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Abstract
The present study gives a description on air quality index (AQI) for the major city of India i.e.
Hyderabad. Major parameter considered for AQI computation are NO, NO2, NOx, SO2, Ambient
temperature, relative humidity, bar pressure, solar radiation, wind speed, wind direction, benzene,
toluene, xylene, PM2.5 and rack temperature. An approach to assess and represent air quality status
through an Air Quality Index (AQI), in Hyderabad city is done by representing the variation of AQI
with a multivariate regression model. The utility of this study lies for major metropolitan cities, where
different types of activities, viz. industrial, commercial and residential are in progress, on a short and a
long term basis this model can be useful for better forecasting of air quality parameters. To make the
index more informative, air quality status is classified into five different categories, viz. Clean,
Moderate, Poor, Bad and Dangerous. Long term air quality indices are then calculated using hourly
basis data for Hyderabad city which is a metropolitan city of India and is fast developing in terms of
different climatologically defined features. The included application of this formal analysis includes
accounting for atmospheric processes, ambient measurements, emissions characterization, air quality
modeling of emissions to ambient concentrations, and characterization of human and ecological
responses to ambient pollutant exposure. There is a need for new management strategy that would
expand the current practice of accountability that relates emission reductions and attainment of air
quality derived from air quality criteria and standards. Conceptually, achievement of accountability
would establish goals optimizing risk reduction associated with pollution management.
Keywords: AQI, activity zones, pollutant standards, multivariate regression model, quality parameter
forecasting
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1. Introduction
An air quality index is one of the important tools available for analyzing and representing air
quality status uniformly. The Air Quality Index (AQI) can be used as a measure to assess the
relative change in the concentrations of groups of pollutants in two situations. The two
situations may represent either two time periods or two regions. The relative change may
also be with respect to the concentrations of pollutants and respective stipulated standards.
The index should be based on stipulated guidelines and take into account each and every
aspect of air pollution. The determination of the overall status of air pollution, however, may
result in raising unnecessary alarms if a less polluted area is declared as highly polluted or
vice versa. Standard air quality index development should take into consideration the aspects,
like consideration of major pollutants, scope for incorporation of additional features,
uniformity, inbuilt provision for consideration of standards and episodic conditions,
acceptable tolerances with respect to precision, consistency in prediction, spatial and
temporal variations and forecasting capabilities. There have been attempts to develop air
quality indices, which present a clear and true picture of air quality. Researchers developed
an index based on sulfur dioxide (SO2) concentrations and coefficients of haze. Babcock
developed an index known as Pindex based on Particulate Matter, oxides of sulfur (SOx) and
nitrogen (NOx), carbon monoxide (CO) and hydrocarbons. Swamee and Tyagi presented air
quality index based on aggregation of air pollution sub-indices. Specific pollutants, industrial
emissions and inter-urban air quality, these three major aspects of air quality were taken into
consideration in most of the studies for air quality quantification.
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A healthy city is a city designed with the consideration of an
environmental place inhabited by people who are dedicated
to the minimization of waste output and pollution, among
other things. The gaseous blanket above the earth surface
provides the basic elements for survival of all lives on the
Earth, such as nitrogen, oxygen, and carbon dioxide, along
with various gaseous materials such as inert gases helium,
neon, and argon, etc. However, due to various natural (e.g.,
forest fires, volcano eruptions, wind) and anthropogenic
(e.g., industrial activity, transportation, deforestation)
activities, many components such as SPM, (pollen grains,
aerosols, bacteria, viruses, and various tiny particles
suspended in the atmosphere), NO2 (nitrogen oxides), SO2
(sulfur oxides), carbon monoxide (CO; due to incomplete
combustion of fuels) get released to the atmosphere. In due
course of time, if no prevention measure is taken it would
reach a harmful level. Air pollution-related problems have
resulted in an increased public awareness of the air quality
in both developing and developed countries. 1 The high
concentration of the pollutants can be life threatening,
causing breathing difficulties or other troubles such as
headaches and dizziness. The maximum permissible limit
per India’s Central Pollution Control Board (CPCB) is given
by certain quality standards. Air quality index (AQI) is an
important factor for the general public to easily understand
how bad or good the air quality is for their health and to
assist in data interpretation for decision-making processes
related to pollution mitigation measures and air quality
management. Basically, the AQI is defined as an index or
rating scale for reporting daily combined effect of ambient
air pollutants recorded in the monitoring sites.2 Also, it
helps to track changes over time and to view and examine
the balance development of the city to compare different
cases. The AQI has been computed through a method used
by U.S. Environmental Protection Agency (USEPA 1999)
for different criteria pollutants: RSPM, NO2, SO2 etc.
Fine particles, (particulate matter [PM] with aerodynamic
diameter to 2.5 m in diameter, or PM2.5 have been linked to
various health effects including asthma and cardiac arrest.
The U.S. Environmental Protection Agency (EPA)
promulgated the annual and daily PM2.5 National Ambient
Air Quality Standard (NAAQS) in 1997 and again revised it
in 2006. The revised PM2.5 NAAQS consists of a 24-hr daily

standard of 35 g/m3 and an annual standard of 15 g/m3.
Historically, most daily air quality forecasts for a region
have been based on a combination of statistical methods and
human judgment using point measurements at observational
sites. In contrast, the application of a three-dimensional air
quality model can provide spatially and temporally resolved
forecasts, but its use in real-time forecasts in the past was
often limited by computational speed. Because of increases
in computational speeds and the maturity of air quality
models, the past decade has witnessed the emergence of
model-based forecast guidance as an increasingly relevant
component of air quality forecasting for ozone and PM2.5
concentrations. The increased availability of forecast
guidance based on photochemical models had stimulated
interest in the assessment of the performance of these
models when applied in a forecasting mode. This study
reports the application and evaluation of the performance of
the Community Multi scale Air Quality (CMAQ) model in
predicting daily PM2.5 air quality over the eastern United
States over a 2 year period.
A lot of detailed studies have been done in developed
countries for most of the part of the country. This has led
these countries to control and regulate air quality standard
with greater accuracy. For developing countries like India,
there is a need for comprehensive models and assessment
for these high air quality pollutant issues. This study aims to
develop an accurate framework for one of the most
significantly polluted city of India by using multi correlation
approach. Multivariate regression model is one of those
models that considers non-comparable parameter with
different dimensionality and let us comment on accuracy of
the model by evaluation of R squared value of percent fit.
2. Study Area & Data collection
Data for various air quality parameters are collected from
authorized department (state and central), Central pollution
control board (CPCB). The board has recently. All
laboratories are equipped with high precision laboratory
equipment for analysis of various environmental samples.
Data processing in the present study is conducted through
analysis protocols with an consideration for zero error
policy.

Fig 1: Hyderabad City as Study Area.
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Hyderabad is the capital of the southern Indian state of
Telangana and de jure capital of Andhra Pradesh.
Occupying 650 square kilometers (250 sq mi) along the
banks of the Musi River, it has a population of about 6.7
million and a metropolitan population of about 7.75 million,
making it the fourth most populous city and sixth most
populous urban agglomeration in India. At an average
altitude of 542 metres (1,778 ft), much of Hyderabad is
situated on hilly terrain around artificial lakes, including
Hussain Sagar—predating the city's founding—north of the
city centre.
Hyderabad has a tropical wet and dry climate bordering on a
hot semi-arid climate. The annual mean temperature is 26.6
°C (79.9 °F); monthly mean temperatures are 21–33 °C (70–
91 °F). Summers (March–June) are hot and humid, with
average highs in the mid-to-high 30s Celsius; maximum
temperatures often exceed 40 °C (104 °F) between April and
June. The coolest temperatures occur in December and
January, when the lowest temperature occasionally dips to
10 °C (50 °F). May is the hottest month, when daily
temperatures range from 26 to 39 °C (79–102 °F);
December, the coldest, has temperatures varying from 14.5
to 28 °C (57–82 °F).
Heavy rain from the south-west summer monsoon falls
between June and September, supplying Hyderabad with
most of its mean annual rainfall. Since records began in
November 1891, the heaviest rainfall recorded in a 24-hour
period was 241.5 mm (10 in) on 24 August 2000. The
highest temperature ever recorded was 45.5 °C (114 °F) on
2 June 1966, and the lowest was 6.1 °C (43 °F) on 8 January
1946. The city receives 2,731 hours of sunshine per year;
maximum daily sunlight exposure occurs in February.
As of January 15, 2016 air quality index (AQI) measured by
the many agencies working in the study area. While SAFAR
(System of Air quality, Weather Forecasting and Research),
a Government of India-recognized institute, put Hyderabad's
AQI at 80 - which is 'good/satisfactory' by its standards - a
well-known international portal, aqicn.org, declared on its
website that the city's air was clearly "unhealthy". The AQI
figure, according to them was 158, which implied that
"everyone may begin to experience health effects, members
of sensitive groups may experience more serious health
effects". Worse, Plume Labs - a French company best
known for real-time monitoring of air quality worldwide concluded that Hyderabad, on that particular day, was very
highly polluted according to the AQI that read 105. "This
means that the air reaches a very high level of pollution.
3. Methodology
3.1 Index computation
The estimation of AQI is through USEPA methods using
observed monthly concentration of air pollutant. Maximum
concentration and minimum concentration month wise and
year wise, along with existing concentrations were
considered for the index computation. Equation 1 is
followed for computation of AQI based on inclusive
assessment of air quality at a given site.4 Subindices for all
monitoring stations are computed using equation 1, then an
overall index for each station is computed and, finally, the
highest overall maximum index becomes the final index for
the city. The final index is therefore the highest value of the
subindices for each component (pollutant). The overall AQI
is now determined on the basis of the AQI for pollutant “p”
and highest among them is stated as the overall AQI for that

particular year or month. The breakpoint and sub-index
values for individual pollutant are set for certain standards.
Ip= {(Ih − Ilow) × (Cp − Bplow) / (Bph − Bplow)} + Ilow
The sub-indices and breakpoint concentrations in the
formula are made according to Indian National Ambient Air
Quality Standard. Good (0–100): Air quality is acceptable;
however for some pollutants there may be a moderate health
concern for a very small number of people. Moderate (101–
200): members of sensitive groups may experience health
effects like as a runny nose, sore throat, cough, and
allergies. Unhealthy for sensitive or Poor (201–300):
members of sensitive groups suffering from respiratory
diseases like asthma, bronchial diseases, emphysema,
pneumonia, and cardiovascular diseases may experience
more serious health effects. Very Poor (301–400): Triggers
health changes, everyone may experience more serious
health effects with physiological stress on individuals with
cardiovascular and respiratory disease; possibly increased
mortality. Hazardous or Severe (401–500): Triggers health
warning of emergency conditions indicating severe ill
effects and death.
3.2 Multivariate Regression Modeling
In the study a statistical modeling called regression analysis
is used. In this process the statistical process for estimating
the relationships among variables is analyzed. It includes
many techniques for modeling and analyzing several
variables, when the focus is on the relationship between a
dependent variable and one or more independent variables
(or 'predictors'). More specifically, regression analysis helps
one understand how the typical value of the dependent
variable (or 'criterion variable') changes when any one of the
independent variables is varied, while the other independent
variables are held fixed. Most commonly, regression
analysis estimates the conditional expectation of the
dependent variable given the independent variables – that is,
the average value of the dependent variable when the
independent variables are fixed. Less commonly, the focus
is on a quantile, or other location parameter of the
conditional distribution of the dependent variable given the
independent variables. In all cases, the estimation target is a
function of the independent variables called the regression
function. In regression analysis, it is also of interest to
characterize the variation of the dependent variable around
the regression function which can be described by a
probability distribution. A related but distinct approach is
necessary condition analysis (NCA), which estimates the
maximum (rather than average) value of the dependent
variable for a given value of the independent variable
(ceiling line rather than central line) in order to identify
what value of the independent variable is necessary but not
sufficient for a given value of the dependent variable.
Regression analysis is widely used for prediction and
forecasting, where its use has substantial overlap with the
field of machine learning. Regression analysis is also used
to understand which among the independent variables are
related to the dependent variable, and to explore the forms
of these relationships. In restricted circumstances, regression
analysis can be used to infer causal relationships between
the independent and dependent variables. However this can
lead to illusions or false relationships, so caution is
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advisable; for example, correlation does not imply
causation.
The following formulations are used for the calculations of
the coefficient sand residues of the regression model:

4. Results and Discussions
A total of seven independent parameters are used for finding
correlation with six dependent parameters taken separately
one at a time. Ozone forecasting model shows acceptable
results with R squared values of 83.03% which is well

above standard acceptance limit of 75%. The constant for
the model is positive and quite low, which is a good sign for
forecasting for less time ahead in future. Models for NO,
NO2, AQI and SO2 does not qualify the percent fit R
squared threshold for their model to be accepted. The first
three have close to 75% values for R squared value, and
later parameter shows close to inverse correlation with the
considered parameters. However the model for PM2.5 shows
significant correlation value and is taken as most accurate
result for this study. With the R squared value of 83.89%
and a positive constant value of slightly more than that of
ozone, the model shows best fit results for the available
data. It can be used to short term forecasting.

Table 1: Results for Regression Modelling
Parameters
Ozone
NO
NO2
SO2
PM2.5
AQI

Regression Equation
Ozone = 20.56 + 0.6283 Ozone - 0.0570 Nitrogen dioxide(NO2)- 0.1261 Oxides of Nitrogen(NOx) 0.512 Ambient Temperature(AT) + 0.08901 Solar Radiation(SR) + 3.022 Wind Speed(WS)
+ 0.1428 PM 2.5(PM2.5)
NO = 11.49 + 0.0895 Ozone - 0.4143 Nitric Oxide(NO)+ 0.5062 Nitrogen dioxide(NO2)
+ 0.5910 Oxides of Nitrogen(NOx) - 0.04210 Solar Radiation(SR) - 0.05836 PM 2.5(PM2.5)
NO2 = 11.49 + 0.0895 Ozone - 0.4143 Nitric Oxide(NO) + 0.5062 Nitrogen dioxide(NO2)
+ 0.5910 Oxides of Nitrogen(NOx) - 0.04210 Solar Radiation(SR) - 0.05836 PM 2.5(PM2.5)
SO2 = 5.126 + 0.6004 Sulfur Dioxide(SO2)
PM2.5 = 28.41 + 0.0408 Ozone + 0.1446 Nitrogen dioxide(NO2) + 0.2323 Oxides of Nitrogen(NOx) 0.5784 Ambient Temperature(AT) - 0.01694 Solar Radiation(SR) - 3.343 Wind Speed(WS)
+ 0.6606 PM 2.5(PM2.5)
AQI = -7.57 + 2.2923 AQI - 2.0249 Nitric Oxide(NO) + 4.651 Nitrogen dioxide(NO2) - 1.5366 PM2.5

The forecasted values for both the standard models of Ozone and Pm2.5 are ploted for error quantification:

Fig 2: Ozone forecast model error

Fig 3: PM 2.5 forecast model error
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For a short term forecasting the error found are in acceptable
limits and these two models can be used as a base structure
models for forecasting similar parameters with greater
accuracy by using larger data sample. There is a
recommended need for apply principle component analysis
on these data sets to check for any co linearity and hence
reducing the error.
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