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Fig. 2- Time series diagram of the average monthly BC concentration (ug/m?) in Iran (1980-2019)
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Table 1. Average monthly BC concentration in Iran (ug/m*) during the statistical period (1980-2019)
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Fig. 6- Time series diagram of the average seasonal BC concentration (ug/m?) in Iran (1980-2019)
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Table 2. Seasonal average BC concentration in Iran (ug/m?) during the statistical period (1980-2019)

b Ol Sl bl atl
Season Dec./Jan./Feb. Mar./Apr./May Jun./Jul./Aug. Sep./Oct./Nov.
il 25 2.05 1.99 2.38

Average
Jrigres
: 3.67 (2018) 2.90 (2018) 3.44 (2010) 3.65 (2017)
Maximum
f'b_"'\’ 1.65 (1992) 1.41 (1992) 1.31 (1992) 1.63 (1992)
Minimum
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Fig. 8- Time series diagram and trend of the average monthly BC concentration (ug/m3) in Iran (1980-2019)
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Table 3. Annual average concentration of BC (descending order) in Iran (ug/m?)

(Row) iy, 1 2 3 4 5 6 7 8 9 10
Ju 2017 2010 2019 2018 2012 2016 2009 2015 2011 2013
(Year)
oS 3.21 3.17 3.10 3.01 2.96 2,94 2.93 2.90 2.89 2.85
(Average)
(Row) oo, 11 12 13 14 15 16 17 18 19 20
Ju 2014 2008 2007 2006 2005 2004 2003 2002 2001 2000
(Year)
Sl 2.82 2.63 2.60 2.55 2.48 2.39 2.30 2.29 2.19 2.05
(Average)
(Row) a0, 21 22 23 24 25 26 27 28 29 30
Ju 1998 1999 1997 1995 1990 1989 1996 1986 1987 1988
(Year)
S 1.69 1.93 1.83 1.81 1.76 1.75 1.75 174 174 173
(Average)
(Row) oo, 31 32 33 34 35 36 37 38 39 40
Ju 1985 1994 1993 1984 1982 1983 1981 1991 1980 1992
(Year)
oeSilee 171 171 1.68 161 1.66 1.65 1.63 161 1.61 151
(Average)
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Fig. 9- Spatial distribution of the annual average BC concentration (ug/m?®) for the representative years and the total statistical

period in Iran
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Introduction: The atmosphere is a dynamic and complex natural gas system whose pollution Kills humans
more than others. Air pollution occurs when large amounts of suspended particles or harmful substances enter
the atmosphere. Suspended particles with a diameter of fewer than 2.5 um (PM2s) are among the most
important air pollutants. Black carbon (BC) particles are one of the most important and dangerous components
of PM_ 5 suspended particles. The aim of this study was to analyze the behavior and time-space distribution of
BC pollutants in Iran using the data of the MERRA-2 base model during a statistical period of 40 years (1980-
2019).

Material and methods: In this study, black carbon data in NetCDF format with initial monthly and spatial
time steps of 0.5° x 0.625° were first extracted from the Earth data website. After extracting the data, qualitative
control, pre-processing and, processing operations were performed. Then, the calculations were performed on
monthly and seasonal matrices (on 740 pixels or networked points) using the facilities that the user's software
applications ArcGIS, Grads, and Origin pro provide. In the last step, steps were taken to create raster, vector,
charts layers and, information tables and the desired outputs were prepared.

Results and discussion: The use of MERRA-2 base model data has provided very good results of the spatio-
temporal distribution of BC in Iran. The results of the study showed that the monthly and seasonal differences
were significant. In terms of monthly differences, the highest amount of BC was estimated in December and
the lowest in June. Among seasons, the highest and lowest levels of BC were related to the winter and summer.
Spatially, the highest distribution of BC was observed in the western half of Iran, especially in the metropolises

* Corresponding Author: Email Address. Raispour@znu.ac.ir
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of Tehran and Ahvaz. Analysis of the time series of BC concentrations in the Iranian atmosphere showed that
the concentration of this pollutant increased during the statistical period and this increase occurred especially
from 2000 AD onwards. Also, in the study of meteorological parameters affecting the concentration of BC, the
results showed a significant positive correlation between the concentration of BC and air pressure and a
significant negative correlation with wind speed.

Conclusion: The results showed a clear understanding of the concentration of BC in the Iranian atmosphere.
We showed that BC pollution is affected by some meteorological parameters such as air pressure and wind
speed. In general, regardless of the mechanisms of development, nature, and emission of this pollutant in
different parts of Iran, the behavior of the concentration of this pollutant in the context of time indicates the
warning of its danger in large parts of Iran. Therefore, it is necessary to take the necessary management and
executive measures to reduce this pollution, especially in metropolitan areas with high concentrations of BC.

Keywords: Air pollution, Particulate matter, Temporal-spatial analysis, Black carbon, MERRA-2 model
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