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Abstract

Water is an essential natural resource for preserving and conserving the surrounding environment and
ecosystem for all forms of life. The rudimentary element for watershed operations is the suitable
management of precipitation by following the process of the way of collection, storage, and
environment-friendly utilization of runoff water and recharge of the groundwater. This paper intends is
to find the appropriate zones for water harvesting structures in the Uttarkashi District, Uttarakhand
using Geospatial technology along with suitable decision-making models. For this study, models like
Multi-Criteria Evaluation (MCE) and OPTRAM model combining remote sensing and GIS have been
implemented in the establishment of appropriate zones for water harvesting structures. Criteria layers
that have been considered for multi-criteria comparison were soil texture, slope, soil Moisture (2016-
2022), land use/cover, soil map, and drainage network. A dummy soil conservation model was used to
estimate the runoff depth for finding out the characteristics of the vicinity area. The results achieved
using RS & GIS and the decision-making model were finally clubbed with Hierarchy Processes (AHP)
for watershed delineation.
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Introduction

Water is a resource without which no life can exist on Earth and the variability and
availability of this precious resources affects the quality-of-life in an insignificant manner.
Therefore, the watershed development programme is multi-disciplinary in nature with
integration of many inter-related activities to achieve restoration of ecological balance by
harnessing, conserving, and developing degraded natural resources such as soil, vegetative
cover, and water.

The watersheds development strategies in the area require accurate measurement of the past
and present land cover/land use parameters as changes observed in these parameters
determine the hydrological and ecological processes taking place in a watershed. Analysis of
these changed parameters provides the measure of the distinct data framework and thematic
changes information that might involve in upbringing of land cover and land use changes.
Therefore, the high-resolution satellite data (Images) provide the broader overview of the
ground situation and help in monitoring at periodic time intervals.

In view of above, present study focuses on identification of suitable sites for watershed
delineation using remote sensing and GIS approach in the selected study area.

Study Area
Uttarkashi famous as Kashi of North is situated in Uttarakhand State, India. It is above 5000
ft. sea level in the Himalayas. The latitude and longitudinal extent of the district are 30.73°N
78.45°E. It is surrounded by mountains having high ridges, hills, plateaus, and a confined
area as plains. Sparsely populated settlements and terrace fields can be seen towards slopes
of hillsides.
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Fig 1: Study Area

Materials and Methods

Datasets

Remote Sensing

Sentinel 2 multispectral data and Digital Elevation Model
(DEM) from SRTM has been utilized for the watershed
delineation in the study area. The spatial resolution for the
initial dataset is 10m while the latter one is available at 30
meters. Atmospheric correction of downloaded sentinel
images was done for generating land use and land cover
layers. Modelling of the datasets for watershed analysis was
performed in Arc GIS 10.8 and ERDAS imagine, and final
watershed delineated using an open -source software QGIS.
The datasets mentioned above namely sentinel 2a and
SRTM was downloaded from Google earth engine platform.
Further, the Land use and Land cover map was prepared
using Support vector machine algorithm of Google earth
engine and finally Slope analysis was done by QSWAT
(Soil Water Analysis Tool) for generating watershed and
basin boundary.

Soil Moisture

Soil Moisture data yielded from algorithm developed in
Google earth engine, as the scale for readily available data
was too big and their resolution was also very coarser as
compared to the derived Soil Moisture datasets from
Sentinel 2. The literature has also been refereed for
validating the methodology for estimating SM by using
optical data and one such very similar study was found for
Italy in which scholar used OPTRAM Model. The results
were satisfactory as the data range was in correlation with
observed and estimated soil moisture was r> = 0.79 for
Tuscany region 2,

Optram Model

Optical Trapezoids Model (OPTRAM) is based on the linear
physical relationship that exist soil moisture and shortwave
infrared transformed reflectance (STR). It is further
parameterized based on the pixel distribution within
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the STR-VI space. The good correlations were found
between soil Moisture measurements and OPTRAM
estimates for a variety of land cover classes such as in case
of dense or sparsely dense soil, vegetation, differential
management (Rain irrigation and irrigation) &1,

Results and Discussion

Runoff Depth Map

Rainwater harvesting is a hydrological phenomenon and
best explained by a hydrological model to display flow
direction, run-off, and run-up areas and to identify the
structure which can be flooded. The SCS curve discharge
model is widely adopted method for calculating run-off
because it depends on the land cover parameters. For the
present study, SCS Run off curve number method explained
in National Engineering Handbook (2004) and initially
developed by the United States Department of Agriculture
(USDA) has been adopted.

Equation for runoff curve number methods is as follows:

Q=P-la2P-la+S 1)
Where, Q = runoff depth (mm) P = rainfall (mm) S
potential maximum retention after runoff starts (mm) la
initial abstraction (mm)

Initial abstraction is mainly either consists of interception
or infiltration during the early parts of the storm, and surface
depression storage. Its deduction is not easy because of
involvement of various factors like the variability of
infiltration during the first part of the storm as it depends on
conditions of the watershed or at the beginning of a storm;
therefore, it is assumed to be a function of the utmost
potential retention. The runoff depth for selected study area
was calculated using parameters based upon the OPTRAM
model. The resultant map is given below.
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Fig 2: Methodology Flow Chart
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Fig 3: Runoff Depth Map for Uttarkashi

Soil Conserve Service - Curve Number Model

The soil conservation service (SCS) model depends on
runoff Curve Number (CN). Curved Number is estim
via the effect of soil and land cover on the rainfall ru

the
ated
noff

processes. The range of the Curve Number (CN) is between

1 (100% rainfall infiltration) and 100, lower values of

the
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Curve Number indicate lower runoff, while higher values of
Curve Number refer to higher values of runoff.

Evaluating Curve Number

Curve number is used to identify the runoff properties for a
certain soil and land cover/ land use. It serves as input
parameter for soil conservation service runoff equation.
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Curve Number evaluates on pixel basis through the land
cover/land use of an area and soil map that are again
reclassified according to hydrologic conditions and
hydrologic soil group as shown in Table 1.1. Infiltration
depends on the soil property which impacts the relation
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between rainfall and runoff. The hydrologic Soil groups
divides into four by the soil conservation service model
according to the United States geology survey (USGS) land
use and land cover classification system (A, B, C and D). As
per results, A, B and D were found in the study area.

Table 1: Soil group and corresponding soil texture

Soil Group Runoff Description Soil Texture
A Low runoff potential because of high infiltration rates Sand, loamy sand and sandy loam
B Moderately infiltration rates leading to moderately runoff potential Silty loam and loam
C High/moderate runoff potential because of slow infiltration rates Sandy clay loam
D High runoff potential with very low infiltration rates Clay loam, silty clay loam, sandy clay, silty clay and clay

The high runoff potential has been identified in the western
part of the study area and this area mostly belong to
wasteland and open land. The soil texture varies from clay
stone or silt clay to clay. A moderate runoff potential found
in the south-eastern part of the study area and the landform
in this region is undulating and plain terrain whereas the
runoff seems high near the settlement.

The land cover classes present in the table 1.2 along with a
map of the hydrologic soil group can be analysed in the
ERDAS model maker to match the hydrologic soil group
with the land cover.

Table 2: Runoff curve number for combinations of different land
cover and hydrological soil groups

Hydrologic Soil Group
Land cover/Land use A|B|C|D
Built up 74185 |90 |92
Cropland 72181 |88 |91
Fallow land 77186 |91 |94
Forest 43 165 |76 | 82
Wasteland 77 1 86|91 |94
Water body 98 198 |98 | 98

The soil map of the region is given below

Table 1.2 indicates curve number generated using the USGS
land cover and Hydrologic soil group classification system
(Maidment 1993) 61, A high value of the curve number like
94 refers to an area that has a high runoff potential and low
infiltration whereas low curve number of 43 indicates an
area that has a low runoff potential and high infiltration.

Reclassification of land cover and soil map considering
hydrologic conditions

Land cover or land use represents the surface conditions in a
watershed and plays a key role in determination of the
amount of initial abstraction. The land cover & land use
map reclassified into different hydrologic conditions as per
the USGS land use / land cover classification system and
then runoff curve number further has been utilized to assign
codes to the various land use/ land cover classes.

Reclassification of Soil map to Soil group

Application of the curve number method requires that the
soils for the study area reclassified to fit in one of four
categories (A, B, C and D). The condition to fit the soils
classes to certain categories is subjective but depends highly
on the infiltration rates and the textural soil composition.

SOIL MAP
UTTARKASHI DISTRICT

A

Fig 4: Soil Map
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Generating Curve Number Map

The reclassified land cover as per hydrologic conditions and
soil groups of the area considered to generate curve number
map where high CN values indicate areas that have lowest
infiltration, and more runoff is expected from these areas
since the initial abstraction and storage area are minimal.

Determination of Runoff using Curve Numbers (CN)
The next step after generating the curve number map was to
compute the values of maximum potential retention (S) that
indicate the initial abstraction of rainfall from vegetation
and soil. By using an SCS equation derivations, the value of
S for each pixel was calculated.

Soil Texture

The soil presents the topmost layer of earth, and it is of
tremendous importance to all life forms because it is the
foundation upon which our whole ecosystem system
depends for its sustainable sustenance. The soil consists of
the weathered remains of rocks with variable amounts of
organic material. The weathered material is produced by
chemical and physical weathering processes, and it is
modified by the activities of plants and animals and micro-

https://www.allresearchjournal.com

organisms. Soil horizons develop within some parent
material and slowly work their way down from the surface.
Texture indicates the relative content of particles of various
sizes, such as sand, silt, and clay in the soil. Soil texture is
an important parameter that will be taken into consideration
of suggesting water harvesting structures.

Lineament in this study is defined as a map-able, the linear
feature of a surface, whose parts are aligned in a rectilinear
or slightly curvilinear relationship, and which differ from
the pattern of adjacent features and presumably reflect some
subsurface phenomenon. Lineament mapping is normally
undertaken based on geomorphological features such as
aligned ridges and valleys, displacement of ridge lines, scarp
faces and river passages, straight drainage channel
segments, pronounced breaks in crystalline rock masses, and
aligned surface depression. (Koch and Mather, 1997; Hung
et al., 2016) (62631,

Structural trends such as discontinuity can be detected in
many forms, such as faults, joints, bedding planes, or
foliation, and may be useful in several environmental
applications including landslide studies, hydrogeology, and
mineral exploration. This discontinuity can be detected in
the form of a lineament not only by ground mapping but
also by using remotely sensed data.
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Fig 5: Soil Texture Map

Land Use/ Land Cover

The land is the most important natural resource, which
embodies soil, water, and associated flora and fauna
involving the total ecosystem (Rao et al., 1996) 641,

Land use and Land cover refers to the features of land
surface which may be natural, semi-natural, or manmade.
Land Use & Land cover defines the usage of the land for
example, industrial zone, residential zones, agricultural

~a1~

fields, etc. For the present study a land use/ land cover map
was prepared with Remote Sensing data i.e., Sentinel 2.
Figure 1.5 shows comprehensive information on the spatial
distribution of land use/land cover categories and this also
indicates towards pattern of their change that is a
prerequisite for management and utilization of the land
resources in the study area.
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Fig 6: Land Use Land Cover Map

Result & Discussion

The stud results indicate very good use of optram-based soil
moisture calculation that is estimated using LST and NDVI.
LST data derived from Landsat 8 and NDVI from Sentinel2.
After soil moisture estimation, next major step in watershed
delineation is the identification of the potential sites for a
watershed using parameters such as land use and land cover,
Soil Texture, Soil Map, Drainage, and soil Moisture. A
pairwise comparison known as Analytical Hierarchical
Procedure (AHP) developed by Saaty (1977) ®° was used
for pairwise comparison method which involves comparing
each factor with all the other factors in pairs (Ronad 2017)
1661, Then, criterion weights mentioned in Saaty's technique
were calculated by applying the principal difference of the
squared reciprocal matrix of the pairwise comparisons
between the two factors (Drobne et al. 2020) [¢7]. Pairwise

comparisons compare two criteria to determine which is
more important than the other for a desired objective. Table
1.3 presents the rating between the two criteria on a
continuous 9-point scale.

Table 3: The scale of Pairwise comparison

Definition
Equal importance
Equal to moderate importance
Moderate importance
Moderate to strong importance
Strong importance
Strong to very strong importance
Very strong importance
Very to extremely strong importance
Extreme importance

Intensity of Importance

OO |NO|O|B(WIN(F-

Table 4: Different weight assign to Layers through AHP

Runoff Depth Slope | Soil texture Drainage Land use
Rainfall 1 2 3 4 5
Slope 1/2 1 2 3 4
Soil texture 1/3 1/2 1 2 3
Drainage 1/5 1/4 1/3 1 2
Land use 1/6 1/5 1/4 1/2 1

Table 5: Random index for different number of criteria
Number of Criteria 2 3 4 5 6 7 8
Random Index 0.00 | 058 | 098 | 112 | 124 | 1.32 | 141

The Random Index (RI) can be found from the specific table
prepared by Saaty (1977) %, depending on the order of the
matrix. Five criteria were used in this study and therefore

~g)~

the value of random index is 1.12. Fig 1.6 shows the values
of the Random index according to the number of criteria.
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Conclusion

The study findings indicate the usability of Spatial and Non-
Spatial data with AHP process in delineating potential sites
for watersheds in Uttarkashi region. The analysis of result
shows in case if we do not have rainfall data to calculate
runoff then in such scenarios Soil Moisture data at a higher
level can be utilized for generating runoff depth map. To
conclude, integration of remote sensing and decision-
making models yields better results for watershed
development.

~43~
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