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Abstract
Meteorological parameters extremely influence the air quality of metropolitan 
cities worldwide. This study analyses the impact of meteorological variables 
on the quality of air for the Kota metropolis of Rajasthan (India) from 
2018 to 2021 for four years. Wind speed and direction, relative humidity, 
precipitation, and temperature are the meteorological parameters selected 
to statistically determine the effect of meteorological variables on the AQI 
(air quality index). The AQIs are evaluated through PM10, PM2.5, NO2, and 
SO2. The average concentration of PM10 was 122.59 ± 44.11 µg/m3, PM2.5 
was 56.83 ± 24.89 µg/m3, NO2 was 24.91 ± 4.99 µg/m3, and SO2 was 7.39 
± 1.38 µg/m3 during the observation period. The average temperature 
varied between 18-38 °C in 2018, 15.7-34.8 °C in 2019, 15.5-35.1 °C in 
2020, and 16.8-32.4 °C. Total rainfall in 2018, 2019, 2020, and 2021 was 
685 mm, 1637 mm, 514 mm, and 1338 mm, respectively. The average 
wind speed in the city were 1.39, 1.30, 1.26, and 1.22 m/s in 2018, 2019, 
2020, and 2021, respectively. The relative humidity ranged from 17-78 % 
in 2018, 22-84 % in 2019, 40-90 % in 2020, and 24-82 % in 2021. The 
annual average AQI of Kota was 139, 118, 101, and 142 in 2018, 2019, 
2020, and 2021, respectively. There is a statistically significant correlation 
between temperature and AQI (p<0.05), rainfall and AQI (p<0.05), and wind 
speed and AQI (p<0.05), which show a significant impact on the air quality 
of the Kota metropolis. At the same time, there is a statistically insignificant 
correlation between relative humidity and AQI (p>0.05), which shows an 
insignificant impact on air quality. The formulated equation for predicting 
AQI through meteorological parameters has wide scope utility in air pollution 
management and control.

CONTACT Kuldeep Kamboj  kuldeep.kamboj44@rtu.ac.in  Civil Engineering Department, University Department, Rajasthan 
Technical University, Kota, Rajasthan, India.

© 2023 The Author(s). Published by Enviro Research Publishers. 
This is an  Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC-BY).
Doi: http://dx.doi.org/10.12944/CWE.18.1.22

 

Article History 
Received: 03 October
2022
Accepted: 24 January
2023

Keywords
AQI; 
Meteorological
Parameters; 
NO2; PM10;
PM2.5; SO2.

Current World Environment
www.cwejournal.org

ISSN: 0973-4929, Vol. 18, No. (1) 2023, Pg. 265-279



266KAMBOJ & MATHUR, Curr. World Environ., Vol. 18(1) 265-279 (2023)

Introduction
The presence of air pollutants in the ambient air is a 
versatile global issue in metropolitan areas due to its 
adverse effects on the environment and humans.1,2 
Oxides of nitrogen (NOx), sulphur dioxide (SO2), 
particulates (PM10 and PM2.5), Ozone (O3), and 
carbon monoxide (CO) are the primary air pollutants 
that originated through anthropogenic activities.3–5 
These pollutants coexist in the gaseous medium, 
the atmosphere, with a greater affinity for interacting 
with each other and enhancing their adverse effects 
due to synergistic effects.6–8

The major health effects of air pollutants on human 
beings are mortality due to ALRI, Stroke, COPD, 
IHD, Lung Cancer, and all-natural causes.9–14 
Aggravation of respiratory disease, reduction in 
pulmonary functions, wheezing, surrogate for eye 
irritation, breath shortness, and chest constriction 
are the short-term effects of air pollutants.15–20

 
Oxides of sulphur and nitrogen are the principal 
cause of acid rain. Acid fog and clouds with very 
low pH levels damage the fauna on the earth's 
surface.9,21 The plant's ability to extract soil 
nutrition is seriously decreased due to acidification. 
Sulphates, nitrogen oxides, and dust are responsible 
for visibility impairment. Global historic statues and 
buildings are being eroded and discoloured due to 
their reactions with the components of acid rains.22–24

The primary layer near to the ground level of Earth 
is the planetary boundary layer (PBL), and this 
layer exchange heat, moisture, and momentum 
with the earth's surface. The atmospheric stability 
significantly affects the dispersion of air pollutants 
in this layer.3 The stable atmosphere was associated 
with scarce rainfall and weak wind speeds when 
the pollution arose, revealing the alleged role  
of air pollutants accumulation in a place.22,25–30 These 
conditions (stable weather) close to the ground 
surface inhibited air pollutants' vertical diffusion. 
In contrast, an unstable atmosphere is associated 
with abundant precipitation and stronger winds 
when the pollution decreases. Unstable conditions 
of weather near the ground surface encouraged 
air pollutants' vertical diffusion.3,4,31 Several studies 
reveal the importance of meteorological parameters 
for variation in air quality under the rare low 
anthropogenic pollutant emissions during covid-19 
restrictions.32–35

 

The critical meteorological factors influencing 
urban air quality are wind direction, wind speed, 
relative humidity, and temperature.34,36–39 These 
meteorological parameters significantly affect 
the air pollutant dispersion process and removal 
mechanisms.40,41 Rainfall is an additional factor 
that removes gaseous pollution and particulate 
matter deposition through the atmospheric chemical 
processes.25,26,42,43

 
Several studies worldwide indicate the potential 
influence of meteorological variables on the quality 
of ambient air. The present study determines the 
impact of meteorological variables on AQI during 
observation period of four years (2018-2021) for 
the Kota metropolis. Wind speed and direction, 
relative humidity, precipitation, and temperature are 
the meteorological variables selected to determine 
the impact of meteorological factors on the AQI. 
The parameters chosen for evaluating the AQI are 
PM10, NO2, PM2.5, and SO2, and the CPCB prescribed 
method is used to determine AQI. Past studies on 
the Kota metropolis did not quantify the effect of 
meteorological parameters on the city.44,45 Hence,  
a prediction model has been developed using 
multiple regression analysis with a confidence 
level of 95%. This study may be beneficial for 
stakeholders and policymakers to consider the 
effect of meteorological factors on the ambient air 
of Kota city to make new policies and rules to curb 
air pollution.

Materials and Methods
Study Area and Research Methodology
The rapid and fast-growing city of Rajasthan, 
Kota, has been chosen to study the effects  
of meteorological variables on the quality of ambient 
air in the city. It is situated on the banks of the 
Chambal river and comes under the category of 
smart cities. Rapid urbanisation, vigorous population 
growth, unplanned development, increased vehicles, 
dynamic construction and demolition work, and lack 
of awareness among people had several detrimental 
impacts on the city's air quality.22,45 The air quality of 
Kota city is determined through the CPCB method of 
air quality index (AQI) with the help of four pollutants, 
namely, PM10, PM2.5, SO2, and NO2. Meteorological 
parameters selected for the study are wind speed 
and direction, relative humidity, precipitation, 
and temperature. The correlation study with the 
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significance level between each meteorological 
parameter and AQI is performed separately.  
A multiple regression analysis based AQI prediction 
model is also formulated using temperature, wind 
speed, and relative humidity through M.S. Excel 
software. The meteorological and air parameters 

data are collected for four years (2018-2021) from 
different government agencies such as CPCB and 
RSPCB. The study area is shown in Figure 1, and 
the GPS coordinates of the selected air monitor 
locations are tabulated in Table 1. 

Fig. 1: Positions of air quality monitoring stations in the study area (Kota).

Table 1: Manual and continuous air monitoring sites in Kota, Rajasthan, India.

Code Operating  Latitude Longitude Description
 Type (degree) (degree)

SAQ1 M 025.13 075.82 Shrinathpuram Fire Station,
SAQ2 M 025.16 075.83 Municipal Corporation, CAD Circle
SAQ3 M 025.13 075.80 RTU, Akelgarh
SAQ4 M 025.12 075.86 Regional Office, RSPCB
SAQ5 M 025.17 075.91 SGL, Nayanohra 
SAQ6 M 025.22 075.84 STP, Balita
SAQ7 C 025.14 075.82 Stadium Shrinathpuram

*Here M and C stands for manual and continous stations respectively.

CPCB Method for Evaluating AQI
AQI is calculated in this study as per the CPCB 
Method developed with the help of IIT Kanpur in 
October 2014.43,44 CPCB method of air quality index 
(AQI) evaluation involves (i) subindex calculation for 
each air pollutant using equation 1, (ii) define AQI on 
the basis of highest subindex among all air pollutants 

using equation 2. M.S. excel software is used to 
perform this analysis 18,29. Table 2 exhibits the 
AQI category based on AQI Values. The governing 
equation to calculate the subindex (Si) is shown in 
equation 1.

 … (1)
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Where, BPHI = Higher breakpoint concentration of 
pollutant,
BPLO= Lower breakpoint concentration of pollutant, 
IHI = AQI corresponding to BPHI, ILO = AQI 
corresponding to BPLO, and
PC = concentration of air pollutants.

The maximum operator system is used to obtain the 
subindex of each pollutant, as shown in equation 2.

AQI = max [S1, S2, S3, S4 …Sn ] … (2)

used when independent variables are greater than 
one (1), and the general equation for this method 
is as follows.37

y = C + M1 X1+ M2 X2+ M3 X3 + Mn Xn  … (3)

Where C is the regression constant, and X is the 
regression coefficient. The determination coefficient 
(R2) analysis has been done to define its predictive 
ability (goodness). The value of R2 varies between 0 
to 1. The accuracy of predicted values derived from 
the regression line is measured through standard 
error. The t-statistic test (CI:95%) and one-way 
ANOVA test (α=5%) have been used as the test of 
significance.

Observed Data
The observation period for the study is four years, 
from 2018 to 2021. Total rainfall and average 
temperature with standard deviation are tabulated 
in Table 3, while Table 4 and Table 5 exhibit average 
relative humidity and wind speed, respectively. 
The highest, lowest and average concentrations of 
pollutants, along with standard deviation, are shown 
in Table 6 for each air quality monitoring site in Kota 
during the observation of four years. The variation in 
the monthly average concentrations of PM10, PM2.5, 
NO2, and SO2 are shown in Figure 2.

Table 2: AQI range with respective category 
and colour code.43,44

AQI category AQI Range Colour

Severe 401 to 500 Maroon
Very poor 301 to 400 Red
Poor 201 to 300 Orange
Moderate 101 to 200 Yellow
Satisfactory 51 to 100 Green
Good 0 to 50 Light green

Table 3: Monthly Total Rainfall and Average Temperature Data for Kota City from 2018 to 2021.

Month Rainfall    Temperature

 2018 2019 2020 2021 2018 2019 2020 2021

January 0 0 7 37 18.0±1.9 17.0±2.0 15.5±2.1 16.8±1.8
February 0 0 0 0 20.6±3.0 19.1±2.7 19.7±3.1 21.8±2.7
March 0 0 40 2 25.4±2.8 24.5±3.9 23.8±2.6 27.9±2.7
April 0 27 0 0 31.2±2.9 32.7±3.3 31.3±1.9 31.8±1.7
May 3 2 0 27 38.0±1.5 34.8±1.9 35.1±2.4 32.1±2.8
June 84 107 85 18 34.5±3.2 34.7±3.9 31.6±1.9 32.4±1.9
July 162 491 94 262 29.7±1.7 29.4±2.2 30.8±1.1 30.4±2.4
August 309 553 179 680 28.8±1.1 27.3±1.1 28.1±1.1 28.1±1.7
September 127 436 106 208 28.5±2.3 27.2±1.3 29.6±1.5 27.7±1.2
October 0 14 0 43 30.3±2.3 26.4±1.4 28.3±1.8 27.2±2.2
November 0 7 3 41 29.7±7.0 23.6±1.7 21.3±2.1 21.1±2.0
December 0 0 0 20 18.3±2.3 15.7±2.9 18.2±3.3 16.9±1.9

Multiple Linear Regression Analysis
The stepwise multiple linear regression method is 
employed to determine the relationship between 
the selected variables of this study. This method is 
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Fig. 2: Variations in PM10, PM2.5, NO2, and SO2 values during the study period.
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Table 4: Mean Relative Humidity for Kota City during observation period.

Month Relative Humidity

 2018 2019 2020 2021

January 47.9±08.8 55.3±08.6 68.5±13.7 72.5±11.8
February 42.0±09.5 50.1±10.8 59.3±10.0 55.3±08.8
March 30.2±11.2 35.6±10.8 61.8±11.3 40.6±11.4
April 22.9±10.6 23.1±13.0 41.7±05.3 24.5±07.5
May 16.9±07.4 21.9±06.0 40.6±10.2 37.2±17.0
June 45.1±18.9 40.2±19.8 70.9±07.8 47.8±08.6
July 74.9±10.9 71.0±12.9 80.6±05.3 65.3±14.6
August 77.6±09.9 83.9±06.3 90.7±04.5 75.5±11.5
September 71.4±15.2 83.7±04.5 78.5±06.7 81.9±06.6
October 37.7±05.9 57.9±10.6 50.9±08.0 58.7±13.8
November 43.3±08.2 60.0±07.7 61.5±06.2 60.4±17.5
December 50.0±06.6 66.4±08.8 62.9±09.7 69.9±10.8

Table 5: Monthly Average Wind Speed for Kota City from 2018 to 2021.

Month Wind Speed

 2018 2019 2020 2021

January 0.96±0.2 0.99±0.2 1.04±0.2 0.97±0.3
February 1.28±0.4 1.24±0.2 1.01±0.2 0.92±0.2
March 1.25±0.2 1.26±0.2 1.26±0.4 1.29±0.5
April 1.26±0.3 1.36±0.4 1.23±0.3 1.19±0.2
May 1.54±0.4 1.64±0.4 1.75±0.4 1.55±0.3
June 2.07±0.5 1.85±0.5 1.72±0.4 1.89±0.3
July 1.94±0.4 1.69±0.4 1.58±0.4 1.66±0.3
August 1.82±0.3 1.65±0.5 1.48±0.2 1.65±0.3
September 1.74±0.5 1.34±0.3 1.38±0.2 1.25±0.3
October 1.00±0.2 0.90±0.2 1.05±0.3 0.95±0.2
November 0.79±0.1 0.85±0.2 0.81±0.2 0.62±0.1
December 0.86±0.1 0.86±0.2 0.82±0.2 0.73±0.2

Table 6: Annual Maximum, Minimum, and Average concentration along with standard deviation 
for each selected pollutant at each monitoring site during the study period. 

PM10

Parameter SAQ1 SAQ2 SAQ3 SAQ4 SAQ5 SAQ6 SAQ7

Maximum (µg/m3) 203.00 178.00 318.00 258.00 206.00 209.00 197.77
Minimum (µg/m3) 46.00 45.00 54.00 58.00 36.00 40.00 37.52
Average (µg/m3) 110.13 115.77 125.40 150.79 120.79 125.08 110.19
Standard Deviation 40.89 34.90 60.46 52.23 39.69 39.90 40.69
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Results and Discussion
Variability in the concentration of PM10, PM2.5, 
NO2, and SO2
The annual average concentration of PM10 was 
153 ± 32 µg/m3, 119 ± 40 µg/m3, 97 ± 23 µg/m3, 
and 119 ± 34 µg/m3 in 2018, 2019, 2020, and 2021, 
respectively. The range of pollutant concentration 
was 73-258 µg/m3 (2018), 36-318 µg/m3 (2019),  
38-174 µg/m3 (2020), and 49-244 µg/m3 (2021). 
The annual PM2.5 concentration in 2018, 2019, 
2020, and 2021 were 55 ± 18 µg/m3, 58 ± 20 µg/
m3, 50 ± 15 µg/m3, and 67 ± 27 µg/m3, respectively. 
The PM2.5 concentration range was 14-119 µg/m3 in 
2018, 17-165 µg/m3 in 2019, 19-110 µg/m3 in 2020, 
and 27-170 µg/m3 in 2021. The annual permissible 
limits for PM10 and PM2.5 are 60 and 40, respectively, 
as per CPCB guidelines. PM10 and PM2.5 are the 
main reasons behind the continuous deterioration 
in the city's air quality, as both were continuously 
violating the Indian standards prescribed by the 
CPCB. Vehicular emissions, construction, and 
demolition works, power plant emissions, cement 
plant, stone cutting industries, open burning, stubble 
burning, and natural dust, significantly contribute to 
particulate matter pollution in the city.42–45

The annual NO2 concentration was 26 ± 4 µg/m3 in 
2018, 25 ± 3 µg/m3in 2019, 22 ± 3 µg/m3 in 2020, 

and 26 ± 4 µg/m3 in 2021. The concentration of NO2 
varies in between 9-37 µg/m3 (2018), 12-52  µg/m3 
(2019), 10-36 µg/m3(2020), and 14-43 µg/m3 (2021). 
The annual concentration of SO2 was 8 ± 2 µg/m3, 7 ± 
1 µg/m3, 7 ± 1 µg/m3, and 8 ± 1 µg/m3 in 2018, 2019, 
2020, and 2021, respectively. The range of pollutant 
variation is between 4 -22 µg/m3 for 2018, 5-11 µg/
m3 for 2019, 5-10 µg/m3 for 2020, and 6-11 µg/m3 
for 2021. The annual NO2 and SO2 standards are 40 
and 50 µg/m3, respectively, and both air parameters 
were well under the prescribed Indian limits and can't 
be considered air pollutants.

The concentration of each parameter goes down in 
the rainy season due to precipitation in the southwest 
monsoon season. The highest concentrations  
of air quality parameters were observed in Winter, 
followed by Summer and Rainy seasons, except 
in 2020, as the lockdown restriction prevails 
this year. This variation in the concentration of 
air quality parameters majorly depends on the 
meteorological parameters in these seasons. 
The stable atmospheric conditions prevail in the 
winters, while unstable atmospheric conditions in 
the summers and rainy seasons.44,45 The difference 
between stable and unstable conditions in Kota may 
be understood with the help of Table 7.

PM2.5
Parameter SAQ1 SAQ2 SAQ3 SAQ4 SAQ5 SAQ6 SAQ7
Maximum (µg/m3) 142.04 124.55 165.26 170.73 144.14 84.22 120.94
Minimum (µg/m3) 22.14 14.36 26.63 23.95 17.33 19.25 18.79
Average (µg/m3) 51.61 55.72 57.74 71.53 57.29 52.17 51.76
Standard Deviation 23.08 23.54 29.15 31.09 24.65 20.21 22.54
NO2
Parameter SAQ1 SAQ2 SAQ3 SAQ4 SAQ5 SAQ6 SAQ7
Maximum (µg/m3) 35.62 34.25 35.76 33.25 32.52 33.34 51.51
Minimum (µg/m3) 12.49 12.49 12.49 12.49 12.49 19.38 9.00
Average (µg/m3) 25.53 25.22 24.89 25.27 24.02 25.96 23.48
Standard Deviation 4.28 4.29 4.16 4.42 3.52 4.23 10.04
SO2
Parameter SAQ1 SAQ2 SAQ3 SAQ4 SAQ5 SAQ6 SAQ7
Maximum (µg/m3) 10.62 10.40 10.89 10.70 10.04 7.95 21.56
Minimum (µg/m3) 5.46 5.51 5.65 5.89 5.86 5.45 4.31
Average (µg/m3) 6.97 7.15 6.98 7.18 7.04 6.41 10.01
Standard Deviation 1.31 1.35 1.27 1.27 1.16 0.66 2.64
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Table 7: Variations in relative humidity, temperature, wind speed, and rainfall for 
Winter, Summer, and Rainy seasons.

Parameter Winter Summer  Rainy

Relative Humidity 42-72 17-71 38-91
Temperature 15.5-29.7 23.8-38 26.4-30.8
Wind Speed 0.6-1.3 1.2-2.1 0.9-1.9
Rainfall, max (mm) 41 107 680

Table 8: Evaluated AQI Values for all ambient air quality monitoring stations.

Time Loca Jan Feb Mar April May June July Aug Sept Oct Nov Dec
 tion            

2018 SAQ1 138 167 134 125 109 134 130 96 83 141 128 191
 SAQ2 143 129 120 130 115 96 84 110 82 93 136 148
 SAQ3 142 149 167 179 113 152 187 133 106 132 269 294
 SAQ4 207 171 159 151 157 165 124 93 97 145 216 297
 SAQ5 161 145 133 143 143 151 100 106 94 123 155 125
 SAQ6 173 110 119 131 133 137 120 113 89 129 146 159
 SAQ7 142 132 132 142 165 131 114 80 73 126 182 142
2019 SAQ1 182 137 131 197 126 100 50 57 46 66 93 101
 SAQ2 205 135 116 137 130 101 59 45 50 63 113 123
 SAQ3 335 174 152 186 119 140 104 59 58 56 135 132
 SAQ4 293 232 160 258 171 109 80 61 58 165 155 167
 SAQ5 188 125 114 135 129 109 51 36 48 88 115 130
 SAQ6 175 119 105 181 129 100 61 49 40 91 103 144
 SAQ7 148 112 118 115 109 102 82 63 52 106 115 124
2020 SAQ1 98 74 63 68 68 76 69 82 71 77 127 132
 SAQ2 111 115 122 68 68 106 84 102 103 100 132 164
 SAQ3 109 94 89 68 68 75 54 80 78 88 155 73
 SAQ4 175 150 133 68 68 92 98 105 150 184 239 198
 SAQ5 114 102 93 68 68 84 75 94 73 91 267 121
 SAQ7 100 94 83 68 68 48 38 39 65 110 178 143
2021 SAQ1 184 103 98 98 92 106 79 79 73 78 317 243
 SAQ2 269 119 125 127 92 101 102 96 68 78 304 275
 SAQ3 161 90 90 87 92 85 73 63 58 75 301 257
 SAQ4 303 153 198 140 92 135 123 93 74 114 339 316
 SAQ5 278 133 132 127 92 105 105 130 84 92 319 250
 SAQ7 191 122 128 129 92 78 60 62 49 90 301 227

Note: Data is unavailable for air quality monitoring station SAQ6 (Sewage Treatment Plant, Balita) 
for 2020 and 2021

CPCB method-based AQI is classified into six 
categories, namely Severe (400 to 500), Very Poor 
(300 to 400), Poor (200 to 300), Moderately polluted 
(100 to 200), Satisfactory (50 to 100), and Good 
(0 to 50). This method of calculating AQI utilises 

at least three air quality parameters, one of which 
should be PM10 or PM2.5. A sub-index is calculated 
for these pollutants depending upon their measured 
concentration in the ambient atmosphere. AQI 
values on a monthly and seasonal basis for each 
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monitoring location for 2018, 2019, 2020, and 2021 
are shown in Table 8 and Table 9, respectively. The 

variation in the air quality index from 2018 to 2021 
is graphically shown in Figure 3.

Table 9: Stationwise Air Quality Index for Air Monitoring Stations, Kota (India) 
on seasonal and annual basis.

 2018    2019

Location Winter Summer Rainy Annual Winter Summer Rainy Annual

SAQ1 148 126 114 129 119 125 55 104
SAQ2 137 116 94 116 139 117 54 106
SAQ3 187 153 139 155 220 143 70 126
SAQ4 208 158 116 153 212 165 85 141
SAQ5 144 143 106 131 133 118 56 105
SAQ6 142 130 114 129 124 117 60 105
SAQ7 142 142 102 129 120 110 76 105
 2020    2021
SAQ1 101 69 75 82 218 99 77 105
SAQ2 140 95 98 93 243 112 86 127
SAQ3 89 75 75 83 193 88 67 97
SAQ4 190 95 124 118 306 131 103 180
SAQ5 136 78 83 97 260 115 101 144
SAQ7 110 67 64 82 210 109 65 106

Note: Data is unavailable for air quality monitoring station SAQ6 (Sewage Treatment Plant, Balita) for 2020 
and 2021.

Fig. 3: Variation in the air quality index for Kota city during the study period.

The obtained AQI values suggest that AQI varies 
continuously from month to month, season to season, 
year to year, and station to station. The lowest values 

of AQI levels for each monitoring site were obtained 
in the rainy season, followed by the summer and 
winter seasons. The reason was temperature, 
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rainfall, relative humidity, and wind speed because 
AQI is based on pollutant concentration, and 
pollutant concentration is considerably affected 
by meteorological conditions.31,43,46 The AQI varies 
between 73-297 in 2018, 36-335 in 2019, 38-267 
in 2020, and 49-339 in 2021. Another factor that 
reduced AQI values in 2020 was the lockdown 
restriction due to Covid-19.

Meteorological Parameters Affecting Air Quality
The air quality of a particular location varies 
tremendously daily, even at constant daily emissions 
due to meteorological parameters. The air quality 
of a region is significantly affected by these 
above-mentioned meteorological parameters. 
The relationship between AQI and Meteorological 
variables are shown in Figure 4.

Fig. 4: AQI Versus (A) temperature, (b) relative humidity, (c) wind speed, and (d) rainfall.

The air quality of Kota city is also affected by these 
parameters. Hence, all these are considered here 
to determine their impact on air quality. The total 
rainfall in Kota city (Ladpura rainfall station) was 685, 
1637, 514, and 1338 mm in 2018, 2019, 2020, and 
2021, respectively. However, a significant portion  
of the total rainfall occurs in the rainfall season,  
from mid-June to September. The monsoon 
percentage of total rainfall in 2018, 2019, 2020,  
and 2021 were 99.56, 96.94, 90.36, and 87.29, 
respectively. The precipitation occurs in the city due 

to the southwest monsoon in June, July, August,  
and September of a calendar year.

The coefficient of correlation between rainfall and 
air quality index (AQI) was -0.42 [significance level 
(P) < 5%], which confirms a negative correlation 
between rainfall and air quality index (AQI), i.e., as 
the amount of precipitation increases, the air quality 
of the city gets improves or vice versa. The effect of 
rainfall on air quality is shown in Figure 5.
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Fig. 5: Effect of rainfall and temperature on air quality during the study period.

Fig. 6: Effect of relative humidity and wind speed on air quality during the study period.
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The maximum monthly average temperature was in 
Summer (23.8 – 38 °C), followed by the Rainy (29.4 
– 30.8 °C) and Winter (15.5 – 29.7 °C) seasons.  
The temperature started rising in the city in March 
as the apparent northward movement of the Sun 
toward the Tropic of Cancer.

The summer season includes March, April, May, 
and June months. Rainfall occurred from the 
southwest monsoon in mid-June, resulting in a slight 
decrease in temperature. July, August, September,  
and October are the months of the Rainy season.

The Sun migrates to the southern hemisphere during 
the Winter season, decreasing the temperature 
during November, December, January, and February. 
The correlation coefficient between the air quality 
index and temperature (AQI) was -0.49 (P < 5%), 
which confirms a negative correlation between 
temperature and air quality index (AQI), i.e., as the 
temperature decreases, the city's air quality gets 
worst or vice versa. The effect of rainfall on air quality 
is shown in Figure 5.

Relative humidity is the atmosphere's moisture 
content that can be retained at a given temperature 
and pressure without condensation. It is generally 
expressed on a percentage basis. The maximum 
relative humidity is found in the Rainy season  
(65 – 91 %), followed by Winter (42 – 73 %) and 
Summer (22 – 45%). It is greatly affected by 
temperature, rainfall, and wind speed. Hence, it has 
little impact on air quality [Correlation coefficient = 
-0.22 (P > 5%)]. The effect of relative humidity on 
air quality is shown in Figure 6.

The average wind speed in Winters, Summer, 
Rainy, and Annually were between 0.6 to 1.3 m/s, 
1.3 to 2.1 m/s, 1.3 to 1.9 m/s, and 0.6 to 2.1 m/s, 
respectively. There is a little difference between 
seasonal wind variations, but this little difference 
has a massive impact on air quality. A robust 
negative correlation [Correlation coefficient = -0.54  
(P < 5%)]) exists between wind speed and air quality, 
i.e., wind speed increases, dispersion, and dilution 
of pollutants increases, ultimately improving the air 
quality. The effect of wind speed on air quality is 
shown in Figure 6.

Developed AQI Prediction Model Through 
Meteorological Parameters
The AQI prediction model has been developed 
with the help of multiple regression analysis. Three 
meteorological parameters, namely, wind speed, 
relative humidity, and temperature, were used as 
independent variables to determine the dependent 
variable, i.e., AQI. The formulated equation to 
determine AQI is as follows.

AQI=225.3684+[WS*(40.882)]-[RH*(1.297)]-
[T*(3.847)]     … (4) 

Where, AQI = Air quality index,
WS= Wind speed (m/s), 
RH = Relative Humidity (%) and,
T=Temperature (°C).
The regression coefficient (R-value) obtained for the 
above equation is 0.795, while the determination 
coefficient (R2 value) is 0.632, i.e., 63.2% of the 
total variations in AQI are determined through the 
linear relationship between AQI and meteorological 
parameters. The significance level (α) for all 
meteorological parameters was ≤ 0.05, which 
validates the significant relationship between AQI 
and selected meteorological variables. This equation 
holds good for wind speed ≥ 1.2 m/s. This equation 
does not consider rainfall as it only occurs in the 
monsoon period. 

Conclusion
This study concludes that PM10 and PM2.5 are the 
main reasons behind the continuous deterioration 
in the city's air quality, as both continuously violated 
the Indian standards prescribed by the CPCB.  
The annual average concentrations of NO2 and SO2 
were well under the prescribed Indian limits and 
couldn't be considered air pollutants. The highest 
AQIs were observed in Winter, followed by summer 
and rainy seasons, except in 2020, as the lockdown 
restriction prevails this year. This variation in the 
concentration of air quality parameters majorly 
depends on the meteorological parameters in 
these seasons. The lowest AQI values show the 
low concentration of air pollutants in ambient air 
throughout the rainy season as high temperature, 
intense wind speed, and wind direction work together 
to increase the dispersion of air pollutants in the 
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atmosphere, while rainfall acts as the cleansing 
agent to wash out air pollutants from the atmosphere. 
This study attempts to statistically analyse the 
meteorological variable's impact on the air quality 
index of Kota city. A negative correlation was found 
between AQI and Temperature, AQI and Rainfall, 
AQI and relative humidity, and AQI and wind speed.  
The developed AQI prediction model is advantageous 
for stakeholders and researchers in the air pollution 
field. However, anthropogenic activities significantly 
affect meteorological activities and, ultimately, the 
accumulation of air pollutants near the ground 
surface, causing increased air pollution scenarios 
in Kota city. It may be used as the baseline study 

to help policymakers and stakeholders make rules, 
regulations and management/prevention plans for 
different aspects of air pollution in the city. 
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