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Abstract
Background and Objective: The field of remote sensing is growing rapidly giving rise to huge potential applications in almost every
domain. Management of environment is one of those application-oriented areas which enable the utilization of remote sensing for the
betterment of environment. The objective of the study was to attain sustainable development for the future generations to come using
the techniques of remote sensing. Materials and Methods: The urban growth has been humongous and with growing population, the
resources are getting scarce day by day. This paper utilizes 2 multi-spectral images from Landsat-8 OLI on which remote sensing
techniques have been applied for assessing the amount of urban growth and its impact on the environment. Results: The indices
estimated by using the remote sensing techniques represent the changes as well as the present day status of the available natural
resources in the study area. The NDVI and NDBI give an insight to the urban as well as vegetation landscapes in the area. Conclusion:
The paper portrays a strong conclusion regarding the available water resources and the vegetation landscapes in the study area and opens
up gates for further researchers to study on remote sensing based sustainable development of environment.
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management such that sustainable development is attained.

INTRODUCTION

Instead of field-based experimental studies, this study
Remote sensing basically is the gathering of information
from non-physical means about an object1. One of the best
example of such is “The Human Eye”. This phenomenon
basically is an essential part of modern day surveying and
technologies. Satellites play an essential role of “such eye”
which are space-borne and gathers information about the
Earth as per their temporal resolution2. In general, with the
passing days, the space-borne satellites are being launched at
a consistent pace with better resolutions.
The two main focus areas of such technological increment
are the spatial resolution and the spectral resolution. Spatial
resolution basically refers to the domain of ʻpixelsʼ which acts
as a core component when applying digital image processing
techniques3. The higher the number of pixels, more is the
spatial resolution and vice-versa. Additionally, when applying
processing techniques, noise removal and super-resolution
techniques for image enhancement are also very popular
yielding high quality outputs these days4,5. However, the
spectral resolution is basically the capability of the
satellite-based sensor in differentiating between multiple
wavelengths and spectral properties.
Mostly, modern day satellites are well equipped with
sensors which offers high amounts of spectral and spatial
resolution (2.5 m resolutions are also available in the market
today). The field of remote sensing offers flexibility as well as
the user-friendly environment for utilizing the never-ending
potential of processing techniques in order to extract
maximum amount of information from the satellite imageries.
The main applications of remote sensing include everything
where human intervention is not possible or is impossible to
be done manually. It includes temporal changes about a
phenomenon which is done through spatio-temporal remote
sensing techniques. Another important application is the
analysis of land use and land cover6,7. This is the most essential
application of remote sensing and GIS. Urban feature
extraction and modelling acts as another very important
perspective of remote sensing technologies8.
With new innovations and constant advancements in the
technological aspect, the authors presented an approach for
detecting multiple anomalies through convolution neural
network algorithms9. Vegetation is another very essential and
profound application of remote sensing10,11. The components
like chlorophyll, leaf area index, presence of contaminants,
health of crops and plants, density of vegetation and
greenness are some paramount entities that can be effectively
sensed through satellite imageries12. This forms the basis for a
profound study to be carried out in the field on environmental

incorporated the techniques of remote sensing and GIS
through which the research gaps and the corresponding voids
can be fulfilled.
MATERIALS AND METHODS
Satellite dataset used: The image acquired for carrying out
the research work was the Landsat-8 Operational Land
Imaging (OLI) sensor providing information at 30 m resolution.
It consists of 11 bands comprising of 3 optical, 1 aerosol, 3
Infra-red, 2 thermal, 1 Cirrus and 1 Panchromatic band. The
panchromatic band offers data at 15 m resolution which offers
excellent robustness as well as effectiveness into the overall
study. The temporal resolution of the Landsat-8 OLI satellite is
16 days.
The study site incorporated in the study was Haridwar
district, Uttarakhand, India, as shown in Fig. 1. The coordinates
of the study area are 29.9457EN, 78.1642EE and situated at
WGS-84 Zone 44 North. In this research, 2 multi-spectral
images are incorporated of the years 2014 and 2018,
respectively. The images acquired were of May, 2014-2018 as
this month contains low amount of cloud cover which
significantly affects the satellite imageris. The remote sensing
techniques are applied in these 2 datasets and no extra
datasets are required for the research implementations. It is
globally observed that urban growth has been at an extremely
rapid pace and is really necessary for constant monitoring and
assessment. To achieve sustainable era and corresponding
development, this has to be countered in an efficient manner.
Eco-environmental approach is the most effective approach
as it covers entire range of diversities which is mandatory for
achieving global sustain ability.
Haridwar district lies adjacent to the capital city Dehradun
and touches Rishikesh, a mountainous region where majority
of land-use-land cover applications have been carried out
effectively. In order to achieve sustain ability, urban growth
and its corresponding impacts are to be assessed in the first
step. The next step is to analyze the sensed urban features and
provide corresponding solutions necessary for providing
management procedures for eradication and the proper
usages of natural resources available.
Process and analysis: The 2 multi-spectral images are shown
in Fig. 2. The tiles were first acquired and then clipped as per
the vector layer of the study area, so, that the unwanted
information may be clipped out and only the essential area
98
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Uttarakhand

Haridwar

Fig. 1: Study area of Haridwar district, Uttarakhand, India
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Landsat-8 OLI multispectral image of 2014
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Landsat-8 OLI multispectral image of 2018
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Fig. 2(a-b): (a) 2014 multispectral image and (b) 2018 multispectral image
Once the fcc image was made as per the vector shape file
layer, stacking was carried out. This is basically the spectral
stacking of bands which created a RGB image. Now, the
analysis can be carried out by using this color image. The main
part of remote sensing techniques is the assessment of
different indices and then analyzing them. The indices used in

remains in the dataset. The false color composite (fcc) image
was then created by using Near Infra-red (NIR), red and green
bands which as shown in Fig. 2, where vegetation is
depicted by red, water by cyan and terrain by greenish color.
This acts as the necessary input for the analysis to be carried
out.
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this study are Normalized Difference Vegetation Index (NDVI),

Figure 5 shows the MNDWI map which is basically
estimated through Green and SWIR bands. The areas with high
moisture content are illuminated while the areas with
shortage of moisture appear as dark in the output. For
managing water resources and reservoirs, MNDWI outputs are
very efficient.
Figure 6 shows the NDBI map which is estimated through
SWIR and NIR bands. The areas with urban built up areas
appear as bright while terrain landscape areas with no built up
areas appear as dark in the image.
For having an in-depth analysis, change detection was
carried out between the images of 2014-2018. The indices of
NDVI and NDBI were the basis on which change detection was
carried out. The basic thumb rule of change detection is that
the output map consists of red and green indicators. Red color
indicates the decrease while green indicates increase in that
particular domain of attribute. The vegetation is clearly seen
to depreciating as red color is dominant in the output map in

Normalized Difference Built-up Index (NDBI) and Modified
Normalized Difference Water Index (MNDWI). As per the
names itself, NDVI describes the vegetation state through
grayscale composition, NDBI describes the built-up area by
using grayscale composition and the MNDWI describes water
state through grayscale composition. All these compositions
are float based outputs. Figure 3 shows the schematic
methodological process.
RESULTS
The result in Fig. 4 shows the NDVI map of the study
area. The bright fringes are the vegetation density
present while dark fringes resemble lack of them. The
Red and NIR bands are used for the estimation of
NDVI.

Landsat image

Pre-processing
(Atmospheric
correction)

FCC stacked image

NDVI

Comparison with
change detected image

Urban and vegetation
comparison

Change detection

NDBI

MNDWI

Integrated analysis

Analysis for
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Fig. 3: Methodological flow chart
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Fig. 4(a-b): NDVI maps of (a) 2014 and (b) 2018, respectively
NDVI: NIR-Red/NIR+Red
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MNDWI of landsat-8, 2014
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Fig. 5(a-b): MNDWI maps of (a) 2014 and (b) 2018, respectively
MNDWI: Green-SWIR/Green+SWIR
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Fig. 6(a-b): NDBI maps of (a) 2014 and (b) 2018, respectively
NDBI: SWIR-NIR)/SWIR+NIR
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Fig. 7(a-b): Change in (a) Vegetation and (b) Urban, respectively between 2014 and 2018
diminishes simultaneously. It is high time for the researchers
to work on this concept of sustainable management as with
the current pace, the urban growth may just cross-out the
vegetation and resource availability. This would lead to a
havoc creating cases of jeopardies and humongous loss of
bio-diversities in the present ecosystem.
In order to understand the above discussed scenario, the
urban and vegetation features were extracted from the 2
corresponding datasets. The extracted image neutralizes the

Fig. 7. On the other hand, the urban growth is prominent as its
change detection shows increment with green as the
dominant indicator. Figure 8 shows the extracted urban and
vegetation features.
DISCUSSION
It is clearly validated that vegetation and urban are
inversely proportional to each other as one grows, the other
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Fig. 8: Urban and vegetation compared to the main-stream water availability
yielding optimized criteriaʼs necessary for forming the solid
and robust basis to achieve sustainable environments for
future generations.

effects of pollutants as well as acids present in the landscapeʼs
soil13. The features were post-classified and the resultant
images portray the information regarding urban as well as
vegetation phenomenon present in that particular
ecosystem14,15. The urban features are depicted by red in color
while the vegetation part is indicated by green color which is
the common convention in the remote sensing environment,
however, different researchers use different nomenclatures16.
Although, both of the images portrayed the idea that the
features present are somewhat similar, the difference is in
classification and understanding. Mostly, this is due to the
presence of mixed urban and green landscape together and
the presence of various chemicals might be present in the
entire extracted landscape which draws immediate attention
towards optimizing the current scenario of scarcity17. A
blue-cyan layer (resembling the river flow stream line) can be
easily visualized. This layer is the major river line present in the
study area. It can be clearly seen that due to the urban growth,
vegetation has been deceased and the available water
resources have come to a more pressurized situation. This will
lead to the loss of bio-diversities and the ecosystem entities.
It is a spotlighted time now for saving the natural resources as
well as the proper management of the environmental
ecosystem present.
The overall study focuses on delineation of vegetation as
well as urban features and their corresponding extraction in
order to attain sustainable development. The multispectral
landsat-8 sensor yields coarser resolution as compared to
hyperspectral sensors like hyperion. Thus, use of hyperspectral
satellite datasets can also be included in this study to attain
high efficiency in outputs. Also, the study can be integrated
for further analyzing attribute wise extracted outputs for

CONCLUSION
The techniques of remote sensing consist of great
features and potential in remedying the present states of
jeopardies. Proper analysis through effective approaches
would result to precise and accurate results. Urban growth is
an essential field of research which requires constant
monitoring and satellite-based studies are the best possible
countering solutions available. This is due to the fact that it
covers a large area based on its swath width. The technique
yielded extremely precise results in terms of feature extraction
and the indices generated portrayed an in-depth content
present in the satellite image.
The process of change detection provided a great extent
of information regarding the changes occurred in the two
respective images of 2014-2018. The urban growth was
impeccable and showed a huge increase while the vegetation
landscape was a bit on the depreciating side. The comparative
analysis between the urban-vegetation versus the change
detected image presented quite impressive results with
context to the growth as well as the extent of achieving
sustain ability in terms of ecosystem and environment.
SIGNIFICANCE STATEMENT
This study in corporates the use of multi-spectral sensors
and remote sensing techniques for analyzing the current trend
of environment based on urban growth and impact.
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8.

Estimation of indices as well as the detected changes in the
sensor data sets give a strong idea about the declination in the
environmental part as compared to the ever-growing status
of urban part. This research enables the researchers to study
the environment through remote sensing approach reducing
their efforts to visit fields which is always rigorous and time
consuming. Also, the addition of different remote sensing data
sets like hyperion and sentinel would provide flexibility as well
as efficiency for managing the environment to achieve
sustainable development of the same.
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