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Black carbon (BC) is a primary component of fine particulate matter which has a 

significant effect on climate and human health, and anthropogenic activity along 

with weather conditions affects its long-term variability. This study aimed to 

investigate the statistical relationships between meteorological elements 

(temperature, rainfall, wind speed, relative humidity, air pressure, sunshine hours, 

solar radiation, and cloudiness), criteria air pollutants (CO, NO2, SO2, O3, PM10, 

and PM2.5) and black carbon particles (BC), as well as assess and compare the 

efficacy of five different machine learning algorithms (multiple linear regression 

(MLR), generalized additive model (GAM), classification and regression trees 

(CART), random forest (RF) and gradient boosting machine (GBM)) in modeling 

pollutants and climatic factors responsible for variations in black carbon 

concentration levels in Tabriz and Tehran from 2004 to 2021 using R 4.3.2 

software. The results of the present study showed a significant variation in the 

influence of meteorological parameters and criteria air pollutants on the level of 

black carbon pollutant concentration in Tabriz and Tehran depending on the 

different geographical locations, weather conditions, and regional structure. Black 

carbon particles have experienced a significant upward trend with a relatively 

equal speed during the statistical period studied in the cities of Tabriz and Tehran. 

Based on the results of Spearman's correlation analysis, black carbon particles 

have a positive correlation with PM2.5, NO2, CO, and SO2 and a negative 

correlation with O3. Black carbon was highly correlated with parameters of wind 

speed (negatively) and relative humidity (positively) in Tabriz and temperature 

(negatively) and air pressure (positively) in Tehran. Based on the performance 

evaluation of predictive models and concerning the parsimony principle, the 

GAM model in Tabriz and the MLR model in Tehran had better performance in 

predicting black carbon values than other models. 
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INTRODUCTION 
Black carbon is an important component of fine particulate matter air pollution which plays a key role 
in altering the energy balance of the atmosphere and contributes to global warming. However, the 
relation of these particle emissions with premature mortality has made it a major concern for local air 
quality. Therefore, understanding the associations between black carbon, meteorological parameters, 
and other air pollutants is crucial for enhancing environmental protection and promoting human 
health. A review of the domestic research literature indicates that so far, no comprehensive study has 
been conducted to investigate the effects of various meteorological parameters and criteria air 
pollutants on the concentration of black carbon. The present study aims to explore the relationships 
between meteorological parameters, criteria air pollutants, and black carbon on monthly and seasonal 
time scales, as well as to identify pollutants and meteorological factors affecting changes in black 
carbon pollutant concentration levels in the cities of Tabriz and Tehran during 2004-2021. 

 

METHODS AND MATERIAL 
The data used in the present study consists of the monthly averages of meteorological parameters 
(temperature, rainfall, wind speed, relative humidity, air pressure, sunshine hours, solar radiation, and 
cloud cover) collected from synoptic stations, the daily averages of concentrations of criteria air 
pollutants (carbon monoxide, nitrogen dioxide, sulfur dioxide, ozone, and particulate matter) measured 
at air quality monitoring stations, and the hourly averages of black carbon concentration, which were 
obtained from MERRA-2 model-based reanalysis data using the Google Earth Engine. This research 
utilized R software version 4.3.2 to perform all statistical data analysis. The quality of the data was 
assessed by identifying and managing missing and outlier values. Monthly values of pollutant 
concentrations were then extracted to ensure they were temporally compatible with the meteorological 
data. The nonparametric Mann-Kendall trend test was applied to detect the presence of a monotonic 
trend in the monthly time series of meteorological elements and air pollutants. Sen's slope estimator 
test was also employed to estimate the true slope of an existing trend in the data series. The 
relationships between meteorological parameters, criteria air pollutants, and black carbon particles on 
monthly and seasonal time scales were analyzed by selecting an appropriate correlation analysis 
method based on the data distribution. To identify the pollutants and meteorological factors that 
significantly influence changes in black carbon pollutant concentrations in Tabriz and Tehran, several 
machine learning algorithms were applied. These include multiple linear regression, generalized 
additive model, classification and regression tree, random forest, and gradient boosting machine, all 
implemented in the tidy models package. Furthermore, the effectiveness of these predictive models 
was evaluated using the coefficient of determination and the root mean square error. 

 

RESULTS AND DISCUSSION 
The concentration of black carbon pollutants in Tabriz and Tehran showed the highest positive 
correlation with fine particulate matter and the highest negative correlation with ozone levels. The 
results of this study compellingly indicate that as temperature, wind speed, sunshine hours, and solar 
radiation rise, the concentration of black carbon tends to decrease. In contrast, our findings also reveal 
that higher levels of relative humidity, air pressure, and cloudiness correspond to an increase in black 
carbon concentration in Tabriz and Tehran. Black carbon pollution in Tabriz exhibits the strongest 
negative correlation with wind speed and the most notable positive correlation with relative humidity. 
In Tehran, the average concentration of black carbon pollutants is greatly influenced by temperature 
and air pressure, displaying the most substantial negative and positive correlations, respectively. 
According to the findings from machine learning algorithms, pollutants ozone, fine particulate matter, 
and nitrogen dioxide, along with meteorological parameters like wind speed, temperature, and solar 
radiation, are crucial factors in understanding the variations of black carbon concentration levels in 
Tabriz. In Tehran, temperature, air pressure, precipitation, fine particulate matter and ozone play a 
more effective role in expressing changes in the concentration level of black carbon pollutants. Based 



 

 

 

13  ------------ ---------------------- - - -------------------  Investigating the effects of criteria air pollutants and meteorological… 

 
on the performance evaluation of predictive models and the principle of parsimony, the generalized 
additive model in Tabriz and the multiple linear regression model in Tehran demonstrate superior 
performance in predicting black carbon values compared to other models. 

 

CONCLUSION 
Black carbon plays a crucial and complex role in shaping the climate impact of particulate matter in 
our atmosphere. Investigating how black carbon interacts with meteorological parameters and other air 
pollutants is essential for understanding its impact on the environment and public health. Reducing 
emissions of black carbon, which has a short lifetime in the atmosphere, could be an efficient strategy 
for mitigating global warming. Moreover, it would directly enhance human health by improving air 
quality. The findings of this study demonstrate that the MERRA-2 model reanalysis data serves as an 
effective tool for conducting qualitative analysis of black carbon data. However, given the low spatial 
resolution of this model data, it is necessary to design better air pollution monitoring systems to record 
black carbon pollution events and their environmental impacts in metropolitan areas. On the other 
hand, gaining insight into the intricate relationship between black carbon, weather, and air pollutants 
in urban areas with diverse climates and emission sources, particularly during various seasons, 
necessitates additional research. This knowledge is urgent for developing effective strategies to 
combat black carbon pollution and improve urban air quality. 
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