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Abstract: The present study focuses on the analysis and
prediction of the seasonal air quality over an industrial city of
eastern India. It investigates the seasonal characteristics of three
air pollutants nitrogen dioxide, PM o, and sulphur dioxide (SO,)
between 2005 and 2015. The data has been obtained from the
ground monitoring station of the Jharkhand State Pollution
Control Board. The study concentrated on the seasons' based
findings of RSPM, SO, and NOx. SPSS 22 software was used to
find meteorological influences on the conditions of particular
matters. The study shows the strength of statistics as a technology
to analyse and to make a prediction even when the available
information includes only one variable.

Keywords. Seasonal variation, RSPM, Probability density
function, NAAQ.

I. INTRODUCTION

Throughout the world, high levels of concentration of air
pollutants have been found in most of the urban areas. It has
been observed that there are differencesin the air qualitiesin
different parts of the urban areas. Also, studies showsthat the
local sources such as traffic and industrial emissions are
among the contributing factors [1]. City air pollution is
dangerous for the environment. Meteorological parameters
have an influence over the concentration level of pollutants
and thereis sufficient literature to support thisfact. A study in
Kuwait showed seasonal variations in the air pollutants. The
maximum  concentrations of NMHC (non-methane
hydrocarbon), CO, and NOy was found in the winter whereas
the minimum concentration was in the summer [2]. A similar
observation has been in Japanese and Indian cities aso. In
Hong Kong, an increase in the concentrations of air
pollutants was observed during winter season. Heavy rain
and mixing layer have a great role in the existing pollution
level in an area and the downfall in concentration during
summer season can be seen in this context.
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Similarly, in Russian cities, there have been observed
different concentration levelsin different seasons[3].

Thus, the meteorological factor has an important aspect in the
air pollution study to understand the variation and
distributions. The variation and pattern of variation of
particulate matters, NOx, and SO, are more often influenced
by human-induced changesin land use/ land cover along with
various economies, and demographics [4]. The selection of
the area of study for the present research has been done
keeping these aspects in mind.

In a report published by WHO in 2016, It is clearly
mentioned that in India, the concentration of particulate
matter are at hazardous level [5]. NO, is rising, but SO, is
dropped. This is happing due to rising numbers of vehicles
[7]. After Ranchi become capital of Jharkhand the increase of
vehicles and rapid growth cause ambient air pollution status
change [8].Moreover, Ranchi city has mining areas and
industries nearby. So, it isimportant to study RSPM, SO, and
NOx.

The Jharkhand State Pollution Control Board (JSPCB) has
established ground monitoring stations in four cities of the
Jharkhand state, to keep an eye on the concentration levels of
various air pollutants. Thus, information on the pattern of
variation of each pollutant’s concentration with time and the
influences of the prevailing meteorological conditions are
necessary for developing air pollutant control strategies.

The objectives of the study

o Tofind the appropriate distribution pattern for the seasonal
concentration of air pollutants. With the help of continuous
probability model.

¢ To find the influences of meteorological factors on the
seasonal variation of the pollutants and

e To generate a model using multiple linear regression
technique.

II. MATERIAL AND METHODS

A. Study area

Jharkhand state is the 28" state of India. Its capital Ranchi is
extended from latitude 22° 30° North - 23°36° and longitude
84°54° East — 85°54°. Ranchi isahilly city with good amount
of rainfall. Ranchi is situated at the average altitude of 600
meters above the mean sea level. As far as the climate is
concerned, it is generally dry. The average rainfall has been
observed as 1500 mm. However, the temperature in summer
is recorded generally up to 40" -44". Ranchi is surrounded by
forest, which is 17.38% out of the total area. After becoming
capital of Jnharkhand in 2000, the population of the city is
gradually increasing.
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The construction work increases so, vacant ground area is
used, this caused change in environment. Due, to heavy
vehicles load in the city, air quality also degraded and the
regular rainfall condition has been observed to be changed.
Industries are also establishing in this city, these are the
main causes of air pollution in the city. To monitor the air
quality of the city, a monitoring station has been established
at Albert Ekka Chowk. This Chowk is the most polluted and
heavy traffic place.

Data collection

Data s collected from the Jharkhand State Pollution Control
Board office. Furthermore, the data for the meteorological
parameters such as rainfall, relative humidity temperature,
and wind speed and wind direction have been collected from
the India Meteorological Department office at Hinoo.

B. Method

From the JSPCB office, the data have been collected in 4
hourly, 8 hourly and 24 hourly average formats. The raw data
were then arranged in the tabular form according to the
requirement of the present research. With the help of Easyfit
software, the probability distributions have been tried to fit
the pattern. The Kolmogorov —Smirnov and Anderson
—Darling tests were utilised to find how good the fit is.
Finally, with the help of inverse cumulative distribution
function, the probability that a particular pollutant will
exceed the Air Quality Standard set for that pollutant was
computed. Further, multiple linear regression technology was
employed over the dependent and independent variables.
SPSS software had been utilized. In SPSS, while using the
“stepwise” method [9], the input data has to fulfill the
following criteria
Probability — of — F —to — enter < 0.050
and
Probability — of — F —to — remove >= 0.100
Mathematical expression for the probability of exceedance of
acritical concentration is[10]:
X

—00

f (t)dt

PriX>x)=1-PrX<x)=1-—

Probability Density Function

[1l. RESULT AND ANALYSIS

During 2005-2015 RSPM, NOyx and SO,were measured in
microgram per cubic meter (ug/m®). The frequency
distribution of air pollution datais givenin Tablel.

Through the application of descriptive statistics, we choose
the appropriate distribution for the data set. It can be seen that
the available data for the RSPM concentrations (as collected)
is positively skewed for winter and monsoon and negatively
skewed for summer and post-monsoon whereas for NOy and
SO, are positively skewed for the three seasons namely
Winter, Summer and Monsoon. This justifies the reason for
using the accordingly skewed appropriate theoretical
distributions to fit the RSPM, NOy and SO, data. The graph
isshown in Figures 1, 2 and 3.The parameters of distributions
used in Table-l. The summary of the analysis is given in
Tablell.

The data of NOy and SO, are less scattered as compared to
RSPM. The results for the probability of exceedance of the
National Ambient Air Quality Standards (NAAQS) are
presented in table 1.

It has been found that the RSPM concentration is crossing the
NAAQ standards. Thus, for air pollution in Ranchi, RSPM is
the criteria pollutant and the control strategies should focus at
this pollutant more than any other pollutant. In the next step,
the model has been generated keeping RSPM as dependent
variable and the meteorological parameters as independent
variables.

A. Multivariate Regression M odel

Multivariate linear regression model (ML R) has been widely
used in research work till now. It is very useful in making
predictions whenever there exist linear correlations among
the variables under study. In the present study,
meteorological conditions and emission sources are found to
be responsible for the existing air quality. So, it is very
necessary to model their relationship for making effective
control strategies.
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Fig. 1. NOy (Winter)
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Fig. 3. NOy (Post- monsoon)
Probabity Densty Fnction PP P
016 //0-
"t E] a8 ] 2 Bl » a3 o aQ “ o @ o1 02 ) o p:{iw“‘ 1] o 1] 0 1
Fig. 4. NOx (M onsoon)
Table- |: The characteristics and source of data used in the study
Parameter Time period Frequency Source
RSPM 2005-2015 4-Hourly JSPCB
SO, 2005-2015 4-Hourly JSPCB
NO 2005-2015 4-Hourly JSPCB
Precipitation 2005-2015 Monthly IMD
Temperature 2005-2015 Monthly IMD
Relative Humidity 2005-2015 Monthly IMD
Wind Speed 2005-2015 Monthly IMD
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Table- I1: The goodness of fit results

Winter Summer
Distribution Kolmogorov Smirnov Distribution Kolmogorov Smirnov
NOy Burr 0.16312 Burr 0.12455
S0, Burr 0.1256 Burr 0.14609
RSPM Frechet (3P) 0.09468 Johnson SB 0.08317
M onsoon Post-M onsoon
Distribution Kolmogorov Smirnov Distribution Kolmogorov Smirnov
NOy Cauchy 0.08995 Burr 0.13387
SO, Cauchy 0.08897 Cauchy 0.10555
RSPM Johnson SB 0.09268 Johnson SB 0.07909
Table- 111: Probability of exceedance
Probability of Prediction (ug/m®)
Sr. No. Pollutants Seasons Exceedance of Indian with a 95%
NAAQS probability
Winter 10 134.52
Summer 0.99 126.44
1 RSPM Monsoon 0.89 96.719
Post-Monsoon 0.95863 104.06
0 Winter 4.1154E-4 15.112
5 2 Summer 7.3499E-4 16.186
' Monsoon 0.00906 12.585
Post-Monsoon 0.01203 11.712
Winter 0.15407 28.85
3 NO Summer 0.12798 28.516
' X Monsoon 0.1233 22.768
Post-Monsoon 0.20999 30.611
Table- IV: Descriptive Statistics
Mean Std. Deviation N
RSPM 168.7296 45,98188 31
RAIN 103.6111 132.21469 31
TEM Pmax 29.3945 3.95585 31
TEMPmin 17.0242 4.96021 31
RHhigh 93.5097 7.01318 31
RHlow 27.6335 14.62834 31
WS 5.7506 2.19886 31

The study of the seasonal concentration of pollutants
indicates the relationship between air pollutants and
meteorological parameters. The stepwise analysis was
conducted to find an appropriate result. Histogram and
normal probability plot have been shown in figures 4 and 5.
The model is given as:
RSPM = 185.343 - 0.16 Rain

(Resultant model is generated with the help of Table V, VI,
VIl and Table VIII)

V. CONCLUSION

After analysing the results, it can be concluded that Statistics
serves as an excellent technology to find the influences of
meteorological parameters on the air pollution and also it has
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the potentia to predict if the only distribution of the
concentration over time is known.
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Table- V: Correlations

RSPM | RAIN | TEMPmax | TEMPmin | RHhigh | RHlow | WS
RSPM 1.000 | -461 -.117 -.306 -.190 -.329 -417
RAIN -.461 1.000 .226 .692 374 .759 .654
TEMPmax =117 .226 1.000 .820 -511 -.124 499
Pearson Correlation TEMPmin | -306 | .692 .820 1.000 -.080 385 | .728
RHhigh -.190 374 -511 -.080 1.000 457 .200
RHlow -.329 .759 -.124 .385 A57 1.000 .270
WS -417 .654 499 728 .200 270 1.000
RSPM . .005 .265 .047 153 .035 .010
RAIN .005 . 11 .000 .019 .000 .000
TEMPmax .265 A11 . .000 .002 .253 .002
Sig. (1-tailed) TEMPmin | .047 | .000 .000 . 335 016 | .000
RHhigh 153 .019 .002 335 . .005 141
RHlow .035 .000 .253 .016 .005 ) 071
WS .010 .000 .002 .000 141 .071 .
RSPM 31 31 31 31 31 31 31
RAIN 31 31 31 31 31 31 31
TEMPmax 31 31 31 31 31 31 31
N TEMPmIn 31 31 31 31 31 31 31
RHhigh 31 31 31 31 31 31 31
RHlow 31 31 31 31 31 31 31
WS 31 31 31 31 31 31 31
Table- VI: Model Summary®
M odel R R Square Adjusted R Square Std. Error of the Estimate Durbin-Watson
1 4612 .213 .185 41.50049 1.921
a. Predictors: (Constant), RAIN
b. Dependent Variable: RSPM

Table- VII:ANOVA?

Model  |Sum of Squares|dfiMean Square| F |Sig.
Regression| 13483575 |[1| 13483575 [7.829.009"
1 Residual 49946.418 [29 1722.290
Total 63429.992 |30

a. Dependent Variable: RSPM
b. Predictors: (Constant), RAIN

Table- VIII: Coefficients®

Unstandardized Standardized 95.0% Confidence Interval
M odel Coefficients Coefficients t Sig. for B
B Std. Error Beta L ower Bound|Upper Bound
1 (Congtant) 185.343 9.530 19.449 .000 165.853 204.834
RAIN -.160 .057 -.461 -2.798 .009 -.278 -.043
a. Dependent Variable: RSPM
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Histogram
Dependent Variable: RSPM
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