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ABSTRACT:

The cities where the future happens first, they are open, creative, cosmopolitan and sexy and the perfect antidote to reactionary
nationalism but the urbanization in unplanned manner is becoming an environmental-social-economical threat to accommodate the
huge number of population which is literally boosting the present situation of climate change due to global warming. Extracting,
measuring and treating the urban area which compiles of dense built-up and complex road network, is very essential to decrease the
negative impact on environment. If most of the impervious surfaces can be replaced with permeable or semi-permeable materials or
solar panel then the habitation will be saved from natural disastrous events like heat wave and flash flood. Urbanization can be
categorized mainly into two: a) Static (urban open space + built space) and b) Dynamic (transportation). The static and dynamic
urbanizations largely consist of impermeable or impervious materials. Impervious surfaces are alluded as the anthropogenic elements
through that water can't infiltrate into the soil, such as streets, driveways, parking areas, houses, structures etc. An urban area is a
densely populated human settlement, facilitated with multiple infrastructures including built and un-built. These areas or settlements
are categorized as towns, suburbs, cities by urban morphology. Through balancing the ratio between the un-built (urban space) and
built (building & roads), urban disastrous events can be minimized. This research mainly focused on the extraction of impervious areas
using regression modelling approach which is used to generate an impervious surface map from Sentinel-2A dataset of Delhi. Utilising
multiple normalised indices can provide better classification results. This study shows that in urban areas imperviousness is becoming
one of the prominent computational parameter and monitoring impervious areas could help us understand a lot of urban phenomena

which are built-up induced and its rapid change in urban environment is giving rise to unhealthy living conditions.

1. Introduction

With a large number of individuals moving to urban areas, the
urban region is growing at much faster rates to accommodate
them. In past few years, handling this rapid urbanization has
turned into a worldwide problem. In Asia, several large cities, for
example, Dhaka, Delhi, Seoul and Beijing are home to more than
30 million individuals. Outside Asia, several large cities, for
example, New York, Mexico City, Paris, London is facilitating
more than 20 million individuals and the number is as yet
boosting all along. Urbanization at all levels is an essential piece
of advancement yet quick urbanization is raising the vulnerability
of the region.

From the perspective of sociology, fast urbanization leads to
several problems such as tight energy supply, traffic congestion,
and increased crimes and so on. Urban percentage is only 3% of
the earth surface but consumes 75% of world energy and
produces 80% of GHGs (Green House Gas). On the other hand,
some phenomenon such as urban flash flooding and heat island
effects has become a threat to all the citizens living in the cities.
Cities in the developing countries are more vulnerable to
damages because their ability to adapt to catastrophes is
restricted.

While urbanization is causing severe climate change to our earth
which is affecting its environment at much faster ran than
predicted. A total of 3 Million of population migrate to cities each
week all over the world. But stopping migration isn’t the solution,
especially in countries like India where controlling population,
balancing economics, equalization in society is a very tricky task.
It will be best to create an urban environment that can synthesise
with the natural environment and would cause less adverse
effects or can assess the damage of existing urban environment
to evaluate its restoration parameters.
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Urban environment mapping is an essential component for
understanding the climate response in severe situation for future
growth in sustainable way. This research aims at performing and
evaluating impervious surface mapping on the basis of satellite
images and evaluating the environmental problem caused due to
increase in impervious percentage in Delhi. The solution it could
provide in the form of betterment of urban surface understanding
which could be helpful in the problem such as flash flood or
pluvial flooding.

2. Theoretical Background

This research is based some of the basic understanding over the
domain of urban built environment and how remote sensing
could be useful for understanding these kind of spaces. This
section gives an overview of the theoretical understanding of the
concept used.

2.1. Urban Built Environment and Imperviousness

Settlements with dense infrastructure and dwellers of built
environment, is defined as an urban space. These areas or
settlements are created through intervention of human over
natural land cover and are categorized as towns, conurbations or
suburbs, cities by urban morphology and space which is an
artefact of urbanization because it helps to improve the quality of
life.

Impervious surfaces are alluded to as the anthropogenic elements
through that water can't infiltrate into the soil, such as streets,
driveways, parking areas, houses, structures etc. Impervious
surfaces are significant to range of issues and themes in
environmental science, so their knowledge especially the
magnitude, location, geometry, spatial pattern and perviousness-
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imperviousness ratio is critical for this study and need to be
justified.

Making impervious surfaces on the natural land prompts less
water penetration into ground. Therefore, changing over pervious
surfaces into impervious surfaces at a bigger scale may lead to a
significant problems such as urban or pluvial flooding, urban heat
island and flash flooding in a watershed or in the urban area
located downstream, making a potential damage to the
infrastructures and buildings in the urban areas. In addition, with
less water penetrating into the ground in the long haul, the water
cycling process in a watershed might be backed off and the water
quality and water accessibility will lessened drastically.

Climate change is not a problem as it will occur anyway as the
time passes by but the rate at which it is happening is the cause
of distress and worry. Impervious Surface is responsible for these
two effects of climate change; one is land surface temperature
(LST) and second is increased runoff which helps to occur flood.
So, identifying those surfaces in accurate percentage is important
for management and treatment. This percentage varies with
density, material, soil and other adjacent environment.

2.2. V-1-S Model

The theoretical foundation of impervious areas mapping with
respective to medium resolution images is the V-1-S model
proposed by Ridd (1995). Ridd assumed that the complex urban
landscapes can simply be delineated as a mixture of vegetation,
impervious surfaces and soil (V-I-S model) (Wang n.d.). In the
urban territory, impervious areas, vegetation and soil have their
own disseminated features. To be particular, impenetrable
surface is spatially concentrated, high or low density residential
and commercial areas. The vegetation segment basically contains
grass and trees and they are for the most part dispersed in the
suburban region or along channels or river. As for the soil, it may
exist within and outside of the urban area and is a noteworthy
wellspring of pervious surface. A number of studies on urban
applications based on V-1-S model have been explored. It is
described the urban composition of Cairo, Egypt as vegetation,
impervious surface, soil, and shade, and consequentially applied
the derived urban composition into detailed land use
classification; Lu and Weng (2004) employed four components
(green vegetation, impervious surface, soil and shade) to describe
urban/rural environments. These studies have proven that the V—
I-S model based approach has potential to describe land covers
and land uses in urban applications (Wang n.d.). Thus, the V-I-S
model will be utilized as a part of this review to delineate
impenetrable ranges in an urban area.
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Figure 1. (a) Greenness of the rectangle: 0.027 & NDVI of the
rectangle: 0.052; (b) Visually Measured imperviousness
percentage of the rectangle: 35% [Wang n.d.]
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Figure 2. Location of Delhi
3. Study Area

Delhi is the national capital of India, the second most populated
metro city with 17 million people in the world within the area of
1483 km2. In 1947, Delhi has population of 1.7 million and it has
risen 1.7 to 16.8 (2011 census of India) in 2011, just in 60 years
with density of 11,312/km2 where particularly the urban
population is about 11 million (2011 Census). This is one of the
fastest growing urban areas in history (United Nations, 2011),
this rapid urbanisation with complexity of LULC with its huge
heritage itself a very big challenge for researchers. Due to recent
rapid and unplanned urbanization Delhi has been converted from
a green patch to a concrete jungle. Due to this there has been a
sudden or drastic changes in urban environment of Delhi.

4. Methodology

The methodologies utilized for impervious surface mapping with
particular to medium and high spatial resolution are distinctive.
The medium spatial resolution image is alluded to as an image
with a pixel size of more than 30 meters, while the high spatial
resolution image has a pixel of 10 meters. Simple pixel-based
classification will prompt to inaccurate outcome to a huge degree
due to impact of mixed pixel in coarse resolution. Rather, other
than simple pixel-based classification, evaluating the extent of
impervious surface inside one pixel is the best approach to
delineate impervious areas for images with mixed pixel effect.
Complete workflow which has been used in this study is shown
in figure 3. Sentinel-2A data has been used for our study. In the
process of delineating impervious areas, it’s very important to
understand the mass void ratio or the concept behind V-1-S model
which is even very important in any urban/rural planning. While
processing multispectral images we have large numerical
variation in different band combination but in normalization, the
range of pixel intensity value reduces and varies between -1 to 1.
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Figure 3. Methodology for Impervious Mapping

The NDVI (Normalized Difference Vegetation Index) is a
standardized vegetation index which allows us to generate an
image showing the relative biomass; the chlorophyll absorption
in Red band and relatively high reflectance of vegetation in Near
Infrared band. NDWI (Normalized Difference Water Index) has
been developed to delineate open water features and enhance
their presence in remotely sensed imagery based on reflected
near-infrared radiation and visible green light. The NDSI
(Normalized Difference Soil Index) is best to identify the fine
line between built-up and bare soil in an urban area; correlation
between MIR (Medium Infra-Red) and Green gives the highest.
The NDBI (Normalized Difference Built-up Index) is considered
to be given the best result showing the density in built massing
(Deng et al. 2015). Multiple Normalised Images in stacked form
provided some better classification result as compared to normal
band definitions.

It is much more efficient to eliminate the non-urban areas and
apply the regression modelling only to the urban areas. In the
study area, pervious surfaces, such as forest and grassland, are
mainly found in non-urban areas near the periphery of the city
boundary whereas impervious surfaces, such as buildings,
asphalts roads are mainly restricted within the urban areas. A
mask of non-urban areas was created after executing
classifications on the original images.

5. Regression modelling approach

The relationship between greenness and impervious surface
percentage was extracted from 200 random ROI (Region of
Interest) samples. For each sample, a pair of values of the
greenness and actual impervious surface percentage was
recorded. The actual imperviousness percentage value in each
pixel of an image is estimated and calculated visually based on
Bhuvan 2D satellite image and ground survey. The same
procedure has been done with NDVI of same area and those same
200 samples were selected to identify the values.

A linear regression trend line relating percentage of impervious
surface areas to the value of NDVI was determined from these
200 samples. Graph shown below illustrates the mathematical

relationship between them. A second order regression trend line
was determined. The correlation between percentage impervious
surface and greenness is 80% (Fig 4a) indicating towards a strong
relationship among them.
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Figure 4. (a) Regression trend line for Greenness
and imperviousness value; (b) Regression trend line
for NDVI and imperviousness value
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Figure 5. (a) Tasselled Cap transformation (Greenness Map);
(b) NDVI Image
6. Results

Imperviousness can be categorized as natural and artificial
imperviousness  depending upon its existence. Natural
impenetrability considers regions with elevated surface runoff
due to various soil types, surface properties and vegetation, while
artificial impenetrability alludes to zones where changes in runoff
amount are brought by human intervention. Extraction of exact
amount of artificial imperviousness is very important for
computing these surfaces runoff volumes and other effecting
parameters. The normalized images were used to identify the
specific properties individually and were stacked together which
gave a combined glimpse of all the properties together. This
reduced the time of supervised classification and gave
satisfactory result as per accuracy assessment. Four land cover
types were delineated and classified as vegetation, barren land,
built-up and water based on stacked normalized image.
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Figure 6. (a) Composite image stacked from NDVI, NDWI,
NDBI and NDSI; (b) Unsupervised classification using
Normalized stacked Image
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The non-urban area was masked so that the regression model was
only applied to the urban area so that the distinction of
impervious percentage can be well identified. This map gives the
actual idea of mass and void ration in the city.
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Figure 7. Urban Mask over study area

Previous research for impervious surface mapping has shown use
of greenness component of tasselled cap transformation. So,
following up with this fact that greenness can give us well
understanding of imperviousness as it was assumed the inverse
of greenness is imperviousness, it was found that the correlation
between greenness pixel values and visual imperviousness was
about 72%. Whereas uni-dimension spectral indices such as
NDVI and EVI perform better at extremely high or low level of
covers.
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modelling
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Figure 9. Impervious area with corresponding Imperviousness
percentage
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Another interesting observation which showed us that natural
impervious surface also take part in impervious surface mapping
which is very important. During monsoon season when already
the water bodies, wet lands have reached their 80%-100%
saturation point and even barren lands start act as impervious
surfaces as per their soil property and infiltration rates.

From the accuracy assessment using 60 samples it can be
concluded that the agreement is high with a R? of 0.87 which is
applied only on urban area. In addition, the RMSE value was
calculated as 17.82%, indicating a promising agreement between

estimated and measured imperviousness. In Urban areas
imperviousness is becoming one of the prominent computational
parameter, as rapid change in urban environment is giving rise to
unhealthy living conditions.
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Figure 11. Impervious Surface Map of Delhi
7. Discussion

This research mainly focused on the extraction of impervious
areas using regression modelling approach which is used to
generate an impervious surface map. Which helped us to assess
the risk caused due to this increment in urban environment using
Sentinel-2A data of Delhi region and unsupervised classification
were used to delineate mostly urban and non-urban features.
Mapping of urban environment is very much critical to
understand the present scenario of an urban area and this will also
help in predicting the future conditions. Imperviousness is one of
several important parameters that are responsible for rapid
change in urban environments. These changes are making cities
and urban areas uninhabitable. As a future scope of this paper
role of all other parameters will be evaluated through further
investigation.

Imperviousness is very crucial part of surface mapping in urban
area because not only artificial surfaces even natural impervious
surfaces also play a very important role in it. Natural impervious
surfaces change their characteristics with the time; barren land,
wet land, sandy beach and water body act based on their moisture
contains in monsoon and solar reflectance in summer or winter
season. During this research, it was experienced that images of
summer season give better results of analysing the artificial
impervious surfaces whereas images of monsoon season give
better analysis of natural impervious surfaces. As Delhi is
densely populated area with massive built-up; so the image was
considered to be the best dated on 7th May 2016 after several
temporal image processing. But rather than that the images of
summer, both monsoon and summer data could be merged after
processing and rectification would be the best.

For further detailed mapping, images with higher spatial and
spectral resolution can be used with respect to identify the
confliction between artificial and natural impervious surfaces
using further classification. It is recommended to investigate a
more efficient method to minimize the observed underestimation
in the built-up areas using Normalized Linear Spectral Mixing
Analysis (NLSMA) method. As high spatial resolution images
are becoming more available, classifications based on object-
based image analysis (OBIA) are promising, it utilizes the
spectral and contextual information to extract land use and land
cover.
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8. Conclusions

Various approaches have been shown for justifying the urban
environment through impervious surface extraction. The
unsupervised classification was processed to give almost
accurate classes which were done on the stacked image of the
four normalized indices. Overall accuracy was evaluated more
than 85%. The mapping is done using images with 10 m
resolution. Images were enriched with large number of mixed
pixels but unidirectional NDVI was found to have better
correlation than greenness out of other three dimensional
components.

Regression modelling approach also achieved an accuracy of
87% which indicates it has a high agreement with the real
landscapes. The extracting percentage of the imperviousness of
the city was quite accurate which can be determined through the
accuracy assessment and this will be helpful for further stage of
resilient urban planning against all effects of climate change.
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