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The analysis of methane emissions, which is the second most significant
greenhouse gas after carbon dioxide, is of considerable importance. In
this research, we used data from the AIRS sensor on NASA’s Aqua
satellite to examine the temporal variations of methane concentration
across four selected industrial provinces from 2002 to 2024.
Additionally, we utilized data from the TROPOMI instrument on the
Sentinel-5P satellite to investigate the spatial distribution of methane
concentrations during the period from 2019 to 2024. The outcomes of
the monthly mean time series analysis indicated a consistent upward
trend in methane levels. The lowest concentration was observed in
September 2002, while the highest was recorded in September 2024.
Among the provinces, Markazi exhibited the highest methane
concentrations, with a monthly mean and standard deviation of 1868.86
+ 50.33 ppb at 500 hPa, whereas Khorasan Razavi showed the lowest
values at 1858.19 & 49.69 ppb. The non-parametric Mann—Kendall test
confirmed a statistically significant upward trend in all provinces, thus
rejecting the null hypothesis. Furthermore, the linear growth rate
analysis revealed the most rapid increase in Isfahan (7.12 ppb yr™") and
the slowest in Markazi (6.39 ppb yr™!). In conclusion, by concentrating
on major industrial centers and integrating long-term temporal datasets
with high spatial resolution observations, this study provides a valuable
scientific foundation for designing effective methane reduction
strategies and improving environmental management policies at the
national level.
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Fig. 1. The geographical placement of the study areas.
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Fig. 2. Monthly average methane concentration time series at
500 hPa in the provinces of (a) Markazi (b) Isfahan (c) Khorasan
Razavi (d) Tehran from the year 2002 to 2024.
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Table 2. Results of the Mann-Kendall test on the average
monthly methane concentration for the period 2002 to 2024.

Province Rate Zs p-value
Markazi Incremental 16.24 0.0
Isfahan Incremental 16.69 0.0
Khorasan
. Incremental 16.94 0.0
Razavi
Tehran Incremental 17.75 0.0
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Table 1. Statistical values on methane concentration, featuring
mean, maximum, minimum, and standard deviation in four
provinces during the period from 2002 to 2024.
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Fig. 3. Linear regression on the annual average methane

concentration at the level of 500 hPa in the provinces of (a)
Markazi (b) Khorasan Razavi (c) Isfahan (d) Tehran.
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Fig. 4. Spatial distribution of methane concentration in the
provinces of (a) Markazi, (b) Isfahan, (c) Khorasan Razavi, (d)
Tehran for the period 2019-2024.
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