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Abstract Previous research has shown that the produc-
tion of Arabica coffee (Coffea arabica), the main source of
high-quality coffee, will be severely affected by climate
change. Since large numbers of smallholder farmers in
tropical mountain regions depend on this crop as their main
source of income, the repercussions on farmer livelihoods
could be substantial. Past studies of the issue have largely
focused on Latin America, while the vulnerability of
Southeast Asian coffee farmers to climate change has
received very little attention. We present results of a
modeling study of climate change impacts on Arabica
coffee in Indonesia, one of the world’s largest coffee pro-
ducers. Focusing on the country’s main Arabica production
zones in Sumatra, Sulawesi, Flores, Bali and Java, we show
that there are currently extensive areas with a suitable
climate for Arabica coffee production outside the present
production zones. Temperature increases are likely to
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combine with decreasing rainfall on some islands and
increasing rainfall on others. These changes are projected
to drastically reduce the total area of climatically suitable
coffee-producing land across Indonesia by 2050. However,
even then there will remain more land area with a suitable
climate and topography for coffee cultivation outside pro-
tected areas available than is being used for coffee pro-
duction now, although much of this area will not be in the
same locations. This suggests that local production decline
could at least partly be compensated by expansion into
other areas. This may allow the country to maintain current
production levels while those of other major producer
countries decline. However, this forced adaptation process
could become a major driver of deforestation in the high-
lands. We highlight the need for public and private policies
to encourage the expansion of coffee farms into areas that
will remain suitable over the medium term, that are not
under legal protection, and that are already deforested so
that coffee farming could make a positive contribution to
landscape restoration.

Keywords Climate model - Coffee - Global commodity
markets - Maxent - Indonesia - Vulnerability to climate
change

Introduction

It has been well documented that agricultural production
globally will be greatly affected by climate change (Brown
and Funk 2008; Lobell et al. 2008; Vermeulen et al. 2012).
This is especially the case where climates become drier and
less predictable, extreme weather events more frequent and
intense, and where temperatures exceed the optimum for
crop growth and development (Hannah et al. 2013). Where
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crops are negatively affected, farmers may have to change
management practices and varieties, diversify into alter-
native crops or livestock (Thornton et al. 2009; Schroth and
Ruf 2014), or leave agriculture altogether. Countries may
become less food secure and lose income from the export
of agricultural commodities. On the other hand, countries
may at least temporarily benefit from climate change if
they are located in cold climates due to latitude or altitude,
or are located in an area of increasing rainfall. Especially in
large countries that harbor a range of climatic conditions,
positive and negative effects on crops may also to some
extent balance each other out at a national level.

In addition to direct climate effects on agricultural
production, indirect effects may occur as climate change
differentially affects countries that compete with each other
in global commodity markets. For example, a negative
effect of climate change on cocoa production in West
Africa (Lidderach et al. 2013) might create new market
opportunities for cocoa producers in Brazil, and a decline
of quality coffee production in Mesoamerica (Schroth et al.
2009; Baca et al. 2014; Rahn et al. 2014) might widen the
market niche for coffee producers in East Africa or parts of
Asia that are less severely hit by climate change.

Here, we look at the case of Arabica coffee production in
Indonesia, one of the world’s largest coffee producers with
annual production averaging 534,000 t between 2005 and
2012 (ICO 2014) of which an estimated 93,000 t is Arabica
coffee (http://gain.fas.usda.gov/). In Latin America, some
traditional coffee-producing countries may see the quantity
and quality of their coffee output drastically decrease during
the coming decades because of higher temperatures, lower
and less regular rainfall, increased risks of extreme weather
events (Schroth et al. 2009; Tucker et al. 2010), and altered
pest and disease pressures (Jaramillo et al. 2009). Indonesia,
on the other hand, has several major coffee-growing regions
spread over a number of its larger and smaller islands and,
therefore, offers a wider range of climatic conditions.
Moreover, due to its size and mountainous landscape, it
boasts significant areas at altitudes above 1,000 or 1,200 m
that could be suitable for Arabica coffee production provided
that soil and topographic conditions are acceptable (Spe-
cialty Coffee Association of Indonesia, http://www.sca-
indo.org/). Could Indonesia thus emerge as an important
producer in the global Arabica coffee market by taking
advantage of its vast mountain landscapes to maintain or
even increase production as climate change progressively
forces other countries out of the market?

We combine a climate model calibrated on the condi-
tions of Indonesia’s major Arabica coffee production zones
with climate change projections from Global Circulation
Models to predict changes in climatic suitability in current
coffee production zones as well as areas not currently used
for coffee. We identify areas that will remain or become
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suitable for Arabica coffee production as the climatic
suitability of current production zones declines. We also
show where areas of current and future climatic suitability
for coffee expansion overlap with legally protected areas
that may come under increasing pressure from coffee
farmers, including farmers who may be displaced by cli-
mate change from their current coffee farms.

Materials and methods
Prediction of current climatic suitability for coffee

In the mountain environments where Arabica coffee is
mostly grown, climatic conditions can vary over relatively
small distances. Therefore, climate change can lead to
significant local variations in relative climatic suitability
(Schroth et al. 2009). We used maximum entropy (Max-
ent), a general-purpose model for making predictions or
inferences from incomplete information (Phillips et al.
2006), to estimate the spatial distribution of climatic con-
ditions that are suitable for growing Arabica coffee
throughout the Indonesian islands. The specific climatic
conditions found within current Indonesian coffee pro-
duction zones were used for model calibration. A similar
approach has previously been used for modeling the
impacts of climate change on Arabica coffee in the high-
lands of Mexico (Schroth et al. 2009), Central America
(Rahn et al. 2014) and East Africa (Ldderach and van
Asten 2012). With some modifications, it has also been
used for predicting the impacts of climate change on other
tree crops (Liderach et al. 2013).

The locations of major current Arabica coffee produc-
tion zones in Indonesia (Aceh, North Sumatra, Sulawesi,
Flores, Bali and East Java) were obtained from a recent
development project (Amarta) in cooperation with the
Specialty Coffee Association of Indonesia that attempted to
map the major coffee origins in the country using farmer
interviews and ground verification. The maps were not
sufficiently detailed to exclude locally unsuitable areas for
coffee such as deep valleys and high mountain peaks. Thus,
these polygons were further narrowed by restricting them
to the altitudinal belt of main coffee production in each
production zone. This altitudinal belt, assumed to represent
the typical climates for coffee production, was identified
for each of the six zones based on observations made by
one of the contributing authors over 15 years of field
research in Indonesia (Table S1).

For calibrating the climate model, 5,600 points were
generated systematically covering the six coffee production
polygons with a 0.5 arcmin grid. In addition, a random
background sample at a 5:1 ratio of background to cali-
bration points was drawn from outside the coffee


http://gain.fas.usda.gov/
http://www.sca-indo.org/
http://www.sca-indo.org/

Climatic suitability of Arabica coffee in Indonesia

1475

Table 1 Climatically and topographically suitable areas for Arabica coffee production in six Indonesian production zones and their projected

changes until 2050 as modeled by Maxent

Suitable area  Suitable area Suitable area in

Suitable area

Change in suitable Change in total suitable

in current outside current  current outside current area in current coffee  area in 2050 relative to
production production production zones production zones  production zones by current production zone
zones (ha) zones (ha) in 2050 (ha) in 2050 (ha) 2050 (%) (%)

North Sumatra 210,749 122,496 22,643 47,140 -89 —67

Aceh 51,318 106,808 4,808 51,956 —91 +11

Sulawesi 46,029 57,629 15,405 79,437 —67 +106

Flores 16,518 24,128 230 85 -99 —98

Bali 28,397 7,464 7,424 4,095 —74 -59

East Java 6,589 5,811 6,774 223 +3 +6

Total 359,600 324,336 57,284 182,936 —84 -33

Numbers do not include suitable areas that are inside existing or planned protected areas, protection forest (hutan lindung) or other forms of

classified forests according to Indonesian law

production zones to characterize the general environment.
Background sampling at this ratio is within the range sup-
ported by the literature (Lobo and Tognelli 2011; Barbet-
Massin et al. 2012) and resulted in the most accurate pre-
dicted distributions. The climatic conditions at the calibra-
tion points of known occurrence and random pseudo-
absence of Arabica coffee were used to train the Maxent
algorithm. The derived models were applied to climate
surfaces to estimate the relative climatic suitability for
Arabica coffee. Spatial climate data were obtained from the
WorldClim database (Hijmans et al. 2005, www.worldclim.
org). WorldClim data have been generated at a 30 arc-s
spatial resolution (1 km) through an interpolation algorithm
using long-term average monthly climate data from weather
stations. Hijmans et al. (2005) used data from stations for
which there were long-standing records, calculating means
of the 1960-1990 period and including only weather sta-
tions with more than 10 years of data. The data on which
WorldClim is based in Indonesia come from 729 stations
with precipitation data (of which 49 are at 1,000 m altitude
or higher), 108 stations with mean temperature data (9 at
1,000 m or higher) and 144 stations with minimum and
maximum temperatures (6 at 1,000 m or higher). The
maximum altitude for all variables is 3,023 m. Our model
used the 19 bioclimatic variables (Table S2) provided by
WorldClim that are derived from these monthly tempera-
ture and rainfall values. These variables are often used in
ecological niche modeling. They represent annual trends
(such as mean annual temperature and annual precipitation),
seasonality (such as annual range in temperature and pre-
cipitation), and extreme or limiting environmental factors
(such as temperature of the coldest and warmest months,
and precipitation of the wettest and driest quarters).

From the spatial distribution of the 19 bioclimatic
variables, Maxent generates a map of probabilities whether
the climate at a location is similar to present locations. In

this case, it presents the climates where Arabica coffee is
currently grown in Indonesia. An area was considered
suitable for growing Arabica coffee if the suitability cal-
culated by Maxent was >35 % and unsuitable if it was less.
This threshold was determined by the maximum sum of
sensitivity and specificity criterion as suggested by Liu
et al. (2013). According to visual inspection, the limits of
the thus determined suitable areas showed good coinci-
dence with the limits of the coffee production zones on the
Amarta coffee maps (Fig. S1).

From the areas identified as climatically suitable for
coffee farming, all land with over 25° slope was excluded as
being too steep, which corresponds to the limit of cultivable
land according to Sheng (1989). This value is conservative
since tree crops can be (and often are) grown on steeper
slopes if soil conservation measures are applied (Sheng
1989) but takes into account that soils on steeper slopes may
be too shallow for coffee. Legally protected areas (existing
or proposed) according to the World Database on Protected
Areas (UNEP-WCMC 2012) were also excluded from the
suitable area. Furthermore, we excluded protection forests
(hutan lindung) and other national protection categories, for
which recent spatial information was provided by the
Indonesian Ministry of Forestry. While it is acknowledged
that coffee is sometimes cultivated within protection forests
across Indonesia (Arifin et al. 2008), as a general rule,
protection forests have been designated as a cultivation-free
forest area for maintaining watershed integrity.

Projection of future climatic suitability

The Intergovernmental Panel on Climate Change (IPCC)
Fourth Assessment Report in 2007 is based on the results of
21 global climate models (GCMs; www.ipcc-data.org.ch).
The spatial resolution of the GCM results is, however, very
coarse. Therefore, we used statistically downscaled data
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«Fig. 1 Climatic suitability for Arabica coffee in Aceh, North
Sumatra and Sulawesi, Indonesia, under present and future (2050)
climatic conditions as modeled by Maxent. For variability of the
future climatic suitability see Figure S2

derived from 19 GCMs (Table S3) to produce 1 km reso-
lution surfaces of the mean monthly maximum and mini-
mum temperatures and monthly precipitation. In all cases,
we used the IPCC scenario SRES-A2a (“business as
usual”).

For the downscaling, the centroid of each GCM grid cell
was calculated and the anomaly in climate was assigned to
that point. The statistical downscaling was then applied by
interpolating between the points to the desired resolution
using the same spline interpolation method used to produce
the WorldClim dataset for current climates (Ramirez-
Villegas and Jarvis 2010). The anomaly for the higher
resolution was then added to the current distribution of
climate (derived from WorldClim) to produce a surface of
future climate. This method assumes that the current meso-
distribution of climate characteristics will remain the same,
but that regionally there will be a change in the baseline
(Hijmans et al. 2005).

Validation and uncertainty of the model

Using the evidence points, five Maxent training cycles
were performed, each time using a different set of 80 % of
the points for model training and the remaining 20 % for
model testing. The area under the receiver operating
characteristic curve (AUC) was used as a measure of model
skill (Peterson et al. 2008). Performance of the Maxent
model was generally high, with AUC values above 0.999
on the test data. Remaining uncertainties are mostly caused
by model parameters (that is, a slightly different Maxent
regression model is generally obtained for each of the
replicates) and by the locations of input evidence data (Fig.
S2). Using the five model runs, baseline and future distri-
butions were projected onto the 30 arc-s grids of
WorldClim and the 19 downscaled GCMs, respectively.
For each time step, the model average was calculated. For
future conditions, the coefficient of variation across GCM
outputs was calculated to illustrate the model uncertainty
for suitable areas.

Results
Present climatic suitability for Arabica coffee
Our model estimated that the total climatically and topo-

graphically suitable area for Arabica coffee production
within the current production zones of Aceh, North

Sumatra, Sulawesi, Flores, Bali and East Java is about
360,000 ha (Table 1). By far, the largest suitable area, with
over 210,000 ha, was in the current coffee production zone
of North Sumatra (Fig. 1). This was followed by Aceh and
Sulawesi (Fig. 1), with smaller areas in Flores, Bali and
finally East Java (Fig. 2; Table 1).

Outside the current coffee production zones, the model
identified a further 324,000 ha as climatically and topo-
graphically suitable for coffee production, but not currently
being used as such (Table 1). Much of this area was located
in North Sumatra and Aceh, followed in importance by
Sulawesi (Fig. 1), Flores and then Bali and East Java
(Fig. 2). The total suitable area for Arabica coffee farming
according to the model was thus about 684,000 ha.

Future climatic suitability for Arabica coffee

The climate of the Indonesian islands, and with it the size
and location of areas with a suitable climate for Arabica
coffee production, is projected to change significantly
over the next few decades. Table 2 shows mean annual
rainfall and temperature and their respective ranges within
the current Arabica coffee production zones, as well as
their projected changes by 2050. While average temper-
atures are projected to increase by about 1.7 °C in all
current production areas, the projected changes in rainfall
differ between the larger islands further to the north
(Sumatra and Sulawesi), which will become wetter by
5-14 %, and the smaller islands further to the south (Java,
Bali, Flores), which will become slightly drier. Therefore,
overall climatic differences among the country’s coffee
production zones are projected to become more
pronounced.

The Maxent model, therefore, projected a strong decline
of coffee suitability within the current growing areas by
2050 due mostly to temperature increases that would cause
an upward movement of the climatically suitable belt. As a
consequence, the climatically suitable area within the
current growing zones would decrease dramatically from
about 360,000 ha currently to a little over 57,000 ha in
2050 (Table 1). North Sumatra and Aceh would lose about
90 % of the suitable area in the current production zones;
Sulawesi and Bali would be almost as significantly affec-
ted; and Flores would become effectively unsuitable for
growing coffee (Figs. 1, 2). Only in Java, where the current
coffee production zone is much smaller than the climati-
cally suitable area, would the suitable area remain about
the same.

The decreasing climatic suitability of current coffee
production zones was also evident in the shift from higher
suitability (green) to lower suitability (yellow) that is
especially visible for Sumatra and Flores (Figs. 1, 2).
While this is also true for the current coffee-producing
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«Fig. 2 Climatic suitability for Arabica coffee in Flores, Bali and East
Java, Indonesia, under present and future (2050) climatic conditions
as modeled by Maxent. For variability of the future climatic
suitability see Figure S2

areas of Sulawesi, some highland areas further to the north
that were not classified as suitable under current conditions
appeared as suitable in the warmer future climate, leading
to an overall increase of the suitable area on that island
(Fig. 1).

According to the model, the climatically suitable area
outside the current coffee-growing zones would decrease
from currently 324,000 to 183,000 ha by 2050. In combi-
nation with projections within the current coffee-growing
areas, this would result in a total suitable area of
240,000 ha, one-third less than the currently suitable area
within the coffee production zones (360,000 ha; Table 1).

Discussion
Impact on current Arabica coffee production zones

Most current Arabica coffee producers across the Indone-
sian islands will be severely affected by climate change,
especially in North Sumatra, Aceh and Flores, but also in
Sulawesi and Bali. Flores may actually cease to grow
Arabica coffee within the coming decades. Through
increasing temperatures, the climatically suitable zones for
cultivating Arabica coffee will shift upward, and large
areas that are currently under coffee will acquire climates
that are not currently used for quality coffee production.
This is projected to affect 84 % of the current coffee pro-
duction zones. This does not mean that coffee could not be
grown anymore in the areas classified as unsuitable, but
that the climate would be sufficiently different from cli-
mates currently used for growing Arabica coffee in the
country to expect significant impacts on productivity and
quality (Table 2). Since coffee quality is sensitive to tem-
perature, the general temperature increase could mean a
decrease in quality, while the decrease in rainfall on the
southern islands could also result in reduced yields. In very
rainy parts of the northern islands, on the other hand, a
further increase in rainfall might also negatively affect
yields. For example, very low yields of <150 kg ha™' have
been recorded in Sulawesi (Marsh and Neilson 2007,
Neilson et al. 2013). These appear to be at least partly due
to the absence of a dry period sufficient to trigger abundant
flowering and excessive rainfall resulting in poor fruit set.
Higher temperatures and rainfall may compel farmers to
switch from Arabica to other crops. These may include
Robusta coffee (Coffea canephora), a related species better
adapted to lowland conditions which is already grown in

association with Arabica in some parts of Indonesia, but is
considered a bulk product that commands a lower price on
international markets. Pest and disease pressures may also
change in a warmer and wetter climate (Garrett et al.
2011), notably through an upward expansion of the coffee
berry borer (Hypothenemus hampei) (Jaramillo et al. 2009).
This suggests that the next generation of existing coffee
farmers, at least those not willing to migrate, may gradually
have to modify livelihood strategies away from the culti-
vation of Arabica coffee.

Possible expansion of Arabica coffee production zones

While many current Arabica coffee farmers may have to
change crops over coming decades, other farmers may
migrate to higher altitudes and establish new coffee farms
and potentially new settlements. By 2050, after climate
change has taken its toll, the total area with climatically
and topographically suitable conditions for growing
Arabica coffee (240,000 ha) will be about one-third
smaller than the suitable area in the current production
zones (360,000 ha; Table 1). However, not all of that
currently suitable area is actually used for growing coffee.
Based on typical Indonesian yield levels of little over 0.5 t
per ha (International Coffee Organization, http://www.ico.
org/countries/indonesia.pdf), only approximately
186,000 ha are needed for producing Indonesia’s annual
output of 93,000 t of Arabica coffee (average of the last
4 years, http://gain.fas.usda.gov/; see also Table S1). This
reflects the fact that in Indonesia, Arabica coffee is mostly
grown in small plots within a mosaic of other crops and
land uses. Therefore, the estimated area suitable for
Arabica coffee in 2050 (240,000 ha) would still be about
30 % larger than the area currently used for growing this
crop. This does not include the large suitable areas within
protected areas and protection forests, for example, in Aceh
(Fig. 1). This suggests that production losses owing to
climate change in current production zones could poten-
tially be compensated by new coffee planting in areas that
remain or become climatically suitable outside the current
production zones. This compensation would especially be
possible if the new plantings were managed more inten-
sively than some of the old plantings that may go out of
production.

The largest climatically suitable areas for such expan-
sion (or relocation) of coffee farming by 2050 would be
in Sulawesi, whose high mountain areas would become
more climatically suitable for agriculture through rising
temperatures (Fig. 1). Here, about 95,000 ha were clas-
sified as climatically suitable in 2050, over twice the
suitable area in the current coffee production zone
(Table 1). Although much of this area is now relatively
inaccessible, it may become increasingly attractive for
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prospective coffee farmers over the coming decades as
long as the predicted increases in rainfall don’t negatively
affect yield potentials for these areas. Similar potential of
coffee production to shift to areas outside the current
production zone was also evident in Aceh (Table 1). In
Indonesian Papua, where small amounts of Arabica coffee
are currently grown at altitudes between 1,400 and
2,000 m, a substantial expansion potential may also exist
based on physical suitability alone. This area was not
included in our study, in part because social and political
constraints are currently restricting coffee production
there.

Winner or loser of climate change?

Our model only identified potentially suitable areas based
on climate and topography. Some of these areas at higher
altitudes may not be appropriate because of their remote-
ness, because they have poor soil or are under other land
uses, or perhaps because they will be included in future
protected areas. Social and economic constraints are also
paramount, as coffee farming in Indonesia is highly labor
intensive and ultimately depends on a population willing to
work in the farms. Therefore, our results should not be seen
as a prognosis of future developments in the Indonesian
Arabica coffee sector, but rather as an indication of a
potential that may or may not be realized, and an input into
corresponding discussions and planning processes in the
public and private sectors.

Whether coffee production ultimately expands into new
climatically suitable areas will depend upon various factors
that are almost impossible to predict at this stage, as it is
likely that other agricultural commodities, such as vege-
table and fruit crops, will face similar supply constraints
and may be competing for access to the same land. The
ability of lead firms in different commodity-dependent
industries to effectively coordinate their supply chains to
encourage and maintain production is likely to be a key

factor affecting production choices at the farm level.
Government decisions regarding support programs will
also be influential. Ultimately, crop and livelihood choices
will be strongly shaped by prevailing prices and market
demand. These depend in part on the fate of other Arabica
coffee origins in a changing climate. A number of studies
have shown that the climatic suitability of major Arabica
coffee origins in Latin America will strongly decline over
the next decades (Eakin et al. 2006; Schroth et al. 2009;
Rahn et al. 2014). The prospects of African Arabica coffee
producer countries under climate change have not been
studied to the same extent (Ldderach and van Asten 2012),
although available information suggests that impacts may
be less severe than in Latin America. However, the prob-
able reduction of production volumes and/or quality in
Latin America may open a significant niche for other
coffee producers such as Indonesia whose physical geog-
raphy, according to our analysis, would allow current
production levels to be maintained and perhaps even
increased.

This relatively positive scenario, however, would
require significant shifts among coffee production regions
within the country. While Aceh may struggle to maintain
its current level of production through a local shift in
coffee areas, Arabica coffee output from North Sumatra is
likely to decrease. Sulawesi, on the other hand, could
potentially become a “relative climate change winner”
despite the severe effects that climate change will have on
current coffee-producing regions. Coffee production
practices in Sulawesi are currently notably extensive and
characterized by low per-hectare yields (Marsh and
Neilson 2007). One can only speculate whether an
increase in demand for its coffee as the output from other
production regions within and outside Indonesia decreases
might trigger intensification and expansion of current
farms, and/or attract a wave of migrants, including per-
haps climate-displaced coffee farmers from other parts of
the country.

Table 2 Current rainfall and temperature characteristics of main Arabica coffee-growing zones in Indonesia and their change by 2050 according

to 19 Global Circulation Models

Mean annual Lowest mean Highest mean Average Mean Lowest mean  Highest mean  Average
temperature  annual annual change by annual annual rainfall annual rainfall change by
°O) temperature temperature (°C) 2050 (°C) rainfall (mm) (mm) 2050 (mm)
0 (mm)
Aceh 23.9 18.9 29.3 +1.7 2,422 1,483 4,135 +346
North 24.4 18.9 30.0 +1.8 2,668 1,847 4,555 +151
Sumatra
Sulawesi ~ 23.6 18.4 29.0 +1.7 2,432 1,211 3,949 +264
Flores 23.9 17.0 29.8 +1.7 1,616 974 3,828 —58
Bali 23.8 17.7 29.5 +1.7 2,037 1,098 2,889 -56
Java 23.1 16.1 30.2 +1.7 1,873 973 3,449 —40
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Environmental and policy implications

Coffee farming in Indonesia has a history of driving
deforestation through forest frontier dynamics, often in
combination with migration of farmers (Arifin et al. 2008;
Neilson 2008; Gaveau et al. 2009b; Schroth et al. 2011).
Sulawesi has emerged as a global hub of production for
another tree crop, cocoa (Theobroma cacao), only in the
last 30 years on the back of migrant farmers moving into
previously underdeveloped lands from more densely pop-
ulated areas of the country (Ruf et al. 1996). Therefore, an
increase in demand for Indonesia’s coffee through pro-
duction (and quality) decline elsewhere would almost
certainly increase pressure on ecologically important
mountain ecosystems (Wiramanayake et al. 2002) where
many of Indonesia’s protected areas are located (Gaveau
et al. 2009a). It is important, then, that the expansion of
coffee land be encouraged into areas that will maintain
their climatic suitability for coffee farming into the next
decades, and that are not currently within protected areas
and protection forests. Ideally, new coffee plantings should
be encouraged into previously cleared areas where they can
contribute positively to landscape restoration, especially if
intercropped shaded practices are used as is common in
many parts of Indonesia. Incentive models for stabilizing
forest frontiers in coffee areas in Indonesia have been
piloted (Schroth et al. 2011) and need wider application.
This is an important task to be pursued jointly by gov-
ernment and the private sector (Arifin et al. 2008; Neilson
2008).

In consideration of the potential ecological effects of
expanding high altitude coffee cultivation in Indonesia, it
may be desirable to promote more intensive management
practices in Indonesian coffee production (where yields are
currently very low by global standards) as a means to limit
the area needed for new planting as old coffee areas are
becoming climatically unsuitable. Further, we suggest the
need to carefully plan infrastructure development and to
create new protected areas in those mountain regions that
provide multiple ecosystem services, including biodiversity
habitat and water provision (Wiramanayake et al. 2002). A
changing climate is likely to place unprecedented demands
on these ecosystems both to be agriculturally productive
and to provision critical environmental services, and the
potential for coffee to be cultivated within this contested
landscape remains uncertain. Notwithstanding these cave-
ats, this analysis has identified the climatic and topographic
potential for the expansion of Arabica coffee within some
islands of Indonesia, while other islands may face a med-
ium-term decline of their Arabica coffee industry.
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