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Abstract

The intergovernmental panel for climate change (IPCC) Fourth Assessment Report discussed about the negative impacts
of climate change on water resources around the world (IPCC Climate Change 2007). The land use and land cover
changes are the results of the utilization of resources by the human being in time and space for various purposes. These
changes could be taken place because of natural causes also. The seasonal variation in rainfall affects the variability in
soil moisture that influences the wetness or dryness of monsoon season and which also affect the hydrological system.
The study focused on mapping out Landuse and Land Cover (LULC) changes through processing topographic sheets and
Landsat satellite data for different years with the help of GIS in Rishikesh city, Dehradun district, Uttarakhand, India;
realizing the importance of LULC monitoring in the management and planning of the land resources. The study has been
conducted based on three situations according to the time when 1990, 1998, 2007 and 2017. In order to study the
change in LULC, and Landsat data (1990-2017) were used to generate different layers of maps. Spatial-temporal
information on the LULC and its changes were determined by GIS and RS techniques. The change was more than 32.75
percent in water bodies’ area after monsoon season in city in 1990. The other water bodies were also rejuvenated
because of stagnation of water which also contributed in increasing of water bodies’ area. In 2017, water bodies further
increased after monsoon season with 35.44 per cent change in the area. Water bodies are only class which has positive

change to its area after the monsoon season.
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1. Introduction

The intergovernmental panel for climate change (IPCC) Fourth Assessment Report discussed about the
negative impacts of climate change on water resources around the world (IPCC Climate Change 2007).
India is prevalently agrarian economy with immense population and it is totally depends on the monsoon
rainfall for their food and endurance and even little change in precipitation can influence the hydrology
and water level which can additionally effects on economy and social arranging of India (Shukla,
1985).The land use and land cover change is main drivers for global environmental change (Zhai, et al,
2020) and are the results of the use of natural resource by the human being in existence for different
purposes (Asselman and Middelkoop, 1995). These changes could be taken place because of natural
causes also (Reed and Stringer, 2016). To understand the human interference in the natural pattern, this
method becomes relevant or viable to trace various features that have been changed (Pinto et al, 2013).
Land use change always occurs under certain circumstances and these circumstances affect the whole
ecosystem of that region (BMZ, 2012)the factors which are responsible for land use land cover change can
be categorized into direct and indirect factors (Brouwer, 1991; Blaikie and Brookfield, 1987). Some
activities or factors are known to directly influence or modify the proportion of utilization of land such as
agriculture expansion, industrialization or urbanization etc. (Turner and Meyer, 1994). Physically, the
direct factors are more importance than the indirect factors but indirect factors are responsible for
influencing these factors which culminates into changes in the landscape (Taylor et al., 2002). These
indirect factors have very complex structures which controls the change on land use and human activities
(Alonso-Pérez et al., 2003; Wijitkosum, 2012).

The land use and land cover have direct impact on the hydrology of Rishikesh city (Zhou, 2020).
Urbanization and industrialization affect the size and durability of small streams and flow of hydrology
(Trudeau and Richardson, 2016). It also leads to drying up of wetlands for agriculture use which affects
the runoff (Mccauley et al, 2015). All these land use elements individually or altogether affect the
hydrology (Sisay, 2020). There is uniform relationship found between rainfall and soil moisture which in
non-linear in character (Douville et al. 2001). The aim of the study is to assess the impact of monsoon
rainfall over the hydrological pattern of Rishikesh city and surrounding areas (Thomas et al., 2014).
These land use and land cover maps represents the spatial distribution of land in the pre monsoon and
post monsoon periods which are then used for understanding the hydrological change in different season
in the year. The seasonal variation in rainfall affects the variability in soil moisture that influences the

wetness or dryness of monsoon season and which also affect the hydrological system (Douville 2002).

The hydrology is one of the physical elementsin land use and land cover which is directly or indirectly
affected by human activities (Zhang et al.,, 2001; Cigizoglu et al., 2005). The hydrology at Rishikesh is
controlled by slope gradient, and it is the first point where a complete form of Ganga River appears first
after meeting with river Alaknanda at DevPrayag (Misra, 2010). The Rishikesh city is lined by rivers from
three sides namely Chandrabhaga in the northwest, Song River in the southwest and Ganga River in

southeast.

[842]



Innovations, Number 64 April 2021

2. Study Area

2.1 Location

Rishikesh city is municipal board in Dehradun district in the northern state of Uttarakhand in India.

Rishikesh city is situated at 30° 10" 33" N latitude and 78° 29' 47" E longitude (Figure 1). Rishikesh city

has average height of 372 meters (1,745 feet) (Statistical Abstract of Dehradun, 2016).

2.2 Drainage

The Ganga, one of the most ancient and sacred
rivers of India shapes the central seepage
channel of the study area (Central Pollution
Control Board, 2000). The river enters the area
from north of Laxman]Jhula and Munni-Ki-Reti,
at a height of 500 meters above mean sea level,
close which it gets the waters of Song and
Suswa, the two primary rivers of the eastern
Dun and of Chandrabhaga in Rishikesh city
(Figure

3. Database and Methods
3.1 Database

1). Subsequently, dispersing its water into a few
rivers surrounding lush islands and it leaves

towards Rishikesh city shaping the limit

between the Dun and Garhwal (Census of India,

1991).

RISHIKESH CITY
STUDY AREA

Figure: 1 Study Area

The backbone of any kind of research is data. The study focused on mapping out LULC changes through

processing topographic sheets and Landsat satellite data for different years with the help of GIS

(Merchant, 2001) in Rishikesh city, Dehradun district, Uttarakhand, India; realizing the importance of

LULC monitoring in the management and planning of the land resources (Gumma et al., 2019). The study

has been conducted based on three situations according to the time when 1990, 1998, 2007 and 2017.

e The first situation is the pre monsoon i.e. before the monsoon of 1990, 1998, 2007 and 2017.
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e The second is the post monsoon situation ie. after the monsoon of 1990, 1998, 2007 and
2017.
The data required for the study comprised of topographical maps, satellite images and secondary data. In

order to study the change in LULC, and LANDSAT data (1990-2017) were used to generate different
layers of maps. Spatial-temporal information on the LULC and its changes were determined by

Geographic Information System (GIS) and Remote Sensing techniques (Figure 2).

Data Acquisition
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Figure: 2 Data Source and Methodology
3.2 Remote Sensing Data

A series of Landsat Multi spectral scanner (MSS) and Enhanced Thematic Mapper (ETM) multispectral
images acquired for the years 1990, 1998, 2007 and 2017 (for the Monsoon and non-Monsoon season)
have been used for the identification of different LULC classes and preparation of LULC map. These
datasets are produced by the United States Geological Survey (USGS) with the spatial resolution of 30m
x30m (path 132 and row 46 and are freely available from USGS Earth (Table 1). ETM+ imagery was
chosen for this research due to its rich spectral information, the stability of data availability and the fact

that the imagery is available at no cost.

Table 1 Technical Specification of Satellite Images

Type Mechanical Scanner

Spatial Resolution 30 m

Spectral Range 0.45 pmto 12.5 pm

No. of Bands 08

Temporal Resolution 16 days

Year Path and Row | Spatial Resolution | Description Satellite Sensor

1990 132/46 30m LANDSAT-5 Thematic Mapper (TM)
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1998 132/46 30m LANDSAT-5 Thematic Mapper (TM)

2007 132/46 30m LANDSAT-5 Thematic Mapper (TM)

2017 132/46 30m LANDSAT-7 Enhanced  Thematic  Mapper
(ETM)

Source: Prepared by Authors

3.3 Image Preparation Analysis

In case of LANDSAT sensor, it collects information in the form of different bands in Tagged Image Format
File (TIFF) format which is needed to obtain multispectral imagery from the raw data obtained from USGS
(Rawat and Kumar, 2015; Risky et al,, 2017; Firozjaei et al.,, 2019). To get detailed information from
remotely sensed images, multispectral data is extracted from the imagery. For this layer, layer stacking of
seven bands out of eight was done except thermal band since it has no application in LULC process and
then based on the requirement, one of the classification techniques was applied for the preparation of the

maps (Far, 2003; Pandy and Nathawat, 2006).

The temporal satellite data Landsat 7 ETM+ for the Monsoon and post- monsoon season have been used
for the preparation of LULC maps except for the year 1990, 1998, 2007 and 2017. For the classification of
the images, we have applied unsupervised classification in our study (Jansen and Gregorio, 2003;
Thenkabail, 2016). Image classification can be divided into supervised and unsupervised classification. It
is defined as the process by which pixels are assigned to their respective classes (Jensen and Coven,
1999). The user has to perform quality check on the results. In this process, several spectral classes can

be assigned to few land cover types (Jensen and Coven, 1999).

4. Results

4.1 Land Use Land Cover Change Detection Analysis for the year 1990 (Pre Monsoon)

In 1990, the water bodies had occupied second smallest part of this study area after barren land 3.11 and
3.09 per cent respectively. These were mostly concentrated in river catchment and barren land is
associated with river catchment and little bit towards the agriculture field. This region had enough
vegetation cover and it occupied the 37.38 per cent area (Figure 3). The settlements are concentrated in
three areas in this study area, which is Nagar Palika area, Nagar Nigam area and near the LakshmanJhula.
Settlement occupied 32.46 per cent of land in the study area in 1990. The third largest occupant in this
study area was agriculture which had covered the 23.09 per cent of total study area. Overall, vegetation,

settlement and agriculture had occupied the almost 96 per cent of total study area together (Table 2).
4.2 Land Use and Land Cover for the year 1990 (Post Monsoon)

In the year of 1990, the water bodies had occupied almost 4.88 per cent of total study area. The barren
land had decreased to 1.79 per cent and this partially decreased in 1990. This barren land had associated

with the catchment and agriculture field (Figure 4). The vegetation cover had marginally reduced to 36.38

[845]




Innovations, Number 64 April 2021

per cent and settlement had also reduced to 31.61 per cent (Table 2). But agriculture had increased to
24.89 per cent. Monsoon season deeply affect the socio-economic character of Rishikesh because of

excess amount of water brought number of problem in the city.
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Source: Prepared by Authors using Landsat images
Figure 3 and 4 Land Use Land Cover map of 1990, Pre-Monsoon and Post-Monsoon

Table 2 Land Use Land Cover Class for the Years 1990

S.No. | LULCClasses | Area (in Sq. | Area (in sq. | Area (in Per | Area (in per
Kms (pre- | kms) (Post- | cent) (pre- | cent) (Post-
monsoon) monsoon) monsoon) monsoon)

1 Water bodies | 0.498 0.781 3.11 4.88

2 Agriculture 3.833 3.982 23.96 24.89

3 Vegetation 5.982 5.893 37.38 36.83

4 Settlement 5.192 5.058 32.46 31.61

5 Barren Land | 0.495 0.286 3.09 1.79

6 Total 16 16 100 100

Source: Prepared by Authors

4.3 Land Use and Land Cover for the year 1998 (Pre Monsoon)

Land use and land cover does not observe such drastic change, such as cities in plains. Similarly, this kind
of change had taken place in Rishikesh city, most of the settlement and agriculture areas were converted
into vegetation cover which comprises the 42.77 per cent area of study area. In the year of 1998, the

vegetation covered the most of the built and usable area and even water bodies and barren land. The
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vegetation cover extended to western part of the city and spread in the semi urbanized area of Pashulok
area. Settlement was reduced to 29.14 per cent and agriculture was also reduced to 21.45 per cent. The
water bodies had occupied second smallest part of this study area after barren land 3.15 per cent but it
was little bit more than the previous one. Barren land was reduced to 0.6 per cent and which was

occupied by vegetation (Figure 5).

4.3 Land Use and Land Cover for the year 1998 (Post- Monsoon)

The vegetation cover had marginally decreased to 41.83 per cent, it happened because of water bodies
which occupy some small part of vegetation cover on the map. Settlement had also reduced to 28.24 per

cent. The water bodies expand in dimensions during the monsoon season in 1998 (Table 3).
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Source: Prepared by Authors using Landsat images
Figure 5 and 6 Land Use Land Cover map of 1998, Pre-Monsoon and Post-Monsoon
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Table 3 Land Use Land Cover Class for the Years 1998

S.NO. | LULC Classes Area (in Sq. | Area (in sq. kms) | Area (in Per | Area (in per
Kms (pre- | (Post- monsoon) | cent) (pre- | cent) (Post-
monsoon) monsoon) monsoon)

1 Water bodies 0.558 0.889 3.49 5.56

2 Agriculture 3.432 3.604 21.45 22.53

3 Vegetation 6.843 6.693 42.77 41.83

4 Settlement 4.663 4.519 29.14 28.24

5 Barren land 0.504 0.295 3.15 1.84

Total 16 16 100 100

Source: Prepared by Authors

The barren land had also decreased to 1.84 per cent total area because of retaining by river water during
the monsoon season (Figure 6). The agriculture has been increased to 22.53 per cent after the monsoon

period in 1998 because of sowing and cultivation of seasonal crops after monsoon.

4.5 Land Use and Land Cover for the year 2007 (Pre Monsoon)

The barren land has increased to 4.22 per cent which is river catchment or cross sectional area and some
spots visible between the agriculture fields in the map. Most of the catchment is observed to be dry and
barren land can be easily demarcated on the map in the southern part of river Ganga. The water bodies
have partially increased to 3.85 per cent and are continuously increasing according to the prepared maps
from the last 1990s in the study area. The vegetation is partially reduced to 41.45 per cent and it is mostly
visible near by the settlement and catchment areas (Figure 7). The eastern and western part of the
Rishikesh city is covered with the vegetation. The settlement has also increased to 30.41 per cent which
reflects the growing trend of city (Table 4). The settlements are growing in the area previous occupied by

agriculture; in Rishikesh city.

4.6 Land Use and Land Cover for the year 2007 (Post-Monsoon)

There have settlements which are looking like emerging from agriculture area nearby the
Chandrabhagariver. The water bodies are continuously increasing in area in both the seasons. The water
bodies almost 6.09 per cent area which is almost twice of its percentage in the pre monsoon area. The
agriculture also increased partially but is mostly concentrated in western margins of the maps. The
agriculture is 20.16 per cent which is little bit more than pre monsoon season area. The barren land is
decreased to 1.89 per cent because of extension of river water on dry land areas of river catchment (Table
4). The settlement which occupies the 30.37 per cent of total area of Rishikesh city is pre dominantly

concentrated along the river Ganga and ChandrabhagaRiver (Figure 8).
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Figure 7 and 8 Land Use Land Cover map of 2007, Pre-Monsoon and Post-Monsoon

Table 4 Land Use Land Cover Class for the Years 2007

S.NO. LULC Classes Area (in Sq. Kms | Area (in sq. | Area (in Per | Area (in per
(pre- monsoon) | kms) (Post- | cent) (pre- | cent) (Post-
monsoon) monsoon) monsoon)
1 Water bodies 0.616 0.974 3.85 6.09
2 Agriculture 3.211 3.226 20.07 20.16
3 Vegetation 6.632 6.638 41.45 41.49
4 Settlement 4.866 4.859 30.41 30.37
5 Barren land 0.675 0.303 4.22 1.89
Total 16 16 100 100

Source: Prepared by Authors
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4.7 Land Use and Land Cover for the year 2017 (Pre Monsoon)

The agriculture is seen to have reduced in the land use land cover map of 2017 to 11.73 which reflect the
change in economic activities in the area. The barren land is increased to 17.3 per cent which is river
catchment or cross sectional area and some spots visible between the agriculture fields in Shyampur area
of southern part of the map. Most of the catchment is observed to be looking dry and barren land can
easily be observed on the map in southern part near river Ganga ((Figure 9). The area under water bodies
category has partially increased to 4.29 per cent and is continuously increasing as per maps from the in
the last decades map of study area. This time the flow is almost continuous. Therefore, it looks linear in
spite of a dissected form. The vegetation has reduced to 38.86 per cent and it is mostly visible near by the

settlement and catchment areas (Table 5).

4.8 Land Use and Land Cover for the year 2017 (Post-Monsoon)

The water bodies area increased to 7.08 per cent in 2017 after monsoon this reflect the huge flow of
water in the city during this season which influences the hydrology of this city (Figure 10). The
settlements have marginally decreased in periphery of the city and near by the banks of river because of

flood and rainy drains. The settlements are 29.82 per cent which is slightly decreased (Table 5).

WUVE WNVE WSVE T8 0E)
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LAND USE AND LAND COVER A LAND USE A12N;11)7LAND COVER A
2017

Source: Prepared by Authors using Landsat image

Figure 9 and 10 Land Use Land Cover map of 2017, Pre-Monsoon and Post-Monsoon
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Table 5 Land Use Land Cover Class for the Years 2017

S.NO. | LULC Classes Area (in Sq. | Area (in sq. | Area (in Per | Area (in per
Kms (pre- | kms) (Post- | cent) (pre- | cent) (Post-
monsoon) monsoon) monsoon) monsoon)

1 Water bodies 0.687 1.133 4.29 7.08

2 Agriculture 3.028 2.49 18.92 15.56

3 Vegetation 6.216 5.942 38.86 37.14

4 Settlement 5.361 4771 31.01 29.82

5 Barren land 0.708 1.664 6.92 10.4

Total 16 16 100 100

Source: Prepared by Authors

The agriculture is increased to 15.56 and barren land has been decreased to 10.4 per cent. Barren land
has been used for agriculture which was present along with the agriculture margins. Barren land which
was present in river channel is also submerged under river water which can be seen on the map of 2017
after monsoon period. The vegetation cover has increased to 37.14 per cent which occupies the area near

Pashulok area in the city.

5. Discussion
5.1 The Land Use Change during the Period of 1990 to 2017 (Pre- Monsoon)

The analysis satellite images of Rishikesh city have provided different outcomes which show change in all
the classes. Water bodies was only gainer in the whole period and it is the only increasing category of
land use land cover reflected by the increase in the area of water bodies in this region. During the 1990 it
was 3.11 per cent of total area of the study but in 1998 it slightly increased to 3.49 per cent and further in
the year of 2007 it increased to 3.85 per cent and in 2017 it increased to 4.29 per cent in area of the study.
It reflects growing size of water in Rishikesh city (Table 11). The area of water bodies increased from
0.498 sq. km to 0.687 sq. km (Figure 11). The agriculture has decreased in the whole period. The
agriculture decreased to 21.45 per cent in 1998 from 23.96 per cent in 1990. And it further decreased to
20.07 per cent in 2007 per cent and in 2017 it was decreased to 18.92 per cent of total area of Rishikesh
which is almost one fourth of area of agriculture in the period of 1990. The agriculture is reduced from
3.833 sq. km to 3.028 sq. km from 1990 to 2017. The vegetation and settlement fluctuated during this
period with positive and negative change in area. The vegetation and settlement had occupied the 37.38
and 32.46 per cent respectively. But in the year of 1998, the settlement declined to 29.14 per cent and
vegetation occupied some area of settlement and agriculture and gained 42.77 per cent area of total study
area. In the year 2007, the vegetation declined to 41.45 per cent and settlement increased to 30.41 per
cent. In 2017, the vegetation and settlement occupies the areas with 38.86 and 31.01 respectively. The

vegetation and settlement occupied 5.982 and 5.192 sq. km area of total land in 1990 which changed to
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6.843and 4.663 sq. km in 1998. But afterward vegetation starts to decline in upcoming years. It declined
t0 6.632 sq. km in 2007 and further in 6.216 sq. km in 2017 (Figure 11).
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Source: Prepared by Authors

Figure: 11 The Land Use Change during the Period of 1990 to 2017 (Pre-Monsoon)

5.2 The Land Use Change during the Period of 1990 to 2017 (Post-Monsoon)

The trend of land use land cover in Rishikesh is very different from the pre monsoon condition. The major
changes were taken place in water bodies, it was the lone gainer in monsoon season and it achieved it
larger area during this season because of an excess amount of water in river streams and other water
bodies. It was high as compared to the pre monsoon conditions. During 1990 it was 4.88 per cent of the
total study area but in 1998 it slightly increased to 5.56 per cent and further in the year of 2007 it
increased to 6.09 per cent and in the year 2017, it occupied 7.03 per cent of the study area. The area of
water bodies increased from 0.781 sq. km to 1.125 sq. km (Figure 12). The agriculture decreased to 22.53
per cent in 1998 from 24.89 per cent in 1990. And it further decreased to 20.16 per cent in 2007 per cent
and in the year 2017, it was 20.05 per cent of total area of Rishikesh (Table 12). The vegetation and
settlement had occupied the 36.83 and 31.61 per cent respectively in 1990. But in the year of 1998, the
settlement declined to 28.24 per cent and vegetation increased to 41.83 per cent area of total study area.
In the year 2007, the settlement increased to 30.37 and vegetation decreased to 41.49 per cent and in
2017, the vegetation further declined to 38.26 per cent and settlement increased to 32.32 per cent. The
agriculture land also declined during 1990 to 2017 from 24.89 per cent to 20.05 per cent. In the year
2017, barren land was 2.34 per cent of total land of the study area and it never lose their area during the

period of 1990 to 2017.
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Figure: 12. Land Use Change during the Period of 1990 to 2017 (Post-Monsoon)

6. Kappa Accuracy Assessment

The Kappa accuracy assessment is used to check the quality of map output after completion of map
(Congalton, 1991; Richards, 2014; Rwanga and Ndambuki, 2017). This process used by various scientists
and scholars for assessment of accuracy of the maps (Fielding and Bell, 1997; Manandhar et al., 2009). It
is used through reality check of actual positioning of features and element which plotted or identified on
the maps and on the basis of Geographical Control Points (GCPs) it has been cross checked with pixels
(Scott and Ritchie, 2006; Ceccarelli et al, 2013; Malik et al., 2019). It was introduced by Cohen in
1960s.The Kappa provides the reader as quantitative measure for the agreement between observers.
Kappa assessment has been done with very simple formula:

Sum of the observation on which the class occur

N 100
N TUU

Total number of Observation

There are overall accuracy and kappa Coefficient which described the accuracy level of maps in study
area. The accuracy rate 1990, 1998, 2007 and 2017 map are 90.40, 89.05, 90.25 and 91.10 with 0.82, 0.86
kappa coefficient respectively (Table 6).

Table 6 Accuracy Assessment by Kappa Coefficient from 1990 to 2017

Year Overall Accuracy (in per cent) Kappa Coefficient
1990 90.40 0.82
1998 89.05 0.86
2007 90.25 0.86
2017 91.10 0.86

Source: Prepared by Researcher
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7. Normalized Difference Water Index
Normalized Difference Water Index (NDWI), presented without precedent for 1996 in (Gao), reflects

moisture content in plants and soil and is controlled by similarity with NDVI as:

NIR -- SWIR
NDWI = ---mmmmmmmeee
NIR + SWIR

NIR - close infrared range with wavelengths in the scope of 0.841 - 0.876 nm
SWIR - a piece of the range with wavelengths in the scope of 1.628-1.652 nm

7.1 NDWI of Rishikesh for 2008 and 2016

The NDWI of Rishkesh city in 2008 described that the water content is high in area represented by dark
blue and shade of blue. The catchment area has high content of NDWI value and it is positive and near the
0.227 and the region which has bluish white color represents the low content of NDWI index with the
value of -0.49 which represent less content of water or moisture (Figure 13).The NDWI of Rishkesh city in
2016 has been observed that water content reduces all over the area in Rishikesh city. Blue dark colour
representing the high water content and bluish white colours have represented no water or less water

content (Figure 14).
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Figure 13 and 14Normalized Difference Water Index
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The catchment area has high content of NDWI value and it is positive and near the 0.120 but it is less than
the value of images of year of 2008 and the lowest value which has observed at -0.39 are also low as

compare to image of the year 2008 (Figure 14).

8. Conclusions

The hydrological regime of Rishikesh is mostly dependent on flowing river which renders this city as
attraction for its scenic beauty, spiritual importance and tourist spots etc. This area comprises of one
main river which flows in the east of the city and two tributaries of this main river. The tributaries are
Chandrabhaga and Song river, both bring the huge amount of water during the rainy season. This city has
also received water from numbers of rainy drains which passes through the city and meet the tributaries
and the main river. Therefore, the water bodies have increased in study area. The change was more than
32.75 percent in water bodies area after monsoon season in city in 1990. The other water bodies were
also rejuvenated because of stagnation of water which also contributed in increasing of water bodies
area. During 1998, the water bodies had 32.90 per cent changed, it means it had been added some area in
water bodies in 1998. During the year of 2007, the water bodies again increased and added 47.23 per
cent area in water bodies. In 2017, water bodies further increased after monsoon season with 35.44 per
cent change in the area. Water bodies are only class which has positive change to its area after the

monsoon season in study area.
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