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ABSTRACT:  
Urbanization is the result of anthropogenic activities that is 
responsible for the changes in nature. Environment is a very 
important factor for the life of human and other living beings. 
Rapid growth of urbanization, industrialization and 
transportation are disturbing the original nature of the 
specific area. Delhi is well known for one of the most pollutes 
cities on the global level. The study is focused on the 
adverse effect of human induced activities in the 
environment. PM10 and NDBI analysis based maps are 
generated to understand the fluctuation of the values within a 
year. To analyze the intensity of human interference in the 
environment before and during COVID 19 lockdown and its 
impact, Delhi has been taken out for the study area. Optical 
data plays an important role to extract all the required data 
for environmental analysis. Landsat 8 data has been used of 
28 April, 2019 & 30 April, 2020 for all parameter acquisitions 
and comparative analysis of PM10, LST, NDVI and NDBI.  
All these maps and graphs are generated for better 
qualitative and quantitative analysis. Relationship between 
all the above parameters helps a lot to understand the 
impact and relation of each parameter on the others. PM10 

data has been derived to analyze the fluctuation in data due 
to least human activities. NDBI is calculated to mark out the 
highly populated areas and its impact on the nature.  
Anthropogenic activities are highly destructive for the nature 
and by analyzing its impact on the nature; government can 
make better policies and plans to reduce the human 
interference. Preserving the nature is very important to save 
human and other living beings lives. The proposed study can 
be helpful to analyze the negative impact of urbanization and 
the positive impact of lockdown on the nature. 
Keywords: COVID19, Urbanization, anthropogenic 
activities, Landsat 8, TIRS, DOS, PM10, LST, NDVI, NDBI, 
Multi linear regression. 
Highlights:  1. To understand the impact of anthropogenic 
activities in the environment. 
                    2. To establish a relationship between Air 
Quality (PM10) & other biosphere parameters during COVID 
19 Pandemic. 
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INTRODUCTION 
Urbanization is one of the key elements that are 

growing very rapidly in the present time globally. 

This process leads to drastic changes in a particular 

area from natural to artificial environments where 

urbanization is occurring. In the transition phase, 

various factors affect the environment badly and 

causes deterioration. COID-19 has created an 

economic crisis in India but for Mother Nature, it is 

not less than a boom. This lockdown has generated 

a very golden opportunity to analyze the 

quantitative and qualitative impact of 

anthropogenic activities on the environment and 

humans from local to a global level. COVID-19 

outbreak was first to come to know in Wuhan city 

of China on 31 December 2019. The first case of 

novel corona virus was reported on 30 January 

2020. The government announced the lockdown in 

the whole India, from 24 March 2020 to 3 May 

2020. In present work, Delhi is taken as a case 

study to evaluate the impact of lockdown on the 

environment before lockdown and during the 

lockdown. In this study, Land surface temperature, 

Particulate Matter 10, and NDBI parameters are 

used to figure out the impact of these elements on 

urban society.  Land surface temperature considers 

as one of the important factors in global change 

studies, estimating radiation budgets, heat balance 

studies, and as a controller for climate models. So, 

LST plays a major role in the study of its impact on 

human habitats and nature. Particulate matter (10 

micrometers) has been considered as another major 

element in urban areas. PM10 is responsible for 

increasing air pollution caused by building 

constructions especially. The population density 

factor is used to detect the nature of urbanization. 

Metro cities have high population density pressure 

compared to the city or town that results in high 
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pollution and poor environment. So, the NDBI 

parameter is considered in this study to analyze 

the nature of population density over the study 

area. Fast-growing industrialization and 

urbanization, increment in population due to 

migration and natural births are one of the major 

causes of climatic change all over the world. Due to 

the high population in specific and limited areas, it 

results in a high population holding pressure on 

land that leads to increment in building density 

and pressure on building density leads to 

skyscrapers building constructions that again 

result out in the increasing rate of PM10 on a large 

scale. With the development of satellite remote 

sensing technology since the 1960s, the ecological 

and environmental applications have undergone 

sustainable changes with the advancement of 

quantitative approaches. LST is highly influenced 

by the density of buildings that leads to an increase 

in the trapping of temperature that further helps to 

study the change detection in an urban 

environment[1]. Many studies show an existing 

strong proportional relationship between NDBI 

and LST[2]. Pertaining PM10 concentration as an 

important factor, the study gets more impactful. 

Sustainable urban planning is comparatively a new 

practice that gives consideration to the 

environment and the quality of life of the 

inhabitants  [3]. Present time, the most imperative 

problems in urban areas are the increasing rate of 

surface temperature, high population pressure and 

toxic pollution elements due to dramatic alteration 

of natural surfaces that are caused by the removal 

of natural vegetation and finally replaced by non-

evaporating, non-transpiring surface (e.g. stone, 

metal, concrete, etc.), concretization, and 

abundance of pollutants in the surroundings.  

With the development of technologies, remote 

sensing got more importance in comparison with 

the ground observation data, and also the 

abundance of availability, accessibility, and 

feasibility make it more useable. Thermal infrared 

(TIR) sensor is used to obtain quantitative 

information on surface temperature across the land 

surface. From NIR bands, the information of 

vegetative surface has gathered that fluctuate the 

distribution of LST, with the dense cover on the 

surface area the less penetration of solar radiation 

to the ground [4]. SWIR bands are used to give 

information about the built-up distribution area 

from where we can get the NDBI[5] as well as for 

Dark Object Subtraction Method for PM10. The 

study is focused on the optical remote sensing 

technique approach. The main objective of the 

study is to analyze the impact of industrialization, 

transportation, building construction, and other 

anthropogenic activities on humans and nature. 

For better representation, Delhi has been taken for 

the study and 28 April 2019 and 30 April 2020 data 

sets have been used. Delhi is the capital of India, so 

continuous growth in urbanization and 

industrialization lead to enormous human 

concentration (mainly due to migration of people 

from small towns and villages in search of 

livelihood) that effectively increases pollution and 

population pressure. Considering the PM 

concentration detection, the final output of Landsat 

8 visible data collaborates [6]with the ground truth 

data from Automated Weather Station of Delhi. 

Due to COVID-19 pandemic, India was completely 

shut down from March 2020 to April 2020. So, this 

lockdown has helped to heal the environment. The 

result shows a drastic positive change in the 

environment within a year due to a reduction in 

human activities. 

 

 2. DATA USED AND METHODOLOGY 

         In-situ data for PM10 from Automated 

weather station data 

         Satellite imagery of LANDSAT 8 

  

  

2.1.   Derive Land Surface Temperature  

2.1.1.  Top of Atmospheric Spectral Radiance 

Correction: 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 11, Issue 8, August-2020                                                               1384 
ISSN 2229-5518  
 

IJSER © 2020 

http://www.ijser.org 

It is used to indicate the amount of emitted, 

reflected, transmitted, or received energy by a 

ground that has been captured by the sensor from 

a specific angle of view. The following formula is 

used to retrieve TOA spectral radiance (L ): 

L  = ML*Qcal +AL…………... (1) 

Where, 

ML = band-specific multiplicative rescaling factor 

Qcal = band 10 image 

AL = band-specific additive rescaling factor 

2.1.2. Conversion of Radiance to At- Sensor 

Temperature: 

After converting the DN values of band 10 into 

radiance, the next step is to convert the spectral 

radiance into brightness temperature. The 

metadata file is used to get temperature constants. 

The following algorithm is used to convert 

radiance to temperature brightness (TB): 

TB  – 273.15 …………… (2) 

Where,  

K1 and K2 are the band-specific thermal 

conversion constants from the metadata. 

Here, -273.15 are used to get temperature 

brightness in degree centigrade (°C) unit instead of 

Kelvin 

2.1.3.      NDVI method for Emissivity Correction: 

(a)Top of Atmospheric Reflectance Correction: 

It is used to remove the effect of scattering and 

absorption from the atmosphere to obtain surface 

reflectance energy. Similar to the conversion to 

radiance, the 16-bit integer values in the L1 

product can also be converted to TOA reflectance. 

The following equation is used to convert Level 1 

DN values to TOA reflectance: 

ML*Qcal +AL/ sin (ϴ) ………………... (3) 

(b) NDVI calculation: 

NDVI the calculation is important as it is a 

remarkable indicator of vegetation condition and 

its presence over a specific area. We have used 

Band 4 and Band 5 to get NDVI. NDVI is further 

used to retrieve the proportion vegetation 

condition (pvc) and emissivity (e) of the surface in 

estimate land surface temperature over the study 

area. NDVI is an important variable as it is more or 

less sensitive to estimate the soil moisture 

condition under the fully vegetated, partly 

vegetated and bare ground of the area.  

NDVI=        ………......(4) 

(c) pvc calculation: 

TABLE: 1 
CALCULATED NDVI AT DIFFERENT LOCATION 

OF DELHI (2019) & (2020) 
 

           

This is used to get a scaled value of NDVI ranging 

from 0 to 1. It reduces the reflectance error. 

pvc = ( ) 2……………………... (5) 
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Where,  

NDVIS = NDVI reclassified for soil 

NDVIυ = NDVI reclassified for vegetation 

(d) Land Surface Emissivity calculation: 

𝜺- pvc = 0.004  Pυ + 0.986 …………………... (6) 

Ts = ………………... (7) 

Where, Ts = LST in Celsius (°C) 

TB = at- sensor brightness temperature (°C) 

L =wavelength of emitted radiance ( = 10.895) 

= (from equation 6)  

 = h = 1.438  10 -2 m K.....… (8) 

Table:2 

Calculated LST at different location of Delhi 

(2019) & (2020). 

        

2.2. Derive PM10 through geospatial 

technique: 
2.2.1. Path Radiance (Using Dark object 

subtraction Method): 

It is one of the easiest ways of atmospheric 

correction to reduce or correct atmospheric effects. 

It is used to examine air pollution in the 

atmosphere that is derived through an aerosol 

optical parameter [7]. It is assumed lowest digital 

number (DN) pixel value in each band should be 

zero and by this way, its radiometric DN value 

represents the addictive effect of the atmosphere. 

The basic assumption is that within the image 

some pixels are in complete shadow and their 

radiances received at the satellite are due to 

atmospheric scattering (path radiance). The 

objective of that improved dark-object method is to 

select spectral-band haze values that are correlated 

to each other, rather than by using the histograms 

of each spectral band independently, which can 

cause haze-selection problems when topographic 

shadow conditions are minimal[8]. It shows the 

relationship between the spectral aerosol optical 

thickness and the spectral path radiance. It adds to 

the surface radiance of the dark object and gives 

the radiance of the target to the sensor. The 

formula is given below (Camfer,” Remote Sensing 

and Image Analysis”, University at Berkeley): 

      LP = LW – L 

……………………………… (9)  

 Where, 

   LP = Path Radiance 

   LW= Radiance of band 

   L= Minimum file pixel value of the band 

2.2.2. Atmospheric Correction: 

It is worth pointing out that Landsat 8 images are 

provided with band-specific rescaling factors that 

allow for the direct conversion from DN to TOA 

reflectance. However, the effects of the atmosphere 

(i.e. a disturbance on the reflectance that varies 

with the wavelength) should be considered to 

measure the reflectance at the ground. As 

described by [8], the land surface reflectance (ρ) is:  
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 𝝅∗(𝑳𝛌−𝑳𝐩) ∗𝐝²       ………………………… (10)  

𝑻𝐯∗ {(𝐄𝐒𝐔𝐍𝛌∗𝒄𝒐𝒔𝜽∗𝐓𝐙)  

Where:  

LP = path radiance (from equation 9) 

TZ = atmospheric transmittance in the illumination 

direction  

ESUNλ = mean solar exo-atmospheric irradiances  

d = earth_sun distance (provided with Landsat 8 

metadata)  

2.2.3. Atmospheric Reflectance 

It is used to reduce the atmospheric effects on the 

reflectance of the image. Atmospheric reflectance is 

calculated as: AR = TOA – Surface 

Reflectance……………………………… (11) 

2.2.4. The final equation for PM10  

derivation: 

Particulate matter (PM10) pollution consists of 

very small liquid and solid particles floating in the 

air. PM10 particles are less than 10 microns in 

diameter.PM10 is a major component of air 

pollution that threatens both our health and our 

environment.  

Particulate matter (PM), also known as particle 

pollution, is a complex mixture of extremely small 

particles and liquid droplets that get into the air. 

Once inhaled, these particles can affect the heart 

and lungs and cause serious health effects.  

Here in this Study PM10 is estimated by Multiple 

Regression Analysis, the result was extended to a 

three and four-band algorithm as  

A = e + e R1 + e R2 + e R3+ e 

R4………………………………(12)  

Where  

A = Particle concentration (PM10)  

Ratm= Atmospheric reflectance, i = 0, 1 and 3 are 

the band number  

ej=algorithm coefficients, j = 0, 1, 2, … are then 

empirically determined.  

Form the equation; we found that PM10 is linearly 

related to the reflectance for band 1and band 2. 

This algorithm is generated based on the linear 

relationship between Ground data and 

atmospheric reflectance. 

Table: 3 

Calculated PM10concentration from satellite 

image data and PM10 ground measurement at 

different location of Delhi (2019) & (2020).       

 

2.2.5. Normalized difference built-up index 

(NDBI): 

This index is used to determine the urban areas or 

built-up areas. In remote sensing data, it is widely 

used where SWIR bands reflect high from urban 

area comparative to the NIR region. It is almost 

similar to NDVI, but working with different 

spectrum region. 

 Hence the formula is; 

NDBI=  ……… (13) 

The value always ranges from -1 to +1, and here 

float is taken to give a continuous output of the 

data. 
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Table: 2 

Calculated NDB at different location of Delhi 

(2019) & (2020). 

    

3. RESULTS: 

3.1. Comparative analysis between 2019 and 

2020 LST: 

As from the graph 1, it has been clear that  the 

temperature of 2020 was comparatively slight 

lower than the temperature of 2019. 

 

Graph: 1. Comparative analysis between PM10 

2019 and PM10 2020: 

During lockdown, it has been shown a drastic 

positive change in air quality. The value of PM10 in 

2020 was found very good comparative to 2019. 

From the graph 2, one can easily understand the 

huge and negative impact of anthropogenic 

activities on environment.  

 

Graph: 2. Comparative analysis between PM10 

2019 and PM10 2020: 

Graph 3 represents the fluctuation of NDVI 

between 2019 and 2020 data. The graph clearly 

shows the upper range of NDVI of 2020 that means 

the quality of vegetation index was better than 

2019. Due to least pollution during lockdown, the 

NDVI value has found increased.  

 

Graph: 3. Comparative analysis between NDVI 

2019 and NDVI 2020: 

NDBI plays a major role to understand the 

population and pollution of the specific area due to 

settlement area of human. Graph 3 shows a slight 

difference in the value of NDBI in 2019 and 2020. 

The fluctuation of 2020 NDBI is a little down to 

2019 NDBI value. 
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Graph: 3. Comparative analysis between NDBI 

2019 and NDBI 2020: 

3.2. Relationship between satellite derived LST 

and satellite derived NDVI: 

Graph 4 and graph 5 represent the strong negative 

relationship between LST and NDVI of year 2019 

and 2020 respectively. In the graph 4, regression is 

found 0.72 while in the graph 5, regression is 0.62 

that proves an indirect relationship between 

temperature and the coverage of plant canopy. 

 

Graph: 4. Relationship between satellite derived 

LST and satellite derived NDVI (2019): 

 

Graph: 5. Relationship between satellite derived 

LST and satellite derived NDVI (2020): 

3.3. Relationship between NDVI and NDBI: 

As we know that NDVI represents the canopy 

cover of flora kingdom and NDBI shows the 

buildup density so, it has a strong negative 

relationship with NDBI. Graph 6 has the scatter 

plot of NDVI and NDBI of year 2019 having the R2 

0.75 while graph 7 has the scatter plot of NDVI and 

NDBI of year 2020 having the R2 0.73. From the 

graph 6 and graph 7, we can analyze that the lower 

the NDVI, the higher NDBI value is represented.  

 

Graph: 6. Relationship between NDVI and NDBI 

(2019). 

 

Graph: 7. Relationship between NDVI and NDBI 

(2020). 

3.4. Relationship between in- situ PM10 and 

satellite derived PM10: 

Graph 9 & graph 10 shows relation b/w satellite 

derived PM10 and ground station based PM10 of 

2019 & of 2020 Graph 6 has the scatter plot of 

satellite derived PM10 and ground station based 

PM10 of year 2019 having the R2 0.87 while graph 7 

has the scatter plot of satellite derived PM10 and 

ground station based PM10 of year 2020 having the 

R2 0.94. 
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Graph: 8.PM10 concentration from satellite image 

data and PM10 ground measurement at different 

location of Delhi (2019).       

 

Graph: 9.PM10 concentration from satellite image 

data and PM10 ground measurement at different 

location of Delhi (2020).       

3.5. Qualitative representation through maps: 

In the following figures, the maps of LST, PM10, 

NDVI and NDBI have been shown for comparative 

qualitative analysis.  The maps are representing the 

difference between all the above parameter from 

year 2019 to year 2020.  

 
Fig: 1. Relationship map of LST &PM10 of year 

2019 

 
Fig: 2. Relationship map of LST &PM10 of year 

2020 

 

 
Fig: 3. Relationship map of NDVI & NDBI of 

year 2019 

 

 
Fig: 4. Relationship map of NDVI & NDBI of 

year 2020 
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   Fig: 5. Comparative analysis map of PM10 of year       

2019 & 2020 

 

 
Fig: 6. Comparative analysis map of LST of year 

2019 & 2020 

 

 
Fig: 7. Comparative analysis map of NDVI of year 

2019 & 2020 

  
  Fig: 8. Comparative analysis map of NDBI of   

year 2019 & 2020 

 

5. DISCUSSION:  

To achieve our objective, we have used Landsat 8 

data for LST, PM10 and NDBI derivation. Surface 

and Atmospheric correction was necessary to 

enhance the accuracy of results in PM10. Dark 

Object Subtraction Method was used to avoid the 

haze and other atmospheric particles generated 

errors. Multiple Linear Regression methodology 

has been applied to achieve the quantitative value 

of PM10for the study area. The map of PM10 was 

generated to observe the difference of values in the 

both years. NDVI scatter plot was used to analyze 

the impact of lockdown on the vegetation while 

NDBI was derived to understand the role of 

buildings and over populated area in the 

environment. The study shows the positive impact 

of environment due to least human activities that 

might help government to make future planning 

and awareness among people accordingly. 

6. CONCLUSION: 

The Landsat 8 data has emerged as a very useful 

data to derive all the parameters that are essential 

to analyze the environmental impact. Optical data 

are used very limited due to its resolution, weather 

and cloud penetration limitation but its importance 

of Landsat 8 data for thermal analysis and easier 

techniques to obtain the objectives cannot be 

avoided. Delhi is one of the most polluted cities all 

over the world. There are lots of changes in the 

environment during the lockdown and before the 
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lockdown due to least movement and industrial 

operations. The above study is very important to 

understand how humans have destroyed the 

beauty of nature. This analysis is focused on the 

adverse effect of environment in metropolitan 

cities. Migration and industrialization has affected 

the nature a lot. Man is nothing without nature. It 

is important to maintain the greenery for better 

health. Even though COVID 19 has affected 

economic condition of the world but we cannot 

ignore its drastic and positive impact on nature. 

The air quality has improved a lot in Delhi and is 

advisable for good health living. The vegetation 

index has also got better due to less pollution.  The 

rate of built-up areas has also decreased that 

helped to produce low air polluted particles over 

the study area. The study analysis can be helpful 

for government to analyze the negative impact of 

anthropogenic activities and make the planning 

according to that while it can be useful for students 

and common people to understand the excessive 

interference of human in environment that disturbs 

the balance between man and nature. 
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