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Abstract Carbon monoxide (CO) and nitrogen dioxide (NO2) are the primary pollutants found in the air. Based on 
the results of the study of predecessor researchers, it is known that human activity factors cause spatial and temporal 
changes in primary pollutants in the air, while natural factors, such as rainfall changes during the transition of 
seasons, have not been studied further. This study was conducted to examine the impact of rainfall changes on 
spatial patterns of primary pollutants (CO and NO2). The Special Region of Yogyakarta (DIY), Indonesia was 
chosen as a research area. The data used were remote sensing data, namely CHRIPS (Climate Hazards Group 
InfraRed Precipitation with Station data, NRTI (Near Real Time) / L3_CO data, and NRTI / L3_NO2 data. The 
data were analyzed using cloud computing methods based on Google Earth Engine and statistical analysis. The 
results showed that the dynamics of rainfall patterns had an impact on changes in CO and NO2 concentrations 
although it was not significant. Based on the study, it is known that an increase in rainfall of 1% causes a decrease 
in CO concentration of 1.935 x 10-5 mol/m2 and a decrease in NO2 concentration of 3.151 x 10-9 mol/m2.  A 
study conducted in southern India also concluded that higher rainfall has the potential to reduce CO and NO2 
concentrations. The impact of rainfall pattern dynamics presented quantitatively in this study is a new finding, 
because there have not been many studies that explain the impact of rainfall pattern dynamics on CO and NO2 
quantitatively. 

This article is an open-access article distributed under the terms and conditions of the Creative Commons. 
Attribution(CC BY NC) licensehttps://creativecommons.org/licenses/by-nc/4.0/.
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Abstract. Flood is one of the disasters that often hit various regions in Indonesia, specifically in West Kalimantan. 
The floods in Nanga Pinoh District, Melawi Regency, submerged 18 villages and thousands of houses. Therefore, 
this study aimed to map flood risk areas in Nanga Pinoh and their environmental impact. Secondary data on 
the slope, total rainfall, flow density, soil type, and land cover analyzed with the multi-criteria GIS analysis 
were used. The results showed that the location had low, medium, and high risks. It was found that areas with 
high, prone, medium, and low risk class are 1,515.95 ha, 30,194.92 ha, 21,953.80 ha, and 3.14 ha, respectively. 
These findings implied that the GIS approach and multi-criteria analysis are effective tools for flood risk maps 
and helpful in anticipating greater losses and mitigating the disasters.

©2022  by the authors. Licensee Indonesian Journal of Geography, Indonesia. 
This article is an open access  article distributed under the terms and conditions of the Creative Commons 
Attribution(CC BY NC) licensehttps://creativecommons.org/licenses/by-nc/4.0/.

1. Introductin
Floods occur when a river exceeds its storage capacity, 

forcing the excess water to overflow the banks and fill the 
adjacent low-lying lands. This phenomenon represents the 
most frequent disasters affecting a majority of countries 
worldwide (Rincón et al., 2018; Zwenzner & Voigt, 2009), 
specifically Indonesia. Flooding is one of the most devastating 
disasters that yearly damage natural and man-made features 
(Du et al., 2013; Falguni & Singh, 2020; Tehrany et al., 2013; 
Youssef et al., 2011).

There are flood risks in many regions resulting in great 
damage (Alfieri et al., 2016; Mahmoud & Gan, 2018) with 
significant social, economic, and environmental impacts 
(Falguni & Singh, 2020; Geographic, 2019; Komolafe et al., 
2020; Rincón et al., 2018; Skilodimou et al., 2019). The effects 
include loss of human life, adverse impacts on the population, 
damage to the infrastructure, essential services, crops, and 
animals, the spread of diseases, and water contamination 
(Rincón et al., 2018).

Food accounts for 34% and 40% of global natural disasters 
in quantity and losses, respectively (Lyu et al., 2019; Petit-
Boix et al., 2017), with the occurrence increasing significantly 
worldwide in the last three decades (Komolafe et al., 2020; 
Rozalis et al., 2010). The factors causing floods include 
climate change (Ozkan & Tarhan, 2016; Zhou et al., 2021), 
land structure (Jha et al., 2011; Zwenzner & Voigt, 2009), and 
vegetation, inclination, and humans (Curebal et al., 2016). 
Other causes are land-use change, such as deforestation and 
urbanization (Huong & Pathirana, 2013; Rincón et al., 2018; 
N. Zhang et al., 2018; Zhou et al., 2021).

The high rainfall in the last few months has caused much 
flooding in the sub-districts of the West Kalimantan region. 
Thousands of houses in 18 villages in Melawi Regency have 
been flooded in the past week due to increased rainfall 

intensity in the upstream areas of West Kalimantan. This 
occurred within the Nanga Pinoh Police jurisdiction, including 
Tanjung Lay Village, Tembawang Panjang, Pal Village, Tanjung 
Niaga, Kenual, Baru and Sidomulyo Village in Nanga Pinoh 
Spectacle, Melawi Regency (Supriyadi, 2020).

The flood disaster in Melawi Regency should be mitigated 
to minimize future consequences by mapping the risk. 
Various technologies such as Remote Sensing and Geographic 
Information Systems have been developed for monitoring flood 
disasters. This technology has significantly contributed to flood 
monitoring and damage assessment helpful for the disaster 
management authorities (Biswajeet & Mardiana, 2009; Haq 
et al., 2012; Pradhan et al., 2009). Furthermore, techniques 
have been developed to map flood vulnerability and extent 
and assess the damage. These techniques guide the operation 
of Remote Sensing (RS) and Geographic Information Systems 
(GIS) to improve the efficiency of monitoring and managing 
flood disasters (Haq et al., 2012).

In the age of modern technology, integrating information 
extracted through Geographical Information System (GIS) and 
Remote Sensing (RS) into other datasets provides tremendous 
potential for identifying, monitoring, and assessing flood 
disasters (Biswajeet & Mardiana, 2009; Haq et al., 2012; 
Pradhan et al., 2009). Understanding the causes of flooding 
is essential in making a comprehensive mitigation model. 
Different flood hazard prevention strategies have been 
developed, such as risk mapping to identify vulnerable areas’ 
flooding risk. These mapping processes are important for the 
early warning systems, emergency services, preventing and 
mitigating future floods, and implementing flood management 
strategies (Bubeck et al., 2012; Falguni & Singh, 2020; Mandal 
& Chakrabarty, 2016; Shafapour Tehrany et al., 2017).

GIS and remote sensing technologies map the spatial 
variability of flooding events and the resulting hazards 
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1. 	 Introduction
Everyone needs to breathe clean air. Clean air has a 

good impact on human health and age (Li et al., 2023). Air 
is a geosphere object with spatial and temporal dimensions, 
meaning air quality varies based on space and time. Air 
pollution generally occurs due to anthropogenic activities 
that produce pollutants, such as carbon monoxide (CO) 
and nitrogen dioxide (NO2) (Kwiecień & Szopińska, 2020). 
Spatial and temporal dynamics studies of air pollutants have 
been conducted intensively during the COVID-19 pandemic. 
Based on the study, it is known that air pollutants decrease 
significantly when lockdowns or large-scale social restrictions 
are imposed.

Nitrogen dioxide (NO2) pollutants decreased significantly 
during the lockdown in Turkey (Ghasempour et al., 2021). 
Carbon monoxide (CO) and nitrogen dioxide (NO2) also 
declined as lockdowns were implemented in some parts of 
India (Halder et al., 2023). A decrease in pollution has also 
occurred during the COVID-19 pandemic in 2020, especially 
in the Jakarta, Surabaya, and Yogyakarta areas (Khasanah & 
Nucifera, 2022; Rendana et al., 2022; Suhardono et al., 2023). 
Some predecessor researchers also stated that the number of 
pollutants in China tended to decline in China, Bangladesh, 
and Tehran during the COVID-19 pandemic (Islam et al., 
2021; Moradi & Zeuss, 2023; Xing et al., 2022). The decrease 
in air pollutants was caused by reduced use of motor vehicles 

during the lockdown. The reduced use of motor vehicles has 
decreased exhaust emissions from burning fossil fuels, so air 
pollutants are also reduced (Irwansyah et al., 2024).

Research on the spatial and temporal dynamics of air 
pollutants was carried out during the COVID-19 pandemic 
in 2020. Predecessor researchers tended to correlate changes 
in spatial patterns of air pollutants with large-scale social 
distancing policies (lockdowns). Air pollutants used as 
parameters vary, ranging from carbon monoxide, nitrogen 
dioxide, and sulfur oxides to micro-sized solids dispersed in 
the atmosphere. (Fardani et al., 2021; Khasanah & Nucifera, 
2022; Xing et al., 2022). Based on the results of previous 
research, it is known that the concentration of air pollutants 
has decreased because lockdowns have suppressed human 
activities in the use of fossil fuels contained in various modes 
of transportation (Islam et al., 2021; Rendana et al., 2022). 

Natural variability, such as rainfall, has not been widely 
used in studying the spatial dynamics of air pollutants. 
Based on data analysis using 200 publication manuscripts 
for 2020-2023 sourced from Google Scholar (Figure 1), it is 
known that the keyword air quality index (keywords used in 
air pollutant research) is closer to the keywords lockdown, 
pandemic, and human activity, while keywords related to 
rainfall (precipitation) have a longer distance from air quality 
index. Air quality and air quality index have the same concept. 
Air quality is a measure that indicates the amount of gaseous 
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pollutants and particulates in the air. The air quality index is 
a daily air quality report used to determine the impact of air 
quality on health (Cheremisinoff, 2002). Figure 1 also indicates 
that the use of rainfall variables in studying air pollutants has 
not been widely found. 

Studies conducted by predecessor researchers focused 
on anthropogenic impacts on the spatial and temporal 
dynamics of air pollutants. Predecessor researchers tended 
to conclude that the decline in air pollutants was only due 
to reduced anthropogenic activity. Carbon monoxide (CO) 
and nitrogen dioxide (NO2) are often used as objects of air 
pollution research in various regions locally and globally. 
Studies conducted in Latin American cities explain that the 
dynamics or fluctuations of NO2 in the atmosphere are greatly 
influenced by anthropogenic factors, namely population 
mobility (Volke et al., 2023). Studies in some areas in Nigeria 
also show that fluctuations in CO and NO2 are positively 
correlated with traffic density dynamics (Adedeji et al., 2016). 
A study conducted in Shandong Province, China also showed 
that the decline in mobility and community activities caused 
CO and NO2 numbers to drop significantly (Xing et al., 2022). 
The decline in CO and NO2 numbers also occurred in some 
areas of Ecuador due to the reduction in community mobility 
(Mejia et al., 2024). 

Theoretically, rainfall as one of the components that 
shape weather and climate can dilute CO and NO2 gases 
in the atmosphere. The statement that rainfall can dilute 
gas pollutants has often surfaced in various global studies. 
However, the question was not accompanied by an in-depth 

discussion about how much the dynamics of rainfall patterns 
affect the dynamics of CO and NO2 gases. The impact of natural 
events, such as rainfall changes, on air pollutants has not been 
studied much, so references to the factors causing air pollutant 
dynamics are not comprehensive. This study was conducted to 
examine the impact of rainfall changes on spatial and temporal 
patterns of carbon monoxide (CO) and nitrogen dioxide 
(NO2). The purpose of the study was achieved by analyzing the 
dynamics of daily rainfall, analyzing the dynamics of daily CO, 
analyzing the dynamics of daily NO2, comparing the trends of 
rainfall, CO, and NO2, by conducting statistical analysis.

The dynamics of rainfall, CO, and NO2 were analyzed 
using daily data from October 2022 to March 2023. Spatial and 
temporal analysis was carried out using the cloud computing 
method with the google earth engine (GEE) program. GEE is 
a computer program based on java script. GEE can be used to 
extract rainfall, CO, and NO2 data. GEE is also used to analyze 
data and visualize the results of data analysis spatially and 
temporally. Daily rainfall data is compared with daily CO data 
and daily NO2 data to find out the trend. The impact of rainfall 
dynamics on CO and NO2 is obtained by using linearity tests 
and scattergrams on statistical analysis. 

2. 	 Methods
The research was conducted in the Special Region of 

Yogyakarta (DIY) administrative area. DIY was chosen as 
the research location because the air quality was once below 
the quality standard (Cahyono, 2016; Dewi et al., 2020). The 
comparison of air quality measurement results in the field with 

Figure 1. Results of Analysis of Recent Published Manuscripts (2020-2023) Related to Air Pollutants
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air quality standards based on the Indonesian Government 
Regulation Number 41 of 1999 concerning national ambient air 
quality, show that SO2 in some locations have exceed the quality 
standards, while NO2 almost exceed the quality standards.  
The research area can be seen in Figure 2. The research area 
of the case study was chosen by the author because DIY has 
unique geographical conditions. DIY has a varied landform 
and is rarely found elsewhere. Previous researchers stated that 
the diversity of landforms in the research area resulted in the 
unique rainfall patterns formation. However the impact of the 
unique rainfall pattern in the research area has never been 
associated with the dynamics of nitrogen dioxide and carbon 
monoxide gas emissions.

The data used in this study included rainfall, carbon 
monoxide (CO), and nitrogen dioxide (NO2). The temporal 
dimension of the data was from October 2022 to April 2023. 
The time period of October 2022 to April 2023 was chosen as 
the temporal dimension because, in that time frame, there was 
a change in rainfall patterns in the DIY region (BMKG, 2023).  

Spatial and temporal patterns of rainfall, CO, and NO2 
were analyzed through cloud computing methods using the 
Google Earth Engine (GEE) platform. The cloud computing 
method was chosen due to its ability to access and analyze 
spatiotemporal CO, NO2, and rainfall data contained in remote 
sensing satellite imagery (Bangsawan et al., 2021; Garajeh et 
al., 2023; Suharman et al., 2023). Most previous researchers 
also use cloud computing as an alternative provider of earth 
data. Cloud computing method is a considerable alternative 
to access institutional data, which are usually incomplete. 
JavaScript-based programming language is used to identify 
spatial and temporal patterns of rainfall, CO, and NO2. 

Rainfall data uses mm/day as measurement units while 
CO and NO2 data use mol/m2 units. Previouse researchers 
used mol/m2 as measurement units to express the amount of 
CO and NO2 using cloud computing based on Google Earth 
Engine (GEE), and did not convert the measurement unit of 
mol/m2 to ppm (parts per million). Although the measurement 
unit of ppm is commonly used for gas concentrations, it is 
less suitable for satellite data, due to variations in altitude and 
variations in pressure and temperature (Halder et al., 2023; 
Rahaman et al., 2023; Suharman et al., 2023; Volke et al., 2023). 

The data used to identify spatial patterns of rainfall is 
remote sensing satellite data CHIRPS (Climate Hazards Group 
Infra-Red Precipitation with Station) with a spatial resolution 
of 0.050 (Funk et al., 2015; Ocampo-Marulanda et al., 2022). 
The following is an excerpt of the script used to analyze rainfall 
in the research area. 

var dataset 	 =	 ee.ImageCollection(‘UCSB-CHG/CHIRPS/
DAILY’)

 	 .select(‘precipitation’).filterDate(‘2022-10-01’, 
‘2023-04-30’);

var DIY	 =  	dataset.mean().clip(Yogyakarta) 

var band_viz 	 =	 {min: 0,max: 15,palette: [’red’, ’yellow’, 
’green’, ’cyan’ ,’blue’]}; Map.addLayer(DIY, 
band_viz, ’Mean Precipitation October 2022_
April_2023’); 

var title	 =	 ui.Panel({style: {position: ’bottom-
center’,padding:’8px 15px’}});

Figure 2. Research Area
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Spatial and temporal patterns of CO were identified using 

remote sensing data from NRTI/L3_CO (European et al. for 
Internal Market, 2013). The data were generated from the 
Sentinel 5P satellite conservation with a TROPOMI sensor 
(tropospheric monitoring instrument). The following is an 
excerpt of the script used to analyze CO data in the research 
area.

var dataset 	 =	 ee.ImageCollection(‘COPERNICUS/S5P/
NRTI/L3_CO’)

	 .select(‘CO_column_number_density’).
filterDate(‘2022-10-01’, ‘2023-04-30’); 

var DIY 	 =   dataset.mean().clip(Yogyakarta)

var band_viz	 =	 {min: 0, max: 0.032,palette: 
[‘black’,’blue’,’magenta’,’cyan’, ‘green’, ‘yellow’, 
‘red’]}; Map.addLayer(DIY, band_viz, ‘October 
2022_April_2023’); 

var title	 =	 ui.Panel({style: {position: ‘bottom-
center’,padding: ‘8px 15px’}});

Spatial and temporal patterns of NO2 were identified 
using remote sensing data from NRTI/L3_NO2 (European et 
al. for Internal Market 2013). The data were also generated 
from the Sentinel 5P satellite conservation with TROPOMI 
(tropospheric monitoring instrument) sensors. The following 
is an excerpt of the script used to analyze NO2 data in the 
research area.

var dataset	 =	 ee.ImageCollection(‘COPERNICUS/S5P/
NRTI/L3_NO2’)

	 .select(‘NO2_column_number_density’).
filterDate(‘2022-10-01’, ‘2023-04-30’)

var DIY	 =  dataset.mean().clip(Yogyakarta)

var band_viz 	 =	 {min: 0,max: 0.000065,palette: [‘blue’, 
‘purple’, ‘cyan’, ‘green’, ‘yellow’, ‘red’]};Map.
addLayer(DIY, band_viz, ‘October 2022-April 
2023’);

var title 	 =	 ui.Panel({style: {position: ‘bottom-
center’,padding: ‘8px 15px’}});

The results of the data analysis were visualized to see 
variations in rainfall, CO, and NO2 in the research area. The 
visualizations are presented in the form of thematic maps and 
line graphs (diagrams). Thematic maps are used to present the 
spatial distribution of average CO, NO2, and daily rainfall. The 
thematic map is compiled using data that has been extracted 
and analyzed using a java script-based cloud computing 
method. Data extraction and analysis were carried out with 
GEE, while the thematic map lay out process was carried out 
with the Arc GIS program version 10.8. 

Graph visualization is used to present patterns of CO, 
NO2, and rainfall fluctuations. The visualization in the form of 
a graph is prepared using CO, NO2, and daily rainfall data that 
have been extracted and analyzed using the cloud computing 
method. In addition, graph visualization is also used to present 
daily fluctuation trends of CO, NO2, and rainfall in the research 
area.  The presentation of the graph visualization is done with 
the Microsoft Excel program. 

The unit of analysis in this study is the satellite image 
pixels. The data used in this study are remote sensing images 
of Sentinel 5P NRTI CO, Sentinel 5P NRTI NO2, and CHIRPS. 
Sentinel 5P NRTI CO and NO2 remote sensing images have 
a spatial resolution of 5 km × 3.5 km (Ghasempour et al., 
2021), while CHIRPS has a spatial resolution that is not much 
different, namely 5.3 km × 5.3 km (Ocampo-Marulanda et al., 
2022). Based on the spatial resolution that have been described, 
the three satellite data have spatial resolutions that are not too 
different. So that the scale of data processing and analysis used 
in this study is simillar. 

Figure 3. Research Flow Chart
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The dynamic impact of rainfall patterns on CO and NO2 

was examined using statistical analysis, namely scattergram 
and linearity tests. The results of the data analysis were then 
explained descriptively using spatial and temporal approaches. 
The research flow chart can be seen in Figure 3.  

3. 	 Result and Discussion 
Spatial Variation of Carbon Monoxide in Research Area

Based on the analysis of carbon monoxide data from 
October 2022 to April 2023, the highest mean amount of 
carbon monoxide was found around the Sentolo District, 
Kulon Progo Regency. The highest amount of carbon monoxide 
(CO) was 0.028 mol/m2. The lowest amount, 0.019 mol/m2, 
was found in the northern part of Sleman Regency, especially 

around the upper slopes of Merapi Volcano. The spatial pattern 
of CO in the research area can be seen in Figure 4. Based on 
previous studies, the concentration of CO in the atmosphere 
is caused by fossil fuel emissions from various activities, such 
as transportation, industry, and domestic activities (Liu et al., 
2019; Suharman et al., 2023).  Transportation activities have 
a significant impact on CO concentration in the atmosphere. 
Based on data presented by previous researchers (Figure 5 and 
Table 1), large-scale social restrictions that occurred in parts 
of South China resulted in a decrease in the transportation 
of people and goods. As a result, CO density also decreased. 
When social restrictions were relaxed, transportation activities 
slowly increased, then the CO concentration rate also 
increased. (Suharman et al., 2023). 

Figure 4. Spatial Patterns of Carbon Monoxide from October 2022 to April 2023 (Source: data processing, 2024)

Figure 5. The Dynamics of Density Pattern of CO(Suharman et al., 2023)
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Then, the authors compared the CO concentration in 
several districts in each regency in the research area. The 
comparison of CO concentrations was carried out in districts 
selected based on population density levels. Population density 
is used as a selection criterion, since the denser the population, 
the higher the level of service, industry and domestic activities 
related to the use of fossil fuels. The results of the comparison 
of CO levels in each district can be seen in Table 2. Based on 
Table 2, it is showed that the variation in CO concentration 
is very low. The results of the calculation showed that the CO 

concentration was below 0.1 mol/m2, so a decimal fraction with 
a level of 1 x 10-3 is used to accommodate very low variations.

Based on Table 2, the CO concentration ranges from 
0.026 to 0.034 mol/m2. The top two districts with the highest 
CO concentrations are Sentolo (0.034 mol/m2) and Wates 
(0.028 mol/m2). Based on data from Indonesia Statistics (BPS) 
processed and published by the Department of Investment and 
One Stop Integrated Services or Dinas Penanaman Modal dan 
Pelayanan Terpadu Satu Pintu (2019), the highest population 
density, as seen in Table 2, is in Ngampilan District, with a 

Table 1. CO Dynamics Explanation Based on Figure 5
No Time Period CO Density 

(mol/m2)
Condition Statement Cause

1 January to 
June 2019

3.5 The highest density was 
located in coordinates 
108.941 longitude and 
10.547 latitude.

In this period, the research area was dominated 
by carbon monoxide with a density of 2 to 3.5 
mol/m2

Massive 
Transportation

2 June to 
December 
2019

2.8 The highest density was 
located in coordinates 
110.490 longitude and 
10.071 latitude.

The distribution of carbon monoxide patterns 
with a density of 2 to 3.5 mol/m2 began to 
decrease, although it was not significant. In the 
period from June to December 2019, the research 
area was dominated by carbon monoxide in 
the range of 1 to 2.8 mol/m2 density. Carbon 
monoxide density in the periode of June to 
December 2019 has indeed decreased, but 
in general the spatial pattern still tends to be 
simillar as the previous period.

Transportation 
begins to decline

3 January to 
June 2020

2 The highest density was 
located in coordinates 
109.732 longitude and 
8.564 latitude.

In the period of January to June 2020, no carbon 
monoxide cabron was found with a density 
exceeding 2 mol/m2. Based on the results of data 
analysis, it is known that the density of carbon 
monoxide in this period is dominated by levels of 
1 to 2 mol/m2.

Restrictions 
on activities 
(lockdown) due 
to the covid-19 
pandemic

4 June to 
December 
2020

1.8 The highest density was 
located in coordinates 
110.171 longitude and 
10.342 latitude.

Activity restrictions due to the Covid-19 
pandemic still have a significant effect on the 
spatial pattern of carbon monoxide density in the 
research area. In this period, the highest density 
is at 1.8 mol/m2. The most dominant carbon 
monoxide density is in the range of 0.5 to 1.5 
mol/m2.

Restrictions 
on activities 
(lockdown) due 
to the covid-19 
pandemic

5 January to 
June 2021

3.3 The highest density was 
located in coordinates 
110.084 longitude and 
10.73 latitude.

The density of carbon monoxide in the research 
area began to creep up. The highest density in 
the previous period (June to December 2020) 
was 1.8 mol/m2, while in the period of January 
to June 2021 there was a significant increase 
which caused the highest density to be at 3.3 
mol/m2.  Based on data visualization, it is known 
that the spatial pattern of carbon monoxide with 
a density of less than 2 mol/m2 is decreasing, 
replaced by an increase in carbon monoxide with 
a density of more than 2 mol/m2

The relaxation 
of the lockdown 
that caused 
activities began 
to gradually 
normalize. 
Including 
activities in the 
research area.

6 June to 
December 
2021

1.8 The highest density was 
located in coordinates 
109.996 longitude and 
9.886 latitude 

Carbon monoxide density in June to December 
2021 has decreased significantly compared to the 
previous period (January to June 2021). Based 
on data analysis, it is known that in the period 
of June to December 2021, the spatial pattern 
of carbon monoxide is dominated by carbon 
monoxide with a density of 0.5 to 1 mol/m2

This incident 
was caused by 
the re-enactment 
of large-scale 
restrictions due 
to the increase in 
Covid 19 cases 
globally.

Source: (Suharman et al., 2023)
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population density of up to 22,622 people/km2. Sentolo and 
Wates Districts have lower population densities compared to 
Ngampilan District. The population density of Sentolo District 
is 910.27 people/km2 (Sentolo, 2019) while Wates District is 
1,238 people/km2 (Wates, 2021). 

Although the population density in Sentolo and Wates is 
lower than in Ngampilan, CO concentrations are in the two 
highest ranks. This is due to massive transportation activities in 
the two districts. According to Transportation in Figures 2023 
of the Yogyakarta Transportation Agency, traffic performance 
in Wates District, especially on the Nagung – Cicikan road 
section, has experienced fluctuating changes from 2021 to 
2022 (Table 3). 

In 2020, the V/C ratio reached 0.77 and decreased in 
2021 to 0.52. In 2022, the value of the V/C ratio increased to 
0.61. These data show that the volume of vehicles on the road 

section is almost close to the available road capacity because 
the V/C Ratio value is almost close to 0.8 in accordance with 
the standard for calculating the exceeded road capacity. So it 
can be said that transportation activities in Wates District are 
quite massive. Meanwhile, in Sentolo District, transportation 
activities occur on three road sections, namely the Sentolo – 
Brosot, Sentolo – Nanggulan, and Sentolo – Pengasih road 
sectionss. According to Transportation in Figures 2023 of 
the Yogyakarta Transportation Agency, traffic performance 
on the Sentolo – Brosot road section experienced fluctuating 
changes from 2020 to 2022. In 2020, the V/C ratio reached 
0.22 and increased in 2021 to 0.50. In 2022, the V/C ratio 
value also increased to 0.57. These data show that the volume 
of vehicles on the Sentolo – Brosot road section is almost close 
to the available road capacity because the V/C Ratio value 
is almost close to 0.8. Similar conditions also occur on the 

Table 2. CO Concentration in Several Districts in the Research Area 
No Regency/ City Sub District CO (mol/m2)
1 Sleman Regency Depok 0.027
2 Sleman Regency Ngaglik 0.027
3 Sleman Regency Gamping 0.027
4 Sleman Regency Mlati 0.027
5 Sleman Regency Kalasan 0.027
6 Gunung Kidul Playen 0.026
7 Gunung Kidul Karang  Mojo 0.026
8 Gunung Kidul Semin 0.026
9 Gunung Kidul Ngawen 0.026

10 Gunung Kidul Wonosari 0.027
11 Kulon Progo Sentolo 0.034
12 Kulon Progo Wates 0.028
13 Kulon Progo Lendah 0.027
14 Kulon Progo Galur 0.027
15 Kulon Progo Nanggulan 0.027
16 Yogyakarta Ngampilan 0.027
17 Yogyakarta Gedong Tengen 0.027
18 Yogyakarta Danurejan 0.027
19 Yogyakarta Pakualaman 0.027
20 Yogyakarta Wirobrajan 0.027
21 Bantul Banguntapan 0.027
22 Bantul Sewon 0.027
23 Bantul Kasihan 0.027
24 Bantul Bantul 0.027
25 Bantul Pleret 0.026

Source : data processing, 2024

Tabel 3.  Traffic Performance of Kulonprogo Region in 2022

No District Road Sections
Traffic Performance (V/C Ratio)

Average per year2020 2021 2022
1 Wates Nagung - Cicikan 0.77 0.52 0.61 0.63
2 Sentolo Sentolo - Brosot 0.20 0.50 0.57 0.42

Sentolo – Nanggulan 0.30 0.40 0.50 0.40
Sentolo – Pengasih 0.20 0.19 0.21 0.20

Source : Transportation in Figures 2023 (Yogyakarta, 2023)
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Sentolo – Nanggulan road. Traffic performance on this road 
section has increased from 2020 to 2022. The V/C Ratio in 
2020 was recorded at 0.30 and increased in 2021 to 0.40 and 
increased again in 2022 to 0.50. If calculated on average, the 
traffic performance in Sentolo District reaches 0.40 to 0.42 per 
year. This shows that indeed in Sentolo District there is quite 
massive transportation activity.

Massive transportation activity is the impact of the 
construction of Yogyakarta International Airport in Wates 
District, which is close to Sentolo District. Emissions from 
massive transportation activities have led to high CO 
concentrations (Adedeji et al., 2016; Setyono et al., 2020). 
The research results also showed that CO concentration levels 
were influenced by vegetation. Areas dominated by vegetation, 
such as the middle to upper slopes of Merapi Volcano and 
most of Gunung Kidul Regency, had relatively lower CO 
concentrations compared to areas with sparse vegetation. 
The slopes of Merapi Volcano have a CO concentration of 
0.019 mol/km2, while the CO concentration in Gunungkidul 
Regency is usually at 0.026 mol/km2. This is because vegetation 
can reduce CO concentration (Benedict, 2023).

The CO pattern from October 2022 to April 2023 
throughout the Special Region of Yogyakarta can be seen in 
Figure 6.

Based on the research results, the CO concentration 
varied from October 2022 to April 2023. Figure 6 shows that 
at the beginning of the research year, the CO concentration 
increased from November 5 to December 10, 2022.The CO 
concentration decreased after December 10, 2022, until the 
end of the year of research. The lowest CO concentration was 
on April 22, 2023. The graph also shows that despite variations, 
in general, the CO concentration throughout the years of the 
research experienced a downward trend.

Spatial Variation of Nitrogen Dioxide in Research Area
Second, based on data processing and analysis, the highest 

mean amount of nitrogen dioxide (NO2) from October 2022 

to April 2023 is 0.000082 mol/m2 (Figure 7). The dominance 
of the highest amount of nitrogen dioxide was found in most 
parts of Sleman Regency. The highest concentration of NO2 
was found in Depok District, Sleman Regency. Meanwhile, the 
lowest concentration of NO2 was found in Rongkop District, 
Gunung Kidul Regency, which is 0.00002 mol/m2. 

The author compared the average values ​​of NO2 
concentration in several sub-districts in the research area 
(Table 4).

Based on data comparison, the highest NO2 concentration 
was in the Sleman Regency, including Depok, Ngaglik, Mlati, 
Gamping, and Kalasan Districts. It is irrelevant if population 
density is considered the sole factor to explain the cause of 
high NO2 concentrations. Based on population data published 
by the Bappeda (Regional Planning and Development Agency) 
of the Special Region of Yogyakarta (Yogyakarta, 2023), the 
population density in Sleman Regency from 2020 to 2023 was 
at 1,900 to 2,000 people/km2, while in the same period, the 
population density of Yogyakarta City was at 11,500 people/
km2. If the NO2 concentration is related to population density, 
the NO2 concentration in Yogyakarta City should be higher 
than in Sleman Regency. Based on the comparison of NO2 
concentrations, it can be said that the existence of vegetation 
in the Sleman Regency area cannot absorb all NO2, so the 
amount of NO2 in the Sleman Regency is higher than in other 
areas. Compared with the CO distribution pattern (Figure 4), 
the NO2 distribution pattern (Figure 7) is more centralized. 
This may be because the molecular weight of NO2 is greater 
than CO’s. The molecular weight of NO2 is 46.006 g/mol 
(Medicine, 2024a), while the molecular weight of CO is 28.010 
g/mol (Medicine, 2024b). The heavier molecular weight of 
NO2 may cause NO2 emissions to be less easily distributed 
widely by wind. Another factor that may influence the high 
NO2 concentration in Sleman Regency and its surroundings is 
the volcanic activity of Merapi Volcano from late 2022 to early 
2023. Previous research results stated that volcanic activity can 
be a source of NO2 emissions in the atmosphere (Romanias 

Figure 6. Carbon Monoxide Patterns from October 2022 to April 2023 (Source: data processing, 2024)
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et al., 2020). Based on the extraction of NO2 data from the 
Sentinel 5P satellite, it is showed that from October 2022 
to April 2023 the concentration of NO2 around the Merapi 
Volcano fluctuated (Figure 8). NO2 concentrations fluctuated 
from less than 0.00004 mol/m2 to more than 0.00008 mol/m2. 
The highest NO2 concentrations occurred on November 15, 
2022 at 0.000105 mol/m2, November 20, 2022 at 0.000107 mol/
m2, January 17, 2023 at 0.000090 mol/m2, January 29, 2023 at 
0.000088 mol/m2, and March 23, 2023 at 0.000088 mol/m2. 

The NO2 pattern from October 2022 to April 2023 
throughout the Special Region of Yogyakarta can be seen in 
Figure 9.

Based on the graph, NO2 concentration in the year of 
the study varied. The highest daily average concentration was 
from 18 to 19 October 2022. After that, the NO2 concentration 
decreased. NO2 concentration increased again on November 
25, 2022, December 24, 2022, and April 25, 2023. NO2 
concentration decreased drastically from January 30, 2023, to 
February 3, 2023. The graph shows that NO2 is more variable 
than CO, but as with CO, in general, NO2 concentration is 
trending downward.

	 Spatial Variation of Rainfall in Research Area
Based on the results of rainfall data analysis, the highest 

mean rainfall from October 2022 to April 2023 is 33.329 mm/
day, spatially found in the northern part of Sleman Regency 
and the western part of Kulon Progo Regency. Several 
locations in Gunungkidul and Bantul Regencies, which are 
coastal areas, have the lowest mean rainfall of less than 10 
mm/day. The visualization of rainfall patterns can be seen in 

Figure 9. The visualization of rainfall spatial pattern in Figure 
9 is generated from the extraction and analysis of CHRIPS 
(Climate Hazards Center Infrared Precipitation with Station 
Data) data version 2.0. CHRIPS data extraction and analysis 
was carried out using cloud computing methods with a java 
script-based programming language. 

Based on the results of data analysis, Pakem, Turi, 
Cangkringan, Samigaluh, Girimulyo, and Kokap Districts 
had higher rainfall than other districts. Pakem, Turi, and 
Cangkringan Districts are located in Sleman Regency, with a 
landform of the middle slope to the upper slope of the Merapi 
volcano. Samigaluh, Girimulyo, and Kokap Districts are 
located in Kulon Progo Regency with a landform dominated 
by denudational hill slopes. These districts are located at 
relatively higher elevations than other districts. This condition 
has the potential to cause orographic rain, which leads to 
higher rainfall intensity compared to other locations (Riasasi 
& Sejati, 2019; Sejati & Neritarani, 2024). 

The rainfall pattern from October 2022 to April 2023 
throughout the Special Region of Yogyakarta can be seen in 
Figure 10. During the year of the study, rainfall in the research 
area fluctuated. Based on data analysis, the highest average 
daily rainfall was from October 21, 2022, to November 18, 
2022. From December 2022 to March 2023, rainfall fluctuated, 
with several peak rainfalls on December 23, 2022; January 24, 
2024; and March 24, 2023. These rainfall peaks had lower rates 
compared to the peak rainfall rates in October and November 
2022. The graph shows that rainfall experienced a decreasing 
trend from October 1, 2022, to April 30, 2023.

Figure 7. Spatial Patterns of Nitrogen Dioxide from October 2022 to April 2023 (Source: data processing, 2024)
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Figure 8. NO2 data related to Merapi’s volcanic activity from October 2022 to April 2023 
(Source: data processing, 2024)

	Impact of Rainfall Patterns on Carbon Monoxide 
and Nitrogen Dioxide

The impact of rainfall changes on the concentration of 
carbon monoxide (CO) and nitrogen dioxide (NO2) in the 
air can be seen based on the correlation between the two 
variables. The correlation between these two variables was 
used to analyze the influence of one variable on another 
variable. Thus, correlation analysis per each affected variable 
was conducted to examine the impact of rainfall changes on 
carbon monoxide and nitrogen dioxide concentrations.

The impact of rainfall changes on carbon monoxide 
concentrations in the air was examined by assessing the 
data distribution patterns of the two variables in the form of 
scattergrams. Based on the scattergram analysis of the rainfall 
pattern fluctuation data variables and carbon monoxide 
(CO) concentration data variables in the research area from 
October 2022 to April 2023, the data patterns were irregular 
and tended to be random. This can be seen in the distribution 
of data patterns that do not lead to a linear line and tend to be 
scattered, which is shown in Figure 11.
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Figure 9. Nitrogen Dioxide Patterns from October 2022 to April 2023 (Source: data processing, 2024)

Figure 9. Spatial Patterns of Rainfall from October 2022 to April 2023 (Source: data processing, 2024)

Based on the scattergram, the data variables of rainfall 
pattern fluctuations and the data variables of carbon monoxide 
(CO) concentration in this research area may have a very weak 
correlation because they are not linear. However, the results 
of the linearity test carried out on these two variables showed 
different results. The significance value of deviation from 
linearity was 0.370, greater than the standard deviation of 0.05. 
Therefore, it can be concluded that there is a linear correlation 

between the rainfall fluctuation variable (independent) and 
the CO levels in the air (dependent). Based on the F test, the 
F count value was 1.379 while the F table for DF (198, 12) was 
2.30. Since the F count is smaller than the F table, it can be 
concluded that there is a significant linear correlation between 
the rainfall fluctuation variables (independent) and carbon 
monoxide levels in the air (dependent). The results of this 
linearity test can be seen in Table 5.
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Figure 10. Rainfall Patterns from October 2022 to April 2023 (Source: data processing, 2024)

Figure 11. Scattergram Analysis of Rainfall Fluctuations (Precipitation) and Carbon Monoxide Levels Correlation

Based on the results of the linearity test, bivariate linear 
regression analysis can be carried out to examine the impact 
of increased rainfall on CO concentration in the air. Based 
on the results of the bivariate linear regression analysis, the 
regression equation obtained from the analysis is Y=0.027-
0.00001935X. The coefficient a was 0.027, which means that 

if there is no rainfall change (rainfall fluctuation is zero), the 
consistent value of carbon monoxide levels in the air is 1.935 
x 10-5 mol/m2. Meanwhile, the coefficient b was -1.935 x 10-5, 
which means that for every 1% increase in rainfall, the carbon 
monoxide levels will decrease by 1.935 x 10-5 mol/m2. It shows 
that rainfall fluctuations negatively influence (cause a decrease) 
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the CO levels in the air. The results of the regression analysis 
can be seen in Table 6. Visualization of the comparison of 
rainfall patterns with CO patterns can be seen in Figure 12.

The impact of rainfall changes on the concentration of 
nitrogen dioxide in the air can be done by assessing the data 
distribution pattern of the two variables in the form of a 
scattergram. Based on the scattergram analysis of the rainfall 
pattern fluctuation data variables and the nitrogen dioxide 
(NO2) concentration data variables in the research area from 
October 2022 to April 2023, the scattergram pattern of carbon 
monoxide concentration also showed irregular and random 
data. This can be seen in the distribution of data patterns that 

do not lead to a linear line and tend to spread out (scatter), 
which is shown in Figure 13. 

Based on the scattergram, the rainfall pattern fluctuation 
data variable and the Nitrogen Dioxide (NO2) concentration 
data variable in this research area may have a very weak 
correlation because they are not linear. However, the results 
of the linearity test conducted on these two variables showed 
different results. The significance value of deviation from 
linearity was 0.074, greater than the standard deviation of 0.05. 
Therefore, it can be concluded that there is a linear correlation 
between the rainfall fluctuation variable (independent) and 
the NO2 levels in the air (dependent).

Table 5. Linearity Test Results between Rainfall Fluctuation and Carbon Monoxide Levels
Sum of 
Square

df Mean 
Square

F Sig.

Carbon Monoxide 
(C0) * Rainfall 
Fluctuation 
(Precipitation) 

Between Groups (Combined) .002 205 .000 1.375 .372
Linearity .000 1 .000 .681 .441
Deviation from 
Linearity

.002 204 .000 1.379 .370

Within Groups .000 6 .000
Total .002 211

Table 6. Regression Analysis of Rainfall Fluctuation Impact to Carbon Monoxide (CO) Level
Model Unstandardized Coefficients Standardized 

Coefficients
B Std. Error Beta t Sig.

1 (Constant) .027 .000 127.105 .000
Rainfall Fluctuation 
(Precipitation) -1.935E-5 .000 -.049 -.706 .481

Figure 12. Visualization of Rainfall and Carbon Monoxide Patterns
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However, based on the F test, the F count was 3.131 
while the F table for DF (198, 12) was 2.30. Since the F count 
is greater than the F table, it can be concluded that there is 
no significant linear correlation between rainfall fluctuation 
(independent variable) and nitrogen dioxide levels in the air 
(dependent variable). The results of this linearity test can be 
seen in Table 7.

Based on the results of the linearity test, bivariate linear 
regression analysis can be carried out to examine the impact 
of increased rainfall on the concentration of nitrogen dioxide 
in the air. Based on the results of the bivariate linear regression 
analysis, the regression equation is Y= (4.942x10-5) – 
(3.151x10-9) X. The coefficient a was 4.942 x 10-5, meaning that 
if there is no rainfall change (rainfall fluctuation is zero), then 
the consistent value of nitrogen dioxide (NO2) levels in the air 
is 4.942 x 10-5 mol/m2. Meanwhile, the coefficient b was -3.151 
x 10-9, which means that for every 1% increase in rainfall, the 

nitrogen dioxide levels in the air will decrease by 3.151 x 10-9 
mol/m2. It shows that rainfall fluctuations negatively influence 
(cause a decrease) the levels of nitrogen dioxide in the air 
(NO2) in the air. The results of the regression analysis can be 
seen in Table 8. Visualization of the comparison of rainfall 
patterns with NO2 patterns can be seen in Figure 14.

Rainfall dynamics did not have a significant impact on 
the decrease in CO and NO2 concentrations in the research 
area. The results showed that an increase in daily rainfall of 1% 
reduced the concentration of CO and NO2 by 1,935 x 10-5 mol/
m2 and 3,151 x 10-9 mol/m2. Geomorphologically, the research 
area can be said to be unique, because it has various land 
forms (Pohan et al., 2023). The diversity of landforms causes 
topographic conditions to vary. However, these variations did 
not have a significant impact on the difference in CO and NO2 
concentrations in the research area. For example, part of Kulon 
Progo Regency is denudational land with hilly topography that 

Figure 13. Scattergram Analysis of Rainfall Fluctuations (Precipitation) and Nitrogen Dioxide (NO2) Levels Correlation

Table 7. Linearity Test Results between Rainfall Fluctuation and Nitrogen Dioxide Levels
Sum of 
Square

df Mean 
Square

F Sig.

Nitrogen Dioxide 
(NO2) * Rainfall 
Fluctuation 
(Precipitation) 

Between Groups (Combined) .000 205 .000 3.116 .074
Linearity .000 1 .000 .004 .953
Deviation from 
Linearity

.000 204 .000 3.131 .074

Within Groups .000 6 .000
Total .000 211
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has the potential to experience orographic rain (Rahmawati et 
al., 2021). Daily rainfall in Kulon Progo Regency reached 26.66 
mm/day. Several areas of Sleman Regencies are also unique 
because they are formed by volcanic processes. The slopes in 
the area around the Merapi Volcano result in the potential for 
orographic rain (Rahmawati et al., 2021) with daily rainfall up 
to 33,329 mm/day. The geomorphological conditions of Kulon 
Progo Regency and Sleman Regency do result in relatively 
higher rainfall than other regions, such as Yogyakarta City, 
Bantul Regency, and Gunung Kidul Regency. However, the CO 
and NO2 concentration in Kulon Progo Regency and Sleman 
Regency are not lower than Yogyakarta City, Bantul Regency 
and Gunung Kidul Regency. 

The impact of rainfall dynamics on CO and NO2 
concentrations in the research area has not been 
comprehensively compared with various studies in other areas, 
because the simillar topic has not been widely studied. The study 
conducted in southern India is in line with the results achieved 
in this study, that although not significantly, the increase in 
rainfall has an impact on decreasing the concentration of CO 
and NO2 gases in the atmosphere (Ayyamperumal et al., 2024). 
Studies conducted in Bangladesh, Polish cities, and Arak Cities 
in Iran also show that rainfall was not a dominant factor in the 
dynamics of CO and NO2 concentrations (Garajeh et al., 2023; 

Haque et al., 2022; Kwiecien & Szopinska, 2020). Changes in 
CO and NO2 concentrations are dominated by anthropogenic 
dynamics in the use of fossil fuels in various activities.  

4. 	 Conclusion 
The results of the study show that cloud computing based 

on Google Earth Engine can be used to access, analyze, and 
visualize earth data related to gas emissions, such as carbon 
monoxide (CO) and nitrogen dioxide (NO2). Cloud computing 
can also be used to access, analyze, and visualize rainfall 
data. Cloud computing can be used as a primary alternative 
in geospatial data mining, considering that accessibility and 
availability of institutional data are common obstacles in 
research.

The results of the study show that the concentrations of 
CO and NO2 in the research area varied. 

Partially, high CO concentration is found in research areas 
with massive transportation activities, such as near airports 
and routes to airports. High CO concentration is also found 
in locations with sparse vegetation cover. NO2 concentration 
in the study also shows variations. High NO2 concentration 
is found around the upper slopes to the middle slopes of 
Merapi Volcano. The high NO2 concentration at the location 
may be influenced by the activity of Merapi Volcano. Based 

Table 8. Regression Analysis of Rainfall Fluctuation Impact to Nitrogen Dioxide (NO2) Level
Model Unstandardized Coefficients Standardized 

Coefficients
B Std. Error Beta t Sig.

1 (Constant) 4.942E-5 .000 72.417 .000
Rainfall Fluctuation 
(Precipitation) -3.151E-9 .000 -.002 -.035 .972

Figure 14. Visualization of Rainfall and Carbon Monoxide Patterns
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on the research results, rainfall patterns also vary. The highest 
rainfall tends to occur on the middle to upper slopes of Merapi 
Volcano in Sleman Regency and the slopes of the denudational 
hills spatially distributed in Kulon Progo Regency. The 
rainfall rate on the upper slopes of Mount Merapi and the 
denudational hills in Kulon Progo Regency tends to be higher 
than other parts of the research area.  This indicates that there 
is orographic rain on the upper slopes of the Merapi Volcano 
and the denudational hills in Kulonrpogo Regency.

Based on the research results, the dynamics of CO, NO2, 
and rainfall experienced a downward trend from October 
2022 to April 2023. The pattern of the decreasing trend of CO 
and NO2 generally follows the dynamics of rainfall patterns. 
The results of the study show that every one percent increase 
in daily rainfall will reduce the concentration of CO by 1.935 
x 10-5 mol/m2 and reduce the concentration of NO2 by 3.151 x 
10-9 mol/m2.
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