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Abstract:- Day by day the air pollution becomes serious
concern in India as well as in overall world. Proper or
accurate prediction or forecast of Air Quality or the
concentration level of other Ambient air pollutants such
as Sulfur Dioxide, Nitrogen Dioxide, Carbon Monoxide,
Particulate Matter having diameter less than 10y,
Particulate Matter having diameter less than 2.5, Ozone,
etc. is very important because impact of these factors on
human health becomes severe. This literature review
focuses on the various techniques used forprediction or
modelling of Air Quality Index (AQI) and forecasting of
future concentration levels of pollutants that may cause
the air pollution so that governing bodies can take the
actions to reduce the pollution.
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l. INTRODUCTION

Because of new inventions there is a rapid increase in
the development, serious population growth and increased
number of vehicles will give rise to so many critical problems
related to the environment such as acid rain, deforestation, air
pollution, water pollution, emission of toxic materials and so
on. To fulfil the needs of growing population there is the
drastic increase in industrialization that may lead to the
emission of harmful gases in the atmosphere from various
industries that will cause the serious air pollution problem in
urban areas throughout the world. This means that the air we
or people breathe is not a clean air but it is polluted as so many
harmful gases and particles are present in the air that
adversely affect the human health. The quality of air degrades
due to the pollution.
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In most of the urban areas the air pollution becomes a
serious concern. The people should know about the air they
breathe. The National Ambient Air Monitoring Network
generates the data that includes the concentration of various
pollutants present in the air but this data is not easily
understood by the common people. So the Central Pollution
Control Board (CPCB) develops the national Air Quality
Index (AQI) for the cities in India [4]. AQI gives the idea
about quality of air or at what extent the air in the particular
location is polluted. This means that AQI gives the actual
quality of air around us in the qualitative form that is linked
with various health impacts.

According to CPCB the AQI is calculated using 12
parameters (Air Pollutants) namely NO2 (Nitrogen
Dioxide), SO2 (Sulfur Dioxide), CO (Carbon Monoxide), O3
(Ozone), PM10 (Particulate Matter having diameter 10
micron or less), PM2.5 (Particulate Matter having diameter
2.5 micron or less), NH3 (Ammonia), Pb (Lead), Ni (Nickel),
As (Arsenic), Benzo(a)pyrene and Benzene [4]. Most of the
time AQI is based on the criteria pollutants (i.e. PM10,
PM2.5, SO2, NO2, CO and 0O3) but while calculatingthe AQI
using many pollutants from the list of 12 pollutants is more
desirable. However, the selection of pollutants depends on the
AQI objectives, averaging pperiod, Data availability,
Monitoring frequency and measurement methods [4].

AQI can be defined as it is a numerical value that the
governmental agencies used to measure the levels of air
pollution in the atmosphere and communicate it with
population [2]. If AQI increases then large percentage of
population is affected because it adversely affects the human
health. As we know that AQI can be calculated by using the
concentration of different air pollutants and finally we get the
single numerical value as AQI. This can be shown in figurel.
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Fig.1:- Formation of an aggregated AQI [4]

The Formation of AQI involves the following two steps

1. Sub Index Calculation

2. Aggregated Index Calculation

1. Sub Index Calculation

The general equation for the sub-index (Ii) for a given
pollutant concentration (Cp); as based on ‘linear segmented

principle’ is calculated as

Where,
Bri = Breakpoint concentration greater or equal to given
Concentration.

BLo= Breakpoint concentration smaller or equal to given
Concentration.

I = AQI value corresponding to By
lLo= AQI value corresponding to BLO
Cp = Pollutant

li= [(In1 - ILo/ Bhi -Bro) * (Cp-Bro)] + Lo [4]

Breakpoint Concentration for pollutants PM2.5, NO2, SO2, CO and O3 is shown in following figure.

AQI Category (Range) PM- s NO- O CcCO SO,
24-hr 24-hr 8-hr 8-hr 24-hr
Good (0-50) 0-30 0-40 0-50 0-1.0 0-40
Satisfactory (51-100) 3160 41-80 51-100 1.1-2.0 41-80
Moderate (101-200) 61-90 81180 101168 2.1-10 81-380
Poor (201-300) 91-120 181-280 169-208 10.1-17 381-800
Very Poor (301-400) 121250 281400 209-748 17.1-34 801-1600
Severe (401-500) 250+ 400+ 748+ 34+ 1600+

Note: While CO concentrations are expressed in mg m

*. the other pollutants are expressed in pg m .

Fig 2:- Breakpoint Concentration for specific pollutant [3]

2. Aggregated Index Calculation

Aggregated Index = AQI/I = Max (11, 12, ) [4].

The AQI range and related health impacts can be

shownin following figure .3.

There are several ways or formulae for calculation of
AQI but this is one of the most commonly used or popular

form.
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Fig. 3:- AQIl and possible health impacts [7]
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As shown in figure 3 as AQI goes on increasing the risk
of adverse or severe health effects will also increase. AQI
gives the actual picture of the air around us and it also denotes
at what extent the air is polluted. On knowing about AQI
people can aware about the quality or pollution in theair in
their area or location so that they can take the precautions
regarding disease risks related to the airpollution.

India ranks 5" globally among 98 countries in case of
air pollution [11]. So it is very important to do study about the
air quality of India and make the policies to reduce the air
pollution.

1. LITERATURE REVIEW

Anikender Kumar, PramilaGoyal (2011) presented
the study that forecasts the daily AQI value for the city Delhi,
India using previous record of AQI and meteorological
parameters with the help of Principal Component Regression
(PCR) and Multiple Linear Regression Techniques. They
perform the prediction of daily AQI of the year 2006 using
previous records of the year 2000-2005 and different
equations. After that this predicted value then compared with
observed value of AQI of 2006 for the seasons summer,
Monsoon, Post Monsoon and winter using Multiple Linear
Regression Technique [1]. Principal Component Analysis is
used to find the collinearityamong the independent variables.
The Principal components were used in Multiple Linear
Regression to eliminate collinearity among the predictor
variables and also reduce the number of predictors [1]. The
Principal Component Regression gives the better
performance for predicting the AQI in winter season than any
other seasons. In this study only meteorological parameters
were considered or used while forecasting the future AQI but
they have not considered the ambient air pollutants that may
cause the adverse health effects.

Huixiang Liu (et al.2019) have taken two different
cities Beijing and Italian city for the study purpose. They have
forecasted the Air Quality Index (AQI) for the city Beijing
and predicting the concentration of NOxin an Italian City
depending on two different publicly available datasets. The
first Dataset for the period of December 2013 to August 2018
having 1738 instances is made available from the Beijing
Municipal Environmental Centre [5] which contains the fields
like hourly averaged AQI and the concentrations of PM2.5,
03, SO2, PM10, and NO2 in Beijing. The second Dataset
with 9358 instances is collected from Italian city for the
period of March 2004 to February 2005. This dataset contains
the attributes as Hourly averaged concentration of CO, Non
methane Hydrocarbons, Benzene, NOx, NO2 [5]. But they
focused majorly on NOxprediction as it is one of the
important predictor for Air Quality evaluation. They used
Support Vector Regression (SVR) and Random Forest
Regression (RFR) techniques for AQI and NOx concentration
prediction. SVR shows better performance in prediction of
AQI while RFR gives the better performance in predicting
the NOx concentration.
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Ziyue Guan and Richard O. Sinnot (2018) used the
various machine learning algorithms to predict the PM2.5
concentration. Data were collected from the official website
of Environment Protection Agency (EPA) for the city
Melbourne that contains PM2.5 air parameter and they have
also collected the unofficial data from Airbeam which is the
mobile device used to measure PM2.5 value [8]. The machine
Learning Algorithms Artificial Neural Network (ANN),
Linear Regression (LR) and Long Short Term Memory
(LSTM) recurrent neural network were used for thePM2.5
prediction but out of these algorithms LSTM givesthe best
performance ad predict the high PM2.5 value with reasonable
Accuracy.

HeidarMaleki (et al.2019) predicted the hourly
concentration values for the ambient air pollutants NO2,502,
PM10, PM25, CO and O3 for the stations Naderi,
Havashenasi, MohiteZist and Behdasht in Ahvaz, Iran which
is the most polluted city in the world. They have also
calculated and predicted Air Quality Index (AQI) and Air
Quality Health Index (AQHI) for the four air quality
monitoring stations in Ahvaz mentioned above. They used
Artificial Neural Network (ANN) machine learning algorithm
for the prediction of air pollutants concentration (hourly) and
two air quality indices AQI and AQHI over the August 2009
to August 2010. Input to ANN algorithms involves the factors
such as meteorological parameters, Air pollutants
concentration, time and date.

Aditya C R (et al.2018) employed the machine
algorithms to detect and forecast the PM2.5 concentration
level on the basis of dataset containing atmospheric
conditions in a specific city. They also predicted the PM2.5
concentration level for a particular date [10]. First of all they
classify the air as polluted or not polluted by using Logistic
Regression algorithm and then Auto Regression algorithm
was used to predict the future value of PM2.5 depending upon
previous records.

Nidhi Sharma (et al.2018) had gone through the
detailed data analysis of air pollutants from 2009-2017 and
also proposed the critical observation of 2016-1017 air
pollutants trend in Delhi, India [14]. They have predicted the
future trends of various pollutants as Sulfur Dioxide (SO2),
Nitrogen Dioxide (NO2), Suspended Particulate Matter (PM),
Ozone (03), Carbon Monoxide (CO) and Benzene. By using
data analytics Time series Regression forecasting they have
predicted the future values of the pollutants mentioned earlier
on the of previous records. According to this study results the
AnandVihar and Shadipur monitoring stations of Delhi are
under the study. The result shows that there is a drastic
increase in PM10 concentration level, NO2 and PM2.5 are
evidently increased showing the increased pollution in Delhi
[14]. CO is predicted to reduce by 0.169mg/m?3, there is
increase in NO2 concentration level forcoming years by 16.77
ug/m3, Ozone is predicted to increaseby 6.11mg/m?, Benzene
reduce by 1.33mg/m?® and SO2 is forecasted to increase by
1.24ug/m?3

117



Tmennsarionas JoumnaL of RESeARCH

g

IJR

Mohamed Shakir and N.Rakesh (2018) have analysed
the proportion of various air pollutants (NO, NO2, CO, PM10
and SO2) with respect to the time of the day and the day of
the week and estimated the effect of environmental
parameters as temperature, wind speed and humidity on the
air pollutants mentioned above with the helpof WEKA tool
[15]. The data was collected from pollution control board of
Karnataka. By using ZeroR algorithm in WEKA tool the
study come up with the results that shows that the
concentration levels of air pollutants increase during the
working days and especially during the peak hours of theday
and decrease during week-ends or holidays [15]. Using
Simple K-means Clustering algorithms the study shows the
relationship or dependencies between the environmental
factorslike Temperature, wind speed and humidity and the air
pollutants like NO, NO2, PM10, CO and SO2.

KazemNaddaf (et al.2012) used the AirQ software
proposed by WHO that provides the quantitative data on the
impact of PM10, SO2, NO2 and O3 on the health of the
people in Tehran City of Iran which is the most populated city
in Iran [16]. Health impacts under the consideration were all
cause mortality, cardiovascular diseases and therespiratory
diseases. “The results of the study shows that the air pollutant
PM10 had the highest heath impact on the 8,700,000
inhabitants of Tehran City and also caused an excess of total
mortality of 2194 deaths out of 47284 in a year” [16]. The
total number of excess cases of mortality due to SO2, NO2
and Ozone are 1458, 1050 and 819 respectively. These results
shows that Tehran suffered from critical problem of air
pollution and for Tehran there is a need to reduce the health
burden of air pollution.

YusefOmidiKhaniabadi (et al.2016) the main aim of
this study is to discover the relation or association between
health impacts such as mortality rate of cardiovascular
diseases and the air pollutants as PM10, NO2 and O3 over the
years 2014 and 2015 for Kermanshah city in Iran. They used
the AirQ software proposed by WHO for this purpose. The
number of prematuredeaths for cardiovascular diseases is of
188 related to PM10, 33 related to NO2 and 83 related to
O3[17].The results of this study indicates that if there is
10/m3 increase in PM10, NO2 and O3 concentration level
the mortality risk will increase by 1.066, 1.012 and 1.020
respectively.

R. Gunasekaran (et al.2012) the main objective of this
study is to monitor the air quality of Salem Swadeswari
College, Tamil Nadu area for the period of April 2011 to
March 2011 and it has been shown that this area has no serious
pollution issues related to the pollutants as Sulfur Dioxide,
Oxides of Nitrogen and Suspended Particulate Matter because
their annual average concentration are withinthe range of
national standards. But the annual average concentration of
the pollutant PM10 is slightly higher than the levels of
national standard. Also the monthly 24-hour average
concentration of PM10 in the same year were crossed the
national standard level except during July to October [18].
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S.TikheShruti (et al.2013) the research employed two
soft computing algorithms Artificial Neural Network (ANN)
and Genetic Programming (GP) for the prediction of future
concentration levels of air pollutants such as Oxides of Sulfur
(SOx), Oxides of Nitrogen (NOx) and RespirableSuspended
Particulate Matter (RSPM) over the year 2005 to 2011 for
Pune city in Maharashtra which is at the second position I list
of polluted cities in India. They have developed total six
models (three of each algorithm ANN and GP) based on
hourly average data values of pollutants concentration
spanning greater than 7 years. Out of these two algorithms
GP algorithms gives the better performance than ANN.

ArchontoulaChaloulakou (et al.2003) the research
have implemented Artificial Neural Network (ANN) and
Multiple Linear Regression (MLR) algorithms to forecast the
PM10 concentration over two year time period for the city
Athens, Greece. “Before applying input to ANN the dataset is
divided into three unequal subsets as the training dataset
contains two third of the available records or cases and the
remaining cases were equally divided into validationand test
set” [20]. Comparison between ANN and MLR was also done
in this study that indicates ANN is better in performance than
MLR. According to this study ANN will give the adequate
prediction solutions or results as per the requirement if it is
properly trained.

1. CONCLUSION

The purpose of this literature review paper is to know
in detail about the Air Quality Index (AQI) as AQI tells
whether the air around us is polluted or not. It is important to
know about AQI because unless and until the people know the
worst impacts or hazards of air pollution they will not become
that much aware about the air pollution and try to reduce it.
As per this review most of the researchers worked on AQI and
pollutants concentration level forecasting that will give the
actual idea about AQI. Artificial Neural Network (ANN),
Linear and Logistic Regression are the choices of many
researchers for the prediction of AQI and air pollutants
concentration. The future scope may include consideration of
all parameters that is meteorologicalparameters, air pollutants
while predicting AQI or forecasting the future concentration
level of different pollutants.
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