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Abstract 
A forest fire occurred on September 9, 2015, resulting in 616 hotspots distributed across several 

regencies in West Kalimantan, 442 of which were in Ketapang Regency. This study aims to analyze the 

spatial and temporal distribution of pollutants caused by forest fires in Ketapang Regency in 2015 using 

the Weather Research and Forecasting with Chemistry (WRF-Chem) model. The data used to run the 

model includes the Final Global Data Assimilation System (FNL) dataset, the Emission Database for 

Global Atmospheric Research (EDGAR), and The Fire Inventory from NCAR (FINN), which serve as 

input and emission source data. The highest concentrations of pollutants, which are PM2.5 and PM10 at 

30 µg/m³ each and CO at 342.9 µg/m³, were observed in the southern part of Kalimantan, which is the 

main source of the forest fires. These pollutants subsequently dispersed toward the northern part of 

Kalimantan. During the fire events, pollutants were transported to the upper atmosphere from morning 

to noon but accumulated near the surface at night. This pattern was influenced by meteorological 

conditions, including wind speed and direction, surface pressure, and air temperature. During forest 

fires, pollutants are emitted into the atmosphere from morning to afternoon, and accumulate near the 

surface during the night. This pattern was influenced by meteorological factors, including wind speed 

and direction, surface pressure, and air temperature. 
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Introduction 

Indonesia has experienced significant 

deforestation due to forest fires, with forest 

loss reaching 1.1 million hectares annually 

(2% of the total area), out of a total forested 

area of 130 million hectares (Darmawan, 

2020). One of the major consequences of 

forest fires in Indonesia is air pollution. Air 

pollution predominantly arises from human 

activities, including transportation, forest 

fires, industrial processes, waste 

decomposition and burning, as well as other 

household activities (Manisalidis et al., 

2020; Siddiqua et al., 2022). Substances 

contributing to air pollution include carbon 

monoxide (CO) and particulate matter 

(PM) (Siegmund et al., 2024; Tang et al., 

2022). PM refers to a type of air pollutant 

composed of a mixture of various elements 

such as sulfates, ammonia, organic matter, 

nitrates, sea salt, dust, water, and other 

compounds (Dahari et al., 2021). 

 

The 2015 forest fires were the largest in the 

past 20 years in Sumatra and Kalimantan. 

That year witnessed a significant increase 

in hotspots compared to the previous year, 

resulting in widespread haze (Nurhayati et 

al., 2021, Yin et al., 2020; Ihwan et al., 

2024). These fires burned approximately 

2.6 million hectares of land and garnered 
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international attention due to severe smoke 

impacts, which disrupted public health and 

daily activities. According to Terra Aqua 

satellite imagery, around 70,000 hotspots 

were recorded in 2015. Ketapang District, 

located in the southern part of West 

Kalimantan Province, was among the areas 

most affected by the fires that year 

(Miettinen et al., 2017). Forest and land 

fires in Ketapang Regency in 2013, 2015, 

and 2017 affected an area of 368.28 

hectares, with 141 hotspots predominantly 

located in mixed dryland agriculture, 

swamp scrub, and scrubland areas (Jusman 

et al., 2023; Yananto et al., 2017). Based on 

MODIS satellite monitoring by BMKG 

(Indonesian Agency for Meteorological, 

Climatological and Geophysics), on 

Wednesday, September 9, 2015, at 05:00 

WIB (West Indonesia Time), 616 hotspots 

were recorded across several districts in 

West Kalimantan. Ketapang Regency 

recorded the highest number, with 442 

hotspots—a sharp increase from 73 

hotspots reported in the previous update at 

16:00 WIB on September 8, 2015. 

 

One approach to predicting and analyzing 

pollution emissions during forest fires is the 

use of the Weather Research and 

Forecasting with Chemistry (WRF-Chem) 

model. WRF-Chem is a weather research 

and forecasting model integrated with 

chemical processes. Developed by 

NOAA/ESRL and DOE/PNNL, this model 

is designed to assess air quality at relatively 

small scales. WRF-Chem provides detailed 

descriptions of the emission, mixing, 

transport, and chemical transformation of 

gases and aerosols influenced by 

meteorological factors (NOAA, 2022). It is 

also capable of analyzing the distribution of 

air pollutants such as carbon monoxide and 

particulate matter (Tampubolon & 

Boedisantoso, 2016). Several previous 

studies have employed the WRF-Chem 

model, including those by (Darmanto & 

Sofyan, 2012; Sicard et al., 2021; Ghude et 

al., 2020). 

 

The phenomenon of pollutant distribution 

caused by forest fires in West Kalimantan 

in 2015 presents an interesting subject for 

study. Due to the scarcity of air quality data 

in Indonesia and limitations in direct 

observation. To address this gap, we 

employ the Weather Research and 

Forecasting model coupled with Chemistry 

(WRF-Chem) to simulate the emission, 

transport, and deposition of CO, PM10 , and 

PM2.5 during the peak fire period in 

September 2015. The WRF-Chem model is 

well-suited for such applications as it 

integrates meteorological and chemical 

processes in a fully coupled framework, 

allowing for the dynamic interaction 

between atmospheric conditions and 

chemical constituents (Grell et al., 2005; 

Spiridonov et al., 2019; Georgiou et al., 

2022; Agarwal et al., 2024). This study 

provides a high-resolution analysis of CO, 

PM10, and PM2.5 distributions during the 

2015 Ketapang fires, emphasizing of 

pollutant dispersion and accumulation 

processes. By focusing on regional-scale 

impacts and transboundary transport, which 

are crucial for air quality management 

during future forest fire crises. 

Materials and Methods 

Conducting Data Collection 

Data collection was carried out in 2015. 

The required data includes the Final Global 

Data Assimilation System (FNL) data for 

the period from September 7, 2015 at 00:00 

UTC to September 11, 2015 at 00:00 UTC, 

with a spatial resolution of 0.25° x 0.25°, 

which can be downloaded from 

https://rda.ucar.edu/datasets/ds083.3/dataa

ccess/. Additionally, global air emission 

concentration data from the Emission 

Database for Global Atmospheric Research 

(EDGAR) for 2015, with a resolution of 

0.1° x 0.1°, can be obtained from 

https://edgar.jrc.ec.europa.eu/emissions_da

ta_and_maps. The Fire Inventory from 

NCAR (FINN) version 2 provides annual 

global daily emission estimates for major 

gases and aerosols, with a spatial resolution 
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of 0.1° x 0.1°, available for download at 

https://rda.ucar.edu/datasets/ds312.9/dataa

ccess/. 

 

Running the WRF-Chem Model 

1. Pre-processing 

The simulation focused on the western 

region of Kalimantan (Figure 1). The 

simulation period was set based on the peak 

of forest fire events occurring from 8 to 10 

September 2015. 

 

Meteorological data were obtained from 

FNL provided by NCEP and processed 

using the WRF Preprocessing System 

(WPS) through three stages: geogrid, 

ungrib, and metgrid, to generate 

meteorological input data consistent with 

the simulation domain. 

The emission data used included 

anthropogenic emissions of CO, PM10, and 

PM2.5 from EDGAR, as well as biomass 

burning emissions from FINN (Callewaert 

et al., 2023). These datasets were first 

converted to NetCDF format and adjusted 

both vertically (injection height) and 

spatially. Subsequently, both datasets were 

integrated into the WRF-Chem simulation 

domain. 

 

2. Processing 

The WRF-Chem simulation was conducted 

using the following physical 

parameterization schemes: microphysics 

using WRF Single-Moment 3, and cumulus 

parameterization using the Grell-Dévényi 

ensemble (Grell & Dévényi, 2002). The 

chemical schemes included MOZCART for 

gas-phase chemistry and GOCART for 

aerosols. 

 

3. Post-processing 

The model output is visualized using the 

NCAR Command Language (NCL) 

software.

 

 
Figure 1. Research location. 

 

Data Analysis 

At this stage, various parameters, including 

wind speed and direction, PM2.5, PM10, and 

CO, are analyzed to understand how 

weather parameters influenced the spatial 

and temporal distribution of pollutants 

during the forest and land fires in Ketapang 

Regency in 2015. 

The sampling method in this study involved 

selecting three representative regions: 

Ketapang, Pontianak, and Sambas for the 

WRF-Chem model simulation results. In 

each region, three observation points were 

evenly distributed to collect data on air 

pollution distribution. The average value 

from the three observation points was used 

to represent the air quality data for each 
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respective region (Figure 1). These results 

were used to examine the temporal 

dynamics during the simulation period. 

 

The average concentrations of CO, PM10, 

and PM2.5 were then compared to the 

classification of the Air Pollutant Standard 

Index (ISPU) as stated in the Regulation of 

the Minister of Environment and Forestry 

of the Republic of Indonesia Number 

P.14/MENLHK/SETJEN/KUM.1/7/2020 

(Table 1).
 

Table 1. The classification of the Air Pollutant Standard Index (Minister of Environment and Forestry of the 

Republic of Indonesia, 2020). 

ISPU 

Category 

PM2.5 concentration 

(µg/m3) 

PM10 concentration 

(µg/m3) 

CO concentration 

(µg/m3) 

Good 15.5 50 4000 

Moderate 55.4 150 8000 

Unhealthy 150.4 350 15000 

Very unhealthy 250.4 420 30000 

Dangerous 500 500 45000 

 

Results and Discussion 

Wind Speed and Direction 

The WRF-Chem model output illustrates 

wind direction conditions from September 

8 to September 10, 2015, predominantly 

blowing from the southeast toward the 

north. Figure 2 shows wind speed in the 

West Kalimantan region, with the highest 

speeds occurring between 07:00 WIB and 

13:00 WIB, ranging from 5 m/s to 10 m/s. 

The increase in particulate matter was 

closely linked to meteorological factors, 

including the dispersion and diffusion of 

pollutants caused by changes in 

meteorological conditions (Yang et al., 

2020a). Wind plays a key role in spreading 

pollutants out of areas with high 

concentrations and reducing pollutant 

levels in other regions (Yang et al., 2020b). 

 

 
Figure 2. Map of Wind speed and direction in West Kalimantan on 08-10 September 2015. 
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Figure 3 shows the wind direction and 

speed at coordinates 0.02º S – 109.33º E 

from September 7, 2015, to September 11, 

2015. The dominant wind direction from 

the model output (Figure 3a) is from the 

south-southeast toward the north, 

consistent with the wind direction from the 

observation data (Figure 3b), which 

predominantly moves northward. This 

indicates that during the forest fire event, 

the air mass carrying pollutants was 

transported toward the northern region. 

  
Figure 3. Wind speed and direction at coordinates 0.02º S – 109.33º E (a) wind-rose from model output (b) 

wind-rose from observation data. 

 

Particulate Matter (PM2.5) 

The model output shows the distribution of 

PM2.5 pollutants in West Kalimantan, with 

Ketapang Regency having the highest 

number of hotspots. PM2.5 spread 

northward, following the southeast wind 

direction. Figure 4 shows PM2.5  

concentrations from September 8 to 

September 10, 2015. In the southern part of 

West Kalimantan, particularly Ketapang 

Regency, PM2.5 concentrations increased 

due to forest fires. 

 

PM2.5 concentrations ranged from 10 µg/m³ 

to 15 µg/m³ between 19:00 WIB and 01:00 

WIB. At 07:00 WIB, PM2.5 concentrations 

began to disperse, following the wind 

toward Pontianak City and Sambas 

Regency. By 13:00 WIB, pollutants spread 

rapidly toward the northern border of 

neighboring countries. Figure 10 shows that 

from 01:00 WIB on September 8 to 23:00 

WIB on September 10, 2015, Ketapang 

Regency, Pontianak City, and Sambas 

Regency were key sampling points for 

PM2.5 concentrations. The highest 

concentrations, recorded at 19:00 WIB, 

ranged from 10 µg/m³ to 12 µg/m³. PM2.5 

concentrations consistently decreased 

between 07:00 WIB and 16:00 WIB, with 

values ranging from 1 µg/m³ to 2 µg/m³. 

 

The meteorological pattern for PM2.5 is 

similar to that for CO and PM10. Wind from 

the southeast caused pollutants to spread 

northward. Strong winds facilitated wider 

dispersion, while weak winds led to 

localized buildup. Low-pressure systems, 

occurring between 12:00 WIB and 16:00 

WIB, helped reduce PM2.5 concentrations 

near the surface by promoting air mixing 

and rising. In contrast, low temperatures 

between 19:00 WIB and 07:00 WIB 

trapped PM2.5 near the surface, resulting in 

higher concentrations.
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Figure 4. Map of PM2.5 distribution in West Kalimantan on 08-10 September 2015. 

 

Figure 5 illustrates a graph showing PM2.5 

concentrations recorded between 

September 8, 2015, at 01:00 WIB, and 

September 10, 2015, at 23:00 WIB in 

Ketapang Regency, Pontianak City, and 

Sambas Regency. Ketapang Regency is 

recognized as the main source of PM2.5 

emissions. Figure 5 indicates that PM2.5 

levels in these three regions reached their 

highest point at 19:00 WIB, with 

concentrations between 10 µg/m³ and 12 

µg/m³. In contrast, concentrations dropped 

during the period from 07:00 WIB to 16:00 

WIB, ranging from 1 µg/m³ to 2 µg/m³. 

This decline in PM2.5 concentration during 

the morning and midday hours is linked to 

meteorological conditions, including 

increased wind speed and rising 

temperatures due to solar radiation. 

 
Figure 5. Time series graph of PM2.5 per 3 hours in Ketapang Regency, Pontianak City, and Sambas Regency 

from September 8, 2015 at 01.00 WIB to September 10, 2015 at 23.00 WIB.
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Particulate Matter (PM10) 

The model output shows the distribution of 

PM10 pollutants in West Kalimantan, with 

the largest number of hotspots located in 

Ketapang Regency. PM10 spread 

northward, following the wind direction 

from the southeast. Figure 6 shows that the 

highest PM10 concentrations ranged from 

10 µg/m³ to 15 µg/m³, indicating significant 

air pollution caused by forest fires between 

September 8 and September 10, 2015. Over 

the three-day period, a consistent pattern 

emerged, where PM10 concentrations were 

highest between 19:00 WIB and 01:00 

WIB. At 07:00 WIB, PM10 concentrations 

began to disperse as pollutants were carried 

away by wind toward northern areas, such 

as Sambas Regency and the neighboring 

country border. By 13:00 WIB, pollutants 

spread significantly, reducing 

concentrations at the source due to rising air 

temperatures. High temperatures made 

PM10 particles less dense, facilitating their 

dispersion and lowering pollutant 

concentrations. 

 

Figure 7. presents a graph illustrating PM10 

concentrations from September 8, 2015, at 

01:00 WIB to September 10, 2015, at 23:00 

WIB in Ketapang Regency, Pontianak City, 

and Sambas Regency. PM10 concentrations 

in these three areas varied over time. The 

levels peaked at 19:00 WIB, reaching a 

maximum of 14 µg/m³. Conversely, they 

decreased between 07:00 WIB and 16:00 

WIB, ranging from 1 µg/m³ to 3 µg/m³. 

 

The findings indicate that pollutant 

concentrations in Pontianak are higher than 

those in Ketapang and Sambas (Figure 7). 

The elevated levels of pollutants in 

Pontianak are attributed to a combination of 

emission sources, including anthropogenic 

activities such as transportation and 

industry (characteristic of a developing 

urban area) and transboundary pollution 

originating from forest and land fires in the 

Ketapang region.
 

 
Figure 6. Map of PM10 distribution in West Kalimantan on 08-10 September 2015.
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Figure 7. Time series graph of PM10 per 3 hours in Ketapang Regency, Pontianak City, and Sambas Regency 

from September 8, 2015 at 01.00 WIB to September 10, 2015 at 23.00 WIB. 

 

Carbon Monoxide (CO) 

Carbon monoxide (CO), a common 

emission from forest fires, contributes to 

climate change by affecting the 

concentration of greenhouse gases in the 

atmosphere, making it a serious 

environmental issue (Volkova et al., 2019; 

Touma et al., 2021). The WRF-Chem 

model output illustrates the spatial 

distribution of CO pollutants in the West 

Kalimantan region from September 8 to 

September 10, 2015, between 01:00 WIB 

and 23:00 WIB (Figure 8). In Ketapang, the 

distribution of hotspots was relatively high 

compared to other regions in West 

Kalimantan Province, resulting in high CO 

concentrations from 19:00 WIB to 01:00 

WIB. This occurred because pollutants 

accumulated near the fire source at night 

when air temperatures were relatively low, 

and wind speeds were calmer. At 07:00 

WIB, CO concentrations began to disperse 

as pollutants were carried away by wind 

toward northern areas, such as Pontianak 

City and Sambas Regency. By 13:00 WIB, 

CO concentrations decreased rapidly as 

high air temperatures caused pollutants to 

become dry and light, allowing them to 

spread easily with moving air masses 

toward the borders of neighboring 

countries.  

 

In this study, wind speed and direction 

played a crucial role in pollutant dispersion. 

Wind from the southeast caused pollutants 

originating from Ketapang Regency to 

spread northward across Kalimantan. 

Strong winds facilitated wider dispersion of 

CO, whereas weak winds led to localized 

concentration buildup. Surface pressure 

influenced pollutant concentrations at the 

emission source, with low-pressure systems 

occurring between 12:00 WIB and 16:00 

WIB, associated with rising and mixing air, 

which helped reduce CO concentrations 

near the surface. Meanwhile, low 

temperatures between 19:00 WIB and 

07:00 WIB trapped CO near the surface, 

resulting in higher concentrations. 

 

The results indicate that between 01:00 

WIB on September 8, 2015, and 19:00 WIB 

on September 10, 2015, Ketapang Regency, 

Pontianak City, and Sambas Regency were 

the areas with the highest CO 

concentrations. Ketapang Regency, being 

the primary source of the pollutant, 

recorded the highest CO concentration of 

205.7 g/m3 at 19:00 WIB (Figure 9). CO 

concentrations consistently decreased 

between 07:00 WIB and 16:00 WIB, with 

values ranging from 102.9 g/m3. This 

decrease occurs because, from morning to 

midday, rising temperatures and stronger 

wind speeds facilitate the dispersion of 

pollutants over a wider area. 
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Figure 8. Map of CO distribution in West Kalimantan on 08-10 September 2015. 

 

 
Figure 9. Time series graph of CO per 3 hours in Ketapang Regency, Pontianak City, and Sambas Regency 

from September 8, 2015 at 01.00 WIB to September 10, 2015 at 23.00 WIB. 

 

Meteorological parameters significantly 

influence the distribution of pollutants in 

the atmosphere, including PM10, PM2.5, and 

CO (Zhang et al., 2015; Jin et al., 2021). 

During forest and land fires, wind direction 

from the southeast transported pollutants 

from Ketapang Regency toward the 

northern part of Kalimantan. Previous 

research similarly found that wind speed 

and direction can disperse pollutants over a 

wider area, whereas weak winds tend to 

cause localized accumulation of pollutants 

(Fedoniuk et al., 2020; Yuval et al., 2020). 

 

Surface pressure also affects pollutant 

concentrations at the emission source. In 

this study, low-pressure systems observed 

between 12:00 and 16:00 WIB were 

associated with rising and mixing air, 

which helped reduce pollutant 

concentrations near the surface. 

Conversely, low air temperatures recorded 
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between 19:00 and 07:00 WIB trapped 

pollutants near the surface, resulting in 

higher concentrations during these hours. 

Previous research supports these findings, 

indicating that high pollutant 

concentrations at night are due to stable 

atmospheric conditions, low temperatures, 

and calmer winds (Li et al., 2020). 

 

The WRF-Chem model was able to 

represent the distribution of pollutants 

(PM10, PM2.5, and CO), which was 

influenced by meteorological factors, 

particularly wind direction. The simulation 

results indicated that wind transported 

pollutants from the main source in 

Ketapang Regency toward northern 

Kalimantan. A limitation of this study is 

that, although the model effectively 

represents the spatial distribution of 

pollutants, the concentrations of the three 

pollutants remain relatively low and are still 

classified as “good” according to the Air 

Pollutant Standard Index (ISPU) (Table 1). 

This finding contrasts with the results of 

previous research by Yin et al. (2020), 

which reported that haze from forest fires in 

Kalimantan had a significant negative 

impact on air quality. 

 

The distribution of pollutants during forest 

fires poses a significant threat to human 

health, highlighting the need for further 

investigation to better understand its 

implications and develop effective 

mitigation strategies. 

Conclusion 

The WRF-Chem model accurately 

simulates meteorological parameters and 

effectively models the distribution of 

pollutants during forest fires in Ketapang. 

The simulation shows that pollutants spread 

northward to areas such as Pontianak City 

and Sambas Regency, as well as to 

neighboring countries, driven by air masses 

moving from the southeast to the north.  

The WRF-Chem model simulation results, 

the temporal patterns of pollutant 

concentrations, including CO, PM10, and 

PM2.5, indicate high pollutant 

concentrations from night to early morning 

(between 19:00 and 03:00). This is 

influenced by meteorological factors such 

as low wind speed, high surface pressure, 

and low temperature, which inhibit the 

dispersion of pollutants. In contrast, during 

the daytime (between 07:00 and 16:00), 

high wind speed, low surface pressure, and 

elevated temperatures facilitate the 

dispersion of pollutants over a wider area, 

following the wind direction.  

Acknowledgements 

The authors would like to express their 

gratitude to the Pontianak Maritime 

Meteorological Station for its support in 

providing observational data (wind data), 

which were used as validation data for the 

model output in this study. 

Author Contribution 

AI: Conceptualization, Methodology, Data 

Interpretation, Writing—Reviewing and 

Editing, Supervision.  EY:  Data Collection, 

Statistical Analysis, Writing—Original 

Draft Preparation. RA (Randi Ardianto): 

Methodology, Statistical Analysis, 

Visualization, Validation. RA (Riza 

Adriat): Data Interpretation, Validation. 

MIJ: Methodology, Data Interpretation, 

Visualization. 

Conflict of Interest 

The authors declare that they have no 

conflict of interest regarding the 

publication of this paper. 

References 

Agarwal, P., Stevenson, D. S., & Heal, M. 

R. (2024). Evaluation of WRF-Chem-

simulated meteorology and aerosols 

over northern India during the severe 

pollution episode of 2016. 

Analysis of Pollutant Distribution Due to … 

 

http://journal.unhas.ac.id/index.php/geocelebes


 
© 2025 Dept. of Geophysics Hasanuddin University 

123 

Atmospheric Chemistry and Physics, 

24(4), 2239–2266. 

https://doi.org/10.5194/acp-24-2239-

2024 

Callewaert, S., Zhou, M., Langerock, B., 

Wang, P., Wang, T., Mahieu, E., & De 

Mazière, M. (2023). A WRF-Chem 

study on the variability of CO2, CH4 

and CO concentrations at Xianghe, 

China supported by ground-based 

observations and TROPOMI, 

EGUsphere. 

https://doi.org/10.5194/egusphere-

2023-2103 

Darmawan, D. H. A. (2020). Fuelling the 

fires: practical steps towards wildfires 

in Indonesia. IOP Conference Series: 

Earth and Environmental Science, 

504(1), 012021. 

https://doi.org/10.1088/1755-

315/504/1/012021 

Darmanto, N. S., & Sofyan, A. (2012). 

Analisis distribusi pencemar udara 

NO2, SO2, CO dan O2 di Jakarta 

dengan WRF-CHEM. Jurnal Teknik 

Lingkungan, 18(1), 54–64. 

http://dx.doi.org/10.5614/jtl.2012.18.

1.6 

Dahari, N., Muda, K., Latif, M. T., & 

Hussein, N. (2021). Studies of 

Atmospheric PM2.5 and its Inorganic 

Water Soluble Ions and Trace 

Elements around Southeast Asia: a 

Review. Asia-Pacific Journal of 

Atmospheric Sciences, 57, 361–385. 

https://doi.org/10.1007/s13143-019-

00132-x 

EDGAR. (2024). Emissions Data and 

Maps. 

https://edgar.jrc.ec.europa.eu/emissio

ns_data_and_maps 

Fedoniuk, R. H., Fedoniuk, T. P., 

Zimaroieva, A. A., Pazych, V. M., & 

Zubova, O. V. (2020). Impact of air 

born technogenic pollution on 

agricultural soils depending on 

prevailing winds in Polissya region 

(NW Ukraine). Ecological Questions, 

31(1), 69–85. 

https://doi.org/10.12775/EQ.2020.007 

Georgiou, G. K., Christoudias, T., Proestos, 

Y., Kushta, J., Pikridas, M., Sciare, J., 

Savvides, C., & Lelieveld, J. (2022). 

Evaluation of WRF-Chem model (v3. 

9.1.1) real-time air quality forecasts 

over the Eastern Mediterranean. 

Geoscientific Model Development, 

15(10), 4129–4146. 

https://doi.org/10.5194/gmd-15-4129-

2022 

Ghude, S. D., Kumar, R., Jena, C., Debnath, 

S., Kulkarni, R. G., Alessandrini, S., 

Biswas, M., Kulkrani, S., Pithani, P., 

Kelkar, S., Sajjan, V., Chate, D., Soni, 

V., Singh, S., Nanjundiah, R. S., & 

Rajeevan, M. (2020). Evaluation of 

PM2.5 forecast using chemical data 

assimilation in the WRF-CHEM 

model: A novel initiative under the 

ministry of earth sciences air quality 

early warning system for Delhi, India. 

Current Science, 118(11), 1803–1815. 

https://doi.org/10.18520/cs/v118/i11/

1803-1815 

Grell, G. A., & Dévényi, D. (2002). A 

generalized approach to 

parameterizing convection combining 

ensemble and data assimilation 

techniques. Geophysical Research 

Letters, 29(14), 1693. 

http://dx.doi.org/10.1029/2002gl0153

11 

Grell, G. A., Peckham, S. E., Schmitz, R., 

McKeen, S. A., Frost, G., Skamarock, 

W. C., & Eder, B. (2005). Fully 

coupled “online” chemistry within the 

WRF model. Atmospheric 

Environment, 39(37), 6957–6975. 

https://doi.org/10.1016/j.atmosenv.20

05.04.027 

Ihwan, A., Tsabita, T. K., & Adriat, R. 

(2024). Analisis Kekeringan 

Meteorologi Di Wilayah Iklim Hutan 

Hujan Tropis Pada Saat El-Niño Kuat 

Tahun 2015. Jurnal Agrotek Tropika, 

12(2), 310–317. 

http://dx.doi.org/10.23960/jat.v12i2.7

514 

Jin, X., Cai, X., Yu, M., Wang, X., Song, 

Y., Kang, L., Zhang, H., & Zhu, T. 

Yani et al. / Jurnal Geocelebes Vol. 9 No. 2, October 2025, 113–125 

 

http://journal.unhas.ac.id/index.php/geocelebes


 
© 2025 Dept. of Geophysics Hasanuddin University 

124 

(2021). Mesoscale structure of the 

atmospheric boundary layer and its 

impact on regional air pollution: A 

case study. Atmospheric Environment, 

258, 118511. 

https://doi.org/10.1016/j.atmosenv.20

21.118511 

Jusman, R. A., Fikriyah, V. N., Jumadi, J., 

& Saputra, A. (2023). Analysis of land 

fire vulnerability using remote sensing 

in Ketapang Regency, West 

Kalimantan, Indonesia. AIP 

Conference Proceedings, 2727(1), 

050007. 

https://doi.org/10.1063/5.0141541 

Li, B., Shi, X.-F., Liu, Y.-P., Lu, L., Wang, 

G.-L., Thapa, S., Sun, X.-Z., Fu, D.-L., 

Wang, K., & Qi, H. (2020). Long-term 

characteristics of criteria air pollutants 

in megacities of Harbin-Changchun 

megalopolis, Northeast China: 

Spatiotemporal variations, source 

analysis, and meteorological effects. 

Environmental Pollution, 267, 

115441. 

https://doi.org/10.1016/j.envpol.2020.

115441 

Manisalidis, I., Stavropoulou, E., 

Stavropoulos, A., & Bezirtzoglou, E. 

(2020). Environmental and health 

impacts of air pollution: a review. 

Frontiers in public health, 8, 14.  

https://doi.org/10.3389/fpubh.2020.00

014 

Minister of Environment and Forestry of 

the Republic of Indonesia. (2020). 

Indeks Standar Pencemar Udara 

(ISPU) sebagai Informasi Mutu 

Udara Ambien di Indonesia Tahun 

2020. 

https://ditppu.menlhk.go.id/portal/upl

oads/news/1600940556_P_14_2020_

ISPU_menlhk_07302020074834.pdf 

Miettinen, J., Shi, C., & Liew, S. C. (2017). 

Fire distribution in Peninsular 

Malaysia, Sumatra and Borneo in 

2015 with special emphasis on 

peatland fires. Environmental 

management, 60, 747–757. 

https://doi.org/10.1007/s00267-017-

0911-7 

National Centers for Environmental 

Prediction/ National Weather Service/ 

NOAA/ U.S. Department of 

Commerce. (2015). NCEP 

GDAS/FNL 0.25 Degree Global 

Tropospheric Analyses and Forecast 

Grids. 

https://rda.ucar.edu/datasets/d083003/

dataaccess/ 

NOAA. (2022). WRF-Chem Version 4.4 

User’s Guide. 

https://etrp.wmo.int/pluginfile.php/87

070/mod_resource/content/1/Users_g

uide.WRF-Chemv4.4.pdf 

Nurhayati, A. D., Saharjo, B. H., 

Sundawati, L., Syartinilia, S., & 

Cochrane, M. A. (2021). Forest and 

peatland fire dynamics in South 

Sumatra Province. Forest and Society, 

5(2), 591–603. 

https://doi.org/10.24259/fs.v5i2.1443

5 

Sicard, P., Crippa, P., De Marco, A., 

Castruccio, S., Giani, P., Cuesta, J., 

Paoletti, E., Feng, Z., & Anav, A. 

(2021). High spatial resolution WRF-

Chem model over Asia: Physics and 

chemistry evaluation. Atmospheric 

Environment, 244, 118004. 

https://doi.org/10.1016/j.atmosenv.20

20.118004 

Siddiqua, A., Hahladakis, J. N., & Al-

Attiya, W. A. K. A. (2022). An 

overview of the environmental 

pollution and health effects associated 

with waste landfilling and open 

dumping. Environmental Science and 

Pollution Research, 29(39), 58514–

58536. 

https://doi.org/10.1007/s11356-022-

21578-z 

Siegmund, T., Gollmer, C., Horstmann, N., 

& Kaltschmitt, M. (2024). Carbon 

monoxide (CO) and particulate matter 

(PM) emissions during the 

combustion of wood pellets in a small-

scale combustion unit–Influence of 

aluminum-(silicate-) based fuel 

additivation. Fuel Processing 

Analysis of Pollutant Distribution Due to … 

 

http://journal.unhas.ac.id/index.php/geocelebes


 
© 2025 Dept. of Geophysics Hasanuddin University 

125 

Technology, 262, 108111. 

https://doi.org/10.1016/j.fuproc.2024.

108111 

Spiridonov, V., Jakimovski, B., 

Spiridonova, I., & Pereira, G. (2019). 

Development of air quality forecasting 

system in Macedonia, based on WRF-

Chem model. Air Quality, Atmosphere 

& Health, 12, 825–836. 

https://doi.org/10.1007/s11869-019-

00698-5  

Tampubolon, A. P. C., & Boedisantoso, R. 

(2016). Analisis persebaran polutan 

karbon monoksida dan partikulat dari 

kebakaran hutan di Sumatera Selatan. 

Jurnal Teknik ITS, 5(2), C160–C165. 

http://dx.doi.org/10.12962/j23373539

.v5i2.18955 

Tang, R., Zhao, J., Liu, Y., Huang, X., 

Zhang, Y., Zhou, D., Ding, A., 

Nielsen, C. P., & Wang, H. (2022). Air 

quality and health co-benefits of 

China’s carbon dioxide emissions 

peaking before 2030. Nature 

communications, 13(1), 1008. 

https://doi.org/10.1038/s41467-022-

28672-3 

Touma, D., Stevenson, S., Lehner, F., & 

Coats, S. (2021). Human-driven 

greenhouse gas and aerosol emissions 

cause distinct regional impacts on 

extreme fire weather. Nature 

communications, 12(1), 212. 

https://doi.org/10.1038/s41467-020-

20570-w 

Volkova, L., Roxburgh, S. H., Surawski, N. 

C., Meyer, C. P., & Weston, C. J. 

(2019). Improving reporting of 

national greenhouse gas emissions 

from forest fires for emission 

reduction benefits: an example from 

Australia. Environmental Science & 

Policy, 94, 49-62.  

https://doi.org/10.1016/j.envsci.2018.

12.023 

Wiedinmyer, C., & Emmons, L. (2022). 

Fire Inventory from NCAR version 2 

Fire Emission. 

https://rda.ucar.edu/datasets/d312009/

dataaccess/# 

Yananto, A., Prayoga, M. B. R., & 

Harsoyo, B. (2017). Forest and Land 

Fire Danger Mapping Based on Land 

Physical Parameters in Sumatera and 

Kalimantan Region of Indonesia. 

Journal of Applied Geospatial 

Information, 1(2), 75–81. 

https://doi.org/10.30871/jagi.v1i2.521 

Yang, T., Wang, Y., Wu, Y., Zhai, J., Cong, 

L., Yan, G., Zhang, Z., & Li, C. 

(2020). Effect of the wetland 

environment on particulate matter and 

dry deposition. Environmental 

technology, 41(8), 1054–1064. 

https://doi.org/10.1080/09593330.201

8.1520307 

Yang, J., Shi, B., Shi, Y., Marvin, S., 

Zheng, Y., & Xia, G. (2020). Air 

pollution dispersal in high density 

urban areas: Research on the triadic 

relation of wind, air pollution, and 

urban form. Sustainable Cities and 

Society, 54, 101941. 

https://doi.org/10.1016/j.scs.2019.101

941 

Yin, S., Wang, X., Guo, M., Santoso, H., & 

Guan, H. (2020). The abnormal 

change of air quality and air pollutants 

induced by the forest fire in Sumatra 

and Borneo in 2015. Atmospheric 

research, 243, 105027. 

https://doi.org/10.1016/j.atmosres.202

0.105027 

Yuval, Y., Tritscher, T., Raz, R., Levi, Y., 

Levy, I., & Broday, D. M. (2020). 

Emissions vs. turbulence and 

atmospheric stability: A study of their 

relative importance in determining air 

pollutant concentrations. Science of 

the Total Environment, 733, 139300.  

https://doi.org/10.1016/j.scitotenv.20

20.139300 

Zhang, H., Wang, Y., Hu, J., Ying, Q., & 

Hu, X.-M. (2015). Relationships 

between meteorological parameters 

and criteria air pollutants in three 

megacities in China. Environmental 

research, 140, 242–254. 

https://doi.org/10.1016/j.envres.2015.

04.004 

Yani et al. / Jurnal Geocelebes Vol. 9 No. 2, October 2025, 113–125 

 

http://journal.unhas.ac.id/index.php/geocelebes

