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Abstract

Over more than 400 years, large areas of tropical forest in Brazil, the
Caribbean, the Philippines, Australia, and other parts of the world were cleared
to make way for sugarcane plantations. There is a general consensus in the sci-
entific community that since the 1950s, the frontier expansion of sugarcane
has stabilized and direct pressure on tropical forests from sugarcane expan-
sion has diminished. Here, we show, however, that sugarcane plantations are
on the cusp of returning as a major driver of deforestation in Indonesia. The
Indonesian government has developed preferential policies designed to boost
sugar production in the name of national food security, and is seeking to con-
vert more than 1 million hectares of tropical forest into sugarcane plantations.
If fully developed, the plantation expansion program will undermine Indone-
sia’s goal of reducing greenhouse gas emissions. The scale of the expansion
program is such that it will radically alter the global environmental impact of
sugarcane.

Introduction

Throughout its long history of commercial cultivation,
sugarcane has demanded large areas of land. From the
early 16th century until the 1950s, the expansion of
sugarcane resulted in large-scale deforestation on the
Atlantic coast of Brazil and in the Caribbean (McNeill
1986; Fitzpatrick & Keegan 2007; Funes Monzote 2013).
In other parts of the world too, such as the state of
Queensland in Australia and the Philippines, cultivat-
ing sugarcane became synonymous with deforestation
as forests gave way to plantations and further land-use
change due to improved infrastructure and increased mi-
gration (Honda 1996; Griggs 2007).

In Brazil, there is some debate about whether sug-
arcane production persisted as an indirect driver of
deforestation, by displacing commercial crops and cattle
ranching in established agricultural zones and forcing
them into the frontier areas in the Amazon region
(Sparovek et al. 2009; Lapola et al. 2010). There is also
some evidence of additional negative environmental

impacts from sugarcane agriculture, including soil
degradation, deterioration of aquatic systems, nitro-
gen pollution, and the destruction of riparian zones
(Martinelli & Filoso 2008). Today, however, sugarcane
agriculture is no longer a direct driver of deforestation
in the Amazon (Sparovek et al. 2009; Gao et al. 2011).
This is true not only for Brazil, but also for other areas
of sugarcane production. In the Caribbean, sugar is no
longer the focus of national economies, as they have
diversified through growth in sectors such as tourism
and services (Funes Monzote 2013). The economy of
Queensland has shifted toward mining and Great Barrier
Reef tourism (Costigan n.d.), while the Philippines’
sugarcane sector never recovered from its stagnation
following changes in import agreements with the United
States and declining prices on the world market in
the 1980s (Nelson 1988; Honda 1996). In Indonesia,
by contrast, the sugarcane sector is on the brink of a
government-engineered boom – and our analyses indi-
cate that this growth will see a concomitant increase in
deforestation.
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Figure 1 Sugarcane cultivation in Indonesia.

Source: Pusat Data dan Sistem Informasi Pertanian 2013.

Indonesia’s sugarcane sector

Commercial cultivation of sugarcane in Indonesia began
around 1830, initially as part of the forced cultivation
system instituted by the Dutch colonial administration.
Sugarcane plantations were established on existing
smallholder agricultural lands, mostly in Central and
Eastern Java (Nelson & Panggabean 1991). Today, these
provinces still account for about 60% of Indonesia’s total
sugarcane plantation area (Directorate General of Estates
2013).

As of 2011, Indonesia had 457,000 ha of sugarcane
plantations. The vast majority of these plantations are
smallholder sugarcane farms, which cover 280,000 ha.
About 70,000 ha are large-scale commercial plantations,
while the remaining 110,000 ha are large-scale state-
owned enterprises (Figure 1).

While smallholder sugarcane farming predominates
at the national level in Indonesia, it is even more pro-
nounced in particular parts of the country, especially
East and Central Java. These two provinces are the
hubs of smallholder sugarcane growing, accounting for
nearly 90% of smallholder sugar cultivation in Indonesia
(Figure 2). In terms of business models for sugarcane
growing in Indonesia, there are three predominant
schemes, that is: (1) Inti, (2) Plasma, and (3) independent
farming (Maulidiah 2013; Wibowo 2013). The Inti
arrangement is where a commercial enterprise manages
all plantation operations and smallholders’ main means
to gain benefits are either waged labor or through profit

sharing in cases where smallholder land has been leased
or transferred to corporate use. Plasma is an outgrower
scheme whereby farmers grow sugarcane and deliver it
to the company mill at an agreed upon price. Finally,
independent farming denotes sugarcanes farms without
pre-existing sale or labor arrangements. The independent
farmers are the largest group by far, but their holdings are
extremely fragmented, as up to 70% of the smallholder
sugarcane plots are less than 1 ha (Maulidiah 2013).

By the 1930s, Indonesia had become the world’s sec-
ond largest producer of sugar and a net exporter. Until
around 1990, the country managed to produce enough
sugar for domestic consumption (Nelson & Panggabean
1991). In the late 1990s, as part of an IMF rescue pack-
age ratified in the wake of the 1998 economic crisis, the
Indonesian government liberalized sugar production and
trade policies, and removed support programs for small-
holder sugarcane production. This quickly translated into
a sharp increase in the import of raw and refined sugar.
Fearing an adverse effect on over 2 million farmers and
seasonal sugarcane farmers and workers, since 2002 the
government has tried to bolster the domestic sector by
increasing the tax on the import of sugar, limiting the
number of import licenses, and by providing incentives
to improve the efficiency of sugar mills. The government
also tried to increase the productivity of existing planta-
tions by providing better genetic material (Rusastra et al.
2008).

Yet, none of the government’s measures has resulted
in significantly higher sugar production. Even though the
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Figure 2 Distribution of small-holder sugar cane cultivation in Indonesia

(%)

planted area showed a marginal increase, productivity of
sugarcane per hectare remained constant at 5–6 tons of
cane per hectare while demand for sugar continued to
rise (Pusat Data dan Sistem Informasi Pertanian 2013).
Investments in new mills remain limited, and old sugar-
cane varieties have not been replaced with new, higher-
yield varieties. Causes of this policy failure include con-
cerns among the private sector and government agencies
about the high fragmentation of sugarcane holdings in
Java, the high costs involved in upgrading their produc-
tivity, and the risks associated with the often unclear le-
gal status of smallholder properties. Indonesia now has a
deficit of 3 million metric tons of sugar per year (Wijianti
2014), with most of the imported sugar originating from
Thailand (USDA Foreign Agricultural Service 2013).

Expansion of large-scale plantations in the
name of food security

Sugar production is again featuring in Indonesian
government policies, this time as one of four key com-
modities at the heart of the country’s food self-sufficiency
program, launched in 2008. The program, which aims
to expand the cultivation of rice, corn, beef, and sugar
(Ministry of Agriculture 2009), was prompted by con-
cerns over food security, which arose in response to
increased demand for biofuels, the global financial crisis,
and fluctuations in food prices. The government plans
to increase sugar production by developing large-scale
commercial sugarcane plantations outside of Java. To
support this goal, Government Regulation No. 10/2010
permits each sugarcane company to hold up to 150,000
ha of land, which is more than three times the maximum
area allowed for other commodities. For the province
of Papua, the maximum area of sugarcane plantations is
even set at 300,000 ha. After issuing this regulation, the

government announced that at least 500,000 ha of land
outside of Java would be planted with sugarcane, and up
to 25 new sugar mills would be constructed with a total
investment value of $2.6 billion (Jakarta Post 2010).

The process of large-scale expansion received further
support when Presidential Decision No. 10/2011 ex-
empted sugarcane plantations from the Forest Conver-
sion Moratorium. This moratorium had been signed into
law earlier that year as part of the $1 billion agreement
between Norway and Indonesia, designed to reduce In-
donesia’s land-based greenhouse gas emissions by estab-
lishing institutional infrastructure and capacity for the
program known as Reducing Emissions from Deforesta-
tion and Forest Degradation (REDD+; Murdiyarso et al.
2011). With the exemption of sugarcane from the mora-
torium, plans were made to convert more than 1 million
hectares of Indonesian forestland to sugarcane, an area
roughly the size of Jamaica (Table 1). The main areas tar-
geted in the plans are the southern part of Papua Province
and the Aru Islands covered largely with lowland rain-
forest and monsoon forest (Figures 3). Of the land pro-
posed for sugarcane in the lowlands of southern Papua,
27% (130,000 ha) is covered with primary tropical forest,
while the remaining 73% (355,000 ha) is covered with
secondary forest formations and savannah. On the Aru
Islands, not less than 92% (200,000 ha) of the proposed
plantation sites are covered with primary tropical forest.
Also, we found major contradictions between currently
existing land-use zones and the proposed sugarcane plan-
tations. In the southern part of Papua, for example, about
40% of the proposed concessions overlap with protected
areas (Game Reserves and Nature Reserves). Converting
these areas would threaten the unique biodiversity of this
part of the world, including species listed as vulnerable
in the IUCN Red List, such as the Southern Cassowary
(Casuarius casuarius), near-threatened species, such as the
Brown-headed Crow (Corvus fuscicapillus), Gurney’s Eagle
(Aquila gurneyi) and Forest Bittern (Zonerodius heliosylus),
and the critically endangered Aru Flying Fox (Pteropus

aruensis). The latter is thought to be restricted to the Aru
Islands, but there are no recent records of this species,
so there is a possibility it is already extinct. The planned
conversion does not only threaten biodiversity, but also
negates indigenous claims to the forest areas, and would
negatively affect local people’s access to forest resources
(Forest Watch Indonesia 2014).

Indonesia is currently considered to have one of the
highest rates of deforestation in the world, with the loss
of primary forest totaling over 6.02 million hectares from
2000 to 2012 according to a recent analysis by Margono
et al. (2014). Consequently, it is the world’s fifth largest
emitter of greenhouse gases, and the largest contributor
of emissions from land-use change and forestry (WRI,

Conservation Letters, April 2015, 00(0), 1–7 Copyright and Photocopying: C© 2015 The Authors Conservation Letters published by Wiley Periodicals, Inc. on behalf of
Society for Conservation Biology 3



Taking the bitter with the sweet K. Obidzinski et al.

Table 1 Area of forest in Indonesia designated for conversion to sugarcane

Stage of development Number of concessions Area (hectares)

Forest area currently being converted to sugar cane 12 246,213

Forest area approved for conversion 22 333,370

Plantation concessions under consideration by the government 16 448,142

Total 50 1,027,725

Source: Ministry of Forestry 2013.

Figure 3 Land concessions allocated for sugar cane plantation in Papua Province.

CAIT 2.0. 2014). Should the planned conversion of
forest areas into sugarcane plantations go ahead, In-
donesia’s deforestation and emission figures will increase
significantly. We used IPCC Guidelines for National
Greenhouse Gas Inventories (IPCC 2006) to estimate the
carbon stocks in these concession areas. The guide pro-
vides carbon stock estimates for 22 different land cover
types in Indonesia. Assuming that all natural vegetation
in the proposed plantation area is replaced with sugar-
cane, and the latter captures 8 tons of CO2 equivalent
per hectare per crop cycle (Papua Governor Regulation.
2013), sugarcane development in Aru Islands may result

in the release of 106,274,212 tons of CO2 into the at-
mosphere, while in Papua the volume of net carbon loss
may be 19,217,775 tons of CO2. Cumulatively, the devel-
opment of sugarcane plantation in these areas would in-
crease Indonesian GHG emissions from land-use change
and forestry by 20%, effectively negating the efforts and
progress with REDD+ in other parts of the country.

In early 2014, bowing to increasing pressure from civil
society organizations, the Ministry of Forestry withdrew
its support for sugar plantation estates on the state for-
est land in Eastern Indonesia (Saturi 2014). However,
it is not clear what this means in practice as concession

4 Conservation Letters, April 2015, 00(0), 1–7 Copyright and Photocopying: C© 2015 The Authors Conservation Letters published by Wiley Periodicals, Inc. on behalf of
Society for Conservation Biology



K. Obidzinski et al. Taking the bitter with the sweet

licenses have already been issued and state forest areas
excised for plantation development have legal standing.
Attempts to withdraw permits or change the status of
these lands are likely to be met with strong resistance
from powerful commercial interests, and therefore re-
quires strong political will at district, provincial, and na-
tional levels, and the backing from the Parliament, Bu-
reaucracy, and the general public (cf., Luttrell et al. 2014).
The newly installed cabinet of President Joko Widodo has
recently reaffirmed the target of 500,000 ha of land for
sugarcane plantations outside of Java (Kompas 2015).

Making the most of existing smallholder
farms

There are ample opportunities to increase sugar produc-
tion without significantly expanding the area under plan-
tations. Indonesia ranks only 31st in the world for its
sugarcane productivity, and its recovery rate of sugar per
ton of sugarcane is half of that in Thailand (OECD/FAO
2012). The Indonesian Industry Sugarcane Plantation Re-
search Centre (P3GI) has developed sugarcane varieties
that have yields up to 50% higher than the varieties used
on Indonesian plantations, but to date, hardly any plan-
tation owners have adopted these varieties (Jakarta Post
2013). The government could support the replanting of
sugarcane farms with these high-yield varieties through
subsidized, targeted loans for sugarcane smallholders or
smallholder associations. The combination of these mea-
sures with investments in transportation infrastructure
and new mills would likely result in significant gains in
sugar production from existing estates (Arjchariyaartong
Wuttipong 2006). Additional support to strengthen the
legal status of sugarcane farms is required, as currently
many smallholder farms are located on lands that are not
registered with the national land agency. Lack of legal
clarity of smallholder sugarcane farms is one of the key
reasons behind limited investment in the small-scale sec-
tor and difficulties with accessing bank credit. Govern-
ment efforts to encourage and facilitate land registration
would improve smallholders’ tenure security and enable
better access to credit facilities.

Two notes of caution are required. First, it should be
ensured that intensification does not compromise the re-
silience of farming systems or increase the vulnerability of
farmers. This implies, among others, managing the spill-
over effects of agrochemicals, maintaining diversity and
environmental services at the landscape level, and avoid-
ing farmer dependency on agricultural input providers
and financers. Second, improving smallholder productiv-
ity – by introducing higher yielding varieties, providing
loans, investments in infrastructure, and the promotion
of tenure security – will not automatically reduce pres-

sure on natural areas. It may even result in the opposite;
when farming becomes more profitable, it can act as a
stimulus for further expansion at the cost of forested ar-
eas (Angelsen & Kaimowitz 1999; Byerlee et al. 2014).
Efforts to increase yields per hectare should therefore be
combined with better land-use planning to prevent fur-
ther conversion of forested areas. At the very least, this
requires that all legal procedures are followed in the per-
mit allocation process. This has reportedly not been the
case in the Aru islands, where permits for sugarcane plan-
tations were obtained without the required environmen-
tal permit letter, which is in violation of the Indonesian
environmental and spatial planning laws (Forest Watch
Indonesia 2014).

Although global attention has turned to oil palm, fiber
plantations and logging as the major drivers of deforesta-
tion in Indonesia (Abood et al. 2014), our analysis shows
that sugarcane is set to re-emerge as a primary cause
of forest loss, due to policies aimed at securing national
food security. It could result in the loss of at least 1 mil-
lion hectares of forest with a major negative environmen-
tal impact, defying Indonesia’s own ambitions to lower
greenhouse gas emissions from deforestation and forest
degradation. This could be averted through a revision of
existing plantation permits and spatial plans, and should
be combined with investments in sustainable intensifica-
tion of existing smallholder sugarcane farms.
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