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Abstract
Structural transformation of agriculture typically involves a gradual increase of
mean farm sizes and a reallocation of labor from agriculture to other sectors.
Such structural transformation is often fostered through innovations in agricul-
ture and newly emerging opportunities in manufacturing and services. Here, we
use panel data from farmhouseholds in Indonesia to test and support the hypoth-
esis that the recent oil palm boom contributes to structural transformation. Oil
palm is capital-intensive but requiresmuch less labor per hectare than traditional
crops. Farmers who adopted oil palm increase their cropping area, meaning that
some of the labor saved per hectare is used for expanding the farm. Average
farm sizes increased in recent years. In addition, we observe a positive associ-
ation between oil palm adoption and off-farm income, suggesting that some of
the labor saved per hectare is also reallocated to non-agricultural activities. Oil
palm adoption significantly increases the likelihood of households pursuing own
non-farm businesses. However, oil palm adoption does not increase the likeli-
hood of being employed in manufacturing or services, which is probably due to
the limited non-farm labor demand in the local setting. Equitable and sustainable
agricultural transformation requires new lucrative non-agricultural employment
opportunities in rural areas.
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1 INTRODUCTION

The structural transformation of agriculture, or of
economies more broadly, typically involves productivity
growth in farming, an increase in mean farm sizes, and
a gradual shift of agricultural labor to other sectors,
including manufacturing and services (Bokusheva &
Kimura, 2016; Jayne et al., 2016). During this structural
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transformation process, the share of labor working in
agriculture and agriculture’s relative contribution to
the total economy decline, whereas the shares of the
manufacturing and service industries increase (Duarte
& Restuccia, 2010; Herrendorf et al., 2014). Productivity-
enhancing and labor-saving innovations in agriculture are
often important factors contributing to structural transfor-
mation (Alvarez-Cuadrado & Poschke, 2011; Bustos et al.,
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2016; Pingali, 2007). Labor that is saved in agriculture is
reallocated to jobs in other sectors, which are often more
productive (Berger & Frey, 2016).
All countries with significant economic growth over

longer periods of time have seen such a structural transfor-
mation (Berger & Frey, 2016; Bokusheva & Kimura, 2016).
This is also true in Indonesia, where agriculture’s contribu-
tion to total gross domestic product (GDP) declined from
24% in 1998 to 13% in 2018, while the share of agricultural
employment in total employment decreased from 45% to
31% (World Bank, 2020). One of the major agricultural
crops in Indonesia is oil palm,which has gained significant
importance during the last 20 years (Qaim et al., 2020).
In 2018, oil palm was cultivated in Indonesia on more
than 14 million hectares of land, even exceeding the area
grown with rice, the country’s main staple food (Indone-
sian Bureau of Statistics, 2019). Palm oil production con-
tributes around 2.5% to Indonesia’s total GDP and employs
up to 8 million people in farming and processing (ILO,
2019; Ministry of Agriculture Indonesia, 2019a). Indonesia
is theworld’s largest palm oil producer and exporterworld-
wide (Qaim et al., 2020). Apart from exports, palm oil is
also heavily used domestically as cooking oil, biofuel, and
as an important ingredient in processed foods, cosmetics,
and pharmaceutical products (Corley & Tinker, 2016). The
objective of this article is to analyze whether Indonesia’
recent oil palm boom has contributed to structural trans-
formation in local agriculture with rising farm sizes and a
growing role of rural off-farm employment.
The massive expansion of oil palm in Indonesia has var-

ious types of effects, with both negative and positive sus-
tainability outcomes. As some of the oil palm plantations
were established on land previously covered with tropical
rainforest, the crop’s expansion is associated with defor-
estation, biodiversity loss, and climate change (Drescher
et al., 2016; Obidzinski et al., 2012). Spatial overlaps of land
concessions for palm oil companies and local community
lands have also contributed to social conflicts in some situ-
ations (Abram et al., 2017). However, more than 40% of the
total oil palm land in Indonesia is not cultivated by large
palmoil companies but by small- andmedium-sized family
farms (Euler et al., 2016). Several studies show that small-
holder farmers benefit from oil palm cultivation in terms
of higher household living standards, as oil palm is more
profitable than traditional crops such as rice or rubber
(Euler et al., 2017; Krishna et al., 2017a; Kubitza et al., 2018).
Oil palm is also a labor-saving innovation in the sense that
it requires much less labor per hectare than most tradi-
tional crops (Feintrenie et al., 2010; Chrisendo et al., 2020).
The labor-saving nature of oil palm may contribute

to increasing farm sizes and a growing role of off-farm
employment over time, but such effects on structural
change have hardly been analyzed up till now. Based on

country-level statistics, agriculture in Indonesia is still
dominated by very small farms without a visible trend
towards consolidation (Winoto & Siregar, 2008). How-
ever, country-level statistics may mask certain trends that
occur in regional oil palm hotspots. Euler et al. (2016)
and Krishna et al. (2017a) used cross-sectional survey data
from Jambi Province, Sumatra, where the expansion of oil
palm was particularly strong during the last 20 years, to
show that farms cultivating oil palm are somewhat larger
than farms cultivating traditional crops. Yet, with cross-
sectional data it is hardly possible to establish whether
the adoption of oil palm actually contributed to increas-
ing farm sizes. Chrisendo et al. (2020) also used data from
Jambi showing that a switch from traditional crops to oil
palm reduces the labor intensity per hectare of land, but
the labor reallocation to other economic activities was not
analyzed in more detail.
Here, we contribute to the existing literature by using

panel data collected in three survey rounds from farm
households in Jambi Province to analyze the effects of
oil palm adoption on structural transformation. Based
on a simple conceptual framework we develop concrete
research hypotheses, namely that oil palm cultivation con-
tributes to farm size expansion and increases households’
involvement in off-farm employment. These hypotheses
are tested empirically with descriptive statistics and econo-
metric models. Panel data models with household fixed
effects help to reduce self-selection problems and other
issues of endogeneity.
The rest of this article is structured as follows. Sec-

tion 2 provides some background on oil palm cultivation in
Jambi. Section 3 explains the analytical framework, includ-
ing the research hypotheses and the statistical methods
used. The household panel survey and the definition and
measurement of key variables are described in section 4.
Section 5 presents and discusses the empirical results,
while section 6 concludes.

2 OIL PALM CULTIVATION IN JAMBI

Oil palm and rubber are nowadays the twomain crops cul-
tivated in Jambi Province (Qaim et al., 2020). Rubber has
been cultivated since the early-twentieth century, mostly
in traditional agroforestry systems and as a complement to
rice, themain local food crop. Since themid-twentieth cen-
tury, traditional agroforestry systems lost in importance
and were gradually replaced by rubber monoculture plan-
tations (Feintrenie & Levang, 2009). The importance of
local food crop cultivation declined, because farmers could
make higher incomes with growing rubber. Rice and other
foods could easily be accessed from the market, largely
imported from other regions of Indonesia.
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Oil palm was sporadically grown in Jambi since the
1960s, but was promoted more strongly since the 1980s
(Gatto et al., 2015). The Indonesian government’s transmi-
gration programsplayed an important role in promoting oil
palm cultivation among smallholder farmers. In the trans-
migration programs of the 1980s and 1990s, households
from Java and other densely populated islands were reset-
tled to less-developed islands such as Sumatra, where they
were supported in the cultivation of cash crops, especially
oil palm (Bazzi et al., 2016; Feintrenie et al., 2010; Zen et al.,
2006). The transmigrant households started their farming
business with the 2–3 hectares of land allocated to them;
initially they were poorer than typical autochthonous
households in Jambi that had been involved in commer-
cial rubber cultivation for long (Gatto et al., 2017).
To support the transmigrant families in the cultiva-

tion of oil palm, the government initiated the so-called
Nucleus Estate and Smallholder (NES) schemes (Larson,
1996). These schemes were linked to large public or pri-
vate companies that managed their own oil palm planta-
tions and additionally procured produce from contracted
smallholders. Under these contracts, the transmigrants
received subsidized credits and technical support for plan-
tation establishment. Furthermore, the government sup-
ported the development and upgrading of infrastructure in
newly-created transmigrant communities. While most of
the smallholders in the NES schemes were transmigrants,
a few autochthonous farmers also participated (McCarthy
et al., 2012; Zen et al., 2006). But in general, autochthonous
households in Jambi benefited less from the government
support and started to adopt oil palm significantly later
than transmigrant households (Euler et al., 2016; Gatto
et al., 2017).
From the early-2000s onward, the NES schemes and

related contractual arrangements between palm oil com-
panies and smallholder farmers lost in importance. While
oil palm adoption rates in Jambi continue to rise, most
smallholders now establish their plantations indepen-
dently and supply the palm oil mills without a contractual
arrangement (Qaim et al., 2020). Plantation establishment
requires capital, so poorer households without access to
credit are less able to adopt oil palm and benefit from this
profitable crop (Euler et al., 2016; McCarthy et al., 2012;
McCarthy & Zen, 2016). While oil palm has helped to lift
many households in rural Jambi out of poverty, it also has
the potential to contribute to rising inequality under the
given institutional conditions (Abram et al., 2017; Bou Dib
et al., 2018a, 2018b; Obidzinski et al., 2012).
Besides capital, access to land is also an important factor

for establishing new oil palm plantations. Until recently,
most of the new oil palm plantations in Jambi were estab-
lished on forest land, bush land, or fallow areas, but—
with increasing land scarcity—rubber plantations are also

increasingly converted to oil palm land. The gradual switch
from rubber to oil palm is further fueled by low rubber
prices (IMF, 2020). Farmers unable to establish their own
oil palm plantations sometimes sell some of their land to
other farmers. Krishna et al. (2017b) showed that the fre-
quency of land-market transactions in Jambi has increased
recently.
In 2018, of the total 14 million hectares of oil palm in

Indonesia, around one million hectares were cultivated
in Jambi (Ministry of Agriculture Indonesia, 2019a). Of
these one million hectares of oil palm land in Jambi,
around 40% were managed by large companies, whereas
the rest was cultivated by small- and medium-sized fam-
ily farms. According to official statistics, around 285,000
farmers in Jambi cultivate oil palm. In addition, close to
200,000 rural laborers in Jambi are employed in the oil
palm subsector (Ministry of Agriculture Indonesia, 2019a).
For comparison, rubber was grown on 390,000 hectares in
Jambi in 2018, so on a much smaller total area than oil
palm. However, unlike oil palm, rubber is mostly grown
by family farms with only little involvement of large com-
panies. According to official statistics, there were still
around 220,000 farmers in Jambi growing rubber in 2018
(Ministry of Agriculture Indonesia, 2019b). In addition, a
large number of rural laborers are employed in rubber,
often through sharecropping arrangements (BouDib et al.,
2018b).

3 ANALYTICAL FRAMEWORK

3.1 Conceptual framework

We want to analyze whether the adoption of oil palm by
family farms contributes to structural transformation of
agriculture by looking at relevantmechanisms at themicro
level over time. In general, farmers will only decide to
adopt a new crop if it leads to higher profits than tradi-
tional crops. However, besides changes in profit, the adop-
tion of the new crop can also lead to changes in capital
requirements, input use, labor use, and agroecological con-
ditions (e.g., water and nutrient cycles) (e.g., Krishna et al.,
2017a; Mariyono, 2015; Mariyono et al., 2010; Merten et al.,
2020). All these changes can lead to a reallocation of house-
hold resources with implications for farming structures
and employment (Figure 1).
Oil palm adopters in Indonesia often use more chemi-

cal inputs—such as fertilizer and herbicides—than farm-
ers growing rubber or other traditional crops (Darras et al.,
2019). In contrast, oil palm requires much less labor than
most traditional crops. Using survey data from Jambi,
Chrisendo et al. (2020) showed that farmers who adopted
oil palm use significantly less labor per hectare than
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F IGURE 1 Oil palm adoption and structural transformation (possible mechanisms)

non-adopting farmers. In principle, the labor time saved
per hectare of land can be used in different ways, either
by expanding the fam size and cultivating additional land,
or by pursuing off-farm activities. Both options can lead
to further household income increases on top of the profit
gains per hectare of land (Krishna et al., 2017a).
Which of the labor reallocation strategies an oil palm

adopting household pursues will depend on the individ-
ual opportunities in the local setting. Expanding the farm
size depends on access to additional land and capital. Capi-
tal can be saved or sometimes also obtained through credit
markets. Additional land can be obtained through land
market transactions. Alternatively, farmers in Jambi some-
times convert previous fallow land or forestland (Krishna
et al., 2017b). If additional land and capital are not avail-
able or accessible, the labor saved per hectarewill rather be
reallocated to off-farm economic activities. Employment in
manufacturing or the services sector is often more lucra-
tive than agricultural work, but presupposes that related
jobs are available and accessible in the local context. This
also depends on educational levels. Other options are self-
employment in own non-agricultural businesses or out-
migration of familymembers to pursuemore lucrative jobs
in urban centers (de Brauw et al., 2014; Kreager, 2006).
Obviously, the conditions can change over longer periods
of time. For instance, oil palm adopters who benefit eco-
nomically may invest more into the education of their chil-
dren in order to improve access to lucrative non-farm jobs
in the next generation.
We will use our panel data from farm households in

Jambi Province to analyze these mechanisms, except for
out-migration due to data limitations. Of course, we do not
expect that all changes observed in farm sizes or off-farm
employment are only driven by oil palm adoption. Many
other economic and social reasons may also play a role (Li,
2009; Quetulio-Navarra et al., 2018; Thiede & Gray, 2017)
and have to be controlled for in the econometric analysis
to the extent possible.

3.2 Research hypotheses

The first hypothesis that we want to test is that oil palm
cultivation contributes to farm size expansion. We test this
hypothesis by analyzing average farm sizes over time for
the whole sample of farm households and also separately
for oil palm adopters and non-adopters. In addition to the
descriptive analysis, we run regression models of the fol-
lowing type:

𝐹𝑆𝑖,𝑡 = 𝛼1 + 𝛽1𝑂𝑃𝑖,𝑡 + 𝛾1𝑍𝑖,𝑡 + 𝛿1𝑇𝑡 + 𝜀𝑖,𝑡 (1)

where 𝐹𝑆𝑖,𝑡 is the farm size measured in terms of hectares
of land cultivated by farm household i in time period t, and
𝑂𝑃𝑖,𝑡 is a dummy variable that captures whether or not
household 𝑖 was involved in own oil palm cultivation in
time period 𝑡.1 𝑍𝑖,𝑡 is a vector of control variables, which
may include time-variant and time-invariant factors. We
also include time fixed effects, 𝑇𝑡, to control for general
trends. Finally, 𝜀𝑖,𝑡 is a random error term. We are particu-
larly interested in the coefficient estimate 𝛽1; a positive and
significant estimatewould support the first hypothesis that
oil palm cultivation contributes to farm size expansion.
Our second hypothesis is that oil palm cultivation

increases the households’ involvement in off-farm employ-
ment. Again, we start the analysis with descriptive statis-
tics by comparing off-farm employment participation
between oil palm adopting and non-adopting households.
In addition, we run regression models of the following
type:

𝑂𝐹𝐸𝑖,𝑡 = 𝛼2 + 𝛽2𝑂𝑃𝑖,𝑡 + 𝛾2𝑍𝑖𝑡 + 𝛿2𝑇𝑡 + 𝜀𝑖,𝑡 (2)

1 It is also possible that farm size expansion happens with a certain time
lag, for instance, when farmers first need to accumulate capital before
they can access additional land and establish a new plantation. We there-
fore also run an alternative specification with𝑂𝑃𝑖,𝑡−1 as explanatory vari-
able.
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where 𝑂𝐹𝐸𝑖,𝑡 denotes participation in off-farm employ-
ment activities of household i in time period t. The other
variables are defined as above. A positive and significant
estimate for 𝛽2 would support our second hypothesis that
oil palm cultivation increases participation in off-farm
employment.2
Off-farmemployment of farmhouseholds is a very broad

concept that can include low-paying agricultural work on
farms or plantations owned by others, more lucrative jobs
in different non-agricultural sectors, or self-employment
in own non-farm businesses. We estimate separate models
for different types of off-farm activities and expect positive
effects of oil palm cultivation especially for the potentially
more lucrative ones.

3.3 Panel data estimators

The panel data models in Equations (1) and (2) include a
time dimension, so that using ordinary least squares (OLS)
for estimation would be inappropriate. In principle, the
models can be estimated with a random effects (RE) panel
estimator. The RE estimator leads to efficient estimates as
it exploits the data variation within and between house-
holds. However, RE estimates may be biased when there is
unobserved heterogeneity. In fact, unobserved heterogene-
ity is likely, because oil palm adoption, our main explana-
tory variable of interest, is not distributed randomly. Farm-
ers decide themselves whether or not to adopt oil palm
based on various observed and unobserved characteristics,
which will likely lead to non-random selection bias. To
reduce such bias, we use a fixed effects (FE) panel estima-
tor, which only relies on the data variation within house-
holds over time, such that any unobserved factors that do
not vary over time cancel out (Wooldridge, 2002).3 While
we estimate and show both RE and FE models, we rely on
the FE estimates for interpretation, as these are more reli-
able in terms of reducing self-selection bias.
The model in Equation (1) has farm size as dependent

variable, which is continuous. In contrast, the model in
Equation (2) has off-farm participation as dependent vari-
able, which is binary. For cross-section data models with
binary dependent variables, probit or logit specifications
are typically used.However, panel data logit or probitmod-

2 For the effect of oil palm adoption on off-farm employment we do not
expect significant time lags, as starting off-farm employment does not
require large amounts of capital. Some capital is required when starting
self-employed business activities, but the local businesses typically start
very small and then grow organically when being lucrative.
3When household fixed effects and dummy variables for the time periods
are included, as we do in our estimations of Equations (1) and (2), the FE
panel data estimator is essentially the same as the difference-in-difference
estimator (Wing et al., 2018).

els are not straightforward to estimate with household FE,
so that we estimate linear probability models, which is
a common approach in panel data models with binary
dependent variables (Wooldridge, 2002). In order to test
whether the linear functional form leads to any bias, we
use RE logitmodels as a robustness check.Moreover, as we
look at households’ involvement in different off-farmactiv-
ities, we also use a multivariate probit (MVP) specification
as another robustness check, as the MVP model controls
for possible error term correlation (Greene, 2012).4

4 DATA AND DEFINITION OF KEY
VARIABLES

4.1 Household panel survey

We conducted a survey of farm households in Jambi
Province, Sumatra Island, Indonesia, in three rounds; in
2012, 2015, and 2018.As described above, Jambi is one of the
hotspots of the recent oil palm boom in Indonesia. Farm
households to be included in the survey were selected
through a multi-stage sampling procedure. Five regencies
in Jambi, which cover the largest part of the Province’s
lowland areas, were chosen purposively, namely Muaro
Jambi, Batanghari, Sarolangun, Tebo, and Bungo. In each
regency, we randomly selected four districts. In each dis-
trict, we randomly selected two villages, resulting in a total
of 40 villages. In addition, five villages were chosen pur-
posively, in order to better align with some ongoing natu-
ral science research activities (Drescher et al., 2016; Grass
et al., 2020). Depending on village size, 6–24 farm house-
holds were randomly selected in each of the 45 villages. In
the regression models, we control for the non-randomly
selected villages. Otherwise, the sample is representative
of farm households in the lowland areas of Jambi Province
(Euler et al., 2017).5
Details of the number of farms included in the sample

are shown in Table 1. In the first survey round in 2012,
we sampled a total of 684 farm households, of which 35%
had adopted oil palm, while the others had not. In 2015
and 2018, we revisited the same households for the second
and third survey rounds. Oil palm adoption rates increased
to 46% in 2018. Some sample attrition occurred over time,
but the attrition rates remained relatively small; 6% in 2015

4 Note that the MVP model is better suited than multinomial probit or
logit models in our context, as households can be involved in different
off-farm activities simultaneously.
5 Note that we did not survey large company plantations, as these do not
belong to local farm households. Large company plantations account for
around 60% of the total oil palm area in Indonesia and around 40% in
Jambi Province. Our sample is representative of local family farm house-
holds, but not of all agricultural production in the province.
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TABLE 1 Number of farm households included in the panel
survey

2012 2015 2018 Total
Total number of farm households 684 687 689 2,060
Oil palm adopters 240 249 318 807
Non-adopters 444 438 371 1,253

and 4.5% in 2018. Attrition households were replaced by
randomly sampling additional households in the same vil-
lages.
In all three survey rounds, face-to-face interviews

were conducted with the household head using care-
fully designed and pre-tested structured questionnaires.
The interviews were conducted in Bahasa Indonesia by a
team of local enumerators who were selected, trained, and
supervised by the researchers. The survey questions cov-
ered detailed information about general farm and house-
hold characteristics, agricultural and non-agricultural eco-
nomic activities, and household consumption to measure
living standards. In addition to information for the three
survey years, we also included a few recall questions on
land use in previous years, ranging back to the 1990s.
Of course, answers to these longer-term recall questions
may not be very precise and should be interpreted with
some caution. For the regression models, we only use data
from the three survey years (2012, 2015, and 2018), but
for the descriptive analysis of farm size developments, the
longer-term historical data can provide interesting addi-
tional insights.

4.2 Measuring farm size

The first key outcome variable of our study is farm size.
We measure farm size in terms of the number of hectares
cultivated by the farm household in a particular year. The
number of hectares cultivated may differ from the num-
ber of hectares owned, but land owned can be a some-
what ambiguous concept in the local setting, where many
farmers do not have formal land titles and forest encroach-
ment is common to obtain additional land for cultivation
(Krishna et al., 2017b). For the regression models, we use
the number of hectares cultivated in a particular year by an
individual farm household as dependent variable. For the
descriptive analysis, we look at average farm size develop-
ments in our sample over time.
We use three different measures of average farm size,

namely the sample mean, the median, and the hectare-
weighted median, which is also called the sample mid-
point. The mean and the median are commonly used indi-
cators in analyses of farm size structures (Eastwood et al.,
2010; Lowder et al., 2016). They are particularly useful

when the number of farms is distributed symmetrically
across different farm sizes. However, when the farm-size
distribution is skewed, using the mean or the median can
create a downward bias in average farm size estimates
(Lund & Price, 1998). Structural transformation is often
characterized by the presence of numerous small farms,
which operate small fractions of the total land and have
low shares in total production, and amuch smaller number
of large farms, which cultivate much of the total land and
producemuch of the total agricultural output (Adamopou-
los & Restuccia, 2014; Jayne et al., 2016).
The mid-point indicator can be used to overcome some

of the limitations of themean and themedian in capturing
the degree of land-use concentration (MacDonald et al.,
2013). For 𝑛 distinct ordered farm sizes 𝑥1, 𝑥2, … , 𝑥𝑛with
positive weights 𝑤1,𝑤2, … ,𝑤𝑛 such that

∑𝑛

𝑖=1
𝑤𝑖 = 1, the

weighted median, or the mid-point, is the farm size 𝑥𝑘 sat-
isfying:

𝑘−1∑

𝑖=1

𝑤1 ≤
1

2
and

𝑛∑

𝑖=𝑘+1

𝑤1 ≤
1

2
(3)

In other words, themid-point corresponds to a farm size
that separates farmers into two parts, where 50% of the
total farm area is operated by farms that are smaller and
50% by farms that are larger than the mid-point (Boku-
sheva & Kimura, 2016).

4.3 Measuring off-farm employment

The second key outcome variable in our analysis is par-
ticipation in off-farm employment. We measure whether
or not a household or any of its members is involved
in off-farm economic activities through different dummy
variables. As quite different off-farm employment activ-
ities are possible, we differentiate between employed
activities and self-employment in own non-farm busi-
nesses, such as transport, trade, and handicrafts. For
employed activities, we further differentiate between sec-
tors, including jobs in (i) agriculture and forestry, (ii) man-
ufacturing, construction, and mining, and (iii) services,
including transport, health, education, and government
offices.
We include both formal and informal jobs, recogniz-

ing that some informal short-term employment may pos-
sibly not be perfectly recorded in the survey data (Schnei-
der, 2014). The separation of employment by sector is
an attempt to capture potential differences in returns
to skill (Herrendorf et al., 2014). We expect that off-
farm employment in agriculture and forestry is the least
lucrative option, whereas employment in non-agricultural
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sectors and self-employment are activities with relatively
higher payoffs. While this may not be perfectly true in all
cases, this is a common general assumption made in the
literature (Berger & Frey, 2016; Duarte & Restuccia, 2010).

5 RESULTS AND DISCUSSION

5.1 Oil palm and farm size

5.1.1 Descriptive analysis

We now want to test the first hypothesis, namely that
oil palm cultivation contributes to farm size expansion.
Figure 2 shows the development of the average size of
farms in our sample from Jambi between 1998 and 2018,
measured in terms of the sample mean, median, and mid-
point. All three indicators show that the average farm size
increased over time. The median farm size increased by
50%, from about 2 ha in 1998 to 3 ha in 2018. The mean
farm size is larger and increased from 3.7 ha to 4.8 ha
during the same period. The mid-point is still larger and
increased from 5 ha in 1998 to 8 ha in 2018, with an accel-
erated increase during the last 10 years.
The notable difference between the sample mid-point

and mean is due to the fact that the distribution of farms
across farm size categories is not symmetrical. In 1998,
farms with less than 4 ha of land accounted for 70% of
all farms. This share declined somewhat over time, but in
2018 more than 60% of all farms still had a size of less than
4 ha (FigureA1 in theOnlineAppendix). The share of large
farms with more than 12 ha of land is low, but it doubled
from 4% in 1998 to 8% in 2018. These farms above 12 ha now
account for almost 40% of the total land cultivated by farm
households in Jambi. Hence, there seems to be a profound
structural transformation, which is not fully reflected by
the development of mean farm sizes.
Further insights can be gained when analyzing the

development of farm size distributions and land inequal-

ity with the Gini index. Based on our sample data, the
Gini index for land was .46 in 1998 and increased to .52
in 2018. The rising inequality in the land distribution indi-
cates a certain trend towards polarization of the farm struc-
tures. While larger farms further increase their scale of
operation, many of the small farms continue to produce
rather than leaving the sector. This is possible because for-
est and fallow land was still available in Jambi over the last
20 years, meaning that some farms could grow even with-
out other farms exiting the sector. Figure A2 in the Online
Appendix shows that the total land cultivated by sample
farms increased significantly between 1998 and 2018. Only
since 2012, the total area cultivated did not grow further,
mainly because some of the rubber plantations were cut
and partly converted to oil palm.
The analysis so far suggests that there is an ongoing

structural transformation of agriculture in Jambi, but
it is not yet clear to what extent this transformation is
linked to oil palm cultivation. As mentioned, oil palm
adoption rates in our sample increased over time. By 2018,
46% of the farm households were cultivating oil palm.
Figure 3 shows the development of average farm sizes
in terms of sample mid-points, separately for oil palm
adopters and non-adopters. For non-adopters, who are
primarily cultivating rubber, the average farm size slightly
increased between 1998 and 2008, but remained more or
less stagnant since then. In contrast, for oil palm adopters
we see a much more rapid and continuous increase in
average farm sizes over time. This is a clear indication that
oil palm cultivation contributes to farm size expansion, as
hypothesized.

5.1.2 Econometric analysis

We now analyze the role of oil palm cultivation for farm
size expansion more formally, by regressing farm size on
oil palm adoption and other control variables and exploit-
ing the panel structure of our data, as explained above in
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TABLE 2 Determinants of farm size (panel data regression models)

(1) (2) (3)
Variable RE FE RE (lagged)a

Oil palm adoption (dummy) .339*** .294*** .347***
(.027) (.031) (.040)

Government land titles (dummy) .007 −.014 .102**
(.024) (.025) (.043)

Age of household head (years) .006*** .003 .011***
(.001) (.002) (.002)

Education of household head (years) .009** −.003 .030***
(.004) (.005) (.005)

Female-headed household (dummy) −.041 −.003 −.217***
(.042) (.046) (.077)

Household size .014** .013* .014
(.007) (.007) (.012)

Migrant household (dummy) −.089* −.118***
(.046) (.040)

Access to credit (dummy) .053*** .043** .102**
(.019) (.019) (.043)

Non-random village (dummy) .299*** .328***
(.066) (.056)

Survey round 2015 (dummy) −.015 −.007 −.053
(.015) (.016) (.037)

Survey round 2018 (dummy) −.084*** −.045*
(.023) (.024)

Constant .933*** 1.209*** .558***
(.086) (.095) (.118)

Number of observations 2,060 2,060 1,301

Notes: Farm size as the dependent variable is measured in hectares and expressed in logarithmic terms. Coefficient estimates of panel data models are shown with
standard errors in parentheses.
aThe model in column (3) uses observations from only two survey rounds (2015 and 2018) and considers oil palm adoption in lagged form (t-1), meaning adoption
in the previous survey round. *, **, *** significant at the 10%, 5%, and 1% level, respectively.

Equation (1). We express farm size in logarithmic terms for
better empirical fit. Hence, the coefficient estimates can be
interpreted in percentage terms. The estimation results are
shown in Table 2.

Column (1) of Table 2 shows RE estimates. The oil palm
adoption coefficient is positive, relatively large, and highly
statistically significant. However, as discussed, the RE
estimate may possibly suffer from selection bias. The FE
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TABLE 3 Household characteristics of oil palm adopters and non-adopters

Variables Oil palm adopters Non-adopters
Household consumption expenditures (million IDR/AE/year) 15.260*** 11.432

(12.212) (8.140)
Labor time spent on-farm (hours/ha/year) 278.313*** 1143.799

(449.138) (1749.826)
Household off-farm income (million IDR/AE/year) 7.932*** 5.124

(16.487) (10.910)
Participation in off-farm activities (dummy) .669 .667

(.471) (.471)
Employed activities (dummy) .494** .545

(.500) (.498)
Agriculture/forestry (dummy) .198** .238

(.399) (.426)
Manufacturing/construction/mining (dummy) .123 .140

(.328) (.347)
Services (dummy) .173 .168

(.379) (.374)
Self-employed business activities (dummy) .291*** .211

(.455) (.408)
Number of observations 807 1,253

Notes: Mean values are shown with standard deviations in parentheses. Observations from all three survey rounds were pooled. Monetary values were deflated
using the consumer price index for Indonesia to allow comparison across survey rounds. In 2012, 1 US$ was equivalent to IDR 9,670. AE, adult equivalent. Mean
differences between adopters and non-adopters were tested for statistical significance. **, *** significant at the 5% and 1% level, respectively.

estimator better controls for such bias, with results shown
in column (2) of Table 2.6 The FE estimates confirm the
positive and significant effects oil palm adoption on farm
size. After controlling for other relevant factors, oil palm
adoption leads to an average increase in farm size by almost
30%. This is plausible and supports our first hypothesis.
As oil palm requires less labor per hectare than relevant
alternative crops, oil palm adopters can increase their farm
size and cultivate more land. Farm size expansion would
not be an easy option in settings where land availability is
limited. However, as discussed, in Jambimany farms could
access additional land without major constraints in the
past.
Column (3) in Table 2 shows an alternative specification

where oil palm adoption is included in lagged form.
Lagged oil palm adoption also leads to a significantly pos-
itive effect on farm size. The effect size is even somewhat
larger, suggesting that – beyond the labor savings – capital
accumulation over time among the oil palm adopters may
also be a relevant mechanism for farm size expansion.
The important role of capital for expanding the farm size
is also underlined by the positive and significant effect
of access to credit and government land titles in column
(3) of Table 2. Also beyond the oil palm context, access
to credit is often positively associated with innovation
adoption and farm size (Mariyono, 2019a, 2019b).

5.2 Oil palm and off-farm employment

5.2.1 Descriptive analysis

We now turn to our second hypothesis, namely that oil
palm cultivation increases farm households’ involvement
in off-farm employment. Table 3 shows descriptive statis-
tics for oil palm adopters and non-adopters in our sample.
Oil palm adopters enjoy significantly higher living stan-
dards than non-adopters, as can be seen from the com-
parison of household consumption expenditures. Previous
research showed that oil palm adoption contributes to sig-
nificant gains in household living standards (Euler et al.,
2017; Krishna et al., 2017a). As can also be seen in Table 3,
oil palm farmers spend a much lower amount of time per
hectare of farmland than non-adopters. Some of the labor
saved per hectare is spent on cultivating additional land,
as was shown above. But are oil palm adopters also reallo-
cating saved labor time to off-farm activities? Significant
differences in annual off-farm income between adopters
and non-adopters suggest that they do (Figure 4). But the
rates of participation in different off-farm activities show a
somewhat mixed picture (Table 3).

6 Note that time-invariant variables, such as household migration back-
ground or village fixed effects, cancel out in FE estimation.
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Participation rates in all off-farm activities combined
do not differ between oil palm adopters and non-adopters
(Table 3). For employed activities, the rates are even some-
what lower among the oil palm adopters, which is driven
by their lower participation in agricultural off-farm jobs.
This is unsurprising, as agricultural employment is often
not particularly lucrative and more common among poor
and unskilled workers (Bou Dib et al., 2018b; Martinez
et al., 2014; Schaner & Das, 2016). Participation in man-
ufacturing and services jobs does not differ significantly
between oil palm adopters and non-adopters. However,
oil palm adopters participate significantly more in self-
employed activities.

5.2.2 Econometric analysis

We now run regression models to test our second
hypothesis more formally. Table 4 shows results of linear
probability models with household participation in differ-
ent off-farm activities as dependent variable, as explained
in equation (2). For brevity, we only show the FE speci-
fications (RE results are shown in Table A1 in the Online
Appendix with similar results). Oil palm adoption does
not significantly affect household participation in any of
the employed off-farm activities. However, it significantly
increases participation in self-employed activities, includ-
ing small businesses in transport, trading, and handicrafts,
among others. The estimates in Table 4 imply that—after
controlling for other factors—oil palm adoption increases
the probability of pursuing self-employed business activ-
ities by 17.5 percentage points.7 Insignificant effects of
oil palm adoption on employed off-farm activities and

7 In the models in Table 4, we control for farm size (land cultivated). As
farm size is influenced by oil palm adoption, we ran the samemodels also
without controlling for farm size as a robustness check. The effect of oil

significantly positive effects on self-employed activities are
also found when using RE logit models and a multivariate
probit as robustness checks (Tables A2 and A3 in the
Online Appendix). Hence, the results do not seem to be
driven by the choice of functional form.
That we see no significant effect of oil palm adoption

on employed off-farm activities may surprise, given that
oil palm requires considerably less labor per hectare of
land. Possibly, our off-farm participation dummies are not
sufficiently sensitive, as they do not capture the actual
time that household members spent in off-farm activities.
Unfortunately, we do not have more detailed time allo-
cation data for off-farm activities. However, there is also
a plausible reason why no effect on employed off-farm
activities is observed, namely the lack of lucrative non-
agricultural employment opportunities in the local setting.
While Jambi City, the Province’s Capital, is a vibrant place
with many employment opportunities in manufacturing
and services, it takes too long to reach the City for a daily
commute from most of the Province’s rural areas. In the
rural areas themselves and in smaller towns nearby, the job
opportunities are much more limited.
The limited employment opportunities in rural areas

of Jambi have several implications that do not bode well
for sustainable development. First, without lucrative non-
agricultural employment options,marginal farmswill con-
tinue to produce rather than exiting the sector. Second,
oil palm adopters have a higher incentive for increasing
their farm size in order to use the saved labor time produc-
tively. At least in the past, farm size expansion was often
associated with additional deforestation and concomitant
negative effects for biodiversity and climate change. Third,
farmers with access to capital can resort to self-employed
business activities, but this option is much less accessible

palm adoption remains very similar: insignificant for employed activities
and a significant point estimate of .175 for self-employed activities.
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TABLE 4 Determinants of participation in off-farm activities (FE panel data models)

Employed activities
Variables Agriculture Manufacturing Services Self-employed
Oil palm adoption (dummy) −.046 .009 .028 .175***

(.041) (.037) (.037) (.040)
Farm size (land cultivated in ha) −.002 −.003 .002 -3.183e-4

(.004) (.003) (.003) (.003)
Female-headed household (dummy) .025 .166*** .002 −.102*

(.061) (.055) (.055) (.059)
Household size .022** .019** .040*** .024***

(.009) (.008) (.008) (.009)
Age of household head (years) .001 .003 -2.551e-4 .002

(.002) (.002) (.002) (.002)
Education of household head (years) .015** .005 −.002 .003

(.006) (.006) (.006) (.006)
Access to credit (dummy) .045* −.015 −.008 .087***

(.026) (.023) (.024) (.025)
Distance to market (km) .001 .002 .001 −.002

(.002) (.002) (.002) (.002)
Survey round 2015 (dummy) .008 .083*** .010 .063***

(.021) (.019) (.019) (.020)
Survey round 2018 (dummy) .003 −.048** .133*** .034

(.024) (.022) (.022) (.023)
Constant −.037 −.123 −.038 −.075

(.129) (.116) (.117) (.125)
R-squared .012 .052 .062 .048
Number of observations 2,060 2,060 2,060 2,060

Notes: Coefficient estimates of linear probability models with fixed effects are shown with standard errors in parentheses. *, **, *** significant at the 10%, 5%, and
1% level, respectively.

for poor and credit-constrainedhouseholds. Improving off-
farm employment options could therefore help to avoid ris-
ing inequality and environmental problems.

6 CONCLUSION

With economic growth and development, countries typ-
ically experience a structural transformation where the
agricultural sector shrinks in relative importancewhile the
manufacturing and service sectors grow. Two important
characteristics of this transformation within the agricul-
tural sector are the expansion of average farm sizes and
the reallocation of agricultural labor to other sectors. This
process is often supported by the adoption of productivity-
increasing and labor-saving agricultural innovations. In
this article, we analyzed to what extent the adoption and
cultivation of oil palm contributes to structural transfor-
mation in Indonesia. Indonesia has seen a rapid expansion
of oil palm cultivation in recent decades. The country is
now the biggest palmoil producer and exporterworldwide.

The crop is partly grown on large company plantations, but
over 40% of the oil palm area in Indonesia is also managed
my small- and medium-sized family farms. We focused on
these family farms to examine the effects of oil palm culti-
vation on farm size developments and participation in off-
farm activities.
Our panel data from Jambi Province show that oil palm

adoption and cultivation contribute to gains in household
living standards and labor savings per hectare of land.
Oil palm requires much less labor per hectare than alter-
native crops such as rubber. Our first research hypothe-
sis was that oil palm cultivation increases average farm
sizes over time, because some of the labor saved per
hectare would be used to cultivate additional land. This
hypothesis was confirmed. Average farm sizes increased
significantly over the last 20 years, and especially so
among the oil palm adopters. Panel data models with
household fixed effects suggest that oil palm adoption
increased farm sizes by 30% on average, after control-
ling for other factors that may also influence the scale of
operation.



860 CHRISENDO et al.

Our second hypothesis was that oil palm cultivation
increases farm households’ participation in off-farm
employment, assuming that some of the labor saved
would also be reallocated to non-agricultural activities.
This hypothesis was confirmed only partly. Oil palm
adopters have significantly higher off-farm incomes
than non-adopters. However, when looking at partici-
pation rates in different types of off-farm activities we
only found significant effects of oil palm adoption on
self-employment in small family-run businesses, but not
on external employment in manufacturing or services.
The reason is probably that insufficient non-agricultural
employment opportunities exist in the local rural setting.
Overall, we conclude that oil palm contributes to struc-

tural transformation of agriculture in Indonesia. Yet more
policy attention may be needed to guide related develop-
ments in terms of sustainability and equity. The limited
non-agricultural employment opportunities in rural areas
may prevent marginal farms from exiting the sector. More-
over, oil palm farmers with limited options to reallocate
their time to lucrative off-farm employment have a strong
incentive for increasing their farm size instead. Especially
when these farmers cannot purchase or rent land fromexit-
ing farms, they may further encroach forests with nega-
tive environmental effects. Self-employed business activ-
ities are an option for better-off households with access
to capital and entrepreneurial skills, but are much less
accessible for poor householdswith low educational levels.
Hence improving off-farm employment opportunities as
well as credit and vocational training options may be use-
ful policies to avoid undesirable sustainability outcomes.

ACKNOWLEDGEMENTS
This study was funded by the Deutsche Forschungsge-
meinschaft (DFG, German Research Foundation)—grant
number 192626868—in the framework of the collaborative
German-Indonesian research project CRC 990. The first
author was additionally supported through a stipend from
the Indonesia Endowment Fund for Education (LPDP).
Open access funding enabled and organized by Projekt

DEAL.

DATA APPENDIX AVAILABLE ONLINE
A data appendix to replicate the main results is avail-
able in the online version of this article. Please note:
Wiley-Blackwell is not responsible for the content or func-
tionality of any supporting information supplied by the
authors. Any queries (other than missing material) should
be directed to the corresponding author for the article.

REFERENCES
Abram, N K., Meijaard, E., Wilson, K A., Davis, J T., Wells, J A.,
Ancrenaz, M., Budiharta, S., Durrant, A., Fakhruzzi, A., Runting,

R K., Gaveau, D., & Mengersen, K. (2017). Oil palm–community
conflict mapping in Indonesia: A case for better community liai-
son in planning for development initiatives. Applied Geography,
78, 33–44. https://doi.org/10.1016/j.apgeog.2016.10.005

Adamopoulos, T., & Restuccia, D. (2014). The size distribution of
farms and international productivity differences. American Eco-
nomic Review, 104(6), 1667–1697. https://doi.org/10.1257/aer.104.6.
1667

Alvarez-Cuadrado, F., & Poschke, M. (2011). Structural change out
of agriculture: Labor push versus labor pull. American Economic
Journal: Macroeconomics, 3(3), 127–158. https://doi.org/10.1257/
mac.3.3.127

Bazzi, S., Gaduh,A., Rothenberg, AD., &Wong,M. (2016). Skill trans-
ferability, migration, and development: Evidence from popula-
tion resettlement in Indonesia.American Economic Review, 106(9),
2658–2698. https://doi.org/10.1257/aer.20141781

Berger, T., & Frey, C. B. (2016). Structural transformation in the
OECD. Digitalisation, deindustralisation and the future of work.
OECD Social, Employment and Migration Working Papers 193.
Paris: Organisation for Economic Cooperation and Development.
https://doi.org/10.1787/5jlr068802f7-en

Bokusheva, R., &Kimura, S. (2016).Cross-country comparison of farm
Size distribution. OECDFood,Agriculture andFisheries Papers 94.
Paris: Organisation for Economic Cooperation and Development.
https://doi.org/10.1787/5jlv81sclr35-en

Bou Dib, J., Alamsyah, Z., & Qaim, M. (2018a). Land-use change and
income inequality in rural Indonesia. Forest Policy and Economics,
94, 55–66. https://doi.org/10.1016/j.forpol.2018.06.010

Bou Dib, J., Krishna, V V., Alamsyah, Z., & Qaim, M. (2018b). Land-
use change and livelihoods of non-farm households: The role
of income from employment in oil palm and rubber in rural
Indonesia. Land Use Policy, 76, 828–838. https://doi.org/10.1016/j.
landusepol.2018.03.020

De Brauw, A., Mueller, V., & Lee, H. L. (2014). The role of rural-urban
migration in the structural transformation of Sub-Saharan Africa.
World Development, 63, 33–42. https://doi.org/10.1016/j.worlddev.
2013.10.013

Bustos, P., Caprettini, B., & Ponticelli, J. (2016). Agricultural produc-
tivity and structural transformation: Evidence from Brazil. Amer-
ican Economic Review, 106(6), 1320–1365. https://doi.org/10.1257/
aer.20131061

Chrisendo, D., Krishna, V V., Siregar, H., & Qaim, M. (2020). Land-
use change, nutrition, and gender roles in Indonesian farm house-
holds. Forest Policy and Economics, 118(102245),. https://doi.org/
10.1016/j.forpol.2020.102245

Corley, R. H. V., & Tinker, P. B. (2016). The oil palm (5th ed.). Wiley
Blackwell.

Darras, K F. A., Corre, M D., Formaglio, G., Tjoa, A., Potapov, A.,
Brambach, F., Sibhatu, K T., Grass, I., Rubiano, A. A., Buchori,
D., Drescher, J., Fardiansah, R., Hölscher, D., Irawan, B., Kneib,
T., Krashevska, V., Krause, A., Kreft, H., Li, K., Maraun, M.,
Polle, A., Ryadin, A R., Rembold, K., Stiegler, C., Scheu, S.,
Tarigan, S., Valdés-Uribe, A., Yadi, S., Tscharntke, T., & Veld-
kamp, E. (2019). Reducing fertilizer and avoiding herbicides in oil
palm plantations—Ecological and economic valuations. Frontiers
in Forests and Global Change, 2(65). https://doi.org/10.3389/ffgc.
2019.00065

Drescher, J., Rembold, K., Allen, K., Beckschäfer, P., Buchori, D.,
Clough, Y., Faust, H., Fauzi, A M., Gunawan, D., Hertel, D.,
Irawan, B., Jaya, I. N S., Klarner, B., Kleinn, C., Knohl, A.,

https://doi.org/10.1016/j.apgeog.2016.10.005
https://doi.org/10.1257/aer.104.6.1667
https://doi.org/10.1257/aer.104.6.1667
https://doi.org/10.1257/mac.3.3.127
https://doi.org/10.1257/mac.3.3.127
https://doi.org/10.1257/aer.20141781
https://doi.org/10.1787/5jlr068802f7-en
https://doi.org/10.1787/5jlv81sclr35-en
https://doi.org/10.1016/j.forpol.2018.06.010
https://doi.org/10.1016/j.landusepol.2018.03.020
https://doi.org/10.1016/j.landusepol.2018.03.020
https://doi.org/10.1016/j.worlddev.2013.10.013
https://doi.org/10.1016/j.worlddev.2013.10.013
https://doi.org/10.1257/aer.20131061
https://doi.org/10.1257/aer.20131061
https://doi.org/10.1016/j.forpol.2020.102245
https://doi.org/10.1016/j.forpol.2020.102245
https://doi.org/10.3389/ffgc.2019.00065
https://doi.org/10.3389/ffgc.2019.00065


CHRISENDO et al. 861

Kotowska, M M., Krashevska, V., Krishna, V., Leuschner, C.,
Lorenz, W., Meijide, A., Melati, D., Nomura, M., Pérez-Cruzado,
C., Qaim, M., Siregar, I Z., Steinebach, S., Tjoa, A., Tscharntke,
T., Wick, B., Wiegand, K., Kreft, H., & Scheu, S. (2016). Ecolog-
ical and socio-economic functions across tropical land use sys-
tems after rainforest conversion. Philosophical Transactions of the
Royal Society B: Biological Sciences, 371(1694). https://doi.org/10.
1098/rstb.2015.0275

Duarte, M., & Restuccia, D. (2010). The role of the structural transfor-
mation in aggregate productivity. Quarterly Journal of Economics,
125(1), 129–173. https://doi.org/10.1162/qjec.2010.125.1.129

Eastwood, R., Lipton, M., & Newell, A. (2010). Farm size. Hanbook
of Agricultural Economics, 4, 3323–3397. https://doi.org/10.1016/
S1574-0072(09)04065-1

Euler, M., Krishna, V., Schwarze, S., Siregar, H., & Qaim, M. (2017).
Oil palmadoption, householdwelfare, andnutrition among small-
holder farmers in Indonesia. World Development, 93, 219–235.
https://doi.org/10.1016/j.worlddev.2016.12.019

Euler, M., Schwarze, S., Siregar, H., & Qaim, M. (2016). Oil palm
expansion among smallholder farmers in Sumatra, Indonesia.
Journal of Agricultural Economics, 67(3), 658–676. https://doi.org/
10.1111/1477-9552.12163

Feintrenie, L., Chong, W. K., & Levang, P. (2010). Why do farm-
ers prefer oil palm? Lessons learnt from Bungo District, Indone-
sia. Small-scale Forestry, 9(3), 379–396. https://doi.org/10.1007/
s11842-010-9122-2

Feintrenie, L., & Levang, P. (2009). Sumatra’s rubber agroforests:
Advent, rise and fall of a sustainable cropping system. Small-scale
Forestry, 8(3), 323–335. https://doi.org/10.1007/s11842-009-9086-2

Gatto, M., Wollni, M., Asnawi, R., & Qaim,M. (2017). Oil palm boom,
contract farming, and rural economic development: Village-level
evidence from Indonesia. World Development, 95, 127–140. https:
//doi.org/10.1016/j.worlddev.2017.02.013

Gatto, M., Wollni, M., & Qaim, M. (2015). Oil palm boom and land-
use dynamics in Indonesia: The role of policies and socioeco-
nomic factors. Land Use Policy, 46, 292–303. https://doi.org/10.
1016/j.landusepol.2015.03.001

Grass, I., Kubitza, C., Krishna, V V., Corre, M D., Mußhoff, O.,
Pütz, P., Drescher, J., Rembold, K., Ariyanti, E. S., Barnes, A D.,
Brinkmann, N., Brose, U., Brümmer, B., Buchori, D., Daniel, R.,
Darras, K F. A., Faust, H., Fehrmann, L., Hein, J., Hennings,
N., Hidayat, P., Hölscher, D., Jochum, M., Knohl, A., Kotowska,
M M., Krashevska, V., Kreft, H., Leuschner, C., Lobite, N J S.,
Panjaitan, R., Polle, A., Potapov, A M., Purnama, E., Qaim,
M., Röll, A., Scheu, S., Schneider, D., Tjoa, A., Tscharntke, T.,
Veldkamp, E., &Wollni, M. (2020). Trade-offs betweenmultifunc-
tionality and profit in tropical smallholder landscapes. Nature
Communications, 11(1186),. https://doi.org/10.1038/s41467-020-
15013-5

Greene, W. H. (2012). Econometric Analysis (7th ed.). Prentice Hall.
Herrendorf, B., Rogerson, R., & Valentinyi, Á. (2014). Growth and
structural transformation. Handbook of Economic Growth, 2, 855–
941. https://doi.org/10.1016/B978-0-444-53540-5.00006-9

ILO. (2019). Advancing worker’s rights in Indonesia’s palm oil
sector project. Retrieved from https://www.ilo.org/wcmsp5/
groups/public/asia/ro-bangkok/ilo-jakarta/documents/
genericdocument/wcms_734058.pdf

IMF. (2020). Primary commodity price. Retrieved from https://data.
imf.org/?sk=471DDDF8-D8A7-499A-81BA-5B332C01F8B9

Indonesian Bureau of Statistics. (2019). Luas tanaman perkebunan
menurut propinsi dan jenis tanaman, Indonesia. Retrieved
from https://www.bps.go.id/dynamictable/2015/09/04/838/luas-
tanaman-perkebunan-menurut-propinsi-dan-jenis-tanaman-
indonesia-000-ha-2011-2018-.html

Jayne, T. S., Chamberlin, J., Traub, L., Sitko, N., Muyanga, M.,
Yeboah, F K., Anseeuw, W., Chapoto, A., Wineman, A., Nkonde,
C., & Kachule, R. (2016). Africa’s changing farm size distribution
patterns: the rise of medium-scale farms. Agricultural Economics,
47, 197–214. https://doi.org/10.1111/agec.12308

Kreager, P. (2006). Migration, social structure and old-age sup-
port networks: A comparison of three Indonesian communi-
ties. Ageing and Society, 26(1), 37–60. https://doi.org/10.1017/
S0144686X05004411

Krishna, V., Euler, M., Siregar, H., & Qaim, M. (2017a). Differential
livelihood impacts of oil palmexpansion in Indonesia.Agricultural
Economics, 48(5), 639–653. https://doi.org/10.1111/agec.12363

Krishna, V V., Kubitza, C., Pascual, U., & Qaim, M. (2017b). Land
markets, property rights, and deforestation: Insights from Indone-
sia. World Development, 99, 335–349. https://doi.org/10.1016/j.
worlddev.2017.05.018

Kubitza, C., Krishna, V V., Alamsyah, Z., & Qaim, M. (2018). The
economics behind an ecological crisis: Livelihood effects of oil
palm expansion in Sumatra, Indonesia. Human Ecology, 46, 107–
116. https://doi.org/10.1007/s10745-017-9965-7

Larson, D. F. (1996). Indonesia’s palm oil subsector. Policy Research
Working Paper No. 1654. World Bank.

Murray Li, T. (2009). Exit from agriculture: A step forward or a step
backward for the rural poor? Journal of Peasant Studies, 36(3), 629–
636. https://doi.org/10.1080/03066150903142998

Lowder, S K., Skoet, J., & Raney, T. (2016). The number, size,
and distribution of farms, smallholder farms, and family farms
worldwide.World Development, 87, 16–29. https://doi.org/10.1016/
j.worlddev.2015.10.041

Lund, P., & Price, R. (1998). The measurement of average farm size.
Journal of Agricultural Economics, 49, 100–110. https://doi.org/10.
1111/j.1477-9552.1998.tb01254.x

MacDonald, J. M., Korb, P., & Hoppe, R. A. (2013). Farm size and the
organization of U.S. crop farming. Economic Research Report 152.
US Department of Agriculture.

Mariyono, J. (2019a). Micro-credit as catalyst for improving rural
livelihoods through agribusiness sector in Indonesia. Journal of
Entrepreneurship in Emerging Economies, 11(1), 98–121. https://doi.
org/10.1108/JEEE-06-2017-0046

Mariyono, J. (2019b). Microcredit and technology adoption: Sus-
tained pathways to improve farmers’ prosperity in Indonesia.
Agricultural Finance Review, 79(1), 85–106. https://doi.org/10.1108/
AFR-05-2017-0033

Mariyono, J. (2015). Green revolution- and wetland-linked techno-
logical change of rice agriculture in Indonesia. Management of
Environmental Quality: An International Journal, 26(5), 683–700.
https://doi.org/10.1108/MEQ-07-2014-0104

Mariyono, J., Kompas, T., & Grafton, R. Q (2010). Shifting from
green revolution to environmentally sound policies: Techno-
logical change in Indonesian rice agriculture. Journal of the
Asia Pacific Economy, 15(2), 128–147. https://doi.org/10.1080/
13547861003700109

Martinez, A., Western, M., Haynes, M., Tomaszewski, W., &
Macarayan, E. (2014). Multiple job holding and income mobility

https://doi.org/10.1098/rstb.2015.0275
https://doi.org/10.1098/rstb.2015.0275
https://doi.org/10.1162/qjec.2010.125.1.129
https://doi.org/10.1016/S1574-0072(09)04065-1
https://doi.org/10.1016/S1574-0072(09)04065-1
https://doi.org/10.1016/j.worlddev.2016.12.019
https://doi.org/10.1111/1477-9552.12163
https://doi.org/10.1111/1477-9552.12163
https://doi.org/10.1007/s11842-010-9122-2
https://doi.org/10.1007/s11842-010-9122-2
https://doi.org/10.1007/s11842-009-9086-2
https://doi.org/10.1016/j.worlddev.2017.02.013
https://doi.org/10.1016/j.worlddev.2017.02.013
https://doi.org/10.1016/j.landusepol.2015.03.001
https://doi.org/10.1016/j.landusepol.2015.03.001
https://doi.org/10.1038/s41467-020-15013-5
https://doi.org/10.1038/s41467-020-15013-5
https://doi.org/10.1016/B978-0-444-53540-5.00006-9
https://www.ilo.org/wcmsp5/groups/public/asia/ro-bangkok/ilo-jakarta/documents/genericdocument/wcms_734058.pdf
https://www.ilo.org/wcmsp5/groups/public/asia/ro-bangkok/ilo-jakarta/documents/genericdocument/wcms_734058.pdf
https://www.ilo.org/wcmsp5/groups/public/asia/ro-bangkok/ilo-jakarta/documents/genericdocument/wcms_734058.pdf
https://data.imf.org/?sk=471DDDF8-D8A7-499A-81BA-5B332C01F8B9
https://data.imf.org/?sk=471DDDF8-D8A7-499A-81BA-5B332C01F8B9
https://www.bps.go.id/dynamictable/2015/09/04/838/luas-tanaman-perkebunan-menurut-propinsi-dan-jenis-tanaman-indonesia-000-ha-2011-2018-.html
https://www.bps.go.id/dynamictable/2015/09/04/838/luas-tanaman-perkebunan-menurut-propinsi-dan-jenis-tanaman-indonesia-000-ha-2011-2018-.html
https://www.bps.go.id/dynamictable/2015/09/04/838/luas-tanaman-perkebunan-menurut-propinsi-dan-jenis-tanaman-indonesia-000-ha-2011-2018-.html
https://doi.org/10.1111/agec.12308
https://doi.org/10.1017/S0144686X05004411
https://doi.org/10.1017/S0144686X05004411
https://doi.org/10.1111/agec.12363
https://doi.org/10.1016/j.worlddev.2017.05.018
https://doi.org/10.1016/j.worlddev.2017.05.018
https://doi.org/10.1007/s10745-017-9965-7
https://doi.org/10.1080/03066150903142998
https://doi.org/10.1016/j.worlddev.2015.10.041
https://doi.org/10.1016/j.worlddev.2015.10.041
https://doi.org/10.1111/j.1477-9552.1998.tb01254.x
https://doi.org/10.1111/j.1477-9552.1998.tb01254.x
https://doi.org/10.1108/JEEE-06-2017-0046
https://doi.org/10.1108/JEEE-06-2017-0046
https://doi.org/10.1108/AFR-05-2017-0033
https://doi.org/10.1108/AFR-05-2017-0033
https://doi.org/10.1108/MEQ-07-2014-0104
https://doi.org/10.1080/13547861003700109
https://doi.org/10.1080/13547861003700109


862 CHRISENDO et al.

in Indonesia. Research in Social Stratification andMobility, 37, 91–
104. https://doi.org/10.1016/j.rssm.2013.09.008

McCarthy, J. F., & Zen, Z. (2016). Agribusiness, agrarian change,
and the fate of oil palm smallholders in Jambi. In Cramb, R.
& McCarthy, J. F. (Eds.), The Oil Palm Complex Smallhoders,
Agribusiness and the State in Indonesia and Malaysia, 109–154.
NUS Press.

Mccarthy, J F., Gillespie, P., & Zen, Z. (2012). Swimming upstream:
Local Indonesian production networks in ‘globalized’ palm oil
production.World Development, 40(3), 555–569. https://doi.org/10.
1016/j.worlddev.2011.07.012

Merten, J., Stiegler, C., Hennings, N., Purnama, E S., Röll, A., Agusta,
H., Dippold, M A., Fehrmann, L., Gunawan, D., Hölscher, D.,
Knohl, A., Kückes, J., Otten, F., Zemp, D C., & Faust, H. (2020).
Flooding and land use change in Jambi Province, Sumatra: Inte-
grating local knowledge and scientific inquiry. Ecology and Soci-
ety, 25(3), 14. https://doi.org/10.5751/ES-11678-250314

Ministry of Agriculture Indonesia. (2019a). Tree crop estate statistics
of Indonesia 2018–2020: Palm oil. Retrieved from https://drive.
google.com/file/d/1FVxpBNihnuB3ayAALBi-FtsBShIUxMTD/
view

Ministry of Agriculture Indonesia. (2019b). Tree crop estate statistics
of Indonesia 2018–2020: Rubber. Retrieved from https://drive.
google.com/file/d/1YOOvbAPB8EnAkgo40xJyo40JwAukg0GQ/
view

Obidzinski, K., Andriani, R., Komarudin, H., & Andrianto, A. (2012).
Environmental and social impacts of oil palm plantations and
their implications for biofuel production in Indonesia.Ecology and
Society, 17(1), 25. https://doi.org/10.5751/ES-04775-170125

Pingali, P. (2007). Agricultural mechanization: Adoption patterns
and economic impact. Handbook of Agricultural Economics, 3,
2779–2805. https://doi.org/10.1016/S1574-0072(06)03054-4

Qaim, M., Sibhatu, K T., Siregar, H., & Grass, I. (2020). Environ-
mental, economic, and social consequences of the oil palm boom.
Annual Review of Resource Economics, 12, 321–344. https://doi.org/
10.1146/annurev-resource-110119-024922

Quetulio-Navarra, Frunt,M. E., &Niehof, A. (2018). The role of social
capital and institutions in food security and wellbeing of children
under five for resettled households in Central Java, Indonesia. In
A. Niehof, H. N. Gartaula, &M. Quetulio-Navarra (Eds.),Diversity
and change in food wellbeing (pp. 115–136). Wageningen Academic
Publishers.

Schaner, S., & Das, S. (2016). Female labor force participation in
Asia: Indonesia country study. ADB Economics Working Paper
474. Manila: Asian Development Bank. https://doi/org.10.2139/
ssrn.2737842

Schneider, F. (2014). Work in the shadow: Micro and macro Results.
International Economic Journal, 28(3), 365–379. https://doi.org/10.
1080/10168737.2014.936924

Thiede, B C., & Gray, C L. (2017). Heterogeneous climate effects
on human migration in Indonesia. Population and Envi-
ronment, 39(2), 147–172. https://doi.org/10.1007/s11111-016-
0265-8

Wing, C., Simon, K., & Bello-Gomez, R A. (2018). Designing differ-
ence in difference studies: Best practices for public health pol-
icy research. Annual Review of Public Health, 39, 453–469. https:
//doi.org/10.1146/annurev-publhealth-040617-013507

Winoto, J., & Siregar, H. (2008). Agricultural development in Indone-
sia: Current problems, issues, and policies.Analisis Kebijakan Per-
tanian, 6(1), 11–36.

Wooldridge, J. M. (2002). Econometric Analysis of Cross Section and
Panel Data. MIT Press.

World Bank. (2020). Agriculture, forestry, and fishing, value added (%
of GDP) - Indonesia. Retrieved from https://data.worldbank.org/
indicator/NV.AGR.TOTL.ZS?locations=ID

Zen, Z., Barlow, C., & Gondowarsito, R. (2006). Oil palm in Indone-
sian socio-economic improvement: a review of options. Oil Palm
Industry Economic Journal, 6(1), 1–25.

SUPPORT ING INFORMATION
Additional supporting information may be found online
in the Supporting Information section at the end of the
article.

How to cite this article: Chrisendo, D., Siregar,
H., & Qaim, M. Oil palm and structural
transformation of agriculture in Indonesia.
Agricultural Economics. 2021;52:849–862.
https://doi.org/10.1111/agec.12658

https://doi.org/10.1016/j.rssm.2013.09.008
https://doi.org/10.1016/j.worlddev.2011.07.012
https://doi.org/10.1016/j.worlddev.2011.07.012
https://doi.org/10.5751/ES-11678-250314
https://drive.google.com/file/d/1FVxpBNihnuB3ayAALBi-FtsBShIUxMTD/view
https://drive.google.com/file/d/1FVxpBNihnuB3ayAALBi-FtsBShIUxMTD/view
https://drive.google.com/file/d/1FVxpBNihnuB3ayAALBi-FtsBShIUxMTD/view
https://drive.google.com/file/d/1YOOvbAPB8EnAkgo40xJyo40JwAukg0GQ/view
https://drive.google.com/file/d/1YOOvbAPB8EnAkgo40xJyo40JwAukg0GQ/view
https://drive.google.com/file/d/1YOOvbAPB8EnAkgo40xJyo40JwAukg0GQ/view
https://doi.org/10.5751/ES-04775-170125
https://doi.org/10.1016/S1574-0072(06)03054-4
https://doi.org/10.1146/annurev-resource-110119-024922
https://doi.org/10.1146/annurev-resource-110119-024922
https://doi/org.10.2139/ssrn.2737842
https://doi/org.10.2139/ssrn.2737842
https://doi.org/10.1080/10168737.2014.936924
https://doi.org/10.1080/10168737.2014.936924
https://doi.org/10.1007/s11111-016-0265-8
https://doi.org/10.1007/s11111-016-0265-8
https://doi.org/10.1146/annurev-publhealth-040617-013507
https://doi.org/10.1146/annurev-publhealth-040617-013507
https://data.worldbank.org/indicator/NV.AGR.TOTL.ZS?locations=ID
https://data.worldbank.org/indicator/NV.AGR.TOTL.ZS?locations=ID
https://doi.org/10.1111/agec.12658

	Oil palm and structural transformation of agriculture in Indonesia
	Abstract
	1 | INTRODUCTION
	2 | OIL PALM CULTIVATION IN JAMBI
	3 | ANALYTICAL FRAMEWORK
	3.1 | Conceptual framework
	3.2 | Research hypotheses
	3.3 | Panel data estimators

	4 | DATA AND DEFINITION OF KEY VARIABLES
	4.1 | Household panel survey
	4.2 | Measuring farm size
	4.3 | Measuring off-farm employment

	5 | RESULTS AND DISCUSSION
	5.1 | Oil palm and farm size
	5.1.1 | Descriptive analysis
	5.1.2 | Econometric analysis

	5.2 | Oil palm and off-farm employment
	5.2.1 | Descriptive analysis
	5.2.2 | Econometric analysis


	6 | CONCLUSION
	ACKNOWLEDGEMENTS
	DATA APPENDIX AVAILABLE ONLINE
	REFERENCES
	SUPPORTING INFORMATION


