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ABSTRACT 

This research addresses the reoccurrence of forest fires and their size with regional-spatial 
information. This study is attained to the Sustainable Development Goal in the year 2030 (climate action 
and life on land) and is consistent with the mission of JISDeP. Probit and tobit regression analyses were 
applied to the regional-spatial panel data from 2015 to 2018 in Indonesia with the observations of forest-
fire events, peatland, forest area, and timber concession on an annual basis. Such analyses would 
characterize the possible determinants for the forest fire reoccurrence together with their sizes. 
Comparatively, this study tries to fill the gap by examining the reoccurrence of forest fires. This research 
tries to fill in the gap on studies about land and forest fires by combining quantitative analysis using probit 
and tobit regression and using spatial approach of peatland, forest and timber concession area. The 
regression results reveal the following outcomes. The first outcome is whether forest fire reoccurrence 
positively (negatively) associated with peatland and forest areas (timber concession). Second, forest fires 
tend to decrease with the repetition of past forest fires but increase with timber concession, peatland, 
and forest areas. Overall, these results imply that the reoccurrence of forest fires and their sizes is highly 
concerned with timber concession and types of areas, suggesting that Indonesia should organize the 
policies regarding forest timber concession and areas to reduce forest fires and the associated damage. 

Keywords: forest fire reoccurrence, peatland, timber concession, forest area 
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1. Introduction 

The World Bank estimates that, in 2015, forest fires cost Indonesia at least USD 16.1 billion (IDR 
221 trillion) with a size of 2.6 million hectares. It is about four and a half times the size of Bali. The 
government has paid much attention to business permit holders since the massive fire in 2015.  Joko 
Widodo declared Presidential Instruction No. 11/2015 as vigorous law enforcement to control fire inside 
timber concession. Consequently, when a company is proven guilty, the government has the right to 
enforce sanctions ranging from imposing a fine to revoking a business license. These forest fires keep 
happening inside or outside timber concession, peatland, or forest area. Given the state of affairs, the 
study seeks to address the forest fire reoccurrence and their size using regional-spatial information. 
Specifically, the following two questions are addressed. First, do the recurrent fires positively correlate 
with timber concession, peatland, and forest area? Second, does the fire size positively correlate with 
timber concession, peatland, and forest area with recurring fire?   

The fire has a high likelihood of reoccurring inside the peatland, and the previous studies 
established that the nature of the peatland makes this area nonadaptive to fires. Human activities inside 
the peatland make this area sensitive to deforestation (Murdiyarso et al., 2010; Page et al., 2009a). 
Activities within dry peatland can ignite a fire on the surface. This has been reported in several studies, 
and they suggested that it is essential to keep the surface humid and keep the water table level under 
control to prevent fire (Langner and Siegert, 2009; Wooster et al., 2012; Wösten, et al., 2006; Yulianti et 
al., 2012). Sadly, many people still do not know these facts and consider peatland as an unproductive 
swamp that should be drained. In fact, it was activities in peatland and swamp that lead to 1997-98 forest 
fires in South Sumatra (Tacconi et al., 2006). Besides, the Ministry of Environment and Forestry reported 
that one-third of burned areas are inside peatland.  

Previous studies show that forest fire correlates with timber concessions. Hoffman et al. (1999), 
Potter and Lee (1998) and Stolle et al. (2013) found the evidence from satellite imagery and maps of active 
fires (hot spots), suggesting that the most extensive fires and smoke originated from the government-
owned plantation and logging timber concessions. Another research by Tacconi et al. (2006) also 
supported this argument by stating that the development of timber companies, settlements, and roads 
tends to increase fire risk. Besides timber concession, past literature revealed that forest area is 
associated with forest fire reoccurrence. Due to forests' use as the primary source of life, people try to 
utilize them easily and cheaply. (Purnomo et al., 2017) described that people use fire for land clearing 
because it is less expensive than using mechanical tools. Additionally, the forest area that is not inside the 
timber concession boundary has a high risk of being burned (Gaveau et al., 2016).   

Even though some studies in forest fire issues have been conducted using a similar method and 
similar data type, most of them focused on investigating only a one-time significant forest fire incident. 
However, now in Indonesia, forest fire happens occasionally every year. Thus, this research can be 
considered to complement the previous studies by combining not only the spatial process but also 
conducting the statistical procedure. Moderately, this study tries to fill in the gap by examining the forest 
fire reoccurrence. Given the literature, it can be hypothesized that forest fire can occur and reoccur in 
peatland, timber concession, and forest areas. Comparatively, in terms of the size of the burned area, it 
can be hypothesized that the size is larger after fire reoccurrence because people feel safe to make 
repeating combustion. This research uses probit and tobit regressions to test the hypotheses by utilizing 
the regional-spatial panel data from The Ministry of Environment and Forestry of Indonesia.  

The strength of this study is using time-series data of the burned areas from 2015 to 2018.  
Indonesia suffered from a widespread fire in 2015, and it kept on going three years later. Previous studies 
used only one single specific data and did not consider the reoccurrence of fire. There is a high chance 
that one area burned more than once while the geographic method could capture the reoccurrence event. 
The empirical method is used to see the correlation of forest fire reoccurrence on the other variables. The 
highlight of this research is to emphasize the trade-off of government policy for preventing the 
environment and investment in the forest area.  
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2. Methodology 

This study uses regional-spatial panel data from the Ministry of Environment and Forestry (MoEF) 
from 2015 to 2018, such as area size, timber concession, peatland, and forest area. This data can be 
accounted for because it has passed the field survey checking. The original form of unit analysis of the 
dependent variables is polygons of burned areas (hectare). The independent variables consist of the 
peatland, forest area, and timber concession in a polygon (hectare). Thus, this research transforms these 
polygons from numerical into categorical data.  

This study utilizes two procedures, spatial and empirical. The first procedure of the spatial 
process aimed to form the panel data structure. The panel data were further analyzed using probit 
regression. This empirical method is used to see the correlation of forest fire reoccurrence on the other 
variables.  Tobit regression is later applied to see the correlation between the size of forest fire and other 
variables,. Finally, the statistical regressions will generate the marginal effects of the independent 
variable.  

This study focuses on the occurrence and size of the burned area as dependent variables. 
Ministry of Environment and Forestry (MoEF) generates the burned area data based on Moderate-
resolution Imaging Spectroradiometer (MODIS) for hotspot and Land Satellite (LANDSAT) with a high 
resolution. The first independent variable imperative to discuss is the peatland. Peatland is characterized 
by organic material decomposition and water. This spatial data is based on MOEF regulation number 
P.60/2019, with a scale of 1:250.000. 

Another independent variable is the forest area, which also comes from the MoEF scale of 
1:250.000. The definition of forest area in this study is the areas or regions with legal status, function, 
location, and the boundary as a state land forest. The forest area has three functions: conservation, 
preservation, and production. People can utilize forests under the state's control, and its use is limited 
only in the production area. All activities in the forest must be based on a clear legal basis related to the 
forest area. This legal basis is closely related to the risk of illegal deforestation. 

The third independent variable is timber concession, which also comes from MoEF. Timber 
concessions are firms that have a legal business license from the government to use the forest products 
inside the forest area. The government grants this license to individuals, cooperatives, Indonesian 
private's companies, and state or regional government-owned companies. The licensing process includes 
boundary arrangement, a recommendation from the governor, technical supervision, proposal 
evaluation, mapping the area requested. Additionally, if the areas are legitimate, the timber concessions 
have to pay non-tax state revenue. Indonesia's forestry law states that timber concessions must be 
responsible for fires in their area.  

Furthermore, there are other kinds of utilization in forest production areas, such as non-timber 
production and environmental services. However, these types of users do not involve in cutting down 
trees. This study excludes these non-timber and environmental services firms. Even though palm oil 
plantation also causes forest fire, this study eliminates oil plantation to focus only on the forest area. This 
is because the location is outside of the forest boundary. 
 This study modifies polygons, originally in a hectare, into binary numbers by implementing the 
spatial process illustrated in figure 1.  This process starts from intersecting every polygon of the burned 
area from 2015 to 2018. The non-overlapping polygons indicate an unburned area (identified as 0) or 
burned once (identified as 1). On the other hand, overlapping polygons mean that the locations 
experience fires more than once ( 2 = burned twice;  3 = burned three times, 4 = burned four times). Then, 
for the fire reoccurrence context, the repeating burned area is valued as one and not repeating valued as 
0.  

The next procedure is intersecting the polygon of forest area, peatland, and logging timber 
concession with repeating burned areas. These new classifications consist of categorical data 1 and 0. In 
detail, this research identifies repeating burned areas inside timber concession, inside the forest area, 
and inside peatland as 1. Otherwise, the fire reoccurrence outside these boundaries is classified as 0. 
Thus, the panel data is ready to be examined using the probit model. 
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Figure 1. Spatial Methodology of Repeating Burned Area (Own elaboration) 
 

The illustration of fire reoccurrence is drawn in figure 2. The burned area location is in Papua 
Province, east part of Indonesia.  This forest fire map consists of information related to peatland, timber 
concession, and forest area. CONS means the timber concession area, Forest_ ID refers to the forest area, 
Fire_Repeat shows the forest fire repeating,  LUAS_ALL implies the size of the polygon in a hectare, 
Peat_ID illustrates the peatland, and repeat is how many times the fires repeat.  Additionally, the dark 
area on the map shows the repeating burned area (identified as 1), and the light area is otherwise (0). The 
dark one represents the area outside the timber concession (0), outside the peatland (0), inside the forest 
area (1), and has the size 155.64 Hectare. 

 

Figure 2. Burned Area (Own elaboration) 

This spatial process generates forest fire polygons from 2015 to 2018, including variables needed 
for this research. In detail, the polygons contain information about fire occurrence, size, and repeating (or 
not) events. Besides, the location of fires, inside (outside) timber concessions, peatland, and forest area 
are included as influential factors through this process. As explained before, the polygons are now 
categorical. All variables involved in this spatial panel data are described in Table 1 
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Table 1: Variables included in the analysis. 

 Type 

Dependent Variables  
Forest Fire re-occurence 
 (1= 100% Re-occurrence; 0= otherwise) 

Categorical 

Forest Fire Repeating Event 
 ( 0= not burn 1=  burned one time; 2 =burned twice;  3 
=burned three times 4= burned four times) 

Categorical 

Forest Fire Size (Hectare) 
 

Numeric 

Variable of Interest  
Timber concession  
(1= inside timber concession ; 0= outside timber concession) 

Categorical 

Peatland 
(1= inside peatland ; 0= outside peatland) 

Categorical 

Forest Area 
(1= inside forest area ; 0= outside forest area 

Categorical 

Source: Own elaboration 

The panel probit regression is suitable to examine the correlation of dependent and independent 
variables, regarding dependent variables that are discrete binary data, which are repeat or not repeat 
burned areas (the values of 0 and 1). The methodology also depends on the research objective, and this 
study explains the correlation between the peatland, the forest area, timber concession, and the 
repeating fire. Then, the marginal effect of a change in the explanatory variable on the dependent 
variable's expected value is calculated. 

The following basic specification is used : 

𝑅𝑒𝑝𝑒𝑎𝑡𝑖𝑛𝑔𝑎𝑟𝑒𝑎 = 𝛽0 + 𝛽1  𝑐𝑜𝑛𝑐𝑒𝑠𝑠𝑖𝑜𝑛 + 𝛽2 𝑝𝑒𝑎𝑡𝑙𝑎𝑛𝑑 𝑎𝑟𝑒𝑎 + 𝛽3  𝑓𝑜𝑟𝑒𝑠𝑡 𝑎𝑟𝑒𝑎 

Repeating is the dependent variable that describes an area that has been burned more than once. The 
variable was set as a dummy variable, in which 1 is equal to the area burned more than once, while 0 is 
equal to otherwise. Timber concession is the dummy variable that indicates the area of timber concession. 
The value is 1 when the fire occurs inside the timber concession and 0 if it occurs outside the timber 
concession. Peatland is also a dummy variable referring to the area of peatland. The value of 1 is assigned 
when burned area takes place inside the peatland, and 0 is given if it takes place outside the peatland. 
Forest area is another dummy variable indicating the forest area. The value is 1 when burned area occurs 
inside the forest and 0 if it happens outside the forest. 

The next research objective is to know the influence of repeating fire, timber concession, 
peatland, and forest boundary on the size of forest fire in Indonesia. In this study, tobit is an appropriate 
method since the outcome variable (burned area size) can be either a positive or a zero. In other words, 
this research cannot use the linear regression model because in linear regression, predictions may be 
negative, and the effects of explanatory variables are linear. Thus, tobit regression is an appropriate way 
for these kinds of circumstances.  

Then, for this case, The following basic specification is used 

𝑦∗ =  𝛽0 + 𝛽1𝑥1 + ⋯ + 𝛽𝑘𝑥𝑘 + 𝑢, 𝑢|𝑥 ~𝑁(0, 𝛿2) 

𝑦 =  max(0, 𝑦∗) 

Where y* is the observable latent variable of burned area size, while x1 to xk is the independent variable 
(timber concession, forest area, peatland). E, y is the observable outcome of burned area size. 

Thus, this research can be considered to complement the previous studies by combining the 
spatial process and the statistical procedure. These procedures enable us to fully utilize the nature of the 
regional-spatial panel data by transforming the information into categorical and numerical variables. 
probit regression is utilized for the examination of timber concession, peatland, and forest boundary that 
correlate with the occurrence of forest fire in Indonesia. Tobit is used to test the association of timber 
concession, peatland, and forest boundary on the size of forest fire in Indonesia. Both of these 
quantitative analyses are needed to explain the possibility of forest fire reoccurrence and its size. The 
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probit regression is suitable for analyzing the correlation between the fire's repeating event and every 
independent variable. The tobit regression is appropriate for the analysis of the size of the repeating 
burned area. This study can extend the data from 2000 to 2020 and build up the cross variable analyses 
for future research. An example is the fire event analysis that reoccurs in the timber concession inside the 
peatland area.  

 
2.1 Trends and Situation of Forest Fire in Indonesia  

This paper uses two kinds of data processing, spatial and statistical processing. After conducting 
the spatial processing, the study generates information about the frequency and location of repeated 
fires. Table 2 shows the percentages of forest fire repeating events. The percentage of fires gradually 
decreases after the first fire. The share of the repeating area is approximately 5.03 % (Twice, Three Times, 
Four Times) of the total area, and the majority of fires occur only two times in the same area (4.5%). Such 
a low figure indicates that after 2015 people no longer intend to ignite the fire in the same location twice  

 
Table 2. Forest Fire Repeating Event 

Repeating Event Percent (%) 

Not Burn 77,2 
Once 17,77 
Twice 4,5 
Three Times 0,5 
Four Times 0,03 

source: own elaboration 

Table 3 below show that from 2015 to 2018, the trend fluctuates. Moreover, from 2015 to 
2016, the number of fires sharply decrease from 48792 to 5696 before it steadily rises again in 2017 and 
2018. There are 16 possibilities of repeating fire from 2015 to 2018 because fire can occur randomly. For 
instance, peatland forests were scorched in 2015, and the fires came back in 2017. Another alternative is 
that it may be scorched every year. The existence of these forest fires is displayed in table 3. The table 
shows that most forests are burned in the same location twice, in 2015 and 2018. Even though the 
statistical analysis shows that burned frequency is three to four times, the observation number is small.  

Table 3. The Frequency of Forest Fire Occurring 

Fires Occurrence (Year) Burned Frequency Number of Observation 

Not Occur 0 488156 
2015 1 48792 
2016 1 5696 
2017 1 12316 
2018 1 45256 

2015 and 2016 2 2064 
2015 and 2017 2 2964 
2015 and 2018 2 17392 
2016 and 2017 2 684 
2016 and 2018 2 2224 
2017 and 2018 2 3452 

2015, 2016 and 2017 3 196 
2015, 2016 and 2018 3 956 

2015, 2017 and 2018 3 2068 
2016, 2017 and 2018 3 320 
2015, 2016, 2017 and 2018 4 176 

Total  632.712 

source: own elaboration 

As a climate factor, ENSO plays an essential role in forest fire events because it triggers fire 
ignition. ENSO or popularly known as El Niño, causes abnormal temperature and precipitation rainfall 
rate, which can manifest into extensive drought around the regions affected. Figure 3 shows that an 
increase in 2015 hotspots started in August, peaked in September and October, and then dropped 
dramatically in November. The trend occurs in all provinces in Indonesia. A decrease in hotspot data by 
November was caused by increased rainfall. This study argues that forest fire in Indonesia keeps appearing 
every year, or in other words, forest fire will appear in the El Niño season (or not). The fire will appear as 
the result of abnormal temperature, precipitation, and the drying peatland. However, fire events will 
increase during the dry season in rainforest countries if fuels are abundant. El Niño may occur, but fire 
activities will not take place if enough fuel is unavailable.  
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               Figure 3. Hot Spots in 2015 (Indonesia's Ministry of Environment and Forestry, 2015) 

Figure 4 below shows that the forest fire reoccurrence in Indonesia has a specific spatial 
pattern. For instance, as the world bank mentioned earlier, Central Kalimantan, South Sumatra, South 
Kalimantan, West Kalimantan, and Papua suffered from a massive fire in 2015 and fire reoccurrences for 
the past three years. All of these provinces had the same land traits; they all are peat provinces. In 
contrast, in East Nusa Tenggara, which is mainly covered by savanna grassland,  the fire is used to cultivate 
grass for cattle and improve hunting visibility (Dennis et al., 2005; Tacconi and Ruchiat, 2006). 

 

 
Figure 4. Repeating Forest Fire Map 2015 -  2018 (Own elaboration) 

 

Figure 5 shows spikes in the number in 2004, 2006, 2009, and 2015 of hotspots compared to 
any other year in the last 16 years. The catastrophe related to the El Nino phenomenon was befalling in 
Indonesia at that time. Land and forest fire caused 80% of the area in Sumatra and Kalimantan covered in 
dense smoke. In 2015, after the massive fire, efforts to prevent and manage land and forest fire disasters 
ran well while the number of hotspots drastically dwindled.  
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Figure 5. Hot Spots from 2001-2016 (Indonesia's Ministry of Environment and Forestry, 2016) 

The climate is difficult to control; hence the peatland easier to manage. The peatland should 
have proper water table management since humid peat is more adaptable to fire. (Page  et al., 2004) 
reveal that during the El Niño season, groundwater may decrease and creates peatland fire. Additionally, 
(Jauhiainen et al., 2014) opine that extreme drainage peatland can lower the canopy, exposing peatlands 
to fiercer solar penetration.  Deforestation activities can increase the temperature of the peatlands. 

Indonesia's government tries to protect and restore degraded peatland by issuing several 
policies. Presidential Instruction No. 8 of 2015 suggests a moratorium license for timber concessions to 
promote deforestation in the peatland. Another policy that governs the restoration of the production 
forest is Environment and Forestry Ministerial Decree No. 77/2015.  This regulation is considered the 
government’s effort to give an understanding of how to manage timber concession within Indonesia's 
peatlands. 

2.2 Challenges in Combating Forest Fire 

The government programs to prevent fires sometimes meet many obstacles. Further, the loss of 
the peatland from 2015 to 2018 is described in Figure 6. The government succeeded in diminishing burned 
areas to only 8% in 2017; however, in 2018, the peatland fire increased to 25%. The increasing number of 
fires in 2018 indicates that the number of land degradation is way too large, and it takes time to become 
wet again through dry season onset. The peatland loss is hard to rehabilitate quickly because it takes more 
than a thousand years to form the peat layer. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Indonesia's burned area within peatland (Indonesia's Ministry of Environment and Forestry, 2018) 

Figure 7 displays a comparison between fires in forest areas and non-forest areas. The share of 
fire events in forest areas increases from just 30 percent in 2015 to over a half in 2018. There is a possibility 
that the burned areas have already been open areas without dense canopy. Furthermore, fire is likely to 
appear from a bush or shrubland near the forest area, and because of the nature of fire, it can easily 
infiltrate the forest.  
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Figure 7. Indonesia's burned area within the forest area (Indonesia's Ministry of Environment and Forestry, 2018) 

These two scenarios make sense if we adopt the forest-fire exploitation cycle (Byron and  
Shepherd, 1998; Nepstad et al., 1999). The cycle starts by opening the forest for logging or road 
construction. Next, the sun can easily penetrate the forest floor and decrease moisture so the resulting 
forest will dry out. Once the tree cuts, the forest suddenly loses the immunity to fight the fire, and the 
deadwood that is left behind will support combustion as a fuel. Subsequently, after the forest was on fire, 
it will provide more open space, which is more inflammable. Consequently, the forest will completely be 
replaced by grassland if this cycle continues. 

The composition between timber concession and repeating forest fire shows in the crosstab 
table below. Table 4 displays that 0.34% of fires occur more than once inside the timber concession.  This 
small number of fire occurrences indicates that timber firms try their best to keep the business area clear 
from fire throughout the time. However, as seen in table 4, more than 90% of fires are from outside timber 
firms' working areas. Consequently, firms have two obligations. They must prevent the fire from 
appearing in their areas and keep the fire away from their surroundings.   
 

Table 4. Crosstab forest fire and timber concession 
 

 Timber concession Total 
0 1  

Repeating 0 545,272 (86,18%) 54,944 (8,68%) 600,216 (94,86%) 
 1 30,340 (4,8%) 2,156 (0,34%) 32,496 (5,14%) 

Total  575,612 (90, 98%) 57,100 (9,02%) 632,712 (100%) 

source: own elaboration 

Besides the big scale corporation, a small scale of human activity whose livelihood depends on 
the forest also exists. This research argues that the small scale of human activities for economic intention 
is hard to measure. Also, the data that prove small-scale human activities causing the fire are limited. The 
vast area of the Indonesian forest makes people easy to enter the forest boundary and ignites a fire. 
Gaveau et al. (2017) demonstrate that satellite imagery can show the pattern of small-scale farmers' 
activities. The small parcels of irregular shape, size, and direction are an indication of small scales 
activities. This satellite delineation method is suitable for a limited area such as Riau Province. In contrast, 
it is challenging to make a delineation for all Indonesia regional areas. 

Table 5 reveals that although the share of repeating fire in the peatland is relatively small at 
only 1,84 %, the government cannot be off guard to prevent fire because once the peatland is burned, it 
will be difficult to put out. Consequently, if the fire appears for weeks in the peatland, it will produce more 
smoke than other forest types (Yeager et al., 2003).  This type of forest generates carbon dioxide two 
times more than other forest types (Varma, 2003). The world bank counts that the effect of haze causes 
more than 500.000 cases of acute respiratory infections, and 19 people passed away in 2015. 
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Table 5. Crosstab forest fire and peatland. 
 

 Peatland Total 
0 1  

Repeating 0 470,516 (74,36%) 129,700 (20,5%) 600,216 (94,86%) 
 1 20,852 (3,3%) 11,644 (1,84%) 32,496 (5,14%) 

Total  491,368 (77,66%) 141.344 (22,34) 632,712 (100%) 

source: own elaboration 

Before moving forward to repeating fire, we can see from table 6 that the gap between fire 
share inside and outside the forest is just 6%. This data reveals two scenarios. First, people unintentionally 
ignite fires inside the forest area because they do not have enough knowledge about forest boundaries. 
The forest border sometimes vanishes over time, and people easily enter forest areas without pretension. 
Even though the legitimation of the forest boundary is drawn in a forest area map, sometimes people are 
not familiar with it. In Indonesia, more than 50% labor force is dominated by the lower level of education; 
most education levels are junior high school or below (Pratomo et al., 2020). A low level of education 
somehow forms people's mindset about forest boundaries. 

Table 6. Crosstab forest fire and forest area. 

 Forest AREA  Total 

0 1  

Repeating 0 280,116  (44,27%) 320,100 (50,59%) 600,216 (94,86%) 

 1 13,884 (2.19%)  18,612 (2,94%) 32,496 (5,14%) 

Total  294,000 (46,47%) 338,712 (53,53%) 632,712 (100%) 

source: own elaboration 

The possibility is that the combustion actors are aware of the forest area; however, they keep 
burning it because they think no one owns the land, and they want to acquire it. However, the table shows 
that the fires appeared inside the forest area for approximately 53%. Further, in terms of repeating fire, 
we can see that people choose to set fire at the same location inside the forest area (2,94%); hence, they 
are not afraid to get caught by the authority. Besides, forest rangers do not have enough resources and 
supplies to control all areas. To put it in perspective, the total area of Indonesia’s forest is 125 million 
hectares, while the number of forest rangers is only around 2650. In other words, one forest ranger must 
control 47 thousand forest areas. 

Kalimantan even issued a Guideline for Land and Gardens Opening (Governor 
Regulation 52/2008, revised in 2010). It contains specific points about logging and burning 
forest for agriculture because a vast majority of people depend on logging and burning forest to sustain 
their livelihood. 

Table 7 shows that all data except the burned area's size is categorical (the minimal values are 0 
and maximal 1). In detail, the repeating forest fire on average is only 0.05, nearly to 0. The average of the 
burned area is 103 hectares, which equals ten times the rugby football field. The fire reoccurrences mostly 
happen outside the timber concession, as seen in the average value of this variable (0,09). In contrast, the 
statistics reveal that more than half of the fire events appeared inside the forest boundary. On average, 
fire reoccurrence in the peatland area is only 0,22, and it is insignificant compared to the forest area. This 
data reveals that people do not set fires in the same area twice. However, if people choose to do it, they 
choose the location outside the timber concession but still inside the forest boundary that does not have 
licenses. This statistic also reveals that people do not prefer to set fire on the peatland.  
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Table 7. Summary statistics 
 

 Average SD (….) Min M
a
x 

Dependent Variables     

Forest Fire Occurrence 
(0= not repeating; 1= repeating) 

0.05 0.22 0 1 

Forest Fire Size (ha) 103,83 1825,26 0.000001 2
5
6
,
8
9 

Independent Variables     

Timber concession (0 = outside timber 
concession; 1 = inside timber concession) 

0.09 0.28 0 1 

Peatland (0 = outside peatland; 1= inside 
peatland) 

0.22 0.42 0 1 

Forest Area (0 = outside forest area, 1 = 
inside forest area) 

0.53 0.49 0 1 

source: own elaboration 
 

3. Results and Discussion 

This research has two objectives. The first is to reveal a correlation between every independent 
variable and the reoccurrence of fire. The second objective is to determine the relationship between the 
frequency repeating, peatland, timber concession, forest area, and the size of the forest fire. This study 
applies probit regression and calculates the marginal effect to answer the first research problem. 
Additionally, table 8 shows that the correlation of fire reoccurrence on timber concession is negative and 
is contrary to another variable.   

           Table 8. Marginal effects of estimated parameters for probit regression 
 

Variable Marginal effects 

Timber concession -0.221773*** 
(0.0036) 

Peatland 0.349033*** 
(0.0023) 

Forest Area 0.0060397*** 
(0.0021) 

                                  *significant at the 10%; **significant at the 5% level; ***significant at the 1% level 
                                  source: own elaboration 

The result reveals that the chance of fire reoccurrence inside the timber concession is 22% 
lower than outside the timber concession. On the other hand, peatland has a higher probability of fire by 
34.9% than outside the peatland.  Fire reoccurrence is also 0.6% higher inside the forest area. Predictably, 
peatland contributes the highest share because of its flammable characteristic–dry peat can trigger fires. 
Thus, economic activities through deforestation and drainage of peat canal can lead to a fire. 

The interpretation is consistent with the hypothesis that fire reoccurrence in the same location 
inside the peatland is higher than outside the peatland. This finding is aligned with the finding from 
Tacconi & Ruchiat (2006), which explain that in the South Sumatra fire in 1997-98, the fire occurs because 
of commercial peat exploration. In the massive fire of 2015, around one-third of the burned area was 
peatland. It created a heavy haze covering a considerable part of Indonesia and the surrounding areas, 
bringing adverse effects to many sectors (World Bank, 2016).   

The forest area results match the hypothesis that the risk of burning in the same location inside 
the forest area is higher than in the outside. This incident happens because people view the forest area 
as unclaimed land, and burning it is a simple step to claim the land (Purnomo et al., 2018). This finding 
corresponds to the research conducted by Cattau et al. (2016) and L. Tacconi et al. (2007). In Indonesia, 
the total size of the forest area is 125 million Ha and 67 Ha for the non-forest area. However, half of the 
non-forest areas are occupied for settlement, cultivation, and infrastructure. Consequently, people enter 
the forest area to occupy it since they think the field is unowned.   
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Nevertheless, the timber concession variable shows a different story. At the beginning of this 
research, it is hypothesized that timber concession has a positive correlation with repeating fire. However, 
after conducting tobit regression, the result reveals otherwise. The finding shows that the business 
owners consider the benefit of burning their land outweighs the government's sanction and punishment. 
Moreover, MoEF in 2018 informed that the government would impose a fine of up to 1.2 billion to a 
private company committing environmental crimes.  

 
Table 9. Marginal effects of estimated parameters for tobit regression 

Variable Marginal effects (Ha) 

Repeating once -44.14085*** 

(12.17) 
Repeating twice -39.22793  

(31.52) 
Repeating three times -41.44623  

(126.41) 

Timber concession 92.79891 *** 

(16.44) 

    Peatland 43.91306 *** 

(10.63) 

Forest area 22.15367 ** 

(10.42) 

         *significant at the 10%; **significant at the 5% level; ***significant at the 1% level in Ha  
         source: own elaboration 
 

Table 9 above reveals several important highlights.  First, the size of the burned area correlates 
with the first fire's repeating event. In detail, holding everything else constant, the burned area's size 
decreases by 44 Ha when the first fire reoccurrence happens. On the other hand, the second and third 
fires are not significantly correlated with the burned area's size. The burned area becomes larger by 92 
Ha if a fire occurs inside the timber concession, followed by 43 Ha if it happened within the peatland. 
Thus, the burned area's size for fire reoccurrence inside the forest area increases by 22 Ha compared to 
outside the forest area.  

This timber concession's result corresponds with the hypothesis that the size of forest fire has 
a positive correlation with timber concession. Unpredictably, the burned area gets larger, nearly about 
100 ha. This result leads to the question; who is responsible for the fire inside the timber concession?  The 
government sticks to article 41/1990 of the Forestry Law, which states that each timber concession is 
responsible for forest fires in their working areas. Hoffman et al. (1999), Potter and Lee. (1998), and Stolle 
et al. (2013) found evidence that the most extensive fires and the most significant amounts of smoke are 
originated from government-sanctioned corporate plantation development, logging timber concessions, 
and large-scale land-clearing/ development projects. 

The peatland's tobit result is also coherent with the hypothesis, which informs that the fire 
polygon size will be larger if it occurs inside the peatland. In relation to this, the government shifts the 
approach from reactive to preventive by establishing the Peatland Restoration Agency in January 2016. 
This action was successful in reducing fire from 22% in 2016 to 8% in 2017. Even though peatland 
restoration is a long time effort, this study hopefully can encourage the regulator to preserve the 
peatland. 

Furthermore, this study depicts that forest area positively correlates with the burned size and 
is in line with the hypothesis. There are some reasons people decide to set fire inside the forest. Firstly, 
Law enforcement is relatively weaker, and the government does not have enough resources to patrol all 
forest areas. Secondly, people depend too much on the forest to make livings; for instance, some 
community groups use fire as a tool for catching fish, finding honey, or making a small plot to grow rubber 
or maize. These community groups do not have mechanical tools and are not aware of the environmental 
standard for land clearing.  Tomich et al. (1998) explain that fire is a tool to fight back in collective conflict. 
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Besides, there is no cheaper alternative method than using fire for land clearing. Furthermore, fertilizers 
and pesticides are not as cheap as burning to increase soil fertility (Brandi, et al., 2015;  INOBU, 2016) 

 The previous study has discussed fire occurrence in timber concession, peatland, and forest 
(Ardiansyah et al., 2017; Dennis et al., 2005; Gaveau et al., 2017; Tacconi et al., 2007). Thus, this study 
tries to supplement forest fire information by discussing reoccurrence fire in timber concession, peatland, 
and forest. This study reveals that the majority of fire reoccurs only two times. It does not repeat in the 
following year, and the coincidences of repeating fires are lower in the timber concession area. Besides, 
the burned area's size will decrease if the fire appears more than once in the same location. Additionally, 
the fire area will be larger if it appears inside timber concession, peatland, and forest area.  

Furthermore, after the analysis, it can be concluded that fire reoccurrence has a negative 
association with the timber concession area. Compared to the peatland and forest area, it is easier for the 
government to manage the timber concession since the ownership is evident. Therefore, the government 
should strengthen law enforcement. For instance, the government may impose significant fines and 
revoke the business licenses for timber concessions proven to violate the rules. 

As an unclaimed land, the same policies as the timber concession are hard to impose on the 
forest area. Unclear ownership is the main problem for the forest area. The officers cannot penalize fire 
actors as long as they are not caught when burning within the forest area. It is also impossible to prevent 
people from doing forest clearing because it is their livelihood. Furthermore, now government policy 
should focus on keeping the nature of peatland. Preventive action is more suitable in peatland than 
reactive action. 

Conclusion  

The forest fires in Indonesia have been repeating every year and reached a peak in 2015. 
Additionally, the government issues policies to prevent the fires from reoccurring. After 2015, the number 
of fires declines is aligned with the government intervention. This research focuses on the reoccurrence 
of forest fire events after the interference. Previously, it was hypothesized that fire repeating events and 
burned area size have a positive relationship with timber concession, peatland, and forest area. Thus,  the 
two-step procedures, spatial and statistical, were conducted to examine the hypotheses. This research 
contributes to the previous studies by combining the spatial process and conducting the statistical 
procedure. The spatial process is used to construct a repeating fire dataset, while probit-tobit regression 
is applied to test the relationship between variables. This study utilized the panel data from the Ministry 
of Environment and Forestry from 2015 to 2018. 

First, this research reveals the correlation between every independent variable and the fire 
reoccurrence. Most fires between 2015 and 2018 reoccured only twice, not in the following year inside 
peatland and forest areas. However, the second fire took place outside of the timber concession. For the 
first incident, the fire tends to have a larger size sequentially inside timber concession, peatland, and 
forest area. Second, a relationship is observed between frequency repeating, peatland, timber 
concession, forest area, and the size of the forest fire. Nevertheless, after fire reoccurrence, the size of 
the burned area shall be smaller. The result implies that the fire reoccurrence is highly related to the 
timber concession area and area types.  

Finally, these research result shows that government intervention significantly reduced 
chances of forest fire reoccurrence. In other words, to avoid the repetition of a fire event and maintain 
the size of the burned area, Indonesia should keep improving the policies regarding forest timber 
concession and adjacent areas to further reduce forest fires event and the associated damage. As a 
peatland country, where natural fire possibly happens, almost 100% of forest and land fires in Indonesia 
are caused by human activities either intentionally or unintentionally. 

This research suggests that recommendations must fit the needs of each different fire location. 
The policy that will be implemented in concession indeed has to consider private stakeholder 
characteristics. Furthermore, forest area policy must consider the nature of peatland and the needs of 
community groups.  

A characteristic firm is to minimize cost and maximal profit. Government policy should regulate 
not only the punishment but also the reward. If timber concession is proven guilty, the government can 
freeze its business licenses or diminish its opportunity to get credit. In contrast, tax discount incentives 
should be awarded to companies that successfully maintain their area free of fire. This policy rewards 
both stakeholders. The company reduces its expenditure for paying tax while the government lowers the 
environmental cost to keep the forest safe. 
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The policymakers should not forget public behavior within the peatland. They dry it to 
deforest and convert it into productive land. Public mindsets about peatland have to change, and 
the government should make an effort to change this behavior through policy. Instead of making the 
area dry, it is better to make it suitable for growing fish through the silvofishery program. The 
government may give incentives to the community around and within the peatland for fish seedlings. 
People will voluntarily maintain the water level inside peatland because it is profitable for them.  

In contrast with timber concession, a different approach should impose on the forest area. 
Unclear ownership is the main problem for forest areas. Hence, the officer cannot impose penalties on 
the actor as long they are not proven guilty in the act set fires inside the forest areas. It is also impossible 
to prevent people from using the forests because it is their livelihood. An approach that is more 
reasonable to implement in forest areas is not to impose strict sanctions. However, together with the 
private sectors, the government has to introduce legal consequences for burning forests.  Then, 
government or timber concession can also reward the community that can keep their forest safe from 
fire. Incentive policy success was implemented in Riau in 2015 when the great fire event appeared (Watts 
et al., 2019). However, imitating these programs should be through thoughtful research, trial and error 
because different locations generate different problems. Indeed, policymakers should first pay attention 
to what factors make people in other side parts of Indonesia's forest area voluntarily comply with the 
regulation. Cost and benefit, poverty, and alternative livelihood should be taken into consideration in 
future research. 
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