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Abstract: Good air quality is essential for good health for living beings including humans. The increase in human population, 
urbanization and economic growth led to an increase in the consumption of resources. Urban development and advancement in 
developing countries like India normally occur and simply continue in an irregular way. This unexpected and unregulated 
urban growth contributes to environmental instability and ecological degradation. In urban area rapid increase of vehicular 
population as well as road traffic is one of the major source of air pollutants and cause of health hazards. Lucknow, a fast 
growing city is not an exception to this. In consideration of this, an effort has been made to create a GIS model to help easily 
collect details on air quality directly from remotely sensed data. The paper highlights the capabilities of Landsat 8 OLI-TIRS 
satellite imagery to evaluate air quality using RS and GIS approaches. Study shows that model derived from using various 
Landsat 8 satellite image bands can be accurately estimated for particulate matter (PM2.5), while it can not be applied to gaseous 
pollutants. (NOx, CO, etc). 
Keywords: Landsat OLI and TIRS, Lucknow air Quality, Remote Sensing. 

I. INTRODUCTION 
The Pollution means that the contamination of air. In air (prevention and control of pollution) Act, 1981, section 2(a), pollution for 
air is characterized as “any solid, liquid or gaseous substance (including Noise) present in atmosphere in such concentration as may 
be or tend to be injurious to human beings or other living being or other living creatures or plants or property of environment”. 
There has been a rapid rise in urbanization and industrialization in many cities in India over the past two decades. The phase of 
urbanization has  good and bad  impacts on the condition of ambient air in many world cities [8]. Via natural or man-made process 
various chemicals constantly enter the atmosphere and these substance communicate with the environment to cause disease, 
pollution, and environment degradation and are known as pollutants. Both developed and developing countries are deeply concerned 
about balancing their climate issues and economic development. Population and environmental contamination are strongly 
correlated; environmental damage rises as the population grows[3]. Dreadful environmental condition impact these areas ‘biological 
section of the ecosystem’. With the progress of industrialization and urbanization, the pollution of air has increased in Asian region. 
Remote sensing and GIS is being commonly used for the application in the fields such as studies of water and air quality. But the 
atmospheric influences solar radiation satellite images of the surface of earth. So, satellite sensor’s signal was the sum of ground and 
atmospheric effects. By acquiring data, pollutants could be calculated using remote sensing approach. Air pollution work in 
Lucknow has so far concentrated only on air pollution in the atmosphere [14,4,12,9,13]. Geographical Information System (GIS) 
has been widely used to assess, inventory, identify, modelling and management of the natural environment GIS-based approach to 
estimate pollutants using statistical interpolation methods. One of most important environmental issues is air pollution, which is 
concentrated mostly in urban regions. Burning fuel in any way releases as particulate matter in different types  of unburned or waste 
oil in the environments [8]. Analytical analysis of  air pollution is a fundamental problem, particularly with RSPM. Now a days 
more people are affected by particulate matter (PM) more than any other air pollutant, according to the WHO report. Even low 
levels of PM were associated with harmful effects on health [1]. With the modern knowledge base accumulation of the health 
problem effects of tiny particle or pollutants, the issue of particulate matter and gasified emission in the atmosphere is drawn new 
curiosity. Lucknow is the most populated city and capital of UP, the 2nd largest city in northern and central India. It is one of the 
fastest growing cities and now a metropolitan city in India and rapidly emerging as a hub for manufacturing, business and retail. 
Rising population, industrialization,  and automobile production are the major cause of air pollution today [5]. Lucknow has 
inadequate facilities for transport. The use of personalized cars, primarily two wheeler, and intermediate public transport, is growing 
at a rapid rate due to the increasing urban population[10]. The total population of vehicles is more than 21 lakh with an 9.24% rise 
in 2018-2019 [7].  
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The purpose of this study to use Landsat 8 OLI and TIRS satellite data to test the efficiency of our proposed model for mapping air 
quality parameters. Currently, air quality in Lucknow city is being monitored by the board at 07 locations manually and 01 location 
by CAAQM (continue ambient air quality monitoring) stations of CPCB (central pollution control board) [7]. The surface 
instrument were built to track common contaminants (e.g. CO, PM2.5,PM10,NO2 etc.) and cannot identify  the overall concentration 
of all pollutants at micro- level. Satellite data and ground truth data have been collected with respect to each 
other. Further,model has been developed to determine the concentration of different pollutants over the study area. 

II. STUDY AREA 
The capital city of UP, Lucknow lies between 26.30 & 27.10 N latitude and 80.30 & 81.13 E longitude. The district area of 
Lucknow is 2528 km2. City area is quit small covers 350 km2 and which is selected for study and its covering 404 km2 in this work. 
The city is situated about 123 meters above mean sea level with average annual rainfall of 1001 mm approx. City's climate sees 
three different seasons throughout the year that are summer, monsoon, and winter. The max temperature rises to  48 ° C during May 
and June, and the min temperature remains at 6 ° C during the winter season [16]. 

  
Fig.1 Study Area 

III. MATERIALS AND METHODS 
A.  Air Quality data 
For this study the ground truth air quality parameters is collected from CAAQM (continuous ambient air monitoring quality 
monitoring) stations of CPCB (central pollution control board) and UPPCB (UP pollution control board). There are four monitoring 
stations at different places (industrial, commercial and residential areas) in Lucknow city which are monitoring air pollutants 
continue  on daily basis.  

Table 1 
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B. Field Data Extraction 
The GPS coordinates of specific monitoring stations were extracted using Google earth and then connected them to sub-sets of 
satellite images using Arc Map. 
 

Table.3 List of Monitoring Stations with their coordinates. 

 
C. Satellite Data 
This study has been done using multi-temporal and remotely sensed data Landsat 8 OLI & TIRS data TM/ETM in geo-tiff format. 
Data has been obtained from USGS earth explorer. For analysis ArcGis 10.3 software is used.  The satellite images has been taken 
on 25 Feb 2019. Geometric correction is done of all the images. Sample locations were located on the images. 
 

Table.2 Landsat 8 bands 

 
 

D. Atmospheric Coefficient of reflection Calculation 
Using basic formulas, digital numbers  conversion to atmospheric radiance and reflectance of sensor. The measured reflectance 
in the case of Landsat 8 OLI & TIRS [17]. 
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E. Pre-Processing Of images 
In image pre processing, the image quality measures are essential to get perfect images for analysis [2]. The strategies for pre-
processing of images include procedures that need to be executed for getting the correct features and data from the downloaded 
raster image.Using Arc GIS 10.3, the satellite image is subsetted to the study area shapefile. The satellite image and the city 
shapefile are transmitted as arcmap layers. Using Arc Map's "Extract by Mask" tool, the Lucknow area was clipped of the picture of 
the satellite. 

 
Fig.2 Methodology Flowchart 

 
F. Extraction of DN Values with GPS Coordinates 
After the GPS coordinates have been connected to the subset objects for all Monitoring tracking places of concern, DN values or 
pixel values are collected for the related GPS positions. This is achieved using software in Arc Map's spatial observer toolbox to 
"extract Multi values to Points." 
 
G. Correlation and Regression Modeling 
Correlation is a statistical method which indicates the correlation of two variables to each other. Parameter are varies from zero to 
infinity symbolized as “R” in multiple linear correlation. Parameters of air quality was correlated with atmospheric reflectance. 
Higher correlated band was selected and developed multiple regression model. However, several linear regression models were used 
to measure the relationship among the different parameters of quality of air and the most correlated Landsat 8 OLI and TIRS band 
values. The regression model was developed separately in the form below for every parameter [17]. 

Y= ß0+ ß1B1 +ß2B2+ß3B3 

Where, ß0,ß1,ß2, and ß3 are the coefficients B1,B2, and B3 are the most correlated bands.  
 

IV. RESULT AND DISCUSSION 
The very first model is combining bands 2,3 and 5 is the best for PM2.5 prediction. The R2 for this band is 0.60 which shows that 
estimated and predicted relationship is good  for PM2.5 and it means that the model can explain 60% of variation in PM2.5. Second 
model, on the other side, mixing band 5 and 7, provided the best match for predicting CO with 0.74 R2. the validation of proposed 
data is done using the atmospheric reflectance of satellite images obtained on 25 February 2019 with the corresponding ground truth 
information.The results of the validation showed that models built using Landsat OLI & TIRS data were appropriate for particulate 
matter, whereas the satellite data listed can not be used reliably to predict gaseous pollutants. 
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Table.4 Model for air quality parameters 

 

V. CONCLUSION 
It is observed from this study is that Remote sensing and GIS technology is capable of providing valuable air pollution 
information.Another key finding of the report is that Landsat 8 OLI & TIRS information will be beneficial for modelling, 
predicting, developing maps and estimating pollution levels of suspended particulate matter (PM2.5). on the contrary the satellite 
data described above is suitable for analytical analysis of gaseous pollutants. Based on this study the results shows that most of the 
urban region of Lucknow city is facing PM2.5 concentration ranging from 87 to 357 mg/m3..This analysis would help us to derive air 
quality from a number of sources, each efficiently calculated at different resolution, with different error mechanisms and different 
uncertainty levels. It will lead to risk management to a more accurate measurement of air quality. 

 
Fig.3  Concentration of PM2.5 
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 Fig.4 Concentration of CO 
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