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Abstract Peat fire is one of the environmental disasters occurring widespread during the dry
season in South Sumatra. The region has long been recognized to have extensive peatland, hence
it is considered as the vulnerable areas to fire. This study employs spatial analysis to evaluate the
likely linked factors causing peat fire in the study area. Two interannual climate modes such as
the El Niño – Southern Oscillation and Indian Ocean Dipole were considered to have affected the
area with respect to climate anomaly at the 1995-2016 periods. This phenomenon was followed
by the peat fire in many areas. There appears a close linkage between the occurrence of peat fires
and climate anomaly. A number of hotspots tend to occur annually during the drought season. A
significant number of hotspots took place during the 2006 pIOD and 2015 El Niño events due to
a significant decrease in rainfall intensities.
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1. Introduction

Most of the world’s peat distribution is located
in the Southeast Asia (59%), especially in Indonesia
(49%) (Dargie et al., 2017; Page et al., 2011). The peat
ecosystem has a unique hydrological system, which
makes it inundated along the year. The anthropogenic
drainage for human needs (e.g. agriculture, plantations,
etc.) has changed the hydrological system of peatlands
and causes dry peatlands during the dry season. During
dry conditions, peat is vulnerable to be burned because
peat soils are mainly composed from organic matters
(Gaveau et al., 2014; J Miettinen & Liew, 2010; Tacconi,
2016).
Peat fire is one of the environmental disasters
occurring widespread during the dry season in South
Sumatra. Peat fires usually occur during the dry season
from June to November (Marlier et al., 2015a; Marlier
et al., 2015b) and result in a haze disaster that affects
wildlife, human health, economy, and climate. Koplitz
et al (2016) have mentioned that 100-300 people died
in Indonesia, Malaysia, and Singapore caused by poor
air quality, which is likely associated with the dispersal
of haze during September-October 2015.
Several studies suggested that there are two
dominant interannual climate modes in the IndoPacific region affecting the Indonesian climate, namely
the El Niño – Southern Oscillation (ENSO) and Indian
Ocean Dipole (IOD) (Aldrian & Dwi Susanto, 2003;
Saji & Yamagata, 2003). Strong El Niño and positive
IOD (pIOD) cause extreme deficit rainfall to occur in
Indonesia, particularly in the South Sumatra region.

This study aims to evaluate a possible relationship
between two climate modes in the Indo-Pacific region
and peat fires during the last two decades (1995-2016).
Understanding of the relationship between the climate
modes in the Indo-Pacific region and peat fires is an
important aspect for a better mitigation, especially in
preventing the region from negative impact cause by
peat fires.

2. Methods

South Sumatra region is located between longitudes
102°–106°E and latitudes 1°–4°S. Based on the peatland
map by Wahyunto et al (2003), South Sumatra region
has 1.26 million hectares or 20% of the Indonesian
peatland or 10% of the world’s peatland (Wibowo
& Suyatno 1998). In the last two decades, the South
Sumatra peatland has to some degree contributed to
air pollution (haze), particularly when the El Niño
events occurred (Huijnen et al., 2016; J Miettinen et
al., 2012). Figure 1 shows the location of peatlands in
the South Sumatra region, which is mostly distributed
along the eastern section of the island. This study used
the hotspot distribution data, relative humidity, climate
anomaly index, and the monthly precipitation as shown
in Table 1.
In this study, the Along Track Scanning Radiometer
(ATSR) hotspot data were obtained from the ATSR
Algorithm 2, in which the hotspot was identified when
the terrestrial surface temperature is >308°K (Arino
& Casadio, 2008). In addition, the hotspot data used
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Figure 1. Location of the South Sumatra peatlands, which is indicated by green shading.
Table 1. A data set used to evaluate the distribution of peat fires in the present study area
Data

Periods

Hotspot

1995-2002 Along Track Scanning Radiometer World Fire
Atlas (ATSR-WFA) http://due.esrin.esa.int/
page_wfa.php

1 km

2003-2016 Fire Information for Resource Management
System (FIRMS) https://firms.modaps.eosdis.
nasa.gov

1 km

Relative Humidity

1995-2016 European Centre for Medium-Rang Weather
Forecasts (ECMWF) https://www.ecmwf.int

0.125° x 0.125°

Monthly Precipitation

1995-1999 Global Precipitation Climatology Centre
(GPCC) http://www.esrl.noaa.gov/psd/data/
gridded/data.gpcc

0.25° x 0.25°

2000-2016 Tropical Rainfall Measuring Mission (TRMM)
https://mirador.gsfc.nasa.gov

0.25° x 0.25°

Niño3.4 index & DMI

Source

Resolution

1995-2016 Ocean Observations Panel and Climate (OOPC)
https://stateoftheocean.osmc.noaa.gov

represent the total hotspot during the dry season from
June to November in each year for a period of 19952016. Meanwhile, the humidity, monthly precipitation,
and climate anomaly index are the average values for
observation from June to November each year. A spatial
analysis was used to identify the dynamical relation
between the hotspot distribution and the precipitation
anomaly during the peak of the extreme drought.
The relative humidity data were gained from the
European Centre for Medium-Rang Weather Forecasts
(ECMWF) ERA-Interim for the period of January 1995
until December 2016. The data have horizontalresolution
of 0.125 ° x 0.125 °. The monthly precipitation data
utilized the level 3 product (TPMA/3B43) of the Tropical
Rainfall Measuring Mission (TRMM). This product

was produced by calibrated TRMM with microwaveinfrared precipitation and merged with other satellite
and rain gauges data. Two types of climate index have
been used to represent climate variability in the IndoPacific region, namely the Niño3.4 index for the ENSO
event and Dipole Mode Index (DMI) for the IOD event.
These indices were calculated on the basis of NOAA
Extended Reconstructed Sea Surface Temperature
(ERST) v5.
The DMI was defined by differences of sea surface
temperature (SST) anomaly between the tropical
western Indian Ocean (50°E - 70°E, 10°S – 10 °N) and
south-eastern tropical Indian Ocean (90°E - 110 °E, 10
°S – equator). Based on the previous study, if the annual
mean of DMI is either above 0,5°C or less than -0,5°C
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is defined respectively as a positive or negative IOD
event. The strong positive IOD event is characterized by
the DMI above 1°C, whereas the strong negative IOD
is commonly below -1°C (Saji et al., 1999; Rao et al.,
2002). The Niño3.4 index is obtained by averaging the
SST anomaly in the central equatorial Pacific, extending
from 5°N to 5°S, and 170°W to 120°W (McPhaden,
2008). If the 3-month average of Niño3.4 index is above
0,5°C and below -0,5°C for 5 consecutive months, it is
referred to as El Niño and La Niña events. Moreover,
following Golden Gate Weather Service (https://
ggweather.com), the event is classified into a weak event
if Niño3.4 index ranging from 0.5 to 0.9°C, a moderate
event about 1.0 to 1.4°C, a strong event approximately
1.5 to 1.9°C and a very strong event ≥ 2.0°C.

3. Results and Discussion

Figure 2 shows the number of hotspots recorded
in the South Sumatra peatlands during the dry season
from 1995 – 2016. In addition, the climate mode indices
(e.g. the Niño3.4 index and DMI) and the precipitation
anomaly observed over the South Sumatra region are
also shown. It showed that there existed severe peat fires
in 1997, 2006, 2014 and the largest event took place in
2015. The peat fires have occurred regularly since 2002
with the exception of the 2010 and 2016 La Niña events.
In the last decade except in 2014, the peat fires tend to
increase during the dry season in conjunction with the
SST anomalies in the Indo-Pacific region, either the El
Niño or IOD events.
During 1997 and 2015, the strong El Niño and
pIOD events occurred, leading to a significant decrease
in precipitation over the Indonesian region including
the South Sumatra (Iskandar et al., 2017a). It can be
noted that the El Niño and pIOD events in 1997 and
2015 were similar in intensity; however, the number
of hotspots in 2015 were more extensive than those
in 1997. In addition, the 2006 strong pIOD event has
occurred coincident with moderate El Niño event
(Iskandar, 2012). However, the number of hotspots
in 2006 was higher than that observed in 1997. This
feature indicates that peat fires may occur due to several
factors such as climate anomaly and/or human activities
known as anthropogenic forcing.
In the study area, the changes of land use appear
to have triggered the appearance of peat fires. It is
important to note that there existed the number of
hotspots in 2014 though the Niño3.4 index and DMI
showed neutral states. The inferred factors responsible
for the 2014 event have been proposed by Iskandar et al
(2017b), who suggested that the presence of low SST in
the Indonesian seas has led to divergence, subsequently
to supressed convective condition, and eventually
to a significant decrease in precipitation within the
region. Thus, the 2014 fire seemed unusual as it occurs
due chiefly to minimum precipitation rather than an
extreme climate mode in the tropical Indo-Pacific area.

Figure 2. Diagrams showing time series of the Niño
3.4, DMI, and precipitation (a); the total hotspots
(b) observed over the South Sumatra region (Note
that the precipitation is divided by 100 mm/day
for a better figure).
There were two events in 2006 and 2015 causing peat
fires to occur in the region. The 2006 strong pIOD took
place coincident with moderate El-Niño, whereas the
2015 strong pIOD was followed by strong El Niño. Due
to these events, the western equatorial Indian ocean and
eastern equatorial Pacific ocean underwent warming
SST anomalies. On the other hand, the south-eastern
equatorial Indian ocean and western equatorial Pacific
ocean experienced cooling SST anomalies. Besides,
the strong anomalous westerly winds occurred along
the tropical Pacific ocean, while the strong anomalous
easterly took place in the tropical Indian ocean. The
cooling SST anomalies have led to strong divergence
in low level winds that reduced atmospheric water
evaporation. This eventually suppressed atmospheric
convection allowing a decrease in precipitation in
Indonesian region (Juneng & Tangang, 2005; Lestari et
al., 2018).
Figure 3 shows spatial distributions of the
humidity, monthly precipitation, and hotspots during
the dry season in 2006 and 2015, particularly from
June to November. This feature suggests that the
spatial distribution of humidity, precipitation, and
hotspot were slightly distinctive in 2006 and 2015. In
the 2006 pIOD event, the low humidity and negative
precipitation commenced on August and reached the
peak in September up to October. The event permitted
the onset of hotspots in August and became more
extensive from September to October 2006. This
phenomenon seemed different from that in 2015. On
20
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Figure 3. Spatial patterns of humidity, monthly precipitation, and hotspot distribution in the South Sumatra
peatland during June – November 2006 and 2015
June 2015, the number of fires appeared as the humidity
and precipitation began decreasing. In September up to
October, hotspots became more extensive in the study
area as the humidity and precipitation decreased more
significantly.
According to Iskandar et al (2017a), a large number
of hotspots existed one month prior to the peak of 2015
El Niño. It is important to note that the 2015 pIOD
event ended bit earlier than the typical pIOD event. In
addition, the El Niño event is usually followed by basinwide warming in the Indian ocean. This may allow
the occurrence of active convections in the eastern
equatorial Indian ocean which resulted in precipitation
around western Indonesian region including the South
Sumatera area.

region. The most important factors triggering peat fires
are the El Niño and pIOD events, in particular those
occurring in 1997, 2006, and 2015. More importantly,
the hotspots have appeared regularly since 2002,
except in the 2010 and 2016 La Niña events. The
present work also suggests that the lower rainfall
intensity during the El Niño and/or pIOD events have
significant linkages with the presence of fires in the
South Sumatra region. It has been evidenced that the
hotspots occurred widespread at the peak of the 2006
pIOD and 2015 El Niño in conjunction with drought
season due principally to a prolong decrease in rainfall
intensity.
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4.Conclusions

This study reveals an apparent relationship
between peat fires in the South Sumatra region and
the interannual climate modes in the Indo-Pacific
21
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