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Abstract—In progressing nations like India, urban sprawl and 
development normally begins and continues in a spontaneous and 
haphazard way. Decay of air quality in the majority of the expansive 
urban areas in major cities has significantly been a condition driven 
by industrialisation, uncontrolled development of populace, and 
expanded reliance on vehicles. There is a need for timely information 
about changes in the air pollution levels in cities for adopting 
precautionary measures. Keeping this in view, an attempt has been 
made to develop a model which will be useful to obtain air quality 
information directly from remotely sensed data easily and quickly. 
This paper depicts the possibility of remote sensing for ambient air 
quality monitoring and techniques for linking satellite inferred 
information with the ground truth information, by utilizing GIS as the 
supporting tool. For this study pixel values, vegetation index and 
urbanization index from Landsat 8 OLI & TIRS image were used to 
develop regression based model with Air Pollution Index (API), 
which were calculated from in-situ air pollutant information. It was 
found that among the 13 parameters of Landsat, highest correlation 
exists between pixel values in NIR (Near Infra-Red) band (Pearson 
correlation -0.692) and Normalized Difference Vegetation Index 
(NDVI) (Pearson correlation -0.685) and both have inverse 
relationship with API. Regression model was developed for API with 
R2 value 0.52. Vegetation indices, and NIR can be taken as 
indicators for the air quality information. However, the reliability of 
the model can be improved through inclusion of more sample points 
and integrating with traffic related parameters and population 
density. 

1. INTRODUCTION 

Air contamination is a major issue in any prospering country, 
like India. The increase in air contamination level with urban 
land use denseness which tends to escalate towards the 
downtown area [14]. Consequently, to keep air standards in 
admissible limits there is dependably a requirement for timely 
information regarding changes in air contamination levels in 
urban communities. Making use of remote sensing expertise in 
air contamination studies started in 1970’s with the appraisal 
of the state of air contamination as stated by the change in 
reflectance of ground entities on air photos [12]. Although, 
due to comparatively weak and fuzzy border, which is because 
of blending of this data with the message of ground, the 

extraction of air contamination data from remotely detected 
information is troublesome. A portion of the exploration 
studies carried out in this direction have uncovered the 
connection between Land Use/Land Cover (LU/LC) just as 
satellite reflectance and air contaminations [12, 1]. Among the 
distinctive components, it was likewise discovered that 
vegetation can be considered as a negative factor for air toxins 
and vegetation indices are assessed as criteria and pointers for 
urban air contamination contemplate [6, 5].  

In addition, Geographic Information System (GIS) 
interpolation strategies are generally used to convert the point 
data to surface data to study spatial dissemination of air 
contaminants [2, 15]. Among various interpolation techniques, 
the techniques used for air contamination contemplates are 
IDINT, IDW and Kriging [2]. It likewise helps in managing 
tremendous database in a basic and speedy way. This paper is 
an attempt to relate air contamination guidelines with 
vegetation indices also with some other image extracted 
guidelines. The air pollution parameters considered is overall 
API (Air Pollution Index) or AQI (Air Quality Index) which 
can be characterized as a plan that changes the weighted 
estimations of individual air contamination related parameters 
(PM2.5, PM10, CO, NO2 and O3.) into single number or set of 
numbers [9]. The image specifications considered are one 
vegetation indices NDVI (Normalized Difference Vegetation 
index) and one urbanization index NDBI (Normalized 
Difference Urbanization/Built-up Index) along with all other 
eleven bands of Landsat OLI and TIRS satellite data. 

2. MATERIALAND METHODS 

2.1 Study Area 

Mumbai is the capital city of the Indian state of Maharashtra. 
The Mumbai Metropolitan Region is the second most crowded 
metropolitan zone in India, with a populace of 21.3 million as 
in 2016. The whole territory of Mumbai is 603.4 km2 (233 sq. 
mi). Of this, the island city traverses 67.79 km2 (26 sq. mi), 
while the rural region traverses 370 km2 (143 sq. mi), together 
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representing 437.71 km2 (169 sq. mi) under the organization 
of Municipal Corporation of Greater Mumbai (MCGM). 
Mumbai is bounded by the Arabian Sea to the west. Many 
parts of the city lie just above sea level, with the average 
elevation of 14 m (46 ft.). Mumbai has a tropical climate, 
explicitly a tropical wet and dry climate. The cooler season 
from December to February is trailed by the summer season 
from March to June. The period from June to about the end of 
September constitutes the south-west monsoon season, and 
October and November structure the post-monsoon season. 
The average total yearly precipitation is 2,146.6 mm (85 in) 
for the Island City, and 2,457 mm (97 in) for the suburbs. The 
average annual temperature is 27.2 °C (81 °F). The record 
high is 42.2 °C (108 °F) set on 14 April 1952, and the record 
low is 7.4 °C (45 °F) set on 27 January 1962.  

 

Figure 1: Study Area 

2.2 Field Data Collection 

Choosing the formula to compute Air Pollution Index (API) 
corresponds to the type of major contaminants of the study 
region. For the research on this study area, the API was 
computed from the observed PM10, PM2.5, NO2, CO andO3 
values making use of the following formula [10]: 

API = ¼ * (PM10 / SPM10 + PM2.5 / SPM2.5 + NO2 / SNO2 + CO / 
SCO + O3 / SO3) 

Where, PM10, PM2.5, NO2, CO and O3 stands for individual 
values of Particulate Matter of diameter less than 10μm and 
2.5μm respectively, Nitrogen Dioxide, Carbon Monoxide and 
Ozone and SPM10, SPM2.5, SNO2, SCO and SO3 stands for standard 
values of atmospheric air quality of the respective pollutants 
[10]. 

The ambient air contaminants information of Mumbai required 
for the study was gathered from the website of System of Air 
Quality and Weather Forecasting and Research (SAFAR) 
developed by Ministry of Earth Science, Govt. of India and 
Indian Institute of Tropical Meteorology, Pune 
(http://safar.tropmet.res.in/map_data.php?city_id=3&for=curr
ent). There were 10 sample points of ground truth data 
collection. Inverse distance weighted (IDW) non-linear 
interpolation method was used to convert discrete data of these 
10 sampling locations into continuous data over the entire 
study area.  Values of different parameters were extracted 
using interpolated maps from 50 random locations, which 
were used for the development of the model. Data of similar 
sample points of different date were used for validation 
purpose. 

2.3 Satellite Data 

Landsat 8 OLI & TIRS satellite data acquired on 05th Feb 
2019 and 12th Feb 2019 was obtained from United States 
Geological Survey (USGS) and used for the present study. 
Different bands along with the spatial resolution of the 
Landsat 8 OLI & TIRS satellite image is as mentioned in 
Table 1. 

Table 1: Different bands of Landsat 8 OLI & TIRS satellite data 

Bands Wavelength (µm) Resolution (m) 

Band 1 (Coastal/Aerosol): 
B1 

0.435 – 0.451 30 

Band 2 (Blue): B2 0.452 – 0.512 30 

Band 3 (Green): B3 0.533 – 0.590 30 

Band 4 (Red): B4 0.636 – 0.673 30 

Band 5 (NIR): B5 0.851 – 0.879 30 

Band 6 (Shortwave IR-1): 
B6 

1.566 – 1.651 30 

Band 7 (Shortwave IR-2): 
B7 

2.107 – 2.294 30 

  Band 8 (PAN): B8 0.503 – 0.676 15 

Band 9 (Cirrus): B9 1.363 – 1.384 30 

Band 10 (TIR – 1): B10 10.60 – 11.19 100 

Band 11 (TIR – 2): B11 11.50 – 12.51 100 

2.4 Data Analysis and Model Generation 

2.4.1 DN (Digital Number) to Radiance Conversion 

To expel the systematic errors and improvise the attributes, 
DN values of Landsat image were converted to radiance. The 
transformation of DN values to radiance depends on a 
calibration curve of DN [3, 8]. 

2.4.2 Image Processing (Spectral Enhancement) 

Since the time satellite recording of spectral radiance of 
ground objects in visible and near-infrared bands became 
possible, many others have developed various indices based 
on the certain combinations (sum, difference, ratio, linear-
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additional) of bands [13]. These indices are used to identify 
and monitor the temporal variation of the object. Moreover, 
these combinations have the advantage of reducing the effect 
of external factors, such as solar irradiance, atmospheric 
influence etc.[4]. One vegetation based index, Normalized 
Difference Vegetation Index (NDVI), and one urbanization 
based index, Normalized Differential Built-up Index (NDBI) 
as shown in Table no. 2 were used for the present study. 

Table 2: List of Spectral Indices used in the study 

Indices Formula Reference 
Normalized Differential 
Vegetation Index (NDVI) 

(NIR – Red) / 
(NIR + Red) 

 
[11] 

Normalized Differential Built 
up Index (NDBI) 

(NIR – SWIR) / 
(NIR + SWIR) 

 
[16] 

 

All the images produced after spectral enhancement were used 
for the development of models for monitoring and predicting 
air pollution parameters over the study area. 

2.4.3 Model Generation 

The statistical analysis was done using SPSS 20. Pearson 
correlation and multiple linear regression (MLR) were 
employed to discover the association within APIs (dependent 
variables) and pixel values of different bands and the indices 
developed through the satellite image (independent variables). 
Pearson correlation analysis between Landsat 8 OLI and TIRS 
band, and spectral indices with APIs was done to disclose the 
association between these variables and evaluate their 
effectiveness in predicting air quality of the study area. This 
statistical tool assisted in exclusion of insignificant 
independent variables; only those with the high correlation 
with dependent variables were selected. 

Further, MLR models were used to measure the associations 
between the API and shortlisted bands and indices of the 
satellite data. The coefficients for selected variables were used 
to generate regression equation for simulation of overall API 
of the study area. After analyzing the regression coefficients 
(R2), the standard error of the mean Y estimate (SE(Y)), and P 
- value at 95 percent confidence level, the developed 
regression model was used for developing unique class 
simulated map for air quality of the study area. 

2.4.4 Model Validation 

The developed regression model on the satellite data of 5th 
February 2019 was validated and quantified using the ground 
truth data and satellite image of 12th February 2019, to certify 
that not only it is applicable on a specific data set but also 
generated precise results on several data sets. In order to 
validate the models, two quantitative criteria R2 and RMSE, 
were calculated between the measured and predicted values. 
R2 values specify the strength of the statistical linear 
relationship between two values, and RMSE indicates absolute 
estimation errors [7]. 

3. RESULTS AND DISCUSSION 

3.1 Correlation between APIs and Radiance values 

Correlation study has been done between radiance values of 
all the eleven bands of Landsat 8 OLI & TIRS data, spectral 
indices (NDVI and NDBI) and APIof the 50 sample points 
(Table 4). There exists a negative correlation of API with 
reflectance in NIR, SWIR, TIR and vegetation index. The best 
correlation of API is with the radiance in NIR with a Pearson 
correlation coefficient of −0.692.  

There is a strong correlation between overall API and API 
(PM10), which shows that PM10 has major impact on overall 
air quality of the study area followed by NO2 as shown in 
Table 3. After analyzing correlation matrix, most correlated 
bands and index were shortlisted and subjected to multiple 
linear regression (MLR) analysis. 

3.1.1 Regression Models 

The statistical results of the developed regression models are 
encapsulated in Table 5, describing how well spatial variation 
in air contaminants can be ascertained by applying the 
different developed regression models. 

Table 3: Correlation between API and other pollution parameters 

PM10 PM2.5 NO2 CO O3 
API 0.965 0.555 0.668 0.29 -0.167 

 

Table 4: Correlation matrix between APIs and Radiance values 

Bands and Indices 
(Landsat 8 OLI & TIRS) 

Air Pollution index 
(API) 

B1 0.263 
B2 0.228 
B3 0.166 
B4 0.104 
B5 -0.692 
B6 -0.240 
B7 -0.111 
B8 0.111 
B9 0.057 

B10 -0.127 
B11 -0.167 

NDVI -0.685 
NDBI 0.093 

 

Table 5: Recommended Models for different air quality 
parameters 

 
REGRESSION MODEL 

 
R2 

AP
I 

 = 0 + (1*NIR)+ (2*NDVI)  
Where: 0 = 189.818, 1 = (-1.022), 2 = (-0.242) 

 
0.52 

 



Sp
 

M
an
co
al
m

3.

Th
ex
sa
co
th
sig

4.

Th
in
qu
be
in
de

patial Modelin

Model was dev
nd NDVI w
orrelation be
lgorithms for 

map for API (F

.1.2 Model Va

he proposed 
xtracted atmos
atellite image
orresponding 
hat models de
gnificant for A

. CONCLU

hrough presen
ndices (NDVI)
uality informa
e improved t
ntegrating wit
ensity. 

Figure

ng for Air Qua

p-ISS

veloped for A
ith R2 value

etween varia
API was use

Figure 2). 

alidation 

algorithms fo
spheric reflec
e acquired o
ground truth

eveloped usin
API with R2 v

USION 

nt study it c
), and NIR can
ation. Howeve
hrough inclus
th traffic rel

e 2: Simulated

ality Index Us

Journal of E
SN: 2394-1561

API using rad
e of 0.52 sh
ables and A
d for the gen

or API were 
ctance from L
on 12th Feb
h data.Validat
g Landsat OL

value 0.6145 a

can be conclu
n be taken as 
er, the reliabil
sion of more
lated paramet

d Map of API u

sing Remote S

Energy Researc
1; e-ISSN: 239

diance values
howing an a

API. The pr
neration of sim

validated us
Landsat OLI &
b 2019 along
tion results s
LI & TIRS d

as shown in fig

uded that veg
indicators for

lity of the mo
e sample poin
ters and pop

using model. 

Sensing Techn

 

ch and Enviro
94-157X; Vol

of NIR 
average 
roposed 
mulated 

ing the 
& TIRS 
g with 
showed 

data are 
gure 3. 

getation 
r the air 

odel can 
nts and 
pulation 

 

5.

Th
av
W
Ea
Me

RE

[1]

[2]

[3]

[4]

[5]

[6]

[7]

 
 

nique

onmental Tech
lume 6, Issue 

Figure 3: 

ACKNOW

his work wou
ailable on SA
eather Foreca

arth Science, G
eteorology, Pu

EFERENCES

] Ahmad, A., H
Budi, A. S.,“
Air Quality 
Malaysia 20

] Bell, M. L., “T
individual an
case study o
United State
586–593. 

] Chander, G.,
calibration
Ranges”,IEE
Sensing,2003

] Girard, M.C.
Data”, Tran
Publishing C
486. 

] Hogda, K. A
“Mapping of
Kirkenes Ni
and Remote S

] Manawadu,
Pollution Po
of the City o
The 26th As
Hanoi, Vietn

] Moriasi, M., B
and validatio
quality pred
characteristic
45–52. 

hnology (JERE
1; January-M

Scatter plot of

WLEDGEMEN

uld not have
AFAR – Ind
asting And Re
Govt. of India
une. 

S 

Hashim, M., H
“The Use of R
Index (AQI) O
06, held in Kua
The use of amb
nd population e
of ozone in th
es”,Environmen

Markham, B.,
Procedures

EE Transactio
3, 41(11), pp. 2
, and Girard,

nslated by N
Co. Pvt. Ltd.,

A., Tommervik
f air pollution e
ikel area using
Sensing Sympo
L., and Sama

otential Areas a
of Colombo, Sri
ian Conference

nam, 2005. 
Bertrand-Krajew
on of multiple
iction: data pa
cs”, Water Scie

ET) 
March, 2019 

f predicted vs m

NT 

been possibl
dia (System o
esearch) prov
a and Indian I

Hashim, Md. N
Remote Sensing
Over Peninsular 
ala Lumpur,Mal
bient air quality
exposure for hum
he Northern G
ntal Internation

“Revised Land
and Postc

ons on Geos
2674–2677. 
C., “Processin
. Venkat Rao
New Delhi, Pu

k, H., Solheim
effects on the v
g remote sensi
osium,IGARSS,1
arakoon, L., “
and its Tempora
i Lanka Applyi
e of Remote Se

wski, J. L., Ch
e regression m
artitioning, effe
ence and Techno

measured API

le without th
of Air Quali

vided by Mini
Institute of Tr

N., Ayof, Md. N
g and GIS to E

Malaysia”,Pro
laysia, 2006. 
y modeling to e
man health rese

Georgia Region
nal, 2006, 32(

dsat-5 TMRadi
alibration D

science and

g of Remote S
o, Oxford an
ublications, 20

m, I., andLauk
vegetation cove
ing”,Proc. Geo
1995. 
“Identification
al and Spatial P
ng GIS and RS

ensing (ACRS),

hebbo, G., “Cali
models for stor

ct of dataset s
ology, 2007, 52

7 

 

I 

he data 
ty and 
istry of 
ropical 

N., and 
Estimate 
oc. Map 

estimate 
earch: a 

of the 
(5), pp. 

ometric 
Dynamic 

Remote 

Sensing 
nd IBH 
003, pp. 

knes, I., 
er in the 
oscience 

of Air 
Patterns 
S”,Proc. 

held in 

ibration 
rmwater 
ize and 

2(3), pp. 



Syed Zubair, Burhan ul Wafa and Shivangi Somvanshi 
 

 

Journal of Energy Research and Environmental Technology (JERET) 
p-ISSN: 2394-1561; e-ISSN: 2394-157X; Volume 6, Issue 1; January-March, 2019 

8 

[8] Negi, H. S., Kulkarni, A. V., Semwal, B. S.,“Estimationof snow 
cover distribution in Beas basin, Indian Himalayausing satellite 
data and ground measurements”, Journal of Earth System 
Science, 2009, 118(5), 525–538. 

[9] Rao, M. N., and Rao, H. V. N., Air pollution (pp. 268–271). New 
Delhi: TataMcGrawHill Publishing Company Limited, 2001. 

[10] Rao, M. P. V., HimaBindu, V., Sagareshwar, G., Indracanti, J., 
&Anjaneyulu, Y.,“Assessment of Ambient Air Quality in the 
Rapidly Industrially growing Hyderabad Urban 
Environment”,Proc. BAQ 2004, Workshop Program and 
Presentation, Poster 3, 2004. 

[11] Rouse, J.W., Jr., Haas, R.H., Schell, J.A., and Deering, 
D.W.,“Monitoring the vernal advancement and Retro gradation 
(green wave effect) of natural vegetation”,Prog. Rep. RSC 1978-
1, Remote Sensing Center, Texas A&M Univ., College Station, 
1973, pp. 93. (NTIS No. E73-106393). 

[12] Ruru, D., &Shouping, X.,“The Coupled Model of Atmosphere 
and Ground for Air Pollution Remote Sensing and Its 
Application on Guangdong Province, China”,Proc. Geoscience 
and Remote Sensing Symposium, IGARSS’05, IEEE 
International, 2005, 7, pp. 5133-5136. 

[13] Somvanshi, S.S, Kunwar, P., Tomar, S., Singh, M., 
“Comparative Statistical Analysis of the Quality of Image 
Enhancement Techniques”, International Journal of Image and 
Data Fusion, 2017,DOI – 10.1080/19479832.2017.1355336. 

[14] Weng, Q., & Yang, S., “Urban Air Pollution Patterns, Land Use 
and Thermal landscape: an examination of the linkage using 
GIS”,Environmental Monitoring and Assessment, 2006, 117(1–
3), pp. 463–89. 

[15] Wong, D. W., Yuan, L., &Perlin, S. A.,“Comparison of spatial 
interpolation methods for the estimation of air quality 
data”,Journal of Exposure Analysis and Environmental 
Epidemiology, 2004, 14(5), pp. 404–415. 

[16] Zha, Y., Gao, J., Ni, S., “Use of normalized difference built-up 
index in automatically mapping urban areas from TM imagery”, 
International Journal of Remote Sensing, 2003, 24 (3), pp 583-
594. 


