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ABSTRACT

Exposure to air pollution from peat fires causes serious environmental issues. Peat fires occurred
frequently and emitted particulates in some areas in Indonesia, including South Sumatra Province.
Hotspots were commonly found in several areas, notably during the dry season. Objective of this
study aims to elaborate the association between wildfire and PM10spatially and the possibility of
wildfire contribution to PM10 concentration during the 2019 dry season (June to October). The PM10

concentration, meteorological data (wind direction and wind speed), and hotspot data had been
collected. To address hotspot distribution from peat fire and large scale of wind direction in South
Sumatra, the spatial analysis was used meanwhile the meteorological and PM10 concentration were
analyzed using RStudio by windrose and CBPF method. The provided PM10 concentration data had
violated national ambient air quality standard for 11 days. The detected hotspot area was
distributed dominantly in OKI (Ogan Komering Ilir) Regency. The CBPF result and spatial
analysis were found that the most probable source was likely coming from South East to East
direction. The source was predicted from OKI Regency with a big portion of hotspots area (>50%).
The study showed a good probability (0.6) that the prediction of the hotspot in OKI Regency
contributed spatially and statistically to PM10 concentration for receptor location in Palembang
City.
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INTRODUCTION

Wildfire on peatlands is one of the major issues
related to global warming and human health impact
on the local to regional scale area (Uda et al., 2019;
Wooster et al., 2018). Unmanaged peatlands released
C stocks due to drought leading to peat oxidation,
permafrost melting and fire. Carbon concentration
in the atmosphere is predicted to be converted as
peatlands respond to climate change and boosted
atmospheric global warming potential because of
CO2 and CH4 release to the atmosphere (Lundin et
al., 2008; Page et al., 2016). Besides, other problems
may affect human health directly such as peat fires

that emitted severe pollutants and threaten humans
and the ecosystem. A change in the weather pattern,
deforestation, and land-use change are some of the
drivers for the increased fire occurrence. The fire
tipping point occurrence usually is found in the dry
season combined with human disturbance and
increased accessibility to fire fuel and ignition
sources.

The estimated peatland area has been
characterized as covering 400 million ha or 3% of the
Earths’s land surface. Tropical peatlands in East
Asia, Southeast Asia, the Caribbean, and Central
America, South America, and Southern Africa
covered an estimated area of 30 to 45 million ha or
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10-12% of global peatlands resource where one of
them was Indonesia. The peatlands area in
Indonesia was around 14.91 million ha spread out in
Sumatra, Kalimantan, and Papua Island. Sumatra
island has the biggest portion (43%) of the peatlands
area compared with other islands (below 40%
coverage area) (Osaki et al., 2016). In 1997, 2002,
2006, 2009, 2013, 2014, and notably in 2015, smoke
from Indonesian peat fires resulted in severe haze
pollution incidents affecting not only inhabitants of
Indonesia but also becoming transboundary
pollutant to countries near Indonesia and even
countries further afield, such as Thailand and
Philippines. Consequently, the effect caused serious
health, economic and social impact (Page et al.,
2016).

Deforestation and draining of the peatlands
during the great wildfire in September-October 2015
related to a strong El Niño primarily in Kalimantan
and Sumatra caused the worst sustained outdoor air
pollution ever recorded (Putra et al., 2019). One of
those impacts was the greatest air quality impact
and daily average PM10 concentration often reaches
1,000-2,000 µg/m3. In Palangkaraya, for instance, the
maximum PM10 measurement reported >3,000 µg/
m3 which was 10 times the threshold standard of
considered extremely hazardous for health (Wooster
et al., 2018). A similar occurrence of wildfire in South
Sumatra as a research study that from 1st to 26th
September in 2014, the maximum PM10

concentration reached up to 646.9 µg/m3 with a
range of 40-650 µg/m3. The hotspot was reported
more than 50 hotspots in several Regencies in South
Sumatra. The trajectory study showed that the

sources possibly came from the southeast direction
located Ogan Komering Ilir (OKI) regency.
Meanwhile, the monthly concentration of PM10 in
Palembang city was measured 292.37 µg/m3 with
peak concentration up to 1,369.34 µg/m3 during
wildfire episodes in 2015 (Raharja et al., 2019). Since
the peat fire occurred frequently, we need to
continuously renew simulation and estimation to
identify the relationship between peat fire
represented by hotspots and PM10 concentration.
The estimation can be used for monitoring and
evaluation purposes. This study aims to identify
provided PM10 concentration data during the 2019
peat fire and its association with hotspot using
spatial and probability function analysis.

Methods

Study Area

The site area of this study was South Sumatra
Province. Sumatra Selatan Province is located in the
South of Sumatra Island established in 1950. The
province covers an area of approximately 91,592.43
km2 in 2019 with 13 regionals and 4 cities where
Palembang City is the capital city of the province.
Based on the Indonesian Ministry of Environment
and Forestry data in 2017, South Sumatra province
has around 2.1 million hectares of peatland (Figure
1).

The average meteorological aspects of relative
humidity, wind speed, and precipitation were 85.9%,
3.9 knots, and 2,915 mm respectively (BPS-Statistic
Indonesia, 20219). Peatland is distributed and
spread out in many areas in South Sumatra. The

Fig. 1. Peat distribution in South Sumatra Province
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distribution is shown in Figure 1. Unfortunately,
peat fires had been occurring for many years and
found dangerously in the past 10 years of September
and October 2015. The peat fires episode has emitted
air pollution which had considered dangers to
health status (Sitanggang et al., 2018).

Data Collection

Meteorological (wind speed and wind direction),
PM10 concentration, and hotspot data were collected
from various sources during the wildfire episode
(June to October 2019) as the period of this study.
Meteorological data (a 30-minute data) for wind
speed and wind direction were taken from AWS
(Automatic Weather Station) located in Palembang
City. To recognize the influenced wind direction to
the site area broadly, satellite data was used from
European Centre for Medium-Range Weather
Forecast (ecmwf.int).

Identifying the probability of PM10 concentration
influenced the air quality monitoring station in
Palembang City, we used an average daily of PM10

pollutant concentration located in Palembang City
based on the Ministry of Environment and Forestry
website (iku.menlhk.go .id/aqms/arsip). The provided
data on that website should be further interpreted
since it met some conditions and limitations. Firstly,
the data would be shown only one parameter that
had the highest index compared with others and at
least was only displayed every 09.00 a.m and 03.00
p.m for the public. The presented data was a 24-
hour average data. Since the data should meet
certain conditions, the missed PM10 concentration
data was set to be a limitation.

Hotspot data was taken from the National
Oceanographic and Atmospheric Administration
(NOAA). Hotspot distribution would show fire
intensity around the study area. The 2019 hotspot
data was downloaded in Fire Information for
Resource Management System
(firms.modaps.eosdis.nasa.gov) with 1 and 0.3-
kilometer resolution.

Data Analysis

Data analysis was done by applying ArcGIS version
9.3 and RStudio version 1.1.456 Software. Hotspot
and wind direction data by satellite-based were
further analyzed and visualized by ArcGIS.  PM10

concentration was analyzed by R Studio for its
descriptive data to identify the characteristic data
during the research period. 30-minute wind speed
and wind direction data during June-October 2019

were analyzed using the wind rose method in
RStudio Software. The wind rose chart represents
information regarding the frequency distribution of
wind direction and its visualization (Varma et al.,
2013).

Identification of relationship (based on its
probability) between PM10 concentration and
hotspot by finding the most probable sources for its
pollution source from various directions called CBPF
(Conditional Bivariate Probability Function). CBPF
model is a statistical analysis with improvement
from Conditional Probability Function (CPF) using
wind speed in certain wind direction sectors. The
CPF method is an effective way to estimate a
particular source and the bivariate polar plots give
additional information to address how dispersion
occurs (Varma et al., 2013). The CBPF approach
presents better results compared to CPF with the
application of wind direction sectors alone. The
equation of CBPF can be defined as (Jerièeviæ et al.,
2019; Masiol et al., 2019; Uria-Tellaetxe et al., 2014):

muCxCBPF = .. (1)
nu

where m,u is the number of occurrences from
wind sector  (set at  45o) with wind speed
interval u having concentration (C) greater than
the threshold value. The provided PM10

concentration (C) applies > 75th percentile as the
threshold criterion. The high percentiles are
represented by x notation. nu is the total number
of occurrences from wind sector  in a determined
wind direction-speed interval. Wind speed less than
1 ms-1 were excluded from the analysis because it
categorizes as calm wind and has the isotropic
behavior of the wind vane for such condition
(Raharja and Meisda Dyni, 2019); (Sitanggang et al.,
2018).

RESULT AND DISCUSSION

Meteorological and Pollutant Analysis

In this research, surface wind measurement from
AWS was also provided to identify the probability of
PM10 and hotspot relationship. The wind speed
value was around 1.61 to 19.31 m/s with an average
of 4.09 ± 2.67 m/s (n = 3,095). The wind direction
was caused by the monsoon season. The frequency
of counts by wind direction was further plotted
using the wind rose plot that can be seen in Figure 2.
The highest frequency was by wind direction 2 to 4
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m/s. The wind direction tendency from June to
October 2019 was coming from East (dominantly) to
South East with various wind speed range.
Furthermore, based on satellite data was found wind
direction on large scale from the southeast into North-
West. The PM10 concentration had a range of 18.32 to
631.94 µg/m3 (n=43 data) during the research period
with displayed data 09.00 a.m. There were 11 days far
from Indonesia Air Quality Standard (150 µg/m3).
The highest concentration from the provided data
was detected in 631.94 µg/m3on 23/09/19 followed
by 555.61 µg/m3 on 02/10/19 and 436.02 µg/m3in
19/09/19. All of these data had violated Indonesia
Ambient Air Quality Standard (150 µg/m3).

area burned (equivalent to 91,214.37 Ha) was
detected using ArcGIS software, followed by
Banyuasin (21,4%) and Musi Banyuasin (13,4%)
Regency.

Fig. 2. Windrose Plot During June-October 2019

Fig. 3. PM10 Concentration during June-October 2019

Fig. 4. CBPF Plot combined with hotspot area During
June-October 2019

Hotspots Distribution

During June to October period was detected 7,611
hotspots in the South Sumatra peat area. Figure 4
provides spatial information of hotspot distribution
around the study area. Of 1,043 hotspots had an 80%
confidence interval in Ogan Komering Ilir (OKI)
regency. The largest recorded fire was dominantly
distributed in OKI Regency. About 57% of wildfire

Hotspots and PM10 Relationship

The Association between the presence of hotspot
and PM10 was further analyzed based on trajectory
analysis using CBPF method. Figure 4 gives
information about the hotspot and spatially
according to CBPF results. From the plot, a
potential source of PM10 was identified using a
conditional probability function coupled with
wind speed information. The ability to identify a
source at a specific receptor location will depend
on the prevailing meteorology(Uria-Tellaetxe et al.,
2014). In this case, wind speed and wind direction
data were applied to support the identification of
hotspot and PM10 pollutant association. The
considered receptor location was only one site
(BMKG-PLB) since its monitoring purpose is for
ambient local air quality monitoring rather than
another available local station monitoring of
AQMS is for local road-side monitoring.

To understand better in PM10 impact due to peat
fire in South Sumatra based on monitoring station
in Palembang city, the CBPF diagram (Figure 5)
was plotted to show hotspot distribution (Figure
4). It shows that the South-East and East direction
became the most likely sources detected. The
probability coming from South-East and East was
0.6 with a range wind speed of 10-15 m/s. There
were fewer wind conditions from North-East (See
Figure 5).  It makes clear information that a specific
source can be detected. The OKI Regency had a big
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portion (>50%) of hotspot area compared with
others and had a good probability value (0.6)
coming from South East and East Direction, which
was estimated from OKI Regency. The data
supported the estimation that PM10 concentration if
the receptor location in Palembang City was
influenced by the hotspot area in OKI Regency. The
result had a similarity with the previous study in
2014 using the HYSPLIT model that OKI Regency
was predicted to be a major source to contribute
PM10 concentration in Palembang City (Raharja et al.,
2019). Wildfire can be a major contributor to
atmospheric gaseous and particulate pollutants
(Lazaridis et al., 2008). The primary pollutants
emitted from wildfires consist of greenhouse gases
(CO2, CH4), NMVOC (Non-methane volatile organic
compound), NOx, and aerosol (Urbanski et al., 2008).
PM10 is also one of the major contributors to the
atmosphere due to wildfire. The particulate itself is
a complex mixture of solids and aerosols composed
of small droplets of liquid, dry solid fragments, and
solid cores with liquid coatings. The pollutant
presents in the fire chemical mixture contain a
complex mixture of aerosols suspended in the air
(Oliveira et al., 2020).

West and West direction toward OKI Regency.
The high concentration because of smoke could

affect visibility and other serious aspects such as
economic, human health, and social problems. Air
pollution can threaten visibility impairment. Based
on online news of Tempo and Detik presented
information that on 23/09/2020 (the highest
concentration from provided data), visibility was
reduced only up to 600 m (dropped 200 m) so that
the Sultan Mahmud Badaruddin II Palembang
Airport management delayed 18 flights due to an
increased thickening haze (Detik, 2019; TEMPO,
2019).

Further research related to emission and chemical
substances from peatland needs to be conducted to
specify in more detail the sources. Besides, further
and continuous simulation becomes essential to
identify transboundary pollutants (inter-province,
island, and country) to know the pollution behavior
caused by a peat fire.

CONCLUSION

Peat fire Episode was identified regarding the
hotspot, and its probability to contribute PM10 at the
receptor location in Palembang City. Distribution
hotspots were found in a large area (>50%) in OKI
(Ogan Komering Ilir) Regency compared to other
hotspots areas while PM10 concentration was
identified 11 days violation of national ambient air
quality standard based on provided data of BMKG-
PLB. Further identification using spatial analysis
and CBPF method was used to obtain spatial
relationship and the most probable source
contributing to PM10 concentration. The Southeast to
East direction was likely PM10 coming from toward
receptor site with a good probability of 0.6. The
direction was identified coming from OKI Regency
that also had a big portion of the hotspot area. This
became a serious problem to human health,
ecosystem, economic and social impact to
Palembang City and other places located North-
West and West direction toward OKI Regency.
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