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Replanting unproductive palm oil with smallholder
plantations can help achieve Sustainable
Development Goals in Sumatra, Indonesia

Ariadna Fosch® 1234™ Guilherme Ferraz de Arruda® "3, Alberto Aleta® 24, Adria Descals®®,

David Gaveau® /8, Courtney Morgans® °, Truly Santika'®, Matthew J. Struebig® °, Erik Meijaard® 2 112% &

Yamir Moreno® 12348

Oil palm (Elaeis guinensis) is a controversial crop. To assess its sustainability, we analysed the
contribution of different types of plantations (smallholder, industrial and unproductive)
towards meeting six Sustainable Development Goals. Using spatial econometric methods and
data from 25,067 villages in Sumatra, Indonesia, we revealed that unproductive plantations
are associated with more cases of malnutrition, worsened school access, more air pollution
and increased criminality. We also proposed a strategy for sustainable palm oil expansion
based on replanting unproductive plantations with either industrial or smallholder palm oil.
Smallholder replanting was beneficial for five Goals (Zero poverty, Good health, Quality
Education, Environmental preservation and Crime reduction), while the same intervention
only improved two Goals in the industrial case (Zero poverty and Quality Education). Our
appraisal is relevant to policymakers aiming towards the 2030 Agenda, organisations plan-
ning oil palm expansion, and retailers or consumers concerned about the sustainability of oil
consumption.
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Agenda for Sustainable Development, an urgent call for action

to all countries to achieve sustainable development by 2030!.
The Sustainable Development Goals (SDGs) are at the core of the
initiative - 17 guiding principles encompassing economic growth,
environmental protection, global peace, access to healthcare, basic
education and others that should be followed by all countries to
aim towards a more sustainable future. Since its adoption, many
public and private organisations have also relied on the SDGs to
evaluate the sustainability of their activities. Nonetheless, this
analysis can be challenging, especially when the activities eval-
uated can have complex outcomes for many different develop-
ment dimensions. Palm oil production in tropical countries is a
typical example of such complex interactions between different
SDGs?.

The palm oil industry is frequently criticised due to environ-
mental and social impacts3=>. Specifically, for contributing to air
and water pollution®, biodiversity loss” and a decline in social
well-being in neighbouring communities due to land use conflict
and labour exploitation®. However, palm oil production is also an
important vehicle for economic growth and poverty alleviation
with recent large-scale impact evaluations emphasising the trade-
offs associated with the industry’s influence on the SDGs”?. As
global demand for vegetable oils increases from 201 to 307 mil-
lion tones (Mt) by 2050410, identifying the role of palm oil
production in achieving the multifaceted elements of the SDGs
will become crucial to guide policymakers towards more sus-
tainable production systems, given its relatively low land
requirements compared to other oil crops?.

As the largest worldwide palm oil producer, Indonesia provides
the ideal case study to evaluate the contribution of palm oil to the
SDGs!1:12, The Indonesian economy has thrived through palm oil
production, with 17% of Indonesia’s agricultural gross domestic
product in 2014 depending on this crop!3!4. However, its
expansion has been associated for many years with deforestation,
ecological damage and a mix of positive and negative social
outcomes3~>>1LI5. The Indonesian scenario is even more com-
plex when considering the heterogeneity between the industrial
and smallholder palm oil production profiles. Industrial planta-
tions tend to be large, with thousands of hectares of land dedi-
cated to the monoculture of palm oil. Smallholder plantations, on
the other hand, are typically smaller -<25 hectares according to
government definition - although wealthy individuals can
sometimes own several hundred hectares. They also tend to
exhibit a more heterogeneous spatial pattern, where palm oil is
often mixed with other crops or land dedicated to other uses!®17.,
The differences between both production profiles could also entail
discrepancies in their ecological footprint!8 and the socio-
economic characteristics of the villages where they are located.

In this study, we evaluate the differences between smallholder
and large-holder industrial plantations through the perspective of
the SDGs. The analysis relies on spatial econometric models to
reveal correlations between the socio-economic characteristics of
the villages in the region of Sumatra (Indonesia) and their land
dedicated to different palm oil production profiles (active
industrial plantations, active smallholder plantations and two
types of unproductive plantations). To characterise the con-
tribution of each production system to the SDGs, we explore the
differences in seven SDG indicators if the unproductive
(damaged) plantations in Sumatra were replanted through a
smallholder or an industrial profile. Our analysis reveals how
successfully replanting damaged plantations with smallholder
palm oil exhibits more beneficial outcomes toward most SDGs
than its industrial equivalent. However, smallholder palm oil
production is also responsible for most unproductive (damaged)
plantations (72% of the total damaged land has smallholder

I n 2015, all United Nations Member States adopted the 2030

tenure), which indicates the need for careful planning and addi-
tional policies to ensure the viability of the replanting strategy.
Our appraisal could be relevant for policymakers and stake-
holders aiming to complete the 2030 Agenda in the context of
palm oil production in Indonesia.

Results

Socio-economic differences between palm oil production sys-
tems. Palm oil production can play a major role in the socio-
economic development of the villages in which is produced.
However, it is still unclear how these impacts could vary
depending on the production profile used for its production. To
this end, we combined two datasets describing, respectively, the
socio-economic characteristics of the villages of Sumatra (Indo-
nesia) and their total area dedicated to palm oil plantations,
classified by their type of ownership (industrial/smallholder) and
production status (young, mature and unproductive damaged or
unproductive but possibly replanted)!®17. See Methods section
for a more detailed description.

We aggregated the palm oil data into four production profiles:
active industrial palm oil, active smallholder palm oil, unproduc-
tive damaged plantations and unproductive but possibly
replanted plantations (see Methods for more details). Then, we
estimated the socio-economic characteristics significantly asso-
ciated with each profile through two types of spatial regression
analysis. The Spatial Durbin Model (SDM)!®, a global spatial
dependency model and the Spatial Durbin Error Model
(SDEM)1?, a local-dependency variant. Both models produced
broadly consistent results (see Supplementary Tables 5-8).

Unproductive (damaged) plantations are significantly asso-
ciated with more cases of malnutrition, crime, air pollution and a
higher distance to primary education centres (see Fig. 1). These
socio-economic characteristics are detrimental to SDG 2 (Zero
hunger), SDG 4 (Quality education), SDG 15 (Life on land) and
SDG 16 (World peace). Damaged plantations are also positively
correlated with more healthcare facilities and more types of credit
facilities, two features that are beneficial respectively for SDG 3
(Good Health and well-being) and SDG 8 (Economic growth).
Nevertheless, these positive associations are not unique to
unproductive (damaged) land. They were also observed in the
case of active smallholder plantations, which could indicate that
such infrastructures are built during the early stages of plantation
development and remain after their failure. These characteristics
differ from the ones observed for unproductive (but possibly
replanted) areas. In that case, we observe fewer negative effects
overall and slight beneficial outcomes for poverty reduction.

Villages with industrial or smallholder plantations share some
common characteristics compared to non-oil palm producing
villages: they are less associated with natural disasters and tend to
have fewer households receiving Surat Keterangan Tidak Mampu
(SKTM) poverty letters. These letters are issued to families below
the national poverty level to facilitate access to essential resources
such as fuel, healthcare or education?’. Prior studies have already
reported a positive influence of palm oil production on poverty
alleviation®!1. In our case, these beneficial economic outcomes
are only observed for villages with active plantations from both
profiles and for possibly replanted areas, which highlights the
negative role of damaged plantations in sustainable development.

Additionally, we found that several characteristics distinguish
villages with smallholder and industrial plantations. Those with a
smallholder profile are associated with more credit facilities and
cases of malnutrition, while in the case of industrial land, the
reduced distance to primary schools is one of the main
differential traits. The diversity observed in both production
profiles evidences the need to evaluate their sustainability
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Unproductive

Unproductive

Industrial Smallholder

(damaged) (poss. replanted)
Num. low incidence nat. disasters (last 3 years) -1.82 -3.54
log(num. poverty letters) -0.66 -3.33 -2.51
Different types of crime occuring last year 1.94
Different types of credit facilities 3.06 -
log(cases of malnutrition/1000) 1.19 0.41 2.23
Num. healthcare facilities 1.2 2.06 3.87
Presence of air pollution 3.08
log(dist. primary school) 3.71 -5.92
log(Num. of families) -2.27
Magnitude
[ ‘ 1 -
-6 -3 0 3 6

Fig. 1 Significant total spatial impacts for different palm oil production profiles. The profiles evaluated are: unproductive (damaged) plantations,
unproductive (but possibly replanted) plantations, active industrial palm oil and active smallholder palm oil. Positive spatial impacts indicate a positive
correlation between village land and the socio-economic characteristic involved, while negative spatial impacts indicate negative correlations (see Methods
for a formal description of the spatial impacts metric). Grey panels indicate not statistically significant associations (p-value > 0.05). The spatial impacts
were estimated using the SDM model trained as described in the Methods section, which resulted in a Nagelkerke's pseudo — R259 between 0.38 — 0.63 for
the four models. Other quality metrics are available in Supplementary Tables 5-8.

separately. This is especially relevant for planning interventions
over land use, as the same intervention could entail different
sustainability outcomes depending on the village’s predominant
production system.

Counterfactual analysis. With the global increase in vegetable oil
demand and related environmental impacts of agricultural
expansion, it is crucial to develop strategies to increase palm oil
production while maintaining Indonesia’s efforts toward net zero
deforestation?!. With damaged palm oil plantations having
multiple detrimental outcomes on sustainable development,
replanting them could be a key strategy for sustainable palm oil
expansion. Nevertheless, it is still unclear whether smallholder or
industrial palm oil is better at maximising the beneficial outcomes
for the SDGs. We, therefore, implemented a counterfactual ana-
lysis to estimate the change in seven SDG indicators if all
unproductive (damaged) plantations were replanted through an
industrial or smallholder profile. The seven indicators used for
the counterfactual analysis span six different development goals
(see Methods for the selection criteria). These are SDG 1 (Zero
poverty): log(num. SKTM poverty letters), SDG 3 (Healthcare
and Well-being): Num. healthcare facilities, SDG 4 (Quality
Education): log(dist. primary school) and log(dist. junior-high
school), SDG 9 (Industry, innovation and infrastructure): log(dist.
nearest market), SDG 15 (Life on land): percentage of village area
covered by forest, SDG 16 (Peace and Justice): number of dif-
ferent types of crime.

The counterfactual analysis followed the pipeline described in
Fig. 2. The SDM model was trained seven times, using each SDG
indicator as the dependent variable y and all the village
characteristics (socio-economic and palm oil production features)
as independent features X. The trained models were used to
predict the expected change in the SDG indicators if all
unproductive (damaged) land in Sumatra was replanted with
either industrial or smallholder plantations.

The predictions obtained for each SDG indicator can be
visualised as the counterfactual maps shown in Supplementary
Fig. 2. These maps provide a detailed description of the location
and magnitude of the changes produced in the SDGs, but they do
not indicate how the intervention affects the well-being of local
communities. For example, removing one hospital from a village

without other healthcare facilities might have a more drastic
impact on the villager’s well-being than the same change in a
village with other healthcare centres.

To contextualise the results in terms of the village’s well-being,
we defined a deprivation threshold for each SDG indicator using
the reference values proposed in the Indonesian Village
Development Goals (Indeks Pembangunan Desa)?* (see Methods
section for more details). Interventions that induce a change from
a deprived state to a non-deprived state or vice-versa will be
considered highly positive or highly negative contributors to the
SDGs, as they drastically affect the well-being of the villages. If the
intervention does not induce a change in the deprivation state, it
will only be considered a moderate influence, regardless of the
magnitude of the change observed. Finally, interventions where
no changes in the SDG indicators are induced, are considered
neutral interventions. Using these criteria, the counterfactual
maps were translated into Fig. 3, which summarises the effects of
both interventions across all villages.

Replanting unproductive (damaged) plantations is associated
with a positive contribution towards SDG 1 for both production
profiles. The smallholder strategy resulted in a slightly more
beneficial outcome, as it is associated with highly positive effects
for more than 27% of the villages where the counterfactual was
applied. In the case of SDG 3, replanting unproductive land with
industrial plantations was associated with a reduction in the
number of hospitals, a negative influence on the SDG, while
smallholder expansion is positively impacting the objective. This
outcome must be further validated as the apparent lack of medical
coverage in industrial plantations could be because some
company-owned health facilities may not be included in the
socio-economic data.

For SDG 4 both production profiles have mainly negative
outcomes towards reducing the distance to junior-high schools.
However, the industrial strategy seems to result in more beneficial
effects towards improving the distance to primary school centres.
Thus, in this case, promoting industrial plantations could be
more beneficial overall for SDG 4, also because similar to health
care, many companies provide schooling for children of their
workforce?3.

Increasing industrial plantations is also associated with a small
reduction in forest coverage, leading to a moderately negative
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PREPROCESSED DATA
PODES dataset ‘

m l ............................. :

For each SDG indicator

COUNTERFACTUAL ANALYSIS

‘ Palm oil dataset

7 SDG indicators

IS (AL |4nn
i |
9T 1%

B

i Compare magnitude of intervention with deprivation
i thresholds

High outcomes: The intervention causes a
transition in the deprivation status.

Moderate outcomes: The intervention does not
induce a transition in the deprivation status.
Neutral outcomes: The intervention does not
induce changes in the SDG indicator.

TRAIN SPATIAL REGRESSION MODELS

Train spatial regression models: SOM and SDEM

y: SDG indicator
X: Preprocessed features

Fig. 2 Structure of the counterfactual analysis. A complete description of the pipeline can be found in the Methods section. The SDG icons are property of
the United Nations, reprinted for informational purposes in accordance with ref. 67 (all rights reserved).

Smallholder expansion in Sumatra Industrial expansion in Sumatra

High neg. Mod. neg. Neutral Mod. pos. High pos. High neg. Mod. neg. Neutral Mod. pos. High pos.

Num. SKTM pov. letters - 0.03 - 72.65 @ - 0.09 - 77.3 @

Num. healthcare fac. - 117 2.84 90.06 @ @ 83.93 8.75 2.05 @

Dist. primary school @ 11.83 25.68 55.53 @ - - 26.07 63.95 9.98
Dist. junior-high school @ 90.6 1.35 2.99 - Q 91.36 1.23 - -
Dist. to market @ 86.43 0.03 - - @ 89.2 0.03 - -
Forest coverage (%) - - 8.97 91.03 - - 54.6 39.41 5.99 -
Num. types of crimes - 52.65 1.19 46.16 - - 73.35 1.04 25.62 -

Fig. 3 Contribution towards the SDGs of replanting unproductive land with smallholder or industrial plantations. The values reported indicate the
percentage of villages where the implementation of the counterfactual caused high (positive/negative), moderate (positive/negative), or neutral
outcomes. Note that the percentage is computed relative to the number of villages affected by the counterfactual analysis. Interventions causing the

transition from a deprived to a non-deprived village are regarded as highly positive interventions. In contrast, interventions with a beneficial outcome for
the SDG indicator that do not entail a change in the village's deprivation state are only regarded as moderately positive. Similarly, interventions inducing the
transition from the non-deprived to the deprived state are considered highly negative, while interventions with negative influences that do not cause major
changes in well-being are only considered moderately negative. Interventions where no changes in the SDG indicator are produced are regarded as neutral.

outcome for SDG 15. Contrarily, replanting unproductive
(damaged) land with smallholder plantations correlates with
increased forest coverage levels, which is favourable for environ-
mental protection. Though this outcome may seem counter-
intuitive, it may result from the negative association between
damaged land and SDG 15. Since palm oil replanting reduces the
amount of damaged land, it is expected that a correlation analysis
would interpret it as a positive outcome for SDG 15. However,
this does not imply a causal relationship between both effects.
Replanting unproductive (damaged) plantations is associated
with negative outcomes for SDG9, for which both interventions
induced an increase in the distance to the nearest market. This
could result in oil palm development displacing local production
and trade of goods usually supplied to local markets, such as
fruits. Finally, for SDG 16, we identified that the interventions are
associated with an increase in the number of different types of

crime or a decrease in crime variability depending on the village
where it is implemented.

Opverall, replanting damaged plantations was more beneficial
when implemented through a smallholder profile than its
industrial equivalent. Smallholder replanting was beneficial for
SDGs 1, 3 and 15 and it exhibited mixed effects for SDGs 16 and
4 (positive effect for primary schools and negative for junior-high
schools). Meanwhile, industrial replanting only presented syner-
gistic associations with SDG 1 and one facet of SDG 4 (primary
school). This last association was the only one more beneficial in
the industrial replanting scenario than in the smallholder case.
Interestingly, both counterfactual scenarios were not compatible
with the progress of SDG 9 and SDG 4, in the case of the junior-
high school indicator. This revealed the presence of a trade-off
effect between the intervention proposed and the achievement of
some development goals.
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The findings demonstrate the intricate nature of the connec-
tions between an intervention and the SDGs. An identical
intervention can yield positive outcomes for certain indicators
while having negative effects on others, leading to various
synergistic or trade-off relationships with the development goals.

Province analysis. To assess the scale dependency of the findings,
we repeated the counterfactual analysis for each of the ten pro-
vinces in Sumatra individually (see Supplementary Figs. 3-12).
We then estimated the production profile that yielded the most
favourable and detrimental outcomes for each province and
compared it to the results observed for the entire island.

The results presented in Table 1 confirmed the trends observed
in the study for all of Sumatra. Replanting by smallholders was
associated with the most beneficial outcomes for the SDGs across
all provinces. The only exception was the case of SDG 4 (for the
primary school indicator), where industrial replanting consis-
tently outperformed smallholder replanting across the regions
evaluated. This analysis also revealed consistent results in their
trade-off effects, as replanting damaged plantations also entailed
detrimental outcomes for SDG 9 across all provinces.

In general, the proposed counterfactual approach enabled us to
differentiate between two seemingly similar interventions con-
cerning palm oil usage. This tool could allow policy-makers to
make more informed decisions to achieve sustainable palm oil
development. However, it is crucial to recognise that the
interplays described by the counterfactual evaluation are condi-
tional on successfully transforming unproductive terrains into
active plantations. Thus, guaranteeing the viability of the
replanted plantations is of utmost importance for the sustain-
ability of the strategy.

Sumatran villages tend to have more unproductive (damaged)
plantations associated with smallholder tenure than with
industrial palm oil (see Fig. 4). In terms of total area, 72.5% of
the total unproductive damaged land is associated with the
smallholder production profile (calculation in the Supplementary
Methods). It is crucial to identify the mechanism behind the
increased failure rate of smallholder plantations. Whether it is
caused by sub-optimal soil and planting materials®4; or if indeed
smallholder producers sometimes lack the capital or knowledge to
make plantations thrive?*. This could reveal if replanting
damaged plantations with a smallholder profile is indeed

sustainable by itself, or if other supplementary programs (e.g.,
educational, economic, etc.) should also be introduced to increase
its effectiveness.

Discussion

The sustainability of palm oil production is frequently called into
question, especially by commentators in high-income countries.
This criticism focuses strongly on the environmental impacts of
oil palm but it is less clear the extent to which negative impacts on
the environment are balanced by positive impacts elsewhere. This
is at the core of sustainable development considerations. The
SDGs are intended to be targeted simultaneously, resulting in
positive outcomes for all these objectives. In reality, trade-offs are,
however, likely to occur. Here we have analysed the extent to
which oil palm development in Indonesia, the world’s largest
palm oil producer, results in synergies and trade-offs between
different SDGs, and how this varies in different production
profiles. This analysis provides a basis for a better understanding
of the overall impact of oil palm on sustainable development and
also a way to steer future developments that maximise positive
outcomes and minimise negative ones.

Oil palm expansion, if indeed sought by the Indonesian gov-
ernment, should preferably occur on existing agricultural land, or
in areas where previous attempts to cultivate oil palm have been
ineffective?”. Replanting failed or poorly performing plantations
with smallholder palm oil was associated with beneficial effects
for poverty, healthcare provision, terrestrial environments, pri-
mary education access and in some villages crime variability
reduction. This indicates a synergistic association between the
proposed intervention and SDGs 1, 3, 4, 15 and 16. Meanwhile,
industrial replanting only entailed beneficial outcomes for edu-
cation and poverty (SDGs 4 and 1). These outcomes are quite
consistent across all provinces and would indicate that small-
holder production may be more beneficial for the SDGs than
industrial plantations.

However, we also observed that 72,5% of unproductive
(damaged) land in Sumatra was associated with smallholder
tenure. The beneficial outcomes of the intervention proposed are
conditional on transforming unproductive land into viable
plantations. Thus, it is crucial to ensure the replanted areas do not
fail again after the intervention. To this end, policymakers should
invest in comprehending the mechanism behind the increased

4 Bl

Pov. letters Healthcare fac.

Table 1 Summary of the palm oil production system with the most beneficial and detrimental effects in all provinces of Sumatra.

4 16 e e
EDUCATION ANDSTRONG.

INSTITUTIONS

>,

L]

Dist. primary sch. Dist. high sch. Dist. market Forest Coverage Types crime

Pos. Neg. | Pos. Neg. Pos. Neg. Pos.  Neg. Pos. Neg. | Pos. Neg. Pos. Neg.
Aceh S 1 S I I S S I - IS S 1 S I
Sum. Utara S 1 S I I S S I - s S | N I
Sum. Barat /S - S I I S S I - /S S | S I
Riau 1/S - S I I S S I - S S 1 N I
Jambi I - S I I S S I - I S 1 S I
Sumatera Selatan S 1 S 1 1 S S 1 - 1/S S 1 S I
Bengkulu S /S S 1 1 S S I - IS S | S I
Lampung S I S I I S S I - /S S I S I
Kep. Bang. Belitung I/S - S I I S S I - /S S 1 S I
Kep. Riau /S - IS IS - - S I - IS S I N I
Sumatra S 1 S 1 1 S S I - S S I S I

67 (all rights reserved).

"S" indicates that smallholder production has the largest (positive or negative) influence on the SDG indicators. “I" indicates that industrial production is the one with the greatest (positive or negative)
influence on the SDG indicators. “I/S" indicates that both production systems exhibit the same positive or adverse effects. Missing values ("—") indicate cases where no positive or negative associations
are found. The geographical location of each province can be found in Supplementary Fig. 1. The SDG icons are property of the United Nations, reprinted for informational purposes in accordance with ref.
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