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ABSTRACT KEYWORDS
This study aims to analyze: 1) the spatial distribution of carbon emissions in Batang Anai  Carbon

District, Padang Pariaman Regency, and 2) the impact of carbon emissions on Emissions;
environmental quality and community settlements. The primary focus of this studyistomap  Spatial

the distribution of carbon emissions while also assessing the socio-economic and public  Distribution;
health implications. The research method used is descriptive quantitative with a spatial Impact of Carbon
analysis approach using a Geographic Information System (GIS) supported by ArcGIS Emissions onthe
software. Data were obtained through field surveys, interpretation of land cover imagery  Environment.
from 2015 and 2025, calculation of potential carbon stocks, and distribution of

questionnaires to residents living within a 2-km radius of industrial areas in three villages

(Kasang, Katapiang, and Sungai Buluh). The analysis was conducted using overlay

techniques for carbon emissions and land cover maps, calculation of carbon

concentrations, and processing of questionnaire data using a Likert scale to measure

perceptions of environmental, health, and socio-economic impacts. The results of the study:

1) Show that the spatial distribution of carbon emissions in Batang Anai District is divided

into three classes: Low, Medium, and High. 2) Impacts felt by the community include

decreased air quality, increased dust and air temperature, respiratory problems, and

decreased comfort of life. Overall, this study confirms the need for industrial zoning-based

carbon emission control and increased buffer vegetation around industrial areas to support

environmental sustainability.
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INTRODUCTION

income, creating jobs, and accelerating economic growth
Industry is a crucial sector in economic development (Suparyanto, 2023; Utra et al., 2021). However, industrial
because it contributes significantly to increasing regional activity also creates environmental problems,
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particularly carbon emissions, which play a significant
role in global warming and climate change (IPCC, 2020).
Carbon emissions in industrial areas not only impact air
quality but also affect public health, reduce the comfort
of life, and threaten the sustainability of the environment
surrounding the industrial area (Pipit Muliyah, 2020;
Ayuningsasi, 2024). This situation makes the study of
carbon emissions in industrial areas a strategic issue that
requires serious attention, especially in areas with high
industrial concentrations such as Batang Anai District,
Padang Pariaman Regency.

A number of previous studies Studies have
highlighted the relationship between industrial activity
and carbon emissions, but with different focuses. Renda
Avista (2014) examined CO, emissions in the sugar
industry using a direct observation approach, while
Labiba et al. (2018) analyzed the distribution of CO,
emissions in Kendal to support low-carbon city-based
spatial planning. Pavita Ramadhani's (2020) research
focuses more on the quality of carbon emission
disclosure across various industry types. Internationally,
Caldeira (2021), Gillillan et al. (2021), and Schipper et al.
(2021) emphasize the dominant role of the energy,
industry, and transportation sectors in contributing to
global carbon emissions.

Meanwhile, research by Suhardi (2020) and Kelvin et
al. (2021) emphasizes the accumulation of greenhouse
gases due to human activities since the industrial
revolution. Other studies by Davis (2020), Widyawati et al.
(2021), and Fairuz et al. (2024) showed that population
density, industrial spatial patterns, and transportation
activities contribute to the rate of carbon emissions.
However, research integrating spatial analysis of carbon
emissions based on Geographic Information Systems
(GIS) in the Batang Anai region is still very limited, making
this study novel and an important contribution to both
academic literature and environmental policy.

Based on these conditions, this study aims to
analyze the spatial distribution of carbon emissions in
Batang Anai District and identify their impacts on
environmental quality and public health around the
industrial area. Using a GIS-assisted spatial analysis
approach, this study is expected to provide a more
comprehensive picture of the distribution of carbon
emissions and serve as a basis for formulating mitigation
and spatial planning policies oriented towards
environmental sustainability.
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METHOD

This study uses a quantitative descriptive approach with
Geographic Information System (GIS) -based spatial
analysis to illustrate the spatial distribution of carbon
emissions in Batang Anai District, Padang Pariaman
Regency. The study area covers three villages within the
Batang Anai District. Primary data was obtained through
field surveys, GPS point coordinate measurements,
observations of the impact of carbon emissions on the
community, and data collection on land cover related to
carbon emissions. The sampling technique used
purposive sampling considering affected areas withina 2
km radius of the industrial site.

Data processing was carried out through two stages of
analysis. First, the spatial distribution of carbon
emissions was analyzed using ArcGIS software to map
the distribution of carbon emissions. Second, an analysis
of affected settlements was conducted using a Likert
scale to assess the level of impact on the community. The
results of the analysis were then presented in the form of
maps, tables, graphs, and descriptive narratives, thus
providing a comprehensive overview of the spatial
condition of carbon emissions in Batang Anai District.

Research Location

This research was conducted in Batang Anai District,

Padang Pariaman Regency, West Sumatra Province . The

location was selected based on several rational

considerations, namely:

1. The concentration of industrial activity in Batang Anai
has the potential to be a source of carbon emissions,
so it is relevant to study its environmental impact.

2. Diverseland cover conditions, including forest areas,
settlements, agricultural land, and industrial areas,
allow for analysis of differences in carbon stocks and
emissions in each land use category.

3. The proximity of residential areas to industrial areas,
so that the potential impact of carbon emissions on
environmental quality and public health can be
directly observed.

4. Availability of spatial data and regional accessibility ,
which facilitates field data collection and analysis
based on Geographic Information Systems (GIS).

With these considerations, Batang Anai is considered
representative as a research location to describe the
spatial distribution of carbon emissions while assessing
their impact on the environment and surrounding
communities.
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Figure 1. Research Location




Research Approach

This research uses a quantitative descriptive
approach with spatial analysis. This approach was
chosen because it aims to objectively describe the
phenomenon of carbon emissions due to industrial
activities, based on numerical data obtained from field
measurements, image interpretation, and community
survey results. This approach is suitable for explaining
actual conditions without manipulating the research
variables (Ardi Isnanto, 2023).

Quantitative descriptive methods are combined
with Geographic Information Systems (GIS)-based spatial
analysis. The use of GIS is based on the need to map the
distribution of carbon emissions, link them to land cover,
and identify areas with varying levels of emission risk. GIS
enables the integration of spatial data (industrial
locations, land-use changes) with attribute data
(emission concentrations, public perceptions), resulting
in more comprehensive visual and analytical information
(Budiman, 2016; Kemp, 2008).

The research design used was a regional case
study, specifically Batang Anai District, as a
representative strategic industrial area in Padang
Pariaman Regency. This location was selected based on
the high concentration of industry in three main villages
(Kasang, Katapiang, and Sungai Buluh) and indications of
significant ecological and social impacts. This design
allows the research to examine phenomena in depth
within a specific regional context while simultaneously
providing practical contributions to spatially based
environmental management policies.

Research Procedures

This research procedure was carried out through
several systematic stages so that the results obtained
could represent the actual condition of carbon emissions
in Batang Anai District. The initial stage was pre-research,
which began with a literature review on carbon emissions,
industry, and the use of Geographic Information Systems
(GIS). During this stage, secondary data was also
collected in the form of land cover maps for 2015 and
2025, industrial data, and population data from relevant
agencies. Next, the researchers prepared research
instruments such as questionnaires, GPS devices, and
ArcGIS software as the main tool for spatial data
processing. These stages include:
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Figure 2. Research Procedure Diagram

Specifically, itis explained as follows:
1. Pre-Research
i Conducting literature studies related to carbon
emissions, industrial activities, and the use of
Geographic Information Systems (GIS).
ii. Collecting secondary data in the form of land
cover maps for 2015 and 2025, industrial data,
and population data from relevant agencies.

iii. Prepare research instruments, such as
questionnaires, GPS devices, and ArcGIS
software.

2. Field Data Collection
i Primary data : obtained through field surveys to
measure the coordinates of industrial
locations using GPS, observing environmental
conditions around the industrial area, and
distributing questionnaires to 100
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respondents living within a 2 km radius of the
industrial area in Nagari Kasang, Katapiang,
and Sungai Buluh.

ii. Secondary data: obtained from official
institutions such as BPS, KLHK, and local
governments regarding the number of
industries, air quality data, and demographic
conditions of the community.

3. Spatialanalysis : performed using overlay techniques
using ArcGIS software to combine carbon emission
maps with land cover maps. Carbon emission
concentrations were calculated using the following
formula:

Chilang = C.Awal — C.Akhir

C02_eq = C.Hilang X 44/12

Data Collection Instruments

The data collection instruments in this study were
designed to obtain primary and secondary data relevant
to the research objectives. The main instrument used was
a questionnaire.
, a Global Positioning System (GPS) device, Geographic
Information  System (ArcGIS)  software, and
documentation tools such as a camera and field notes. A
questionnaire was used to explore public perceptions
regarding the impact of carbon emissions on health,
environmental quality, and socioeconomic conditions.
The selection of this instrument was based on the
guestionnaire's  ability to produce measurable
quantitative data and allows researchers to identify
variations in respondents' responses through the
questionnaire (Table 1).

Table 1. Questionnaire Question ltems

No. Question’s Item

1. The air around the residence feels stuffy or
smells

2. Often see thick smoke in the home
environment

3. Frequently smelling unusual odors, such as
smoke or chemicals, in the living environment

4, Often see fog or a thin layer of smoke in the air,

especially at certain times.

5. When breathing outside the house, you often
feel like you are inhaling fine dust particles or
dirt.

6. Visibility in residential areas is often impaired
due to air pollution.

7. The plants or trees around my house look dull,

No. Question’s Item

wilted, or covered in a layer of dust.

8. The smell of industry often lingers in the house.
9. The air feels hotter or less fresh than usual due
to pollution.

Water surfaces (e.g. in a bathtub or bucket)
exposed to the outside air often appear cloudy

or oily.

10.

In addition to questionnaires, GPS was used to
determine the coordinates of industrial and residential
locations around the research area. This instrument was
chosen forits high accuracy in mapping spatial positions,
allowing the obtained data to be directly integrated with
ArcGIS software. ArcGIS itself functions as a spatial
analysis tool to overlay carbon emission maps with land
cover maps, visualize the spatial distribution of
emissions, and generate thematic maps for analysis.
Meanwhile, field documentation was used to strengthen
the empirical findings and provide a more comprehensive
descriptive picture.

Data analysis

Data analysis in this study was conducted by
combining Geographic Information System (GIS)-based
spatial analysis and quantitative descriptive analysis.
Spatial analysis was used to map the distribution of
carbon gas emissions based on industrial locations and
land cover changesin 2015 and 2025. Overlay techniques
in ArcGIS software were applied to combine carbon
emission maps with land cover maps to obtain an
overview of low, medium, and high emission zones.
Carbon concentration was calculated using the following
formula:

Chilang = C.Awal — C.Akhir
C02_eq = C.Hilang X 44/12

(Gibbs et al.,, 2022), which allows researchers to
quantitatively assess changes in carbon stocks.

Furthermore, the questionnaire data was analyzed
descriptively using a Likert scale to measure public
perceptions of the impact of carbon emissions on health,
the environment, and socioeconomics. Each question
was scored between 1 and 5, which were then processed
to obtain frequency distributions and percentages. These
results were used to identify respondents' level of
achievement on each indicator, which was then



categorized into very good, good, sufficient, poor, and
very poor.

The final step is interpretation of the results, which
involves integrating spatial data with public perception
data to obtain a comprehensive picture of the distribution
of carbon emissions and their impacts. With this
approach, data analysis not only provides a visual map of
emissions distribution but also explains their
implications for air quality, public health, and
socioeconomic conditions. This analysis technique was
chosen because it aligns with the research objectives,
area.
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which sought to address the spatial distribution of carbon
emissions in Batang Anai District and its impact on the
environment and communities surrounding the industrial

RESULTS AND DISCUSSION

The research results show that the spatial distribution of
carbon emissions in Batang Anai District is divided into
three categories: low, medium, and high. The overlay map
shows the land cover for 2015-2025.
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Figure 3. Land cover 2015

Kasang Village has the highest emission levels with
significant carbon concentrations, followed by Katapiang
Village at a moderate level, and Sungai Buluh Village at a
relatively low level. The high emissions in Kasang are
related to the presence of eight large industries, including
palm oil processing and manufacturing plants, which
require large amounts of energy, resulting in higher
carbon emissions. This is in line with the findings of

Figure 4. Land Cover 2025

Gilfillan et al. (2021) who stated that the industrial and
energy sectors are major contributors to global carbon
emissions.

This indicates a significant decrease in carbon
stocks in vegetation and agricultural land surrounding
industrial areas. The calculation formula, C.loss =
C.initial - C.final, indicates that the loss of carbon stocks
is caused by land conversion to industrial and residential



413]| Jurnal Penelitian Geografi

areas. This condition supports the research findings of population density and land use conversion are directly
Widyawati et al. (2021), which found that increasing correlated with increased carbon emissions.
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Figure 5. Information on the Distribution of Carbon Gas Emissions



Table 2. Information of Carbon Emission Distribution

No Information Wide Score Carbon

1 River 703,341 0 0
2 Settlement 1122.23 10 11222.3
3 Forest 2057.2 150 747208
4 Open Land 2023.54 2 4047.08
5 Thicket 272,438 30 8173.15
6 Ricefield 1727.91 5 8639.54
7 Garden 3253.99 50 162700
Total 11160.5 247 941990

Source: Data Analysis (2025)

A field survey of one hundred respondents in three
villages showed that 72% of residents felt a decline in air
quality, 64% reported an increase in dust and air
temperature, and 58% experienced respiratory problems
such as coughing, shortness of breath, and irritation.
These results align with research by Fairuz et al. (2024)
which confirms that carbon emissions impact public
health, particularly in the form of respiratory diseases.
Furthermore, 43% of respondents stated that their work
productivity decreased due to unhealthy air quality, while
39% reported a decrease in agricultural yields, which
impacted household income. This aligns with Taftazani's
(2024) findings that industrial air pollution not only
impacts health but also reduces the productivity of the
agricultural sector and the local economy.

Compared to previous research, this study provides
a novel contribution through the use of GIS-based spatial
analysis, which can map the distribution of carbon
emissions in greater detail down to the village level.
Renda Avista (2024) only focused on analyzing the carbon
footprint of a single industry without considering spatial
aspects, while Labiba et al. (2021) highlighted the
distribution of carbon emissions in Kendal but did not
integrate spatial data in depth. Therefore, this study
broadens our understanding of how emission distribution
is related not only to the number of industries but also to
land use patterns and settlement density.

The findings of this study also align with Pavita
Ramadhani (2020), who emphasized the importance of
transparent disclosure of carbon emissions by
companies, although this study focused more on spatial
aspects than on information disclosure. Furthermore,
this study corroborates the conclusions of Davis (2020)
and Schipper et al. (2021) that transportation and
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industrial activities are the dominant sectors contributing
to increasing carbon emissions, as seen in Batang Anai,
which has dense transportation access to the port and
airport. For further clarity, see Figure 5.

Theoretically, the results of this study also reinforce
the concept of Environmental Risk Theory, which states
that communities living near industrial areas are more
susceptible to diseases caused by exposure to air
pollution (Kelvin et al.,, 2023). The conditions of the
Batang Anai community, the majority of whom live within
a radius of less than two kilometers from the industrial
area, demonstrate the relevance of this theory. Thus, this
study confirms that the risks of carbon emissions not only
impact ecology but also have implications for public
health and socio-economic sustainability.

Based on the research results, it can be concluded
that the spatial distribution of carbon emissions in Batang
Anai is influenced by industrial density, changes in land
cover, and high fossil fuel consumption. These impacts
include decreased air quality, health problems, and
decreased economic productivity. Integrating spatial
analysis with social survey data provides a more
comprehensive picture and reinforces the urgency of
implementing industrial zoning-based emission control
policies and the development of green belts around
industrial areas. However, this study has limitations,
including the limited availability of up-to-date secondary
data, the limited scope of the field survey, and the failure
to account for seasonal factors such as wind direction
and rainfall, which can also influence emission
distribution patterns.

CONCLUSION

Distribution of Carbon Gas Emissions in Batang Anai
District shows significant differences between land cover
types. The highest emissions were found in forest land
with a value of 274 tc/Ha , while the lowest emissions
were found in river land with a value of 0 tc/Ha . This
finding identifies that forest land cover plays a major role
in carbon emissions , so forest management plays an
important role in climate change mitigation efforts in the
region. The impact of carbon emissions on environmental
quality and public health in Batang Anai. From a physical
perspective, air quality has declined, visibility has been
impaired, and the odor of smoke and water pollution have
emerged, reducing the comfort of the settlement. From a
health perspective, the questionnaire results indicated a
"sufficient" category, with frequent symptoms including
coughing, shortness of breath, eye irritation, and fatigue,
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which have begun to disrupt residents' daily activities.
Meanwhile, from a socio-economic perspective, carbon
emissions have affected living comfort and social
interactions, and increased household costs, particularly
for health and additional needs due to poor
environmental quality. Overall, these conditions confirm
that carbon emissions have reduced the quality of life of
the community and require immediate action to prevent
more serious impacts.
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