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SUMMARY

Forest and land fires are among the major catastrophic events that occur in Indonesia. They are a major cause of deforestation and greenhouse 
gas emissions. Their multiple sources are most diverse and root in nature and society. The immediate fire effects directly and the long-term 
landscape ecosystem degradations indirectly cause major and persisting and serious problems of public health and ecosystem service. Smoke 
haze from the forest and land fires in Sumatra and Kalimantan in 2015 caused significant environmental and economic losses in Indonesia, 
Singapore and Malaysia. We describe the different types of land uses and land cover where fires and smoke haze took place, and how local 
politics have affected fire use from 2001 to 2017. We calculated hot spots from satellite imageries as proxies for fire occurrences and applied 
regression analysis to understand the link between fire and local politics in Sumatra and Kalimantan. The results show that the greatest fre-
quency of hot spots occurred in wood and oil palm plantations and logging concessions (47%), followed by conservation areas (31%) and 
community land (22%). Local elections involve land transactions, and fires were used as a cheap way to increase the land value. The use of fire 
as means of land clearing was strongly influenced by local politics. Their frequency and abundance obviously increased about a year prior to 
local elections. The reasons behind the correlation need to be understood so that appropriate incentives and sanctions can be put in place and 
deter political leaders from using fire as an incentive to their advantage. 
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Feux de forêts et incendies, brumes toxiques et politique locale en Indonésie

H. PURNOMO, B. OKARDA, B. SHANTIKO, R. ACHDIAWAN, A. DERMAWAN, H. KARTODIHARDJO et A.A. DEWAYANI

Les incendies et feux de forêts comptent parmi les évènements les plus catastrophiques en Indonésie. Ils sont une cause majeure de la 
déforestation et de l’émission de gaz à effet serre. Leurs origines multiples sont très diverses et puisent leurs racines dans la nature et la société. 
Les effets immédiats des feux affectent directement la dégradation de l’écosystème et du paysage à long-terme et, indirectement, des sérieux 
problèmes majeurs et persistants de santé publique et des services d’écosystème. La brume toxique provenant des incendies à Sumatra et au 
Kalimantan en 2015 causèrent des pertes environnementales et économiques importantes en Indonésie, Malaisie et à Singapour. Nous décrivons 
les différents types d’utilisation de la terre et de couvert du sol dans les lieux d’où les incendies et la brume toxique émanèrent et comment les 
politiques locales affectèrent l’usage du feu de 2001 à 2017. Nous avons calculé les points chauds en utilisant l’imagerie satellite comme 
procuration et en appliquant une analyse régressive pour essayer de cerner le lien entre les incendies et les politiques locales à Sumatra et au 
Kalimantan. Les résultats indiquent que la plus forte fréquence de points chauds se centrait dans les plantations, particulièrement d’huile de 
palme, et les concessions de coupe (47%), suivies par les zones de conservation (31%) et les terres communautaires (22%). Les élections locales 
comprennent des transactions de terres, et les incendies étaient utilisés comme moyen non onéreux de faire apprécier la valeur du terrain. 
L’utilisation des feux comme moyen de dégager le terrain était fortement influencée par les politiques locales. Leur abondance et leur fréquence 
augmentait évidemment un an environ avant les élections locales. Les raisons sous-tendant cette corrélation doivent être comprises, afin que 
des encouragements tout comme des sanctions puissent être mis en place et décourager les politiciens d’utiliser les feux à leur avantage.
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INTRODUCTION 

The smoldering of burning peat, open land-surface fires, and 
the gaseous and particulate haze they create have affected the 
health of many people in Southeast Asia. Fire releases sub-
stantial quantities of volatile organic compounds that regulate 
the production and destruction of atmospheric oxidants and 
may be important to the ecosystem carbon balance and an 
essential regulator of the protective functions of the ozone 
layer (Sommer et al. 2004, Crutze n et al. 2016). In Indonesia, 
the National Disaster Management Agency recorded that 
the fire disaster of 2015 caused the recorded death of 24 
children and adults by December 2015 (Fitri and Putri 2015). 
In Sumatra, Kalimantan and Papua, it caused environmental 
damage and substantial losses in terms of assets and economic 
and social activities. Traffic, tourism and education suffered 
badly throughout the whole region. The rate of premature 
death was much higher than previously, estimated at 100,300 
people (Koplitz et al. 2016). The provinces in Indonesia 
that were severely affected by haze were: Riau, Jambi, 
South Sumatra, West Kalimantan and Central Kalimantan 
(Kementerian Kesehatan 2015). Singapore, Malaysia, 
Thailand and the Philippines were also affected by the haze 
(Heilmann 2015).

Scientists at the US National Aeronautics and Space 
Administration (NASA) proved and quantified that the haze 
caused by forest and land fires in Indonesia in 2015 was 
equivalent to that of 1997/1998, which followed an El Niño 
event (NASA 2015). In 1997/1998, economic losses were 
estimated at USD 9.2 billion (Applegate et al. 2002) or 4.3 
percent of the 1997 GDP; and in 2015, losses were estimated 
at USD 16.1 billion or 1.9 percent of the GDP (World Bank 
2016). These losses consisted of water resource damage, 
carbon emissions, flora impairment, biodiversity loss, health 
expenses, business travel disruption and the cost of ecosystem 
restoration.

Incendios forestales y agrícolas, neblina tóxica y políticas locales en Indonesia

H. PURNOMO, B. OKARDA, B. SHANTIKO, R. ACHDIAWAN, A. DERMAWAN, H. KARTODIHARDJO y A.A. DEWAYANI

Los incendios forestales y agrícolas son una de las principales catástrofes en Indonesia. Constituyen una de las principales causas de la 
deforestación y de las emisiones de gases de efecto invernadero. Sus múltiples causas son muy diversas y están arraigadas en la naturaleza y la 
sociedad. Los efectos inmediatos del fuego, tanto directamente como indirectamente en la degradación a largo plazo del ecosistema del paisaje, 
causan problemas importantes persistentes y graves a la salud pública y a los servicios del ecosistema. La neblina de humo de los incendios 
forestales y agrícolas en Sumatra y Kalimantan causó en 2015 importantes pérdidas ambientales y económicas en Indonesia, Singapur y 
Malasia. Se describen los diferentes tipos de usos de la tierra y de la cobertura del suelo donde se produjeron los incendios y las neblinas de 
humo, y cómo la política local ha afectado el uso de los incendios entre 2001 y 2017. Se calcularon los focos principales a partir de imágenes 
satelitales como indicadores sustitutivos para los casos de incendios y se aplicó un análisis de regresión para entender el vínculo entre el fuego 
y la política local en Sumatra y Kalimantan. Los resultados muestran que la mayor frecuencia de focos ocurrió en las plantaciones de madera 
y de palma aceitera y en las concesiones madereras (47%), seguida por las áreas de conservación (31%) y las tierras comunitarias (22%). Las 
elecciones locales suscitan transacciones de tierras, ya que los incendios se han utilizado como una forma barata de aumentar el valor de la 
tierra. El uso del fuego como método para el despeje del suelo estuvo fuertemente influenciado por la política local. Su frecuencia y abundancia 
aumentaron obviamente alrededor de un año antes de las elecciones locales. Las razones detrás de la correlación deben ser entendidas para 
que se pueda establecer incentivos y sanciones apropiadas y disuadir a los líderes políticos de usar el fuego como un incentivo para su propio 
beneficio.

In 2015, about 2.6 million ha of forest and land in Sumatra 
and Kalimantan were burned both on the state forest zones 
(SFZ, kawasan hutan) and non-state forest zones (NSFZ, 
Area Penggunaan Lain) (Khoemaeni 2015). Mizuno et al. 
(2016) describe the complexity and dynamics of land use 
and ownership inside the SFZ. SFZ are administered by the 
government, although they do not necessarily have tree cover. 
NSFZ are located out of the state forest zones and is allocated 
for other purposes. Corporate concession holders obtain 
licenses to manage large-scale concessions for a certain time 
for commercial purposes. Depending on the crop, corporate 
concessions can be located inside the SFZ or NSFZ. Com-
munities inside SFZ can have pre-existing right to the land. 
However, there are cases where a person, group of people, 
and/or small- or medium-scale companies occupy lands in the 
forest zones to manage areas for private benefits illegally.

For tropical countries such as Indonesia, Field et al. (2016) 
and Schmidt (2016) argue that El Niño is a key factor that 
affects the severity of fires. However, fires were not ignited 
because of dry climatic conditions. Fires in Indonesia were 
mostly intentional and man-made and were amplified by 
the biophysical and atmospheric conditions (Tacconi 2003, 
Saharjo 2007, LSE 2016). The fires in 2015 were set alight by 
humans and exaggerated by dry climatic conditions due to El 
Niño (World Bank 2016). Forest and land fires in Indonesia 
under drought conditions would contribute to  significant 
global atmospheric CO2 emissions (Field et al. 2009). Burn-
ing peat is caused by surface fires that transition into the 
peat under specific conditions (Stracher et al. 2015). In the 
absence of controlled burning measures or sufficient law 
enforcement, the fires grew out of control, and were exacer-
bated by drought caused by El Niño (World Bank 2016). 
Spessa et al. (2015) stated that seasonal fires in Kalimantan, 
Indonesia, is influenced by El Niño years. Due to the contin-
ued use of fire to clear and prepare land on degraded peat, 
the Indonesian fire environment continues to have nonlinear 
sensitivity to dry conditions (Field et al. 2016). Wooster et al. 
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(2012) support the hypothesis that the El Niño phenomenon 
is a primary, large-scale and short-term climatic factor that 
occurs every 5–7 years; it influences the magnitude of the fire 
activity resulting from numerous land cover changes, agricul-
tural preparation practices and human-caused ignitions that 
occur annually across Indonesia. However, Gaveau et al. 
(2014) find that fires in non-El Niño periods are important, 
which indicates that there could be human factors that affect 
the fires. Both biophysical and anthropogenic factors influence 
the magnitude of the fires that are ignited. 

Fire has been used to clear forest land for native land use 
throughout human history. More recent is the use of fire to 
increase its market value. Forests were logged and the slash 
burned to make the land commercially cultivatable, especially 
for industrial fibre and oil palm plantations. Purnomo et al. 
(2017), in a case study of Riau Province, show that illegal 
land claims and land transactions had occurred in the SFZ. 
Land claims were usually followed by a process of slash and 
burn. This illegally claimed land was valued at USD 665 per 
ha. The value increased to USD 856 per ha if it was burned, 
and the value increased further to USD 3077 per ha if it was 
already planted with 3-year-old oil palm. 

Fires in company concession areas were the largest con-
tributors to smoke haze in Riau Province. Twelve pulp wood 
plantation company areas (both small and large) were burned 
(Syukur 2015). Oil palm plantations used fires illegally to 
clear land cheaply and quickly and to rejuvenate plants. In 
pulp wood plantations, fires were also used in a similar way 
(Putri 2014). This method costs 20–50% less than the normal 
cost of USD 200–600 per ha for land clearing and plant 
rejuvenation. Gaveau et al. (2017) reveal that as many as 82% 
of fire occurrences took place on ‘idle’ land. Idle land is land 
that lies inside and outside concessions and that is not secure 
from grabbing by different actors, i.e. farmers, who may be 
local community or mid-sized investors, and companies. 
Those are the actors connected to burning of land that is idle.

Our objective in this paper is to determine the connection 
between land uses, local politics and fires in Sumatra and 
Kalimantan Islands, Indonesia. Our three research questions 
are as follows: 

• How were land and forest fires distributed over 
different land uses? 

• How were local politics connected to forest and land 
fires? 

• Which future policy options can reduce land and forest 
fires? 

This paper focuses on the connection between fires and 
political and economic issues in Sumatra and Kalimantan, 
Indonesia. This paper will contribute to understanding the 
connection between local politics and fire occurrence.

APPROACH AND METHODS

Political economy and social–ecological system research into 
the causes and underlying issues relating to fires in Indonesia 

has been carried out for a long time, generating many techni-
cal, economic, social and political recommendations (Dennis 
2009). The failure to understand the political economy 
(Dauvergne 1998) in relation to actors and their patronage has 
resulted in difficulty in overcoming forest fires (Varkkey 
2013). The key patrons of forest fires consist of the ruling 
elites in business and politics at local, national and global 
levels (Varkkey 2016). 

In Indonesia and Brazil, the importance of the sociopoliti-
cal issues in driving the fires has been acknowledged; how-
ever, the solution has been to prioritize technical research in 
firefighting, such as the identification of alternative agricul-
tural (land clearing) practices other than fire and better 
fire identification capabilities. This has hampered efforts to 
overcome forest fires (Carmenta et al. 2011). 

Political economists view politics as a crucial factor in 
determining economic outcomes (Drazen 2000, Purnomo 
et al. 2012a). The political economy focuses on how power 
and resources are distributed and contested in different con-
texts (DFID 2009). Policy change and the politics of “who 
gets what, when, and how” are closely related (Lasswell 
1958). Many studies on the political economy of natural 
resources management in Indonesia highlight the importance 
of good governance of land and forests to improve forest 
sustainability and the livelihoods of people (Barr et al. 2009, 
Purnomo et al. 2012b). The political economy and good gov-
ernance approaches are often used in national development 
transformation based on natural resources (Barma et al. 
2012). Good governance is indicated by transparency, voice 
and accountability, political stability and absence of violence, 
government effectiveness, regulatory quality, rule of law and 
control of corruption (Kaufmann et al. 2007).

Studies on the drivers of deforestation invariably highlight 
the absence of good governance and socially acceptable poli-
cies, the predominance of market and investment failures, as 
well as a host of minor sociopolitical issues as underlying 
causes of deforestation (Contreras-Hermosilla 2000). The 
underlying causes drive the proximate causes of deforesta-
tion, which include agricultural expansion to produce food, 
wood extraction and infrastructure development (Geist and 
Lambin 2001). In the context of Indonesia, many studies 
show weak governance have driven deforestation. Poor 
licensing procedures and bribery have cleared the pathway to 
open the forests for other purposes. About half of oil palm 
expansion areas in Malaysia and Indonesia have gone through 
prior deforestation (Koh and Wilcove 2009, Miettinen et al. 
2011, Busch et al. 2014, Margono et al. 2014, Vijay et al. 
2016) by the plantation corporations as part of the financing 
scheme. The rapid development of oil palm has had adverse 
effects on Indonesia’s forests, including production forests 
and protection areas (Casson 2002). 

In a mosaic landscape, agriculture commodities such as 
rubber, oil palm and sweet corn usually provide greater finan-
cial benefits than forest. This benefit gap drives conversion 
from forest to agriculture (Suyanto 2006, Chomitz 2007). 
Moreover, land clearing for oil palm often goes hand in hand 
with legal or illegal transactions. Actors obtained enormous 
economic benefits from illegal forest and land transactions 
and conversion to oil palm using fire (Purnomo et al. 2017). 
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Land-use transitions contribute to atmospheric carbon 
emissions, including forest conversion for small-scale farm-
ing, cattle ranching, and production of commodities such 
as soya and palm oil. These transitions involve fire as an 
effective and inexpensive means for clearing land (DeFries 
et al. 2008). Dennis et al. (2005) confirm multiple direct 
and underlying fire causes that operate at any site, and wide 
differences in fire causes among sites. Gaveau et al. (2016) 
underline the role of various stakeholders, both of small-scale 
landholders and large industrial plantations, in causing fires. 
Colfer (2002) explains that the fires in Kalimantan were partly 
due to the government’s uncoordinated response to land use 
issues. Perceptions of peatland fire and fire management are 
contested across scales (Carmenta et al. 2017). 

Ostrom (2007) describes the political economy as the 
interaction between humans as economic and social actors, 
and the ecological environment in the framework of a social–
ecological system (SES). SES consists of four interacting 
components – resources, management, governance and users 
– that are influenced by the social, economic, and political 
settings and produce outcomes for the ecosystem (Figure 1). 
The SES framework is useful in understanding how the 
political economic settings influence the use of forests and 
land. SES helps identify factors that may affect the likelihood 
of policies enhancing sustainability (Ostrom 2009). The 
framework is useful to provides a broader view of the haze 
problem, which is not only caused by poor land use but by the 
political and economic settings at local and national levels. 

The SES framework was applied in cases of common-pool 
resources such as forests and climate (Purnomo et al. 2013). 

Methods

The research questions are as follows: (a) How were land and 
forest fires distributed over different land uses? (b) How were 
local politics connected to forest and land fires? (c) What are 
the future policy options to reduce land and forest fires? As 
such, the research method is comprised of the following steps: 
(a) data collection of spatial maps and hot spots and descrip-
tive analysis between hot spots and land uses by various 
actors; (b) analysis on the links between hot spots and local 
elections (PILKADA) in terms of the number of hot spots; 
and (c) SES analysis.

Fire occurrences include fires in peatland and mineral 
soils. Data on hot spots were recorded on maps and hot spots 
were overlaid on land used by various actors. Concession 
maps of pulpwood plantations, oil palm plantations and log-
ging concessions were generated from the World Resources 
Institute (WRI) database (WRI 2018). Hot spot data were 
generated from the Fire Information for Resource Manage-
ment System (FIRMS) of NASA (2018). Forest land maps 
were generated from maps sourced from the Ministry of 
Environment and Forestry (MoEF) in 2015. Hot spot loca-
tions were produced by fire detection sensors of the MODIS 
satellite using the infrared spectrum band. Fire detection is 
performed using a contextual algorithm that exploits the 

FIGURE 1 Framework of a social–ecological system (SES), (adapted from Ostrom 2007, 2009)
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strong emission of mid-infrared radiation produced by fires. 
The algorithm examines each pixel of the MODIS swath and 
excludes missing data, clouds and water. What remains are 
pixels representing the land; these are potential fire pixels. A 
series of contextual threshold tests are used to perform rela-
tive fire detection. These look for the characteristic signature 
of an active fire in which both the 4-µm brightness tempera-
ture and the 4- and 11-µm brightness temperature difference 
depart substantially from that of the non-fire background. 
Additional specialized tests are used to eliminate false detec-
tions caused by sun glint, desert boundaries and errors in the 
water mask (Giglio 2015). Each active fire location represents 
the center of a 1-km pixel that is flagged by the algorithm as 
containing one or more fires within the pixel. The accuracy 
level of this detection system has improved since the year 
2000. For our analysis, we used hot spots with a confidence 
level of ≥80% – the same confidence level used by the 
MoEF for the same purpose. Although most hot spots can be 
attributed to fires, on rare occasions, artefactual hot spots 
might result from reflections off vehicles left in the sun or off 
pools of water.

The number of hot spots represents how often a land use 
area experiences fires at the same or various locations each 
day. They do not linearly represent the extent of fire over an 
area. If fire occurs at the same location on two consecutive or 
different days, then it will be recorded as two hot spots. In 
other words, two hot spots can occur at two locations that 
each experience fire on 1 day or in one location that experi-
ences fire two times in 1 day. We used the number of hot spots 
as a proxy for how particular areas were burned. 

We aimed to outline land use and hot spots on 102.8 
million ha in Sumatra and Kalimantan by overlaying data 
from WRI, NASA and MoEF according to land use types. 
Overlaying the land use and hot spot maps for the last 
17 years generated a distribution of hot spots in each land 
use type in corporate concessions, i.e. logging concessions, 
wood plantations, oil palm plantations and areas outside the 
corporate concessions (government-managed SFZ and 
NSFZ). 

The land and forest zone data that were analyzed in this 
article came from various sources. Spatial maps of corporate 
concessions, logging concessions, and wood and oil palm 
plantations came from WRI; forest zone data were derived 
from the MoEF; and hot spot data were derived from FIRMS 
NASA. The various data sources were not calibrated against 
each other and were expected to produce asynchronous infor-
mation. For example, corporate area maps derived from WRI 
did not entirely match up with forest zone maps from the 
MoEF. Instead, we used overlapping maps of logging conces-
sions and wood and oil palm plantations (see Table 1). Forest 
and corporation maps often change from year to year. The 
issuance of new concession areas and the revocation of cur-
rent concession areas are among the major factors that con-
tributed to any inaccuracy. The problem of various incoherent 
data will not be solved soon in Indonesia. Indonesia has a 
program of a one map policy that is supported by the World 
Bank, but would require some time to reconcile the different 

maps. This is the limitation of this article that should be stated 
explicitly, as suggested by Mensh and Kording (2017).

Local politics was assessed in connection with the number 
of local elections (PILKADA) in Sumatra and Kalimantan 
during the same fire time-series observation. PILKADA is a 
way of electing the head of the local government at the district 
level. Local government elections occur every five years. 
Political parties or groups of political parties nominate candi-
dates to be elected by the voters, who are citizens of Indonesia 
aged 17 years or older. 

Regression analysis was carried out to determine the 
correlation between the number of hot spots and the number 
of PILKADA. It was hypothesized that a fire event in year ‘t’ 
is affected by a fire event. Hence, the time-series regression 
model used to estimate the fire event was autoregressive. 
Autoregressive models use the regression of a dependent 
variable by using the same variable from earlier in the same 
time series as the independent variable (Cryer and Chan 
2008). The lag time of the autoregression (AR) function of the 
fire event was explored using a partial autocorrelation func-
tion. After the best AR function had been defined, another 
independent variable was included in the model; the model is 
thus called AR-X (i.e. an autoregressive model with X as the 
additional independent variable). The independent variables 
were tested through a stepwise process. The data were 
explored using the statistical software Minitab 15 (Minitab 
2007). This result is described in the context of the SES 
framework (Figure 1). As explained by Ostrom (2009), SES 
shows the relationships among four subsystems of an 
SES that affect each other as well as linked social, economic, 
and political settings and related ecosystems. The subsystems 
are: (i) resource systems (e.g. a designated protected park 
encompassing a specified territory containing forested areas, 
wildlife and water systems); (ii) resource units (e.g. trees, 
shrubs and plants contained in the park, types of wildlife, and 
amount and flow of water); (iii) governance systems (e.g. the 
government and other organizations that manage the park, the 
specific rules related to the use of the park and how these rules 
are made); and (iv) users (e.g. individuals who use the park 
in diverse ways for sustenance, recreation or commercial 
purposes). Each core subsystem is made up of multiple 
second-level variables (e.g. size of a resource system, 
mobility of a resource unit, level of governance and users’ 
knowledge of the resource system). 

RESULTS

Land use and hot spots 

The location of hot spots or fire spots shown by satellite 
images from January to December 2015 in Sumatra and 
Kalimantan is given in Figure 2. While hot spots were identi-
fied throughout the islands of Sumatra and Kalimantan, most 
of the hot spots were found in southern Sumatra and Central 
Kalimantan. According to Tacconi (2016), major sources for 
2015 haze were fires on oil palm concessions, food crops, and 
in natural forests. 
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Table 1 shows two main land use types and the hot spots 
distribution for 2001–2017. Amounting to 34.7% of the areas 
were corporate concessions. There are four types of conces-
sions: logging concessions, pulpwood plantations, oil palm 
plantations and an overlapping area among the three of them. 
Corporate-managed oil palm plantations were in NSFZ 
(8.8%) and converted SFZ (2.6%). Non-corporate conces-
sions in the NSFZ were 30.2% and in SFZ were 35.1%.

Over the last 17 years, the hot spot locations were 
distributed in corporate areas of logging concessions, wood 

plantations, oil palm plantations and non-corporate areas. On 
average, annually as much as 46.7% of hot spots occurred 
in corporate areas (4.1% in logging concessions, 19.8% in 
pulpwood plantations, 20.2% in oil palm plantations and 
2.5% in overlapped areas) and 53.3% was in non-corporate 
concession areas (31.1% in SFZ and 22.2% in NSFZ). 

Figure 3 shows a graphical presentation of annual hot spot 
data. The highest number of hot spots occurred in 2015. In 
2015, hot spots were noted in 45% of corporate areas (13% 
oil palm plantations, 27% pulpwood plantations, 5% logging 

FIGURE 2 Hot spot distribution in Sumatra and Kalimantan, Indonesia, from January to December 2015 (NASA 2015)

TABLE 1 Average annual hot spot data, 2001–2017

Land use
Extent Hot spot

Area (ha) % Number %

Corporate concessions Logging 12,419,328 12.1 750 4.1

Pulpwood plantations 8,912,829 8.7 3,636 19.8

Oil palm plantations

- in SFZ 9,041,398 8.8 2,410 13.1

- in NSFZ 2,710,634 2.6 1,307 7.1

Overlap 2,441,110 2.4 459 2.5

Subtotal 35,525,299 34.7 8,562 46.7

Non-corporate concessions NSFZ 30,968,208 30.2 4,063 22.2

SFZ 35,968,208 35.1 5,708 31.1

Subtotal 66,936,416 65.3 9,771 53.3

Total 102,461,715 100.0 18,333 100.0
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concessions and 2% overlapped areas) and 53% were in areas 
outside the corporate concessions. The areas with the highest 
number of hot spot occurrences in Sumatra and Kalimantan 
for the last 17 years, i.e. more than 20,000 hot spots/year, 
happened in: 2002, 2004, 2005, 2006, 2009, 2014 and 2015. 

Table 2 shows the hot spot density in the period 2010–
2017. The hot spot density is defined as the number of 
hot spots per area extent (in our case, the area extent is per 
1 million ha). The density of hot spots varied across different 
land use types. Corporate-managed pulpwood plantations had 
the highest hot spot density (437.28 hot spots/year/1 million 
ha), followed by non-corporate-managed production forest 

(256.04 hot spots/year/1 million ha) and oil palm plantations 
(225.49 hot spots/year/1 million ha). The lowest hot spot 
density was in corporate-managed logging concession 
areas (62.30 hot spots/year/1 million ha), followed by non-
corporate-managed protected forest and conservation areas. 

Hot spots and local elections 

The number of regions that conducted PILKADA in Sumatra 
and Kalimantan for the last 17 years peaked in 2005, 2010 and 
2015. Those years coincided with 1 year after the national 
general elections, which were held in 2004, 2009 and 2014. 
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FIGURE 3 Land uses and occurrences of hot spots in Kalimantan and Sumatra

TABLE 2 Distribution of hot spots per 1 million ha of land in the period 2010–2017

Land use
Area 

(M ha)
Hot spots, average 

(2010–2017)
Hot spot density/M ha/year

(2010–2017)

Corporate-managed lands Logging concession 12.4 774 62.30

Pulpwood plantation  8.9 3,897 437.28 

Oil palm plantation 11.7 2,650 225.49 

Overlapped concession  2.4 376 156.00 

Non-corporate-managed 
lands

NSFZ managed by individuals and 
communities

30.4 3,478 114.19 

Production forest 13.8 3,540 256.04 

Protected forest and conservation 
areas

22.1 1,900 85.80 
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The greatest number of hot spots occurred in 2004, 2006, 
2009, 2014 and 2015, which coincided with the year prior to 
each PILKADA year (except for 2006), as shown in Figure 4. 

A high hot spot density occurred in Sumatra and 
Kalimantan and was hypothesized as being correlated with 
local politics (Figure 1). To verify this observation, we devel-
oped a regression model between the number of hot spots and 
PILKADA occurrences in Sumatra and Kalimantan. We 
found that the number of hot spots in year t was a function 
of the number of hot spots in year t–2 and of PILKADA that 
occurred in the year after year t+1 or Yt = f (Yt–2, Xt+1).

Log Yt = 0.937 log Yt-2 + 0.0219 Xt+1

In the above, Yt = the number of hot spots in year t, Yt–2 = 
the number of hot spots in year t–2 (hot spot occurrence from 
2 years prior), and Xt+1 = PILKADA occurrence 1 year after 
the hot spots recorded in year t. The mean absolute percentage 
error (MAPE) of the model is 9%, which means the model is 
sufficiently strong (See Annex 1 for more details).

There are other variables, such as precipitation, tempera-
ture, atmospheric moisture and El Niño that affect the occur-
rence of fire events (Flannigan and Harrington 1988). For 
example, there were very strong El Niño events in the 1997/98 
and 2015 fires. However, in this model, they are not present-
ed. The purpose of this model is to find the link between 
fire occurrence proxied by the number of hot spots and 
PILKADA. This model has shown a statistical connection 
between these two parameters. 

DISCUSSION

Fire distribution and actors

Fire occurrence, proxied by hot spot numbers (Table 1), was 
found on land managed or administered by: corporations 

(46.7%) and non-corporate concessions i.e. communities and 
governments (53.3%). Among the corporate-managed lands, 
oil palm plantations both in SFZ and NSFZ were the biggest 
contributors to fires (20.2%), followed by pulpwood planta-
tions (19.8%) and timber logging (4.1%). These three types of 
actors (i.e. corporation, community and government) should 
be responsible for fire occurrences in their managed areas. 
This provides new understanding, since in most cases, only 
communities and companies are blamed for fire occurrences. 
Communities live scattered inside all land uses legally and 
illegally and contribute to fire occurrences (Table 2). These 
communities are local communities and migrants coming 
from other areas. They can occupy land for their own pur-
poses as well as be workers for rich people from nearby cities.

The highest density of hot spots on corporate-managed 
land was found on pulpwood and oil palm plantations, while 
that on non-corporate-managed land was in the SFZ i.e. 
production forest (see Table 2). This production forest is 
managed by the government. Our findings corroborate those 
of Gaveau et al. (2017), who reveal that idle land in either 
corporate- or non-corporate-managed lands is the location for 
fire occurrences. These lands were burnt to give economic 
benefits (Purnomo et al. 2017). The key role of big corpora-
tions in fire and haze in Indonesia and Southeast Asia was 
highlighted by Varkkey (2013, 2016). Prabowo et al. (2017) 
and The Gecko Project (2018) provided evidence of how oil 
palm plantation corporations accumulated power that enabled 
them to control productive and protective forest land in 
Kalimantan and Sumatra, Indonesia (see also in Mizuno, K. 
et al. (eds). 2016).

It is important to note that very limited use of fire by 
indigenous people is allowed by Law 32 of 1999 on Environ-
mental Management and Protection. However, fires are illegal 
beyond that. Land and forests were burned illegally to make 
them ready to plant, especially for oil palm plantations. Fires 
in pulpwood and industrial plantation areas were the largest 
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contributors to smoke haze in Riau Province. In Riau, twelve 
wood plantation company areas (both small and large) were 
burned (Syukur 2015). Those burnt areas have not necessarily 
been planted, as in general, only 30% of plantation areas are 
actually planted. The rest can be under land conflict with local 
communities or allocated for protection area and tanaman 
kehidupan (trees for local livelihoods) zone for local com-
munities. Local-level political economy hinders the capacity 
of local government to control the sustainability of forests in 
Indonesia (Burgess et al. 2012).

Fires and local politics

Analyses on the links between local elections and deforesta-
tion are not new. The number of permits granted for land 
opening significantly increased prior to PILKADA (Burgess 
et al. 2012). This paper’s contribution is to elaborate the 
mechanism by which local actors use fire to secure access 
to land. 

PILKADA, or elections for local political elites, often 
involve land transactions (The Gecko Project 2018). The can-
didates, comprising district heads (who are either incumbents 
or new candidates), can grant access to communities or 
migrants to manage a certain patch of land. Land politics may 
involve the use of power or money to bribe voters to vote for 
those candidates. Land areas given by the candidates are cat-
egorized as either ‘open access’ or ‘idle land’ inside or outside 
corporate concession areas that are not secured (intentionally 
or unintentionally) by the government or corporations. These 
lands are often claimed by local people through traditional 
use patterns that are potentially recognizable by the govern-
ment due to Constitutional Court Ruling No. 35 of 2013 that 
recognizes ‘traditional’ claims. The court redefined the status 
of customary forest within SFZ, and moved customary forest 
from the SFZ category to private forest (Siscawati et al. 2017). 
However, the execution of this constitutional court is compli-
cated; it takes a long time to resolve issues and produces 
uncertainty about land ownership.

Prior to the local election, the incumbents issue permits to 
improve their chances of continuing in the second term. 
Meanwhile, the challengers make promises to allocate land 
in their campaigns. These permits are given due to political 
connections that lead to less control in using fire in land 
management. In Kalimantan, local elections were found to 
be an obstacle (not a solution) to the struggle in tackling 
forest fires and protecting Kalimantan’s rapidly deteriorating 
environment (Berenschot 2015, Lang 2016). 

Indonesia is a developing country with dynamic social, 
economic and political conditions. Decentralization that has 
been in place since 2000 has aimed to improve governance at 
the subnational level. PILKADA is a manifestation of decen-
tralization in Indonesia (Barr et al. 2006). Despite the promise 
that decentralization would bring policy-making processes 
closer to the people, its success relies on the local governance 
leadership (von Luebke 2009). However, it has also brought 
the emergence of local elites (Barr et al. 2006) and increased 
the deforestation rate (Suwarno and Hein 2015). One of the 

manifestations of the failure of decentralization is the inabil-
ity of PILKADA to produce strong and good leaders (Choi 
2007, Aspinall 2014). A key storyline is that local elites give 
access – or promise to give access – to land to help them 
compete in the PILKADA, and the recipients use fire to estab-
lish their claim over the land. These local elites influence 
PILKADA through the access they give to land on which fire 
may be used. The interactions of natural resources, users/
actors and land/forest governance are described in Figure 5. 
The interactions among the four elements of the social-
ecological system (SES) produce outcomes in the form of 
fires and a hazardous haze that affects ecosystems, economic 
conditions and the health of millions of people in Indonesia 
and Southeast Asia. 

PILKADA represents the political battle involving 
local elites that try to gain positions as local leaders, thereby 
influencing the SES. The elections of local leaders that 
involve land transactions were discovered in Riau. PILKADA 
encouraged the acquisition of open access land by local 
political elites, e.g. in the case of the Buol district head elec-
tion in Central Sulawesi (Samad 2012). A similar case was 
also found in Central Kalimantan (EIA 2014). The correlation 
between local politics and deforestation has been addressed 
by previous researchers (Butler 2011, Burgess et al. 2012). 
PILKADA, as currently practiced, has not been able to bring 
about leaders that can implement good governance. Instead, 
Aspinall (2014) and Berenschot (2015) show that clientelism 
– the exchange of material benefits for political support – 
persists. The local system can produce fire and haze that 
badly affects the economy, ecosystem and environment. 
Corruption further weaken the institutions and system of 
governance were compromised. The existing institutions do 
not work and are replaced by extra-legal institutions that are 
controlled by local elites in crony-type relationships with 
powerful actors such as pulpwood and oil palm corporations 
(Kartodihardjo et al. 2015, Varkkey 2016). The ability of local 
and regional elites, often entrenched in patronage networks 
with plantation owners and policy makers, to curtail environ-
mental policies, goes a long way towards explaining the 
continuation of forest fires in this area (Edwards and Heiduk 
2015, Purnomo et al. 2018). These illegal institutions estab-
lish practices that are followed by various actors and that lead 
to deforestation and fires. They do not practice good land 
management as the best practice is not enforced. These ‘bad’ 
actors attempt to gain a larger benefit for themselves without 
considering the sustainability of forests and land (Monzón-
Alvarado et al. 2014, Putra et al. 2019). They are supported 
by corporate bribery to influence the voters. 

Some actors use fire to reduce the costs of land prepara-
tion and planting. Using fire in land management is a private 
activity that provides benefits to those who set the fires, 
whereas the haze resulting from that activity is public goods 
that affect the whole ecosystem and all the people under the 
patronage of business institutions such as corporations that 
produce wood fiber, industrial timber and palm oil. This 
haze phenomenon can be categorized as the ‘publication of 
disaster and privatization of benefits,’ which means that the 
beneficial product of land fires is enjoyed only by individuals 
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and corporate actors while the damages and losses from 
land fires are borne by the public. These free-riding and rent-
seeking behaviors usually exist when local political leaders 
depend on the support of their patrons or business elites to 
continue ruling the regencies. The mutual benefit patronage 
(e.g. land, money, unenforced laws and votes) between local 
leaders and business elites is usually established before the 
former are elected as political leaders. 

Options for future solutions

The important result of this investigative and analytical study 
is that it confirms the penetration of the social and political 
systems by an interactive network of profiteering commercial 
enterprises and benefiting political power players, who in this 
case steer the local electoral process in their favor by bribery. 
Evidence is provided by the close association among local 
elections, and hot spots and haze from forest and land burn-
ing. However, we have not looked at the effects of provincial- 
and national-level elections. PILKADA, which is a part of 
the democratic and political processes, must produce welfare 
for those citizens who are the voters. Resource plundering 
and abuse must be avoided. Those who profit financially or 
politically through the acquisition of power do not consider 
the impact derived from environmental factors such as 
hazardous haze that cause damage (Monzón-Alvarado et al. 
2014). 

Regulations that are not in accordance with sustainability 
or that allow fire use should be revoked. Only those regula-
tions that truly allow fire use to be controlled and where the 

government has the capacity to localize and manage the 
fire use could be considered (Saharjo 1999). Presidential 
Instruction No. 11/2015 of 24 October 2015, Enhancing and 
Preventing Land and Forest Fires, should be implemented 
on the ground. The implementation of new Government 
Regulation No. 57/2016 on Protection and Management of 
Peatland Ecosystems and its subsequent regulations must be 
monitored. Some corporations and smallholders object to the 
implementation of this regulation since it jeopardizes their 
pulpwood and oil palm plantations on peatland (Hadrian 
2017, Arumingtyas 2017). Local communities and land-based 
corporations with different land-management and benefit-
sharing scenarios must collaborate and attempt to reduce or 
control fires and improve the livelihoods of local communi-
ties (Purnomo and Mendoza 2011, Purnomo et al. 2014a, 
Thondhlana et al. 2015). The elected leaders are key to 
ensuring that these regulations are in place for the benefit of 
the public. 

The elected leaders must play key roles in enhancing 
the efficiency and transparency of bureaucracy to reduce rent-
seeking behaviors of corporations, ruling elites or communi-
ties. The quality of governance will be improved if the elected 
leaders can reduce the patronage network, particularly 
between corporations and the ruling elites. Palm oil, and pulp 
and paper are Indonesia’s most important agricultural com-
modities in the global market. For example, palm oil is the 
largest export commodity. In 2017, its export value was USD 
18.5 billion (Bank Indonesia 2018), or 11% of Indonesia’s 
total export. High demand for these commodities will give 
Indonesia a competitive advantage. More attention should be 

FIGURE 5 Haze and the social–ecological system (SES) framework
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paid to ways to develop oil palm and pulpwood plantations in 
a sustainable way. The elected leaders must ensure that there 
is a better balance of power among various stakeholders in 
land allocation and use permits (van Noordwijk et al. 2014, 
Purnomo et al. 2014b). Indonesia can aim to attain the UN’s 
Sustainable Development Goals (SDGs) No. 3 (ensure healthy 
lives and promote well-being for all at all ages), No. 13 
(climate change mitigation) and No. 15 (sustainability of 
terrestrial ecosystems, which include forests) if Indonesia can 
reduce the number of fires on land and in forests, especially 
on peatlands, but also on wetland and dryland.

CONCLUSIONS

Hot spots occur on every type of land use and tenure. During 
2001–2017 concessions, areas of corporate logging conces-
sions, and pulpwood and oil palm plantations contributed to 
46.7% of hot spots, while areas outside corporate concessions 
contributed to 53.3% of hot spots. During 2010–2017 pulp-
wood plantations had the highest hot spot density, followed 
by production forest and oil palm plantations. Forest and land 
managers who use fire as a management strategy trigger the 
occurrence of forest and land fires. Regulations that are rigid, 
impractical and often interest-biased, and the weakness of 
government institutions in developing and enforcing regula-
tions, are the main causes of fire occurrence. Both technical 
and political economy approaches are important to effective 
fire prevention. Climatic factors such as El Niño exacerbate 
the risk of fires massively. The weakness of governance is 
caused by the patronage network in any social, political 
or economic sector and at every level. We conclude that 
PILKADA and fire occurrence are connected. The solution to 
land and forest fires should not only prioritize the technical 
management of land and forest, it should also be based on a 
political economy approach to building stronger governance. 
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ANNEX 1. THE REGRESSION BETWEEN THE NUMBER OF HOT SPOTS AND LOCAL ELECTIONS (PILKADA)

The relation between hot spots (Y) and PILKADA (X) is 

Log Yt = 0.937 log Yt–2 + 0.0219 Xt+1

Yt = Number of hot spots in year t
Yt–2 = Number of hot spots in year t–2 (hot spot occurrence from 2 years prior)
Xt+1 = PILKADA occurrence 1 year after a hot spot recorded in year t

Predictor 
No constant

Coef. SE Coef. T P VIF

logYt-2 0.93702 0.04946 18.95 0.000 1.948
Xt 0.021854 0.009424 2.32 0.046 1.948
S = 1.06916; PRESS = 15.7433

Analysis of variance

Source DF SS MS F P
Regression 2 947.59 473.79 414.48 0.000
Residual error 9 10.29 1.14
Total 11 957.88

Durbin–Watson statistic = 1.80315


