con-
tributed significantly to carbon emissions but has also
threatened the habitats of many endangered mammal
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and bird species (Vijay et al 2016). These environ-
mental concerns, combined with social issues, such as
land tenure disputes and the exploitation of workers,
have placed palm oil production at the center of pub-
lic debates and policy discussions around sustainable
agricultural practices (Meijaard et al 2020, Qaim et al
2020, Xin et al 2022, Xu et al 2022, Bicknell et al 2023,
Sibhatu 2023).

Several national and international sustainabil-
ity standards have been established as mechanisms
to reduce the negative effects and encourage more
responsible practices within the palm oil sector.
Existing standards include voluntary sustainability
standards, like organic palm oil and Roundtable on
Sustainable Palm Oil (RSPO), as well as mandatory
ones, like Indonesian Sustainable Palm Oil (ISPO)
and Malaysian Sustainable Palm Oil (MSPO) (Qaim
et al 2020, Bok et al 2022, De Rosa et al 2022,
Nursyamin ef al 2023). Among these standards, RSPO
is the most prominent and the only internationally-
recognized certification scheme aimed at addressing
environmental and socioeconomic issues associated
with palm oil production (Furumo et al 2020, Qaim
et al 2020, Tey et al 2022).

RSPO was established in 2004 through a coopera-
tion between the World Wide Fund for Nature and
several companies and stakeholders in the palm oil
industry (RSPO 2011). The scheme brings together
producers, processors, traders, retailers, financial
institutions, and non-governmental organizations
to develop and implement sustainability standards
across the entire palm oil value chain. RSPO’s main
objectives include promoting practices that reduce
deforestation, safeguard biodiversity, and prevent
the clearance of areas with high conservation value
(HCV) and high carbon stock (Scriven et al 2019).
Socioeconomically, RSPO aims to improve living
conditions of farmers and workers, with a particular
emphasis on respecting the rights of indigenous com-
munities (RSPO 2011, Scriven et al 2019). The RSPO
principles are summarized in table 1.

Oil palm growers can attain RSPO certification
for either specific plantations or whole land con-
cession areas that may include multiple plantations,
forested areas, and conservation zones within their
boundaries. In either case, growers must demon-
strate compliance with RSPO principles, adhere to
all applicable laws and regulations, maintain book-
keeping, and report on agro-chemical input use and
yield. RSPO certification involves annual auditing
by an independent body, and growers incur costs
related to certification, auditing fees, and compli-
ance (Levin et al 2012). Over the last 20 years, RSPO
has gained considerable market share, with RSPO-
certified palm oil accounting for approximately 20%
of all internationally-traded palm oil in 2023 (RSPO
2023). This involves over 5.2 million hectares of cer-
tified oil palm land, producing 14.5 million tons of
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palm oil processed in over 6400 certified processing
mills (RSPO 2023).

Voluntary sustainability standards, like RSPO,
aim to drive change through a combination of differ-
ent mechanisms, including market-based incentives,
regulatory pressures, and multi-stakeholder engage-
ment (Blackman and Naranjo 2012, Ruben and Fort
2012, van der Ven et al 2018, Meemken et al 2021).
Certified producers may gain access to different mar-
kets that prioritize sustainable sourcing, enjoy an
enhanced reputation and brand image, and bene-
fit from increased productivity and higher prices
for their products, thereby incentivizing the adop-
tion of sustainable agricultural management practices
(Levin et al 2012). Access to differentiated markets,
higher prices, and increased yields through RSPO
certification may translate into higher incomes of
producers, which can lead to greater investment in
rural infrastructure and improved household welfare.
Moreover, RSPO certification may serve as a platform
for knowledge sharing, capacity building, and col-
laboration among diverse stakeholders, contributing
to the incremental improvement of practices within
the palm oil sector. However, the effectiveness of
RSPO certification is likely context-dependent, influ-
enced by factors such as the scale of production (e.g.
smallholders versus large commercial plantations),
the type of land use replaced by oil palm cultiva-
tion (e.g. forest versus degraded land), regional vari-
ations in government policies, and access to technical
and financial resources (Lee et al 2011, Hidayat et al
2015). Smallholder farmers, for instance, frequently
encounter financial, technical, and institutional bar-
riers to RSPO certification, limiting their ability to
participate and benefit (Qaim et al 2020). Even when
certification is achieved, structural features of certi-
fied supply chains can exclude independent small-
holders (ISHs) from actually selling through these
channels (Ekaputri et al 2025). When these chal-
lenges are combined with increased costs of produc-
tion, the possible gains from certification may be oft-
set, potentially hindering significant welfare improve-
ments among smallholders. In contrast, larger plan-
tations may face lower fixed costs of certification per
unit of output, and may have more influence on the
exact shape of certified concession areas. Therefore,
examining the contextual factors that facilitate or hin-
der RSPO’s success in different settings is crucial.

A growing body of literature evaluates effects of
RSPO on environmental outcomes (e.g. Saswattecha
et al 2015, Carlson et al 2018, Schmidt and De Rosa
2020), oil palm yield (e.g. Beall 2012, Saswattecha et al
2015, Veriasa et al 2024), and human wellbeing (e.g.
Levin et al 2012, Santika et al 2021, Cordoba et al
2022, Richartz and Abdulai 2025). Some studies find
positive effects in certain situations, whereas others
do not. Most studies focus on specific outcomes and
countries or subnational regions, making it difficult



Environ. Res. Lett. 21 (2026) 133003

Table 1. RSPO principles and criteria.
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Principles Explanation: certified members are required to...
1 Commitment to transparency Be transparent and accountable in their
operations and provide regular reports on their
performance against the RSPO’s principles and
criteria.
2 Compliance with applicable Comply with all relevant laws and regulations,

laws and regulations

3 Commitment to long-term
economic and financial
viability

4 Use of appropriate best
practices by growers and
millers

5 Environmental responsibility
and conservation of natural
resources and biodiversity

6 Responsible consideration of
employees as well as
individuals and communities
affected by growers and mills

7 Responsible development of
new plantings

8 Commitment to continuous
improvement in key areas of
activity

9 Protection of high
conservation value (HCV)
areas

including those relating to the environment, labor
rights, and human rights.

Promote economic and social development in the
communities where they operate, including the
provision of education and training
opportunities.

Promote sustainable management of oil palm
plantations, including using best practices for
agroforestry and integrated pest management.
Conserve biodiversity and promote the
sustainable use of natural resources.

Respect the human rights of workers and local
communities, including the rights of indigenous
people (including fair wages and safe working
conditions).

Ensure that new plantings are developed
responsibly and sustainably, avoiding the
conversion of high conservation value areas and
peatlands.

Continuously improve their performance against
RSPO’s principles and criteria and engage in a
continuous dialogue with stakeholders to address
any concerns or issues that arise.

Avoid or minimize the impact of their operations
on HCV areas, including forests, wetlands, and
other areas of high biodiversity value.

Sources: (RSPO 2011, 2023, Nupueng et al 2022).

to draw generalizable conclusions in the absence of
a systematic synthesis. Here, we provide a systematic
review of the literature on RSPO effects.

A few earlier reviews have addressed various
aspects of palm oil certification, but none of them
has specifically focused on RSPO effects from a com-
prehensive perspective. Abidin et al (2024) focus on
the adoption dynamics of the MSPO standard. Majid
et al (2021) and Rosdin et al (2023) analyze the
frameworks of different certification schemes and
their socioeconomic implications, without systemati-
cally covering the environmental effects of RSPO. Tey
et al (2021) restrict their synthesis to the financial
costs and benefits of RSPO compliance. Ogahara et al
(2022) review studies on smallholder palm oil sus-
tainability and the role of certification and other poli-
cies, but their analysis does not systematically evalu-
ate RSPO effects, nor does it cover large-scale plan-
tations. A global assessment of RSPO’s effects on the
various environmental and socioeconomic dimen-
sions, as we provide here, has been lacking up till now.

We systematically review the literature on RSPO’s
effects under different conditions, identifying 53 orig-
inal studies. Our review makes three contributions.
First, by synthesizing evidence simultaneously across

3

environmental, yield, and wellbeing dimensions, we
provide a more comprehensive picture of RSPO’s
effects than any single-domain analysis can offer.
Second, we stratify findings by methodological rigor,
treating evidence from studies with control groups
and regression approaches as the main results, while
using less-rigorously derived evidence only for com-
parison and to provide more context. Third, we
analyze important contextual conditions, including
producer scale, land-use type, regional governance,
and supply chain structure, which helps explain why
RSPO’s effects vary across settings. We complement
this synthesis with an assessment of smallholder par-
ticipation in RSPO certification and the constraints
that commonly limit it.

Given the heterogeneity in methods, outcome
variables, and study contexts, much of the evidence
compiled from the original studies is not suitable
for full meta-analysis, so we rely primarily on nar-
rative synthesis combined with structured tabular
comparison. Yet, where subsets of studies report
sufficiently comparable quantitative estimates, we
additionally conduct exploratory meta-analyses. We
restrict our review to RSPO and do not cover other
standards because—as mentioned—RSPO is the only
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comprehensive, internationally-recognized sustain-
ability standard in the palm oil industry. Some of the
insights may also be useful for the evaluation of other
standards.

2. Materials and methods

We follow the PRISMA (preferred reporting items
for systematic reviews and meta-analyses) guide-
lines to ensure transparency and reproducibility of
our systematic review of the literature on effects of
RSPO on various dimensions of sustainable devel-
opment (Moher et al 2009, Haddaway et al 2018,
O’Dea et al 2021).

2.1. Search and selection criteria

We searched PubMed, Science Direct, Scopus, Web
of Science, Google Scholar, ResearchGate, Agris,
AgEcon Search, Academia, and JSTOR, using ‘RSPO,
‘Roundtable on Sustainable Palm Oil, ‘Oil Palm
Certification’, and ‘Palm Oil Certification’ in the
title, abstract, and keywords. We selected original
studies following the inclusion and exclusion crite-
ria summarized in table 2, considering articles in
peer-reviewed journals, books, and conference pro-
ceedings published until February 2026. We did not
include editorials, perspectives, and opinion pieces.
Duplicates were extracted, recorded, and removed
using Zotero reference manager (Roy Rosenzweig
Center for History and New Media 2016).

2.2. Analysis

To ensure robust conclusions, we evaluate the
methodological rigor of the original studies included.
In line with established frameworks (Blackman and
Rivera 2011), we assess the extent to which each study
controls for confounding factors in its analysis of
RSPO impacts. Detailed information about the study
categorization is provided in Supplementary table
Al. Specifically, we categorize studies into two tiers of
methodological rigor, namely ‘higher rigor’ and ‘lower
rigor’. Studies with higher rigor are those that con-
trol for confounding factors and use non-certified
comparison groups, typically through regression
analysis, difference-in-differences, propensity score
matching, or life cycle assessment (LCA), thereby
offering more reliable insights into RSPO effects.
Although LCAs combine modelling with empiri-
cal inventories, we include them in the higher-rigor
category because they build on processes empiri-
cally observed in RSPO-certified versus non-certified
plantations and mills and use counterfactual scenar-
ios that allow systematic comparison (Saswattecha
et al 2015, Schmidt and De Rosa 2020, Schmidt and
Weidema 2026). Studies with lower methodological
rigor are primarily descriptive or qualitative, lacking
control groups and with little or no attempt to control
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for confounding factors. These include case studies,
narrative reviews, interviews, and simple before-after
comparisons without matched counterfactuals. Note
that we do not try to judge on the quality or value
of the studies, but simply on the reliability of inter-
preting results as causally-identified effects. In all
result tables and figures, we clearly indicate to which
methodological rigor category particular findings
belong.

The large heterogeneity of methods used and
outcome variables covered means that most find-
ings across original studies are not suitable for
formal meta-analysis. The included studies span
LCA, village-level quasi-experimental panel regres-
sions, propensity score matching, qualitative case
studies, and household surveys, with different out-
come variables, sample populations, and geographic
contexts. Pooling effect sizes across such heteroge-
neous designs would require unjustifiable assump-
tions and would pretend misleading precision. We
therefore employ narrative synthesis and a struc-
tured tabular approach to analyze and classify the
findings.

Nevertheless, for four outcome domains (defor-
estation, GHG emissions, oil palm yield, and farm
income) a subset of studies reports sufficiently com-
parable quantitative estimates to permit exploratory
pooling. For these subsets, we conduct DerSimonian—
Laird random-effects meta-analyses (DerSimonian
and Laird 1986, 2015) to complement the narrative
synthesis with standardized effect sizes and exam-
ine whether the direction and magnitude of certifi-
cation effects are confirmed quantitatively. Given the
small number of studies in each domain and the high
between-study heterogeneity, all pooled estimates
should be interpreted with caution. Full methodolog-
ical details, forest plots, funnel plots, and sensitivity
analyses are provided in supplementary material B;
the raw extracted effect sizes are documented in sup-
plementary material C.

For evaluating the original studies’ results, we
compiled a comprehensive summary of each study,
focusing on the reported effects of RSPO on various
environmental outcomes, oil palm yield, and human
wellbeing (e.g. profit, income, poverty, worker con-
ditions). Each individual finding is categorized by
assigning one of the following possible labels. ‘Positive
or desirable effect’ if RSPO certification leads to a
statistically significant improvement in sustainabil-
ity outcomes, such as reduced deforestation, lower
pollution, higher yield, higher human wellbeing, etc.
‘Negative or undesirable effect’ if certification leads to
a worse sustainability outcome. ‘No effect’ if no signif-
icant effect on the particular sustainability outcome is
reported in the original study. Where a study reports
divergent results across distinct sub-indicators, sub-
groups, or geographic regions, these are presented as
separate entries in the summary tables rather than
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Table 2. Study inclusion and exclusion criteria.

Inclusion Exclusion

Peer-review e Books, peer-reviewed e Opinion articles, editorials, and

journals, conference NGO reports

proceedings
Focus areas e RSPO e Non-RSPO related studies
Language e English e Languages other than English
Year e Published between e Published after 02/2026

01/2005 and 02/2026
Keywords e RSPO mentioned in title, e RSPO not mentioned in title,

abstract, or keywords abstract, or keywords
e Reported effect of RSPO

on any indicator of

environment, yield of oil

palm, human wellbeing

Alternative keywords o Oil palm (palm oil) o Alternative keywords not men-
certification tioned
Methodology e Research with empirical e Without empirical data and with-
data out clear research method
e Reported original findings e Pure opinion pieces
on the effects of RSPO

collapsed into a single mixed category, enabling more
precise reading of the evidence.

3. Results

We identified 53 original studies for inclusion in our
systematic review. We describe general characteristics
of these studies in section 3.1, and synthesize results
in terms of environmental and socioeconomics effects
of RSPO in sections 3.2 and 3.3. This is followed by
results of the meta-analysis for subsets of outcomes
in section 3.4. In section 3.5, we focus specifically
on smallholder farmers and their inclusion in RSPO
certification.

3.1. Descriptive characteristics of original studies

The study selection procedure is illustrated in the
PRISMA flow diagram in supplementary material A
(figure 1(A)). A summary of the 53 original stud-
ies included is presented in Supplementary table
Al. Four studies focus on Latin America (two on
Ecuador, one each on Colombia and Brazil), two on
Africa (both on Ghana), and 37 on Southeast Asia,
namely Indonesia (24 studies), Malaysia (eight stud-
ies), Thailand (four studies), and Brunei Darussalam
(one study). The ten remaining studies report find-
ings from two or more countries, primarily in
Southeast Asia, with some also including evidence
from Africa and Latin America. This regional distri-
bution reflects the disparity in geography of RSPO
certification. Indonesia and Malaysia are by far the
largest palm oil producers worldwide, where oil palm
cultivation is highly commercialized and primarily
geared towards international export markets (Qaim

et al 2020). In Africa, overall production volumes of
palm oil are larger than in Latin America, but most
of the oil palm land in Africa is cultivated by small-
holders (Qaim et al 2020, Tabe-Ojong et al 2023), who
are not yet involved much in RSPO certification. Of
the 53 original studies included, 22 provide evidence
from smallholders only (in spite of low rates of small-
holder participation in RSPO, many studies focus on
smallholder situations), eight from large-scale planta-
tion companies and mills, and the rest from a mixture
of smallholders, large-scale plantations, forest estates,
and other stakeholders.

Of the 53 studies included, 34 (64.2%) are clas-
sified as having lower methodological rigor, and 19
(35.8%) meet the criteria for higher methodolog-
ical rigor (figure 1). The predominance of lower-
rigor studies indicates that a substantial portion of
the existing literature on RSPO certification does not
use methods of impact evaluation needed to make
robust causal statements about RSPO’s effects. In
our presentation of results, evidence from higher-
rigor studies is treated as primary, while findings
from lower-rigor studies are used mainly for compar-
ison and for providing more context for meaningful
interpretation.

Many of the original studies look at specifically-
defined outcomes, whereby the indicators used
are not always congruent. Several studies include
more than one indicator. Systematic coding of
the studies yielded 149 indicator-level observa-
tions, distributed across three thematic domains:
environmental outcomes (n = 61), oil palm yield
(n = 18), and human wellbeing (n = 70). RSPO
effects on each of these domains are synthesized
below.
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Figure 1. Distribution of studies by methodological rigor category and world region.

3.2. Environmental effects

Many studies examine to what extent RSPO certifi-
cation helps reduce environmental problems related
to oil palm cultivation. The results are synthesized in
table 3, where each entry shows the concrete outcome
and indicator analyzed per original study, the direc-
tion of the RSPO effect, and the study’s methodolog-
ical rigor category. Key findings are further explained
below.

3.2.1. Environmental pollution

Depending on cultivation practices and input inten-
sity, oil palm production can have negative effects
on soil, water, and air quality. As shown in table 3,
several studies investigate effects of RSPO certifica-
tion on different types of environmental pollution.
For example, one higher-rigor study in Thailand finds
that RSPO-certified production has lower negative
environmental impacts than non-certified produc-
tion (Saswattecha et al 2015). Specifically, RSPO certi-
fication has led to the adoption of improved wastewa-
ter management techniques, better weed control, and
areduction of nitrogen-based fertilizers, contributing
to lower GHG emissions and reduced photochemical
ozone formation. Lower fertilizer use in Thailand also
reduces acidification, eutrophication, human toxi-
city, and freshwater ecotoxicity (Saswattecha et al
2015). These findings align with RSPO’s principle of
reducing environmental impacts through improved
management practices.

A few studies in Indonesia also suggest that RSPO
reduces land, water, and air pollution (Lee et al 2020,
Santika et al 2021). However, the effects vary by
context, including farmers’ knowledge and environ-
mental awareness. In some parts of Indonesia and
Malaysia, RSPO-certified producers use more fer-
tilizer than their non-certified counterparts, lead-
ing to higher water pollution and human toxicity in

the vicinity of RSPO-certified plantations (Schmidt
and De Rosa 2020). It should be noted that RSPO’s
principles specify qualitative pollution-management
requirements without setting quantitative thresholds
for most pollutants. This means that higher pollu-
tant levels in certified plantations do not necessarily
represent non-compliance with RSPO.

In spite of higher fertilizer use, Schmidt and De
Rosa (2020) show that RSPO-certified palm oil is
associated with 35% lower GHG emissions, which
is achieved through higher yields and thus lower
land requirements per unit of product, less oil palm
grown on peat soil, and increased use of biogas cap-
ture technologies. Schmidt and Weidema (2026)
also show lower GHG emissions and peatland use
through RSPO in five countries, namely Indonesia,
Malaysia, Thailand, Colombia, and Nigeria. However,
not all studies confirm that RSPO consistently
reduces peatland use for oil palm cultivation
(Carlson et al 2018).

3.2.2. Deforestation

As mentioned, the expansion of oil palm plantations
has long been associated with deforestation in tropi-
cal regions, contributing to habitat loss, carbon emis-
sions, and biodiversity decline. RSPO certification
aims to address this issue by promoting the conser-
vation of HCV areas and enforcing policies against
clearing primary forests.

Several studies explore whether RSPO helps
reduce deforestation and protect HCV areas (table 3).
For instance, one higher-rigor study in Indonesia
finds that RSPO reduces deforestation significantly
within certified concessions, yet without fully elim-
inating it (Carlson et al 2018). Another higher-rigor
study in Indonesia confirms that RSPO reduces defor-
estation in lowland areas, but not on steeper slopes
where deforestation seems to increase (Lee et al
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Table 3. Effects of RSPO certification on environmental indicators.

Study Rigor Association Effect Indicator/outcome

Greenhouse gas emissions and climate change

Carlson et al (2018) Higher / Not significant Peatland forest clearing (% concession area
on peat): no statistically significant
reduction in peat

Saswattecha et al (2015) Higher — Desirable GHG emissions (kg CO,-eq per t FFB):
scenario-based LCA found RSPO practices
reduce global warming potential

Schmidt and Weidema Higher — Desirable GHG emissions (kg CO,-eq per t CPO):

(2026) updated 2021 five-country LCA confirmed
certified production maintains lower
emissions

Schmidt and De Rosa Higher - Desirable GHG emissions (kg CO,-eq per t refined

(2020) palm oil): attributional LCA found 36%
lower emissions for RSPO-certified
production

Schmidt and De Rosa Higher - Desirable Peatland area under cultivation (share of

(2020) estate area on peat): certified estates had
lower peatland use

Schmidt and De Rosa Higher - Desirable GHG emissions (kg CO,-eq, consequential

(2020) LCA): RSPO 3.41 vs non-certified 5.34
(36.1% lower, NHST = yes)

Air quality and atmospheric emissions

Lee et al (2020) Higher / Not significant Air pollution incidence (village PODES
indicator): NOT significant in Kalimantan
(coeff = 0.05, SE = 0.17) or Sumatra
(coeff = 0.09, SE = 0.14)

Santika et al (2021) Higher — Desirable Air pollution incidence (village-level
PODES census indicator): reduced in
market-oriented villages

Saswattecha et al (2015) Higher - Desirable Acidification potential (g SO,-eq per t
FFB): lower under RSPO scenarios; reduced
open burning and input use

Saswattecha et al (2015) Higher — Desirable Photochemical ozone formation (m?® ppm
h per t FFB): reduced under RSPO
scenarios

Schmidt and Weidema Higher / Not significant Respiratory inorganics (g PM;.s-eq per kg

(2026) RBDPO, consequential): RSPO 2.80 vs
non-certified 2.81 (negligible)

Schmidt and Weidema Higher - Desirable Photochemical ozone formation (mg

(2026) ozone-eq/m?-h, consequential): RSPO
21.8 vs non-certified 24.9 (12.4% lower)

Schmidt and Weidema Higher / Not significant Acidification (m?-UES, consequential):

(2026) RSPO 0.297 vs non-certified 0.292 (1.7%
higher, negligible)

Schmidt and De Rosa Higher / Not significant Acidification potential (g SO;-eq per t

(2020) refined palm oil, consequential LCA):
negligible difference (0.159 vs 0.160)

Schmidt and De Rosa Higher - Desirable Photochemical ozone formation (m® ppm

(2020) h per t refined palm oil): attributional LCA
found lower in certified production

Schmidt and De Rosa Higher — Desirable Respiratory inorganics/particulate matter

(2020) (kg PMo-eq per t refined palm oil): lower
in certified production

Schmidt and De Rosa Higher - Desirable Acidification potential (g SO,-eq,

(2020) attributional LCA): RSPO 0.180 vs

non-certified 0.193 (6.7% lower,
NHST = no)

(Continued.)
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Table 3. (Continued.)

Study Rigor Association Effect Indicator/outcome

Water quality, ecotoxicity, and human toxicity

Lee et al (2020) Higher / Not significant Water pollution incidence (village PODES
indicator): NOT significant in Kalimantan
(coeff = —0.48, SE = 0.41) or Sumatra
(coeff = —0.05, SE = 0.04)

Lee et al (2020) Higher - Desirable Land pollution incidence (village PODES
indicator): reduced near certified
concessions in Kalimantan coeff =
—0.21** (SE = 0.09);

Lee et al (2020) Higher / Not significant Land pollution incidence (village PODES
indicator): not significant in Sumatra

Santika et al (2021) Higher - Desirable Water pollution incidence (village PODES
indicator): reduced in market-oriented
villages; worsened in subsistence-oriented
villages

Saswattecha et al (2015) Higher — Desirable Eutrophication potential (g PO4-eq per t
FFB): reduced through improved POME
treatment under RSPO

Saswattecha et al (2015) Higher - Desirable Freshwater ecotoxicity (kg 1,4-DCB-eq per
t FFB): lower under RSPO due to reduced
herbicide/pesticide use

Saswattecha et al (2015) Higher - Desirable Human toxicity, carcinogenic (g C;HgsCl-eq
per t FFB): lower under RSPO scenarios

Saswattecha et al (2015) Higher - Desirable Human toxicity, non-carcinogenic (g
C3HgNO;-eq per t FFB): N-RSPO = 42,
P-RSPO = 92, C-RSPO = 36 (14% lower
for C-RSPO)

Schmidt and Weidema Higher — Desirable Eutrophication, aquatic (kg NO3-eq,

(2026) consequential): RSPO 0.096 vs
non-certified 0.109 (11.9% lower)

Schmidt and Weidema Higher + Undesirable Ecotoxicity, aquatic (kg TEG-eq,

(2026) consequential): RSPO 73.7 vs non-certified
69.4 (6.2% higher)

Schmidt and Weidema Higher - Desirable Ecotoxicity, terrestrial (kg TEG-eq,

(2026) consequential): RSPO 4.25 vs non-certified
4.55 (6.6% lower)

Schmidt and De Rosa Higher - Desirable Eutrophication potential (g PO4-eq per t

(2020) refined palm oil, attributional LCA): lower
for certified production

Schmidt and De Rosa Higher + Undesirable Eutrophication potential (g PO4-eq,

(2020) consequential LCA): system-wide
expansion increased eutrophication

Schmidt and De Rosa Higher + Undesirable Freshwater ecotoxicity, aquatic (kg

(2020) 1,4-DCB-eq per t refined palm oil,
attributional LCA): higher for certified
production

Schmidt and De Rosa Higher / Not significant Terrestrial ecotoxicity (kg 1,4-DCB-eq per t

(2020) refined palm oil): negligible difference
(3.16 vs 3.18)

Schmidt and De Rosa Higher / Not significant Human toxicity, carcinogenic (g C;HgsCl-eq

(2020) per t refined palm oil): negligible difference
(13.3vs 13.3)

Schmidt and De Rosa Higher + Undesirable Human toxicity (consequential LCA):

(2020) system-wide expansion increased human
toxicity for certified production

Schmidt and De Rosa Higher + Undesirable Human toxicity, non-carcinogenic (g

(2020) C,HgCl-eq, attributional LCA): RSPO

35.5 vs non-certified 34.8 (2% higher,
NHST = no)

(Continued.)
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Table 3. (Continued.)

Study Rigor Association Effect Indicator/outcome

Agrochemical use and input intensity

Renner et al (2024) Higher — Desirable Toxic herbicide (paraquat) application:
reduced by certified smallholders (coeff =
—0.37***, SE = 0.06 in 2017; —0.37***,
SE = 0.09 in 2018)

Renner et al (2024) Higher + Undesirable Glyphosate application rate: increased by
certified smallholders (coeff = 40.29***,
SE = 0.051in 2017; 4-0.16**, SE = 0.06 in
2018)

Renner et al (2024) Higher + Undesirable Triclopyr application rate: increased by
certified smallholders (coeff = 40.32***,
SE = 0.02 in 2017; not significant 2018)

Renner et al (2024) Higher + Undesirable Nitrogen fertilizer application rate:
increased by certified smallholders

Richartz and Abdulai Higher - Desirable Hazard quotient (pesticide toxicity): ATT

(2025) = —0.357,t = —1.568* (84.6% reduction
in toxicity)

Deforestation and land use change

Carlson et al (2018) Higher — Desirable Deforestation rate (annual tree cover loss
%): PSM-DiD found 33% reduction on
certified concessions

Heilmayr et al (2020) Higher — Desirable Deforestation inside certified supply bases
(pixel-level logit with FE): coeff =
—0.0165*** (SE = 0.0017,
n =553 019 pixels); certification
significantly reduced deforestation
probability within certified concession
boundaries

Heilmayr et al (2020) Higher + Undesirable Deforestation spillover to non-certified
areas (pixel-level logit): coeff = 4-0.0147*
(SE = 0.0072); certification increased
deforestation probability in nearby
non-certified agricultural land (leakage
effect)

Lee et al (2020) Higher — Desirable Primary forest loss (village PODES
indicator): reduced on gentle slopes in
Sumatra; increased on steep slopes

Schmidt and Weidema Higher — Desirable Land occupation (PDF-m?-a per t CPO):

(2026) updated 2021 LCA confirmed lower land
occupation across five countries

Schmidt and De Rosa Higher — Desirable Land occupation (PDF-m?-a per t refined

(2020) palm oil): certified had 20% lower
biodiversity-adjusted land use

Gatti and Velichevskaya Lower + Undesirable Tropical forest conversion (1984-2020 time

(2020) series): 92.3% of 1984 forests in current
certified supply bases were converted

Gatti et al (2019) Lower + Undesirable Tree cover loss (Hansen >30% canopy):
~40% of certified area lost cover
2001-2016; loss rate 38.3% equivalent to
non-certified areas

Garrett et al (2016) Lower / Not significant Certification additionality

(stringency X targeting X BAU scores): low
targeting scores indicate certification
predominantly adopted by large producers
with already low deforestation baselines

(Continued.)
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Table 3. (Continued.)

Study Rigor Association Effect Indicator/outcome

Meijaard et al (2017) Lower — Desirable Forest loss rate (ha yr~!, Borneo): RSPO
concessions lost 9.0% of 2000 forest cover
vs 17.2% for non-RSPO;

n = 464 concessions

Ruysschaert and Salles Lower + Undesirable Forest area loss (qualitative): RSPO failed

(2014) to halt deforestation due to five structural
shortcomings

Fire incidence and fire-driven forest loss

Carlson et al (2018) Higher / Not significant Fire detection rate (fires per km? y~!): no
significant reduction on certified
concessions (P = 0.08)

Cattau et al (2016) Higher — Desirable Fire density (MODIS active fires per km?):
significantly lower on certified during wet
years on mineral soils

Lee et al (2020) Higher / Not significant Fire density (MODIS fires/village area): not
significant in Kalimantan (coeff = —0.11,
SE = 0.19) or Sumatra (coeff = 0.02,

SE = 0.05)

Morgans et al (2018) Higher / Not significant Fire hotspot density (MODIS detections
per concession, PSM-matched): no
significant difference

Noojipady et al (2017) Lower — Desirable Fire-driven forest loss and fire detection
density: fire-driven loss comparable; fire
detection 66%—-75% lower on certified
during El Nifo events

Biodiversity, habitat, and landscape ecology

Morgans et al (2018) Higher / Not significant Orangutan population density (individuals
per km?, ANCOVA with PSM): no
significant difference between certified and
non-certified

Azhar et al (2015) Lower — Undesirable Landscape heterogeneity (patch number,
mean patch area, edge density; ANCOVA):
certified plantations showed lower
landscape diversity

Gatti and Velichevskaya Lower — Undesirable Large mammal habitat overlap (spatial

(2020) intersection with 1990s orangutan, tiger,
elephant, rhino range maps)

Meijaard et al (2017) Lower / Not significant Orangutan population decline rate (%
y~1): RSPO 2.2% vs non-RSPO 2.1%;
comparable decline

Ruysschaert and Salles Lower — Undesirable Orangutan habitat conservation

(2014) (qualitative): RSPO ineffective due to
insufficient compensation and enforcement

Scriven et al (2019) Lower + Desirable Habitat connectivity (graph-theoretic

metrics for HCV set-asides): RSPO
set-asides improved modelled connectivity

Notes and Abbreviations: GHG = greenhouse gas; CO,-eq = carbon dioxide equivalent; FFB = fresh fruit bunch; CPO = crude palm
oil; RPO = refined palm oil; RBDPO = refined, bleached, and deodorized palm oil; LCA = life cycle assessment; PODES = Potensi
Desa (Village Potential Statistics, Indonesia); POME = palm oil mill effluent; PSM = propensity score matching;

DiD = difference-in-differences; IPTW = inverse probability of treatment weighting; FE = fixed effects; NHST = null hypothesis

significance test; HCV = high conservation value; MODIS = Moderate Resolution Imaging Spectroradiometer; ESA = European Space

Agency; PDF = potentially disappeared fraction (biodiversity impact unit); UES = unweighted ecologically scaled (acidification unit);

TEG-eq = triethylene glycol equivalent (ecotoxicity unit); DCB-eq = dichlorobenzene equivalent (toxicity unit); BAU = business as

usual; ATT = average treatment effect on the treated; MESR = multinomial endogenous switching regression; OLS = ordinary least

squares; ANCOVA = analysis of covariance. Association symbols: + = positive/increase; — = negative/decrease;/= no significant effect.
Significance levels: * p < 0.10; ** p < 0.05; *** p < 0.01. Rigor: Higher = studies using control groups with regression, PSM, DiD,

IPTW, or ISO-compliant LCA; Lower = descriptive, qualitative, or before—after without counterfactual. Effect classification:

Desirable = RSPO association in the expected beneficial direction; Undesirable = association in the opposite direction; Not

significant = no statistically significant association detected.
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2020). RSPO’s principles place particular emphasis
on peatlands, which are typically located in lowland
areas. Moreover, lowland areas were the first to be
deforested—often more than 20 years ago—and are
therefore disproportionately represented within cur-
rently certified concessions. In some regions, much
of the remaining forest is concentrated on steeper
terrain, to which the current clearance pressure has
shifted. It should be noted that the RSPO stan-
dard itself has no specific provisions in terms of
land slopes. Also, the fact that some deforestation
still occurs within certified concessions does not
necessarily mean non-compliance with RSPO stan-
dards, as RSPO’s objective is to reduce or minimize
deforestation.

The picture gets more complex when spillovers
or leakage effects of RSPO to non-certified areas
are also considered. Heilmayr et al (2020) have ana-
lyzed the broader deforestation effects in Kalimantan.
Within certified concessions, RSPO reduces defor-
estation, whereas on some of the nearby non-certified
land it increases deforestation. Considering this leak-
age, the overall effect of RSPO on deforestation in
Kalimantan is small and statistically insignificant
(Heilmayr et al 2020).

3.2.3. Forest fires

Fire-driven deforestation is prohibited in Indonesia,
Malaysia, and many other countries, but still widely
observed. Not all forest fires are set deliberately, some
occur naturally due to high temperatures (Carlson
et al 2018). Nevertheless, fire is commonly used to
clear tropical rainforests for oil palm cultivation,
because it is less expensive than alternative methods
and saves time. It is estimated that in Indonesia, fire-
driven deforestation recently accounted for 25% of
the total forest loss for oil palm expansion (Noojipady
et al 2017). Forest fires contribute to carbon emis-
sions and loss of biodiversity. A few studies analyze
the effects of RSPO on the incidence of forest fires
with inconclusive results (table 3).

Two higher-rigor studies in Indonesia find no sig-
nificant effect of RSPO on forest fire rates (Carlson
et al 2018, Morgans et al 2018). Another higher-rigor
study in Indonesia reports that fire activity is notice-
ably lower in RSPO-certified concessions in regions
and during periods of low fire risk, such as non-
peatlands and particularly wet years (Cattau et al
2016). However, this difference is smaller when the
risk of fire is higher, which includes non-peatlands in
dry years and peatlands in general. Possibly, frequent
natural fires in the locality make it easier to conceal
setting fire deliberately for oil palm expansion, even
with RSPO certification, if careful monitoring is not
maintained.

3.2.4. Wildlife and biodiversity
Oil palm plantations are often established on
degraded forestland. Research in Indonesia suggests
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that 40% of the current RSPO concession areas had
been degraded in the last 15 years before being con-
verted to oil palm plantations (Gatti et al 2019).
Some of this area is home to various emblematic
species, including orangutans, tigers, rhinos, and ele-
phants. RSPO aims to protect such habitats, but stud-
ies suggest that the effectiveness is limited (table 3).
For example, a few studies show that the habitat
of orangutans and other emblematic species is still
diminishing to make way for oil palm expansion
(Ruysschaert and Salles 2014, Morgans et al 2018,
Gatti and Velichevskava 2020). Research also shows
that the orangutan population declined between
2009 and 2014 in Kalimantan (Morgans et al 2018)
and between 2000 and 2015 in Borneo (Meijaard
et al 2017), both in RSPO-certified and non-certified
areas. These results indicate that—despite specific
RSPO guidelines—habitat loss and fragmentation
persist, possibly due to ineffective enforcement or
inadequate attention to wildlife corridors.

Agricultural land harbors less wildlife and bio-
diversity than natural forests, but the type of land
use also plays an important role. Higher landscape
heterogeneity, referring to the quantity, proportion,
and spatial arrangement of different land-cover types,
supports a greater diversity of organisms (Tscharntke
et al 2012). One study with data from Malaysia ana-
lyzes the relationship between RSPO certification
and landscape heterogeneity in oil palm plantations
(Azhar et al 2015). The data reveal that certified large-
scale plantations still exhibit lower landscape diver-
sity (fewer and larger patches) than smallholder oil
palm landscapes that are mostly not RSPO-certified.
More diverse landscapes and management systems on
large-scale plantations could be possible in principle,
but are not yet explicitly promoted by RSPO.

3.3. Socioeconomic effects

3.3.1. Oil palm yield

One of the key principles of RSPO is to improve the
quantity and quality of oil palm yield. Interestingly,
almost all original studies on the effects of RSPO on
yield refer to smallholder farmers, who—regardless
of their certification status—tend to have signifi-
cantly lower oil palm yields than large-scale planta-
tions (Qaim et al 2020). One exception is a study by
Morgans et al (2018), assessing yields on industrial
plantations. The different study results are synthe-
sized in table 4.

Most studies suggest that RSPO certification
helps to increase oil palm yields. It is possible that
higher-yielding producers self-select into certifica-
tion. However, the higher-rigor studies try to con-
trol for possible selection bias, suggesting that real
yield gains exist. RSPO-related yield gains can be
explained through farmers in certified channels hav-
ing better access to credit, inputs, and extension ser-
vices (Saswattecha et al 2015, Hutabarat et al 2019,
Veriasa et al 2024).
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Table 4. Effects of RSPO certification on oil palm yield.

Study Rigor Association Effect Indicator/outcome

Fresh fruit bunch (FFB) yield per hectare

Hutabarat et al (2019) Higher + Desirable FFB yield (kg ha=! yr—!, OLS
regression): CERT coefficient =
+3,479.7*** (t = 6.537, n = 829);
certified smallholders produce ~3.5 t
ha—! more

Morgans et al (2018) Higher + Desirable FFB yield (t FFB ha™! of planted area,
PSM -+ DiD): certified concessions
produced approximately 5 t FFB ha=!
more than matched non-certified
concessions

Renner et al (2024) Higher + Desirable FFB yield per hectare: higher-rigor OLS
with controls (coeff = +0.476***,

SE = 0.145)

Richartz and Abdulai Higher + Desirable Yield (metric tons ha=™!): ATT = 0.09,

(2025) t = 1.727** (1.1% increase vs
non-certified)

Saswattecha et al (2015) Higher + Desirable FFB yield (t FFBha=! yr—!,
scenario-based LCA): N-RSPO = 19.2,
P-RSPO (partial) = 21.2, C-RSPO
(complete) = 23.5 t FFB ha=! yr—!

Schmidt and De Rosa Higher + Desirable FFB yield, mature palms (t FFB ha—!

(2020) yr~!, LCA inventory): certified
estates = 21.1tha=! vs
non-certified = 17.5 t ha™!

Veriasa et al (2024) Higher + Desirable Oil palm smallholder productivity
(panel regression, district-level):
certification associated with higher
productivity

Hutabarat et al (2018) Lower + Desirable FFB yield (t FFBha=! yr—!,
before-after comparison): 17.9 t ha™!
before certification — 19.7 t ha™! after
certification

Malini and Aryani Lower + Desirable FFByield (t FFBha=! yr—!,

(2012) Cobb-Douglas production function):
certified plasma farmers = 27.14 t
ha=!yr~! vs non-certified = 20.58 t
ha=lyr—!

Napitupulu and Rafiq Lower + Desirable FFB production (farmer perception

(2019) score, hypothesis testing): certified
farmers scored 2.41/3.0 vs non-certified
1.87/3.0

Oil extraction rate (OER) and CPO yield

Hutabarat et al (2019) Higher + Desirable Oil extraction rate (%, OLS regression):
scheme smallholders (PIR-TRANS,
PIR-KKPA) achieved 20%-22% OER

Saswattecha et al (2015) Higher + Desirable Qil extraction rate (%, scenario-based
LCA): C-RSPO mills = 18% vs
N-RSPO = 17%; CPO input efficiency
higher for certified mills

Schmidt and De Rosa Higher + Desirable Oil extraction rate (%, LCA inventory):

(2020) RSPO certified mills = 20.8% OER vs

non-certified = 20.0% (insignificant
difference)
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Table 4. (Continued.)

Study Rigor Association Effect Indicator/outcome

Agricultural practice quality and process efficiency

Renner et al (2024) Higher + Desirable Agricultural practice quality (certified
smallholder survey, n = 3,869 in
2017-2018): certified smallholders
achieved higher profit per ha, higher
yield, and substituted toxic paraquat
with less harmful alternatives

Saswattecha et al (2015) Higher + Desirable Process efficiency and waste reduction
(LCA): C-RSPO mills produced 5.8%
less empty fruit bunch waste per t FFB

Schmidt and De Rosa Higher + Desirable POME biogas capture rate (%, LCA

(2020) inventory): certified mills = 10.5% vs
non-certified = 3.5% (industry-leading
practice)

Zachlod et al (2025) Higher - Undesirable Satellite-based plantation oil-palm
canopy coverage used as proxy for
plantation production efficiency

Beall (2012) Lower + Desirable Productivity improvement (qualitative
case study): certification linked to
improved smallholder access to inputs
and training

Hidayat et al (2015) Lower + Desirable Farmer-perceived production change
(livelihood framework survey): 80% of
66 certified smallholders perceived
production increase

Levin et al (2012) Lower + Desirable CPO yield (t CPO ha~!, cost-benefit

review): RSPO global average = 5.1 t
CPO ha~! vs industry global
average = 3.8 t CPO/ha

Notes and Abbreviations: FFB = fresh fruit bunch; CPO = crude palm oil; OER = oil extraction rate; LCA = life cycle assessment;

PSM = propensity score matching; DiD = difference-in-differences; OLS = ordinary least squares; POME = palm oil mill effluent;

ATT = average treatment effect on the treated; MESR = multinomial endogenous switching regression; N-RSPO = non-RSPO
certified; P-RSPO = partially RSPO certified; C-RSPO = completely RSPO certified. PIR-TRANS, PIR-KKPA = Indonesian smallholder
partnership schemes (Perkebunan Inti Rakyat). Association symbols: + = positive/increase; — = negative/decrease;/= no significant

effect. Significance levels: * p < 0.10; ** p < 0.05; *** p < 0.01. Rigor: Higher = studies using control groups with regression, PSM,

DiD, or ISO-compliant LCA; Lower = descriptive, qualitative, or before—after without counterfactual. Effect classification:

Desirable = RSPO association in the expected beneficial direction.

3.3.2. Farm revenues and profits

Several studies analyze effects of RSPO certifica-
tion on farmers’ output prices, revenues, and profits
(table 5). Again, most of these studies refer to small-
holder farmers. Studies with data from Indonesia sug-
gest that RSPO certification significantly increases
the prices that smallholder farmers receive for their
fresh fruit bunches sold, due to better market access
and the ability to sell their produce at premium
prices (Hutabarat et al 2018, Napitupulu and Rafiq
2019). Higher output prices and higher yields also
lead to higher revenues (Malini and Aryani 2012,
Hutabarat et al 2018).

For farm profits and income, a few studies also
show positive effects. Richartz and Abdulai (2025)
use data from Ghana to show that RSPO-certified
farmers have significantly higher incomes than their
non-certified counterparts. A study in Malaysia finds
that RSPO certification is financially viable on aver-
age, even though the smallest farms and those
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with below-average yields face substantial financial
risk (Tey et al 2022). A few lower-rigor studies from
Indonesia report negative profit effects because RSPO
is associated with higher production, and adminis-
trative costs, which can outweigh the higher revenues
achieved (Beall 2012, Hutabarat et al 2018). The find-
ings suggest that profit effects are context-dependent
and sensitive to farm scale, cost structure, and possi-
bly other factors.

3.3.3. Market access

A few studies examine to what extent RSPO certi-
fication is associated with better producer access to
markets and credit, revealing mixed results (table 5).
Studies with qualitative data from Indonesia reveal
that farmers producing under contract with a com-
pany do not feel that RSPO has affected their access
to output markets in any way, whereas smallholders
without a contract feel that certification has improved
their market access noticeably (Hidayat et al 2015,
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Study Rigor Association Effect

Indicator/outcome

Farm income and revenue

Morgans et al (2018) Higher + Desirable Share value profit (SGD): DiD = 1.12 (pre
RSPO 1.15 — post 2.10); comparison with
non-certified

Richartz and Abdulai Higher + Desirable Net farm income (MESR)

(2025)

Richartz and Abdulai Higher —+ Desirable Output (metric tons FFB): ATT = 1.09,

(2025) t = 5.55*** (41.5% increase vs non-certified)

Richartz and Abdulai Higher + Desirable Net household income (GHS): ATT = 50.53,

(2025) t = 10.479*** (9.2% increase)

Richartz and Abdulai Higher + Desirable Yield (metric tons ha=™!): ATT = 0.09,

(2025) t = 1.727** (1.1% increase)

Tey et al (2022) Higher + Desirable Net farm income per hectare

Tey et al (2022) Higher + Desirable Net present value (NPV) of certification

Beall (2012) Lower — Undesirable Net profit after certification costs

Hutabarat et al (2018) Lower + Desirable Farm revenue per hectare

Hutabarat et al (2018) Lower — Undesirable Net farm income per hectare

Malini and Aryani Lower + Desirable Net farm revenue

(2012)

Napitupulu and Rafiq Lower + Desirable Farm revenue from FFB sales

(2019)

Nupueng et al (2022) Lower + Desirable Oil palm income: RSPO certified = 2900 THB
ha=!yr~—! vs non-certified = 2335 THB ha™!
yr~! (19.2% higher); n = 723 Thai
smallholders

Rodthong et al (2020) Lower + Desirable Annual farm income (cross-sectional
comparison, n = 723 Thai smallholders):
RSPO adopters US$11 919 yr—! vs
non-adopters US$8239 yr—! (44.7% higher)

FEB price premium

Richartz and Abdulai Higher —+ Desirable Prices received per metric ton (GHS):

(2025) ATT = 0.47, t = 6.59*** (19.2% increase)

Renner et al (2024) Higher — Undesirable FFB price per kilogram

Tey et al (2022) Higher + Desirable FFB price premium

Hutabarat et al (2018) Lower + Desirable FFB price per ton

Napitupulu and Rafiq Lower + Desirable FFB price per ton

(2019)

Total farm production costs

Tey et al (2022) Higher — Desirable Total production costs per hectare

Hutabarat et al (2018) Lower + Undesirable Total production costs per hectare

Social infrastructure (healthcare and education)

Lee et al (2020) Higher + Desirable Healthcare facilities—count

Lee et al (2020) Higher + Desirable Educational facilities—count

Morgans et al (2018) Higher / Not significant Healthcare facilities

Santika et al (2021) Higher / Not significant Healthcare facilities—count and access

Santika et al (2021) Higher + Desirable Educational facilities—count

Santika et al (2021) Higher — Desirable Educational facilities—distance

Poverty and village well-being

Morgans et al (2018) Higher / Not significant Village poverty index

Richartz and Abdulai Higher - Desirable Food insecurity (HFIAs): ATT = —0.902, t =

(2025) —4.323*** (59% reduction)
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Table 5. (Continued.)

Study Rigor Association Effect Indicator/outcome

Santika et al (2021) Higher + Desirable Multidimensional village well-being index
(market-oriented villages): positive association
with RSPO presence in commercially
integrated areas; panel regression with village
FE

Santika et al (2021) Higher — Undesirable Multidimensional village well-being index
(subsistence-oriented villages): negative
association with RSPO presence in
subsistence-oriented areas; panel regression
with village FE

Santika et al (2021) Higher — Desirable Village poverty rate

Labor, employment, and capacity building

Santika et al (2021) Higher + Desirable Agricultural wage employment

Beall (2012) Lower + Desirable Knowledge sharing

Beall (2012) Lower + Desirable Workplace safety and health

Cérdoba et al (2022) Lower — Undesirable Traditional labor arrangements

Levin et al (2012) Lower + Desirable Employee motivation and morale

Napitupulu and Rafiq Lower + Desirable Capacity building and empowerment

(2019)

Land rights, tenure, and conflict resolution

Afrizal et al (2023) Lower — Undesirable Land conflict resolution effectiveness

Genoud (2020) Lower — Undesirable Customary land rights protection

Johnson (2014) Lower - Undesirable Land governance legitimacy

Khatun et al (2020) Lower — Undesirable Land tenure security

McCarthy (2012) Lower - Undesirable Land access equity

Nesadurai (2013) Lower + Desirable Food security safeguards via land governance

De Vos et al (2023) Lower — Undesirable Land legality documentation burden:
10/31 certified groups lack full legal
documentation; major barrier for independent
smallholders

Stakeholder power dynamics and governance equity

Chalil and Barus (2019) Lower — Undesirable RSPO criteria implementation score
(multinomial regression): managed
smallholders scored 26%-39%
implementation; independent 1.8-2.1 out of 5

Cheyns (2014) Lower - Undesirable Stakeholder voice equity

Johnson (2014) Lower - Undesirable Green-grabbing dynamics

Johnson (2019) Lower — Undesirable Smallholder procedural inclusion

Kadarusman and Lower - Undesirable Reward distribution equity

Herabadi (2018)

Khatun et al (2020) Lower — Undesirable Governance accessibility

Martens et al (2020) Lower — Undesirable Institutional context for RSPO
implementation (net-map analysis, Jambi):
independent smallholders not recognized as
essential stakeholders

Market access and supply-chain inclusion

Ekaputri et al (2025) Higher - Undesirable Supply-chain inclusion of smallholders

Renner et al (2024) Higher + Desirable Farm profit per hectare

Renner et al (2024) Higher — Undesirable FFB price per kilogram

Renner et al (2024) Higher + Desirable FFB yield per hectare

Renner et al (2024) Higher + Desirable Nitrogen fertilizer application

Renner et al (2024) Higher — Desirable Toxic herbicide (paraquat) use

Santika et al (2021) Higher + Desirable Credit access

Hidayat et al (2015) Lower — Undesirable Market access—Dbarriers

Hidayat et al (2015) Lower + Desirable Market access—improved linkages

Hidayat et al (2015) Lower - Undesirable Credit access—barriers
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Table 5. (Continued.)
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Study Rigor Association Effect Indicator/outcome

Hidayat et al (2015) Lower + Desirable Credit access—improved

Hidayat et al (2015) Lower / Not significant FFB price volatility

Hou et al (2024) Lower — Undesirable Smallholder certification burden

Hou et al (2024) Lower — Undesirable Inequality consolidation

Hou et al (2024) Lower — Undesirable Food security under certification

Hutabarat et al (2018) Lower + Desirable Market access—guaranteed purchase

Nupueng et al (2022) Lower + Desirable Certification adoption intensity (fractional
logit, n = 723): land title (8 = 0.188**),
training sessions (/3 = 0.580*), extension
services (8 = 0.095***) significantly increase
adoption; debt (8 = —0.257***) and tree age
(B = —0.106***) decrease it; RSPO adopters
had 84% larger farms (5.53 vs 3.01 ha)

De Vos et al (2023) Lower - Undesirable Certification accessibility for independent

smallholders: high barriers from cost, legality,
knowledge gaps (77% certified are former
scheme smallholders)

Notes and Abbreviations: FFB = fresh fruit bunch; SGD = Singapore dollars; GHS = Ghanaian cedis; THB = Thai baht; NPV = net
present value; MESR = multinomial endogenous switching regression; HFIAs = Household Food Insecurity Access Scale;

PODES = Potensi Desa (Village Potential Statistics, Indonesia); FE = fixed effects; ATT = average treatment effect on the treated;
CSR = corporate social responsibility; OLS = ordinary least squares; IDR = Indonesian rupiah. Association symbols, direction of the

statistical tests in the original studies: 4+ = positive/increase; — = negative/decrease;/= no significant effect. Significance levels: *
p <0.10; ** p < 0.05; *** p < 0.01. Rigor: Higher = studies using control groups with regression, PSM, DiD, IPTW, or ISO-compliant
LCA; Lower = descriptive, qualitative, or before—after without counterfactual. Effect classification: Desirable = RSPO association in the

expected beneficial direction; Undesirable = association in the opposite direction; Not significant = no statistically significant

association detected.

Hutabarat et al 2018). In contrast, farmers with a
contract state that RSPO has facilitated their access
to credit, which is not the case for certified farm-
ers without a contract (Hidayat et al 2015). The
effects also seem to differ regionally. In more market-
oriented settings of Indonesia, RSPO tends to increase
the number of credit facilities, whereas in more
subsistence-oriented settings no effect is observed
(Santika et al 2021).

3.3.4. Living conditions

Beyond direct profit and income effects, RSPO may
also influence living conditions of local communi-
ties through various indirect pathways, such as local
market developments or the provision of rural ser-
vices (Levin et al 2012). Several studies look into such
broader social effects of RSPO with mixed results
(table 5). In Kalimantan, RSPO certification is pos-
itively associated with the availability of healthcare
centers in local villages (Lee et al 2020). However,
these benefits of RSPO are not uniformly experienced
across all regions of Indonesia (Morgans et al 2018,
Lee etal 2020, Santika et al 2021). Regional differences
are also observed for the association between RSPO
certification and the local availability of schools and
other educational facilities (Lee et al 2020).

A few studies in Indonesia compare broader indi-
cators of socioeconomic wellbeing between regions
with and without RSPO concessions, or before and
after RSPO certification (table 5). One higher-rigor
study finds a lower prevalence of poverty in or near
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locations with RSPO concessions than in locations
without RSPO concessions (Morgans et al 2018).
Another higher-rigor study shows that RSPO certi-
fication is associated with lower poverty in market-
oriented communities, but not in communities with
more subsistence-oriented livelihoods (Santika et al
2021). This variation may be influenced by regional
differences in infrastructure, government support,
and the extent to which certification bodies engage
with local communities.

3.3.5. Labor and land rights

RSPO aims at promoting fair labor practices and pro-
tecting land rights. Several studies examine the effects
of RSPO on local labor and land rights, mainly refer-
ring to large company concession areas (table 5). A
few studies in Indonesia and Malaysia find positive
associations between RSPO certification and labor
rights of company workers, worker motivation, as
well as capacity-building and empowerment among
smallholder farmers contracted by RSPO-certified
companies (Levin ef al 2012, Napitupulu and Rafiq
2019). In some cases, RSPO also supports the land
rights of rural and indigenous communities, which
are otherwise often overlooked by governments and
palm oil companies (Nesadurai 2013).

However, different findings on land-related
aspects also exist. In Indonesia, RSPO-certified com-
panies do not always effectively address land conflicts
between palm oil companies and local communi-
ties Afrizal et al 2023). Negative effects are observed
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in several African and Latin American countries.
One study in Ghana argues that RSPO certifica-
tion has contributed to land reforms that prior-
itize export orientation over domestic and local-
scale palm oil production, with potentially nega-
tive effects for smallholders (Khatun et al 2020). In
Colombia, RSPO-certified companies expropriated
farmers’ lands (Genoud 2020). In Ecuador, an RSPO
land-titling scheme worsened social and environmen-
tal conflicts and promoted unequal land ownership
(Johnson 2014).

3.3.6. Decision-making power

Several studies suggest that RSPO has negative effects
on the decision-making power of vulnerable groups
(table 5). Smallholder farmers and local communities
are often excluded from important discussions and
decision-making processes in RSPO-certified supply
chains (Cheyns 2014). These groups are not rep-
resented on the RSPO Executive Board, so their
ideas and perspectives are sometimes overlooked.
Palm oil companies, investors, global buyers, and
NGOs have much more decision-making power in
RSPO, resulting in asymmetrical power dynamics
(Johnson 2014, Kadarusman and Herabadi 2018,
Khatun et al 2020). RSPO certification can also influ-
ence local community structures and gender rela-
tions. Studies in Indonesia and Brazil find that RSPO-
certified plantation companies have a negative social
effect on traditional family farming because the com-
pany protocols and contracts mostly focus on male
farmers and male family members, thus weaken-
ing women’s role and agency (Santika et al 2021,
Cérdoba et al 2022).

3.4. Meta-analysis

As explained, we conduct DerSimonian—Laird
random-effects meta-analyses on subsets of indi-
cators, relying mostly on the higher-rigor studies.
Lower-rigor studies are considered for comparison
but not included in the pooled estimates shown in
figures 2-5. The pooled data estimates should be
interpreted with some caution, given the small num-
ber of studies in each domain.

3.4.1. Deforestation

Three higher-rigor studies report deforestation-
related effect sizes that can be converted to log odds
ratios (Carlson et al 2018, Heilmayr et al 2020, Lee
et al 2020). The pooled estimate from these stud-
ies is not statistically significant (InOR = —0.157,
95% CI [—0.334, +0.020], OR = 0.85, p = 0.081),
suggesting that RSPO does not reduce overall defor-
estation (figure 2; supplementary material C, panel
(A). Heterogeneity within this subset of studies is
moderate (I> = 67.0%), driven largely by the contrast
between Heilmayr et al (2020), which contributes the
largest weight (44.2%) with a precisely estimated but
small effect, and Carlson et al (2018) and Lee et al
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(2020), which report substantially larger reductions
but with wide confidence intervals.

Three additional lower-rigor studies are avail-
able for complementary pooling (Meijaard et al
2017, Noojipady et al 2017, Gatti et al 2019). When
all seven studies are combined, the full-sample
estimate reaches statistical significance (pooled
InOR = —0.198, OR = 0.82, p = 0.030), but between-
study heterogeneity is substantial (I* = 74.0%), and
the lower-rigor studies show more dispersed effects,
with Gatti et al (2019) being the only study reporting
a positive (i.e. undesirable) point estimate (supple-
mentary material B, figures B1-B5). Egger’s regres-
sion test indicates significant funnel plot asymmetry
(intercept = —1.425, p = 0.003), consistent with
small-study effects.

3.4.2. GHG emissions

Four higher-rigor studies report GHG emission
reductions attributable to RSPO certification,
expressed as percentage reductions in CO,-equivalent
emissions per unit of output (supplementary material
C, panel B). The pooled estimate indicates a statisti-
cally significant 34.1% reduction in GHG emissions
through RSPO certification (95% CI: 28.5-39.7%,
p < 0.001; figure 3). The three multi-country esti-
mates (Schmidt and De Rosa 2020, attributional
and consequential, Schmidt and Weidema 2026)
cluster between 35.8% and 36.1% reduction, while
Saswattecha et al (2015) report a lower estimate
of 21.1% for Thailand. Heterogeneity is negligible
(I? = 0.3%), and leave-one-out sensitivity analysis
confirms that the pooled finding is robust to the
exclusion of any individual study (supplementary
material B, figures B7-B9). Egger’s test yields a signif-
icant result (intercept = — 4.469, p = 0.019), though
the small number of studies (K = 4) limits the inter-
pretability of this test; the asymmetry is driven pri-
marily by the separation between the three Schmidt
and colleagues estimates and the single Saswattecha
et al estimate rather than by classical publication
bias.

3.4.3. Oil palm yield

Three higher-rigor studies report yield effects that can
be converted to Hedges’ g (Saswattecha et al 2015,
Morgans et al 2018, Schmidt and De Rosa 2020). The
pooled estimate is positive and statistically signifi-
cant (g = 0.486, 95% CI [0.335, 0.638], p < 0.001),
indicating a moderate yield advantage for RSPO-
certified production with complete internal consis-
tency (I = 0.0%; figure 4; supplementary material C,
panel C).

Three additional lower-rigor studies are available
for complementary analysis (Levin ef al 2012, Malini
and Aryani 2012, Hutabarat et al 2018). When all six
studies are pooled, the combined estimate is larger
(g=0.777,95% CI [0.421, 1.134]), but heterogeneity
rises sharply (I* = 86.1%), driven by the lower-rigor
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Figure 2. Forest plot of higher-rigor deforestation studies. K = 4, DerSimonian—Laird random-effects model. The pooled log
odds ratio is —0.157 (OR = 0.85, 95% CI [0.72, 1.02], p = 0.081), providing no statistically significant evidence that RSPO certi-
fication reduces deforestation at the conventional significance level.

subgroup which produces a pooled effect of g = 1.242
(I? = 94.1%), approximately 2.6 times the higher-
rigor estimate (supplementary material B, figures
B10-B14). Egger’s test does not indicate significant
funnel plot asymmetry (intercept = 2.656, p = 0.385),
though the small number of studies limits the power
of this test.

3.4.4. Farm income and revenue

Two higher-rigor studies report income or revenue
comparisons that can be poolable as Hedges’ g (Tey
et al 2022, Richartz and Abdulai 2025) (supple-
mentary material C, panel D). The pooled esti-
mate indicates a small but statistically significant
positive income effect (¢ = 0.216, 95% CI [0.067,
0.366], p = 0.005), with complete internal consistency
(I? = 0.0%; figure 5).

Four additional lower-rigor studies are available
for complementary pooling (Levin et al 2012, Malini
and Aryani 2012, Hutabarat et al 2018, Napitupulu
and Rafiq 2019). The full-sample estimate is substan-
tially larger (g = 0.871, 95% CI [0.402, 1.340]), but
heterogeneity is very high (I* = 92.0%), driven almost
entirely by the lower-rigor subgroup (¢ = 1.219,
I? = 91.0%), which produces an effect approximately
5.6 times larger than the higher-rigor estimate (sup-
plementary material B, figures B15-B19). This is the
most pronounced rigor gradient observed across the
four meta-analyzed domains. Egger’s test does not
indicate significant asymmetry (intercept = 4.951,
p = 0.731), but the leave-one-out analysis confirms
that the pooled estimate is most sensitive to the
exclusion of the lower-rigor studies with the most
extreme positive effects (supplementary material B,
figure B19).

In summary, the higher-rigor meta-analytic evi-
dence confirms statistically significant effects of
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RSPO certification on three outcome domains: GHG
emissions, oil palm yield, and farm income. For
deforestation, the higher-rigor subgroup of studies
does not reach statistical significance. In all four
domains, the lower-rigor estimates are systematically
larger than the higher-rigor estimates, with rigor gra-
dient ratios ranging from 1.6:1 (deforestation) to
5.6:1 (farm income). Also, heterogeneity rises sharply
when lower-rigor studies are included (supplemen-
tary material B, table B1). These patterns suggest that
a non-trivial share of the positive effects attributed to
RSPO in the existing literature reflects uncontrolled
confounding factors or selection bias in lower-rigor
designs rather than genuine certification impacts.

3.5. RSPO and smallholder farmers

Understanding how smallholder farmers are affected
by sustainability standards in agricultural supply
chains is important, as smallholder farmers are a
particularly vulnerable group (Grabs et al 2021).
Globally, around half of the oil palm land is man-
aged by smallholders (Qaim et al 2020). While there
is no uniform threshold for the maximum size of a
smallholder farm, most of the farms in Southeast Asia
and Africa have less than 10 hectares of oil palm land
(Ruml ef al 2022). Apart from clear differences in
the size of the operations, a key distinguishing fac-
tor between smallholder farms and large-scale plan-
tations is that the former are owned and managed by
local families, whereas the latter are not.

In principle, both large-scale palm oil companies
and smallholder farmers can be RSPO-certified. If
smallholders are part of a contract scheme, RSPO
certification is organized through the contracting
company. ISHs without a company contract can
obtain RSPO certification either alone or as part of a
farmer group under the ISH Standard (RSPO 2025b).
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Figure 3. Forest plot of higher-rigor GHG emissions studies. K = 4, DerSimonian—Laird random-effects model. All four stud-
ies are classified as higher rigor (life cycle assessment). The pooled estimate indicates a 34.1% reduction in GHG emissions for
RSPO-certified production (95% CI: 28.5%-39.7%).
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Figure 4. Forest plot of higher-rigor oil palm yield studies. K = 3, DerSimonian-Laird random-effects model. The pooled
Hedges’ g is 0.486 (95% CI [0.335, 0.638], p < 0.001), indicating a moderate positive yield effect with complete consistency

across estimates.
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Figure 5. Forest plot of higher-rigor farm income studies. K = 2, DerSimonian—Laird random-effects model. The pooled
Hedges’ g is 0.215 (95% CI [0.064, 0.367], p = 0.005), indicating a small but statistically significant positive income effect.
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However, up till now RSPO certification in the small
farm sector has been very limited (Qaim et al 2020,
Bok et al 2022, RSPO 2023, 2025a). In 2024, only
2.1% of the estimated 7 million smallholders growing
oil palm globally were certified (table 6). Moreover,
the total number of certified smallholders declined by
approximately 12% between 2021 and 2024, suggest-
ing that retention poses a challenge at least as impor-
tant as initial adoption.

This overall decline in the number of cer-
tified smallholders conceals a pronounced diver-
gence between certification pathways. The number of
RSPO-certified smallholders in contract schemes fell
sharply, from 143 445 in 2021 to 99 597 in 2024, a
reduction of more than 30%. In contrast, ISHs with
RSPO certificate more than doubled over the same
period, rising from 22 017 to 46 248. The drivers of the
decline in contract-scheme certification are not yet
well understood and warrant further investigation, as
contract arrangements are typically assumed to lower
the costs and barriers of RSPO certification. It appears
that some mills with smallholder contract schemes
have recently dropped out of RSPO certification.

Regional trends are similarly heterogeneous:
certified smallholder numbers declined markedly
in Indonesia (—14.1%), Latin America (—90.8%),
and the rest of the world (—13.0%), while Africa
recorded a notable increase (+37.1%), and Malaysia
saw growth in independent certification despite the
complete disappearance of contract-scheme certified
smallholders. Based on the original studies identi-
fied (supplementary tables A1), we analyze various
reasons for the low adoption of RSPO among small-
holder farmers. Further analysis of relevant factors is
shown in supplementary table A2.

3.5.1. RSPO conditions

Smallholder farmers may face challenges with RSPO
certification due to several issues associated with the
certification scheme itself. In order to be eligible for
certification, farmers in most situations need formal
land titles, which many smallholders do not have
(Brandi et al 2015, Rietberg and Slingerland 2016).
Obtaining formal land titles is sometimes possible
for smallholders but is typically costly and time-
consuming (Krishna et al 2017, Cérdoba et al 2022).
Additionally, RSPO requires farmers to have busi-
ness permits and to submit expert environmental and
social impact assessments on a regular basis. Most
smallholders lack the financial means and exper-
tise to obtain such permits and assessment reports
(Rietberg and Slingerland 2016, Hutabarat et al 2019).
Moreover, smallholders often find the regular book-
keeping and documentation requirements challeng-
ing (Beall 2012, Brandi et al 2015, Rietberg and
Slingerland 2016). The cost of RSPO certification,
auditing, and adhering to the standards can also be
prohibitive for smallholders (Martens et al 2020),
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and sometimes even for large-scale producers (Bishop
2017, Bishop and Carlson 2022).

Beyond the initial certification hurdles, De Vos
et al (2023) find that the ability to sustain RSPO
certification over time depends critically on pre-
certification conditions: among 18 certified ISH
groups in Indonesia, those with secure land rights,
stronger organizational capacity, and higher-quality
facilitator support were significantly more likely to
maintain compliance, while groups lacking these pre-
conditions often struggled to retain certification after
the initial audit.

3.5.2. Farm, household, and regional characteristics
Studies in Thailand and Indonesia show that farm
size is positively associated with RSPO certification
(Rodthong et al 2020, Nupueng et al 2022). This is
plausible because the fixed costs of certification and
auditing are more difficult to bear for smaller than for
larger farms. Additionally, the age of oil palm plan-
tations is positively associated, whereas distance to
palm oil mills and forest cover in the region are neg-
atively associated with RSPO certification (Carlson
et al 2018, Rodthong et al 2020). RSPO tries to pro-
tect forests and avoid deforestation for the establish-
ment of new oil palm plantations, so farmers’ decision
to get certified is easier when the remaining forest in
their location is small anyway.

Oil palm smallholders with a company contract
are more likely to be RSPO-certified than inde-
pendent farmers (Kadarusman and Herabadi 2018)
because the companies often encourage and facilitate
certification in their outgrower schemes. It should
be noted that the aggregate decline in the number
of contracted smallholders with certification, as dis-
cussed above, is often not driven by individual farm-
ers’ decisions but by mills exiting contract-scheme
certification. Up till now, RSPO certification is still
more widely observed among contracted than among
ISHs.

Farmers’ oil palm yields, prices, and revenues
are positively associated with RSPO certification
(Hidayat et al 2015, Rietberg and Slingerland 2016,
Rizal et al 2021, Tey and Brindal 2021, Nupueng et al
2022). Farming experience and household income
seem to have positive effects on RSPO certification
(Chalil and Barus 2019, Nupueng et al 2022). Younger
farmers are more likely to be certified than older
farmers (Hutabarat et al 2019). For education, no
consistent effects are observed (Nupueng et al 2022).

3.5.3. Technical support and group membership

For many smallholders, the lack of technical and
organizational support is a barrier to RSPO certifi-
cation and compliance with the standards (Rietberg
and Slingerland 2016, Johnson 2019, Rodthong et al
2020). Farmers who are members of farmer groups
are more likely to be RSPO-certified (Chalil and Barus
2019, Nupueng et al 2022). Group certification and
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Table 6. Number of RSPO-certified and non-certified smallholders (2021 and 2024).

Certified smallholders

Contract scheme Independent Both
Region Total smallholders 2021 2024 2024-2021 2021 2024 2024-2021 2021 2024 2024-2021
Indonesia 2700 000 119 856 83511 (3.1) —36 345 10 953 28 822 (1.1) 17 869 130 809 112333 (4.2) —18476 (—14.1)
Malaysia 650 000 30 0(0) —30 1324 2912 (0.4) 1588 1354 2912 (0.4) 1558 (115.1)
Latin America 150 000 1708 15 (0) —1693 0 142 (0.1) 142 1708 157 (0.1) —1551 (—90.8)
Africa 3100 000 899 3184 (0.1) 2285 4983 4883 (0.2) —100 5882 8067 (0.3) 2185(37.1)
Rest of the world 450 000 20952 12 887 (2.9) —8065 4757 9489 (2.1) 4732 25709 22376 (5) —3333 (—13)
Total 7050 000 143 445 99 597 (1.4) —43 848 22017 46 248 (0.7) 24 231 165 462 145 845 (2.1) —19617 (—11.9)

Notes: Numbers in parentheses are percentages relative to total smallholders.Source: Data from (RSPO 2023), RSPO (2025a).
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auditing are easier and less costly than individual
certification. Moreover, certification as a group can
strengthen social interactions, knowledge exchange,
shared identity, and trust among farmers and stake-
holders in palm oil supply chains (Rizal et al 2021).
Where certification is mandated at the jurisdic-
tional level rather than adopted voluntarily, these
barriers can become even more consequential. In
Malaysia, qualitative fieldwork on the mandatory
RSPO program finds that ISHs face compounded
equity, food security, and compliance barriers:
mandatory certification requirements without ade-
quate support structures risk excluding the most vul-
nerable smallholders from sustainable supply chains
and can threaten food security among those who
depend on oil palm as a subsistence crop alongside
commercial production (Hou et al 2024). These find-
ings suggest that expanding RSPO through manda-
tory jurisdictional approaches requires targeted insti-
tutional support to avoid exacerbating inequalities.

4. Discussion

We have systematically reviewed the extant literature
on the environmental and socioeconomic effects of
RSPO certification. Most of the original studies pro-
vide evidence from Southeast Asia; fewer studies refer
to Latin America and Africa. This regional distribu-
tion of studies reflects the disparity in the geography
of oil palm cultivation and RSPO certification.

Overall, RSPO has desirable (positive) effects on
various facets of sustainable development, but the
results are context-dependent. In some situations, no
significant effects of RSPO are observed. In a few stud-
ies, undesirable (negative) outcomes are observed,
meaning that RSPO may even have adverse envi-
ronmental and socioeconomic effects in particular
situations.

4.1. Environmental effects

RSPO certification seems to reduce illegal deforesta-
tion, especially in peatland and HCV areas, align-
ing with RSPO’s primary goal of conserving bio-
diversity and reducing habitat loss. However, our
meta-analysis reveals that—when only higher-rigor
studies are considered—the pooled estimate is not
statistically significant, providing no evidence that
RSPO certification really reduces overall deforesta-
tion. The estimate reaches significance only when
lower-rigor studies are also included, suggesting that
the reported deforestation-reducing effect may partly
reflect uncontrolled confounding factors.

Several higher-rigor studies show that RSPO
reduces but does not eliminate deforestation within
certified concessions. However, in nearby non-
certified land, deforestation for oil palm cultivation
sometimes increases. Such leakage effects were par-
ticularly shown in Indonesia, leading to a small and
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statistically insignificant impact of RSPO on overall
deforestation. As the increased deforestation largely
occurs on non-certified land, the issue is not pri-
marily one of non-compliance with RSPO. Stricter
rules and more effective monitoring and enforce-
ment may help to address the remaining issues of
deforestation on RSPO-certified land, but not the
leakage effects. This underlines that RSPO alone can-
not solve the issue of deforestation associated with
palm oil, which holds true also for other volun-
tary certification schemes. In other words, RSPO
and other voluntary sustainability standards can
address issues of deforestation only to a limited extent
(Meemken et al 2021).

We also find mixed effects of RSPO on other
environmental indicators, such as water pollution
and human toxicity. These effects are influenced by
geographic and land-cover conditions, local farming
practices, and farmers’ access to input markets and
technical support. In this respect, improved designs of
the RSPO standard and the institutional context can
help achieve more consistent positive outcomes. Clear
positive environmental effects of RSPO were identi-
fied in several studies in terms of lower GHG emis-
sions. Specifically, our meta-analysis of higher-rigor
studies confirms a mean RSPO reduction in GHG
emissions of 34% per unit of palm oil produced.

We also show a significant positive effect of RSPO
on oil palm yields. In principle, higher yields help
to save land, even though under certain conditions
they may also lead to more natural land being con-
verted to palm oil production. The growing prof-
itability of the crop may incentivize further land
expansion, which is a rebound effect, sometimes also
referred to as Jevons’ Paradox (Sorrell 2009). Given
the global rising demand for palm oil, such a rebound
effect is plausible especially in contexts where remain-
ing forests are not effectively protected. While yield
improvements are important, they will have to be
accompanied by national nature conservation poli-
cies to reduce or stop further deforestation. As men-
tioned, RSPO alone will not be able to solve this
problem.

4.2. Socioeconomic effects

The positive yield effects of RSPO are mostly achieved
through enhanced producer access to credit, inputs,
and extension. Coupled with better output mar-
ket access and higher output prices, higher yields
have also contributed to higher revenues for RSPO-
certified producers. In terms of profit and income,
RSPO effects depend on the context. One study with
data from farmers in Africa shows positive income
effects (Richartz and Abdulai 2025), whereas evi-
dence from Southeast Asia is mixed. A few studies in
Indonesia suggest that the higher revenues with RSPO
are sometimes offset by higher production and certi-
fication costs (Beall 2012, Hutabarat et al 2018).
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RSPO’s broader socioeconomic effects on local
communities (e.g. healthcare and educational infras-
tructure) appear to be positive in market-oriented
settings but not in more subsistence-oriented set-
tings. This variation underscores the need for
RSPO to adapt its approach to different socioe-
conomic contexts to ensure that the benefits are
equitably distributed. In terms of labor and land
rights, while RSPO certification has improved
worker rights and capacity-building in some sit-
uations, evidence also points to persistent power
asymmetries in decision-making processes, often
marginalizing local communities and smallholder
farmers.

4.3. Smallholder inclusion

Our research reveals that RSPO certification is pre-
dominantly concentrated in the large-plantation sec-
tor, with limited participation by smallholder farm-
ers. Only around 2% of all smallholder oil palm pro-
ducers worldwide are RSPO-certified. Against this
background, it may be surprising that approximately
42% (22 out of 53) of the original studies on RSPO
effects focus on smallholders. On the one hand, this
may possibly be due to researchers being more con-
cerned about the social situation of smallholder farm-
ers. On the other hand, the focus on smallholders in
impact research also relates to the quasi-experimental
approaches often used, which require large samples to
obtain meaningful and statistically significant results.
Large samples are difficult to obtain when surveying
large-scale commercial oil palm plantations.

The low rates of smallholder participation in
RSPO can be explained by various factors. RSPO cer-
tification is costly and requires formal land titles,
which many smallholders do not have. In addi-
tion, without specific support, smallholders often face
technical and institutional constraints to obtain cer-
tification and comply with the RSPO standards. This
is a well-known problem and also the reason why
RSPO developed and adopted a smallholder strat-
egy in 2017 with various support measures, including
capacity building and supply chain partnership pro-
grams (RSPO 2017).

However, evidence suggests that obtaining cer-
tification is only part of the challenge. Even when
being RSPO-certified, smallholders sometimes can-
not reap the full benefits because structural features
of certified supply chains exclude them from actu-
ally selling through these channels (Ekaputri et al
2025). Aggregation costs, documentation require-
ments, and traceability constraints mean that cer-
tified mills source predominantly from contracted
farmers and plantations, passively bypassing ISHs
despite their formal certification status. While the
number of RSPO-certified ISHs has grown in recent
years, they remain at a structural disadvantage in cap-
turing the economic benefits of certification. Further
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adjustments in RSPO programs and institutional sup-
port could help to make certified supply chains more
smallholder-inclusive.

4.4. Methodological rigor of original studies

It is important to emphasize that all of the origi-
nal studies reviewed here rely on observational data.
Many studies simply compare situations with and
without or before and after RSPO certification, with-
out reliable control groups and without always con-
trolling for possible confounding factors. This is the
reason why we differentiate between higher-rigor
studies, which use statistical approaches to control
for confounders as much as possible, and lower-
rigor studies that do not. Of the 53 original studies
included, 35.8% and 64.2% are classified as higher-
rigor and lower-rigor studies, respectively. This is not
an attempt to judge about the quality of each study,
but to add transparency about which of the observed
RSPO effects can be interpreted in a causal sense.
In all result tables (tables 3-5), entries are clearly
labeled according to this classification. The figures
reporting the meta-analysis results (figures 2-5) only
include eligible higher-rigor studies, whereas alterna-
tive results also including lower-rigor studies are dis-
cussed in the text for comparison.

The high proportion of lower-rigor studies in this
body of literature underscores the need for more
research using rigorous methods of impact eval-
uation to better understand the net sustainability
effects of RSPO. Our meta-analysis supports this con-
cern. When only considering higher-rigor studies, the
effect size estimates are consistently smaller than wen
also including lower-rigor studies. This suggests that
a non-trivial share of the positive effects attributed to
RSPO in the existing literature reflects uncontrolled
confounding factors or selection bias in lower-rigor
studies rather than genuine certification impacts.

5. Conclusion

A few broader lessons can be drawn from the evi-
dence reviewed and synthesized here. First, concern-
ing environmental effects, RSPO is a step in the right
direction to mitigate some of the issues associated
with palm oil production. RSPO’s emphasis on pre-
venting deforestation in HCV areas, reducing GHG
emissions, and encouraging sustainable agricultural
practices are welcome initiatives to promote more
sustainability. Existing studies confirm that RSPO
certification is associated with a significant reduc-
tion in GHG emissions per unit of output. However,
for effects on deforestation the evidence is less clear.
Higher-rigor studies show that RSPO reduces but
does not always eliminate deforestation on certified
land. In this respect, stricter rules and more effective
enforcement would help. In addition, there is leakage
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to non-certified land, where deforestation increases
as a result of RSPO. The deforestation reductions
on certified land may be offset by this leakage effect
on non-certified land, such that the overall effect
of RSPO on deforestation in our meta-analysis with
only the higher-rigor studies included is small and
statistically insignificant. This is not primarily an
issue of non-compliance; leakage effects cannot be
addressed by stricter enforcement of RSPO rules.
Buyers of RSPO-certified palm oil need to recognize
that completely deforestation-free supply chains can
hardly be achieved through voluntary certification
programs alone. The same is true for other volun-
tary sustainability standards or for regulations that
only apply to certain market segments, such as the EU
Deforestation Regulation. Mandatory national stan-
dards, such as ISPO or MSPO, could be better suited
to deal with leakage effects, but would need stricter
rules on deforestation.

Second, while RSPO contributes to higher oil
palm yields, the broader socioeconomic effects are
not yet satisfactory, as evidenced by mixed out-
comes in terms of profits and human wellbeing. The
income and profit effects vary geographically, also
when only considering the higher-rigor studies. This
heterogeneity implies that profit outcomes are sensi-
tive to local cost structures, market conditions, and
institutional environments, and that general policy
prescriptions should not be drawn from a single
regional context. RSPO certification seems to exac-
erbate power asymmetries, particularly in decision-
making processes concerning land rights, which dis-
proportionately affect smallholder farmers and local
communities. RSPO should prioritize more inclusive
approaches, ensuring that the voices and perspectives
of smallholder farmers and indigenous communities
are adequately represented.

Third, smallholder farmers play a significant role
in global oil palm production, yet up till now they
are hardly included in RSPO certification. This needs
more serious attention. If only large plantations are
certified and smallholders cannot participate, rising
inequality and further marginalization of vulnerable
groups is possible, especially given that sustainabil-
ity certification is increasingly required to access cer-
tain high-value markets. The barriers for smallhold-
ers operate at two levels. The first is getting certified in
the first place, which requires access to finance, formal
land titles, and technical and administrative support.
The second relates to actually selling through certified
channels, which involves additional costs and trace-
ability requirements. Both types of barriers need to
be addressed to make RSPO more inclusive.

Finally, future research should aim to apply
more rigorous methodologies, such as randomized
controlled trials or quasi-experimental approaches,
to assess the true causal effects of RSPO. Our
meta-analysis reveals potential biases in the exist-
ing literature. When only considering higher-rigor

24

K T Sibhatu and M Qaim

studies, the effect size estimates are consistently
smaller than wen also including lower-rigor studies.
This suggests that some studies may report benefits
of RSPO that are inflated due to uncontrolled con-
founding factors. Future studies should explore the
long-term impacts of RSPO on both environmental
and socioeconomic sustainability dimensions, con-
sidering the dynamic and evolving nature of palm
oil production landscapes. Equally important is to
expand the geographic evidence. Most studies on
RSPO impacts to date refer to Southeast Asia, even
though certification is also increasing in other parts
of the world. Our findings suggest that the geographic
context matters due to differences in socioeconomic
and institutional conditions.
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