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Spatial and Temporal Analysis of Methane Pollutant
Distribution in Metropolitan Areas Using Remote Sensing
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Affiliation ABSTRACT
*Department of Geography Background and Objectives: Air pollution is one of the major environmental and health
and Urban Planning, challenges that has been exacerbated by industrial growth and increased human activity,

; particularly in large and industrial cities. Methane gas, as one of the most potent

ggiz%gje/sog r%eg%rﬁﬁmcal greenhouse gases, plays a significant role in global warming, climate change, and the

versity of Isfah 9, deterioration of air quality. The sources of methane emissions include wetlands, livestock

University of Istahan, farming, agriculture, and landfill sites, with human activities contributing significantly to

Isfahan, Iran its increase. Measuring and monitoring air pollution often faces spatial and temporal

limitations due to ground-based monitoring stations. In this context, satellite data, due to

its wide coverage, cost-effectiveness, and ability to provide high spatial and temporal

resolution data, 1S used as one of the most important sources of information for studying

air pollution. This research utilizes data from the TROPOMI sensor on the Sentinel-5P

satellite, which enables the measurement of methane concentrations in the atmosphere, as

the ﬁrimary data source. These data serve as the basis for spatial and temporal analysis of

methane distribution in the Isfahan metropolitan area, providing an opportunity to closely

examine the spatial and temporal patterns of this pollutant on a large scale. Despite the

high importance of methane pollution, no comprehensive study has been conducted

regarding the spatial and temporal distribution of this pollutant in Isfahan. The aim of this

research is to conduct a comprehensive and systematic analysis of methane distribution

in the city of Isfahan using satellite data and identify the relationship between

atmospheric changes and methane variations to offer effective solutions for air pollution
management and environmental quality improvement.

Materials and Methods: This study aims to analyze the spatial and temporal
distribution of methane concentration in the Isfahan metropolitan area using
TROPOMI sensor data from the Sentinel-5P satellite over the period from 2019 to
2023. Satellite data were retrieved, processed, and analyzed using the Google Earth
Engine platform. To examine the spatial distribution pattern of methane concentration,
the Global Moran’s | index and G-statistic were applied to analyze clusters and
determine the data dispersion. Additionally, the Gi-statistic was used to identify areas
with the highest (hot spots) and lowest (cold spots) methane concentrations.
Furthermore, the relationship between methane concentration and climatic factors such
as temperature, air pressure, precipitation, and wind speed was evaluated through the
calculation of Pearson’s correlation coefficient. Finally, the temporal trends of
methane concentration were analyzed on a monthly, seasonal, and annual scale.

Results and Discussion: The results from the analyses indicate an increasing trend in
methane concentration in the Isfahan metropolitan area during the study period. This gas
experienced the highest concentrations in the colder seasons, especially in industrial and
agricultural areas. Spatial anale/ses revealed significant clusters of high concentrations in
the northern regions, particularly in areas 4 and 7, as well as in the eastern areas,
particularly in areas 12 and 15. These high methane concentrations were linked to
activities such as livestock farming, agriculture, and landfill operations. In contrast, the
southern regions, particularly areas 2 and 6, as well as some parts of the western areas,
were identified as cold spots with lower concentrations. Furthermore, the assessment of
the relationship between climatic parameters showed an inverse correlation between
temperature and wind speed with methane concentration changes, while air pressure
exhibited a positive and significant relationship with the gas concentration changes.

o Conclusion: The results of this study, based on high-precision satellite data analysis
Citation: and advanced spatial measurement techniques, provide valuable information for air
Aboutorabi Boarzabadi, A, pollution management and urban planning. Accordingly, it is recommended that
Sadeghi, A, Rahimi, D., methane emission monitoring and control be prioritized during the colder seasons,
Spatial and Temporal with a focus on the identified hot spots. In this regard, 0ﬁtimizin industrial processes,
Analysis of Methane Pollutant ~ €fficiently managing waste in the eastern parts of Isfahan, and controlling methane
Distribution in Metropolitan ~ missions from northern livestock farms using modern technologies, -including
Areas Using Remote Sensing bioremediation methods, can play an effective role in reducing this pollutant.
and Geoaraphic Information ~ \dditionally, the use of remote sensing data and advanced predictive models for

grap continuous methane concentration monitoring and targeted pollution control strategies

Systems (Case Study: Isfahan  is'recommended as an effective approach.
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. Wind Pr; P;3
Date CH; (ppb) T:(°c) Wind (m/s) Pr,(mm) P;(mBar)| Date CH,(ppb) T;(°c)

(m/s) (mm) (mBar)
1398/01 1880.236 13.843 2.404 18.686  836.200 | 1400/07 1932.61 17.462 2.057 1 840.204
1398/02 1880.3085 21.909 2.565 12.173  837.465 | 1400/08 1933.78 8.862 1.629 38.226 840.543
1398/03 1896.1735 28.829 2.051 0.153 834.947 | 1400/09 1926.49 5.676 1.758 15.368 839.555
1398/04 1890.384 31.752 1.766 0 831.124 | 1400/10 1915.17 2.854 2.17 12.43 836.109
1398/05 1946.085 29.062 2.168 0.819 834.830 | 1400/11 1913.58 6.473 2.598 8.062 836.884
1398/06  1923.45  25.425 1.61 0 837.030 |1400/12 1909.5 11.709 3.886 13.178 835.670
1398/07 1917.9135 18.149 1.173 16.084  840.543 | 1401/01 1898.71 18.967 3.277 14.395 836.191
1398/08 1925.8135 7.367 1.027 31.736  841.397 | 1401/02 1893.53 21.6 3.603 4.16 835.111
1398/09 1944.533  4.092 0.756 43.521  839.596 | 1401/03 1902.68 28.742 3.198 0.094 833.476
1398/10 1916.7495 2.327 2.024 8.82 836.861 | 1401/04 1911.24 29.747 3.161 7.94 831.381
1398/11 1895.749  6.485 3.134 17.135  837.332 | 1401/05 1919.75 27.574 2.739 0.224 835.007
1398/12 1898.872 10.144 3.233 34.168  835.813 | 1401/06 1935.75 25.305 2.361 0 836.736
1399/01 1886.198 15.131 3.277 38.647  836.004 | 1401/07 1925.55 19.231 1.903 0.011 841.127
1399/02 1883.92925 22.616 3.065 6.598 837.124 | 1401/08 1923.06 10.089 1.622 26.755 840.600
1399/03 1896.46675 28.143 3.11 0.988 833.301 | 1401/09 1959.13 4.43 1.551 24.528 840.445
1399/04 1898.182 29.723 3.056 1.232 832.797 | 1401/10 1935.12 0.16 1.579 53.832 840.694
1399/05 1946.085 28.995 2.983 0 831.173 | 1401/11 1922.18 3.82 2.5 56.877 837.547
1399/06  1923.45  23.652 2.262 0 838.397 | 1401/12 1906.94 11.456 3.092 18.631 835.959
1399/07 1925.26175 15.979 1.79 0.001 841.587 | 1402/01 1907.28 16.826 3.103 10.611 835.818
1399/08 1929.79675 10.121 1.695 45.336  840.681 | 1402/02 1905.245 22.72 3.266 2.761 836.457
1399/09 1944.533  3.704 1.531 23.46 840.511 | 1402/03 1911.442 28.264 2.953 5.503 832.569
1399/10 1915.95975 2.841 1.818 0 840.197 | 1402/04 1905.624 31.026 3.341 0 832.399
1399/11 1904.6645  7.42 2.562 14.302  838.591 | 1402/05 1926.566 28.591 2.851 0.224 835.759
1399/12 1904.186 12.182 3.661 15.818  835.824 | 1402/06 1937.616 25.479 2.579 0 837.131
1400/01  1892.16 19.42 2.992 6.039 837.761 | 1402/07 1938.845 19.047 2.187 7.89 840.493
1400/02  1887.55 22.53 2.941 20.215  835.831 | 1402/08 1932.958 11.448 1.66 22.86 839.839
1400/03 1896.76 29.648 2.971 0 834.416 | 1402/09 1941.174 7.214 1.61 9.454 840.829
1400/04  1905.98  30.902 3.164 0 831.589 | 1402/10 1942.778 6.342 1.818 17.135 838.170
1400/05 1931.16  28.546 2.815 1.468 834.919 | 1402/11 1923.632 5.18 2.562 34.168 837.655
1400/06  1934.43 25.25 2.3 0 835.586 | 1402/12 1922.542 9.164 3.661 38.647 836.898

1. Temperature
2. Precipitation
3. Pressure
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CH, Temperature Wind Precipitation  pressure
Pearson Correlation 1 -280°  -570 133 4497
CH4 Sig. (2-tailed) .030 .000 323 .000
N 60 60 60 60 60
Pearson Correlation ~ -.280" 1 3977 -683" -.688™
Temperature Sig. (2-tailed) .030 .002 .000 .000
N 60 60 60 60 60
Pearson Correlation  -.570" 397" 1 -.313" -.669™
Wind Sig. (2-tailed) .000 .002 .018 .000
N 60 60 60 60 60
Pearson Correlation 133 -6837  -313 1 443"
Precipitation Sig. (2-tailed) 323 .000 .018 .001
N 60 60 60 60 60
Pearson Correlation ~ .449™ -688"  -.669" 443" 1
Pressure Sig. (2-tailed) .000 .000 .000 .001
N 60 60 60 60 60
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