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Abstract. Tropospheric ozone is known as surface ozone and caused several health impact. The
objective of this study was to analysis spatial distribution of tropospheric ozone over Indonesia
case study forest fire event in 2015. Monthly observation measured by Ozone Monitoring
Instrument (OMI) have been analysed from January — December 2015 to study spatial
distribution of tropospheric ozone related to forest fire event 2015. The study discovered high
level of tropospheric column ozone (TCO) from October to November 2015. The result shows
increasing average of TCO from September to October almost 6 DU. Meanwhile, monthly
number of hotspot is higher in September 2015 with total number 257 hotspot which is acquired
by Moderate Resolution Imaging Spectrometer (MODIS) Terra version 6.1 with confidence level
same or more than 90%. The hotspot distribution compared with spatial TCO distribution and
shows interesting time lag with respect to hotspot distribution, one month. Further study for daily
comparison of TCO and forest fire event needed. This result suggested that the tropospheric
ozone over the Indonesian region increases in 2015 were remarkable and corresponded to forest
fire event.

1. Introduction

The abundance of ozone over world is 10% in troposphere, meanwhile good ozone in stratosphere is
90% of total abundance. Tropospheric ozone is considered to be important because of their impacts for
human health and loss growth [1,2]. In Indonesia, national air quality standard of tropospheric ozone is
120 part per billion (ppb) [3]. Previous study mention about biomass burning does contribute 4-5%
increases of global tropospheric ozone in tropic, which is Indonesia fires contribute during El Nino, as
indicated of regional effect within and near burning area in troposphere. Actually, the biomass burning
not directly produce tropospheric ozone, however produce volatile organic compounds (VOCs), CHa,
and CO in the presence of NOx and Sunlight which is ozone reaction in troposphere [4].

Tropospheric ozone concentrations measured in Indonesia have two location, first is in Kototabang,
West Sumatera and secondly in Kemayoran, Jakarta [3]. Spatially tropospheric ozone does not represent
from two location observation, need satellite observation for generate tropospheric ozone abundance.
Many techniques deriving tropospheric column ozone (TCO) globally and have some improvement. The
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ozone monitoring instrument (OMI) and Microwave Limb Sounder (MLS) combination of Aura derived
TCO globally using tropospheric residual method [5].

This paper presents the analysis of tropospheric column ozone from OMI measurements for the
period January-December 2015 to identify their spatial variations related to hotspot, as indicator of forest
fire, over Indonesia.

2. Data and Analysis
In the present study, monthly mean tropospheric column ozone (TCO) data for the period January-
December 2015 were used. The TCO over Indonesia with spatial resolution 1 degree latitude by 1.25
degree longitude was derived from Ozone Monitoring Instrument (OMI) observations. The explanation
method to generate tropospheric column ozone by subtracting Microwave Limb Sounders (MLS)
stratospheric column ozone from OMI total column ozone data can be seen in previous study [5]. The
daily hotspot data for the same period as TCO data were used and was obtained from Moderate
Resolution Imaging Spectrometer (MODIS) on board the National Aeronautics and Space
Administration’s (NAS) terra satellite platforms version 6.1 with 1 km x 1 km spatial resolution (url:
http://firms.modaps.cosdis.nasa.gov) [6].

Indonesia lying between the Indian Ocean and Pacific Ocean. The present study focuses on the
tropospheric Oz over Indonesia (12°N - 15°S and 90° - 150°E). Mapping the tropospheric column ozone
data using Matlab 2017a and hotspot distribution is mapped by ArcGIS 10.5.
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Figure 1. The locations used for the study.

3. Result and Discussion

The variation of TCO from January to December in 2015 (12°N-15°S and 90°-150°E) is illustrated in
figure 2-4. There is gradual increase in spatial distribution of TCO from east toward the south west of
Indonesia from January to December 2015. October illustrated a very high TCO distribution with
November follows close behind. This progression coincides with the number of hotspot in September
until November 2015. The TCO unit is Dobson Unit (DU). The interval of TCO value is 5 DU with
minimum value 10 DU and maximum 50 DU (which have gradation color dark blue to dark red).
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Figure 2. Spatial distribution of tropospheric ozone from January to April 2015 (DU) over
Indonesia.

The spatial variations of tropospheric ozone from January to April 2015 is shown in figure 2. The
highest value, which have red color, show in April 2015 but that is not Indonesia region. Highest value
in north of Indonesia affected by global pattern of tropospheric ozone. Based on figure 3, the gradual
variation of tropospheric ozone is higher in west of Indonesia and lowest in east part of Indonesia.
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Figure 3. Spatial distribution of tropospheric ozone from May to August year 2015 over Indonesia.
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In figure 3, spatial distribution of tropospheric ozone over Indonesia from May to August 2015 is
shown. The average of tropospheric ozone in May, June, July, and August are 23.1 DU, 20.8 DU, 22.1
DU and 21.8 DU. The deviation standards from May to August 2015 are 2.9, 3, 2.7, and 3.1. It means
average value can be representative of data distribution. Figure 4 show the spatial distribution of
tropospheric ozone over Indonesia from September to December 2015. Based on figure 4, the highest
concentration shown in October around Southern Sumatera Island, Indonesia and South of Indonesia
(e.g. Java, Bali, Nusa Tenggara).

The maximum concentration of tropospheric ozone in September, October, November, and
December are 32 DU, 39.7 DU, 36.7 DU and 30.6 DU and the average concentration each month are
24.5 DU, 30 DU, 26.8 DU and 24.5 DU, respectively.
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Figure 4. Spatial distribution of tropospheric ozone from May to August 2015 (DU) over Indonesia.
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Compared with the TCO values of 20.5-39.7 DU in October for years 2015 and 16.3-33.7 DU in
October for years 2014, the increases of TCO were about 4.2-6 DU. We suggested that the TCO increase
could be attributed to the extensive forest fires in Sumatera with total forest fire area is 30,984.98 Ha in
2015 and largest forest fire area is in Center Kalimantan of 122,882.90 Ha [7].

Actually, the forest fire reported to data and information of Indonesian disaster reveals that highest
number of forest fire in October with total event is 26 event [8]. The higher hotspot number in Indonesia
also illustrated in figure 5. Here is hotspot distribution over Indonesia with confidence level 90% capture
by Terra MODIS C6 (figure 5). We suggested there is correlation with highest values of TCO in October
2015. The highest number of hotspot in September and October is in Central Kalimantan, 87 and 73
hotspot. As mention in previous study, there are carbon and nitrogen which is found in biomass burning
laboratory result of experiment and it leads to produce ozone in troposphere [9]. The duration after
biomass burning and producing of tropospheric ozone is one month. We recognized that because when
highest number of hotspot in September 2015, the tropospheric ozone increased one month after.
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Figure 5. Hotspot distribution over Indonesia from September — October 2015 captured by Terra
MODIS C6 with confidence level 90%.

4. Conclusion

We have studied the effects of biomass burning on tropospheric ozone in Indonesia derived from Aura
OMI/MLS measurements for the time period January-December 2015. Biomass burning is interpreted
by hotspot as indication of a fire event. Forest fire was increased substantially in Indonesia in year 2015
compared to previous years. The OMI measurements show sizeable increases from September to
October and decreases from November to December 2015. Comparing the TCO distribution with
hotspot reveals that there is time lag when hotspot is higher the TCO increases one month after that
event. Having average of TCO over 12°N-15°S and 90°-150°E monthly for year 2015, it shown increases
almost 5.9 DU from September to October 2015. Highest decreasing of average TCO about 3.7 DU
occur in period October into November 2015.
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