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Water loss can be minimized and conserve through constructing small storage
dams for various irrigation purposes to support local livelihood. Geographic
information system provides powerful techniques for many hydrological modeling
and suitable dam site selection. The current study explored potential sites for
small storage dams to meet agricultural requirements in district Malakand, Khyber
Pukhtunkhwa. Multi criteria decision analysis was used for selection of suitable
sites for storage dam for agricultural purpose. The methodology was completed
in four main steps; acquisition of data, selection of factors and constraints, giving
percentage influence to each criterion and performing weighted overlay. Digital
elevation model was used for watershed analysis and Landsat 8 image for land
use classification. All contributing factors such as slope, soil map, settlements,
canals, roads, river, watershed and recreational sites were used in weighted
overlay for suitable site selection. Results showed that Masooka rockland soil
possessed the highest suitability for dam construction as the high clay proportion
of the soil provides cementation. Slope zone of 0-3.16 degree slope was
considered best and 3.16-7.90 degrees was highly suitable. Distance (5-10 km
or more) form recreational sites and presence of 140-186 Stream links which
makes the site more suitable. Regarding land use, the barren land or rangeland
was more preferable. Finally, 15 sites were found suitable for small storage dams
in the district. The main river lies close to the selected site assuring the perennial
flow of water. The study suggests that geographic information system provides
efficient tools for decision makers in hydrology and dam site selection.
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Most of the human life activities depend upon
water. Its availability and storage is necessary for
irrigation, agriculture, economic development and
drinking purpose. Proper management of watershed

*Corresponding Author:

Email: naveedahmad795@gmail.com
Tel.: +92 321 9891780

Fax: +92 51 9292147

areas and catchments not only ensures good water
quality, quantity, distribution (Brauman et al., 2007;
Lalika et al., 2015; Singh et al., 2014) and but also
it assist water storage for irrigation and drinking
purposes (Wani et al., 2008). Globally human
increasing population, construction activities (Wang
et al., 2009) and deforestation (Hlasny et al, 2015)
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have disturbed watersheds and manipulated many
rivers and streams systems (Mekonnen and Melesse,
2011). Water loss can be minimized and conserve
through constructing small storage dams (and utilize
it for various irrigation purposes to support local
livelihood (Ashraf et al., 2007). Constructing small
storage dam is one of the most effective water
harvesting technique and it provides multifarious
services for sustainable agriculture and water
shortage challenges. Dam site selection always
crucial because it not only requires proper balance
of social, economic, environmental and biological
tradeoffs (Hansjirgens et al., 2016), but also need
insight survey of all contributing watershed factors
which include slope, streams, aspect, soil, geology,
vegetation and engineering inputs (Morrison et al.,
2016; Elameen, 2017). Inaccurate assessment and
selecting a substandard site have many detrimental
effects in the long run (Negash et al., 2015). Improper
site selection may results in drastic damaging impacts
on environments and local people livelihood (Behera
et al, 2013). Traditional methods for dam site
suitability have many limitations i.e cost, time, labor
and resources. Geographical information system
(GIS) and remote sensing techniques appeared as
powerful multidisciplinary science which provides
easy data access, large area coverage and frequent
temporal capabilities for many of its applications in
hydrology (Lehmann et al., 2014; Dixon et al., 2015),
geosciences and agriculture (Xie et al., 2015). GIS
provides powerful analysis for many hydrological
modeling for proper watershed management (Butt et
al., 2015) and it can assist as decision-making tool for
many water related issues (Petty et al., 2016; Johnson
2016, Bhattacharya 2016). Previously geographical
information system and remote sensing technologies
was used for water harvesting (Singh et al., 2017; Al-
Abadi et al., 2017), suitable dam site selection (Bddis
etal., 2014; Teréncio et al., 2017), multipurpose water
reservoirs (Chhuon et al.,, 2016) and run-off water
assessment (Saraswat et al., 2016; Johnson, 2016).
Generally dams are constructed on rivers as these
river systems are affected by human activities all over
the world (Al-Adamat et al., 2012). For the economic
sustainability and stability of the dam different
topographic parameters like elevation and slope
variability of the selected dam site should be properly
investigated, analyzed and interpreted. Al-Adamat
et al., (2012) specified that geographic information
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system will provide a complete representation of the
damsiteasithasthe capability to providefast,accurate
as well as reliable data. In India, Singh, Darshdeep,
and Lorita (2008) used criteria like slope, infiltration
rate of soil, soil type and land use for the decision
making to select a suitable dam site in accordance
with integrated mission for sustainable development
(IMSD). Pakistan is agriculture dependent country as
it is largest sector of country’s economy and majority
of the population is depend for the livelihood directly
or directly. Agriculture sector contribute about
50% to economy and about 24% to overall country
gross income products (GDP) (Jamali et al., 2014).
Water availability is one of key requirements for
irrigation and water scarcity is a critical issue faced by
agriculturists (Briscoe et al., 2006). Therefore, water
harvesting and storage is mandatory for agricultural
activities especially in mountainous areas. The
constructions of multipurpose water reservoirs
are very essential not only to enhance agricultural
production but also to ensure land sustainability and
support livelihood (Kijne, 2001). Selection of proper
sites for these dams is of critical importance so as
to minimize the adverse impacts and to facilitate
maintenance. In Pakistan, many researchers have
used geographical information system for site
suitability for small dams such as Rasooli and Kang,
(2015) assessed potential sites in the river Kabul
basin; Jamali et al. (2014) investigated various
subsurface dams’ sites in Muzafferabad, Gari Habib
Ullah and Balakot and Qureshi, (2010) evaluated multi
criteria approach for dam site selection. The current
study explored potential sites for small storage
dams to meet agricultural requirements in district
Malakand, Khyber Pukhtunkhwa. This site suitability
was evaluated using geospatial technologies using
multi criteria as per available ground information for
feasibility of these sites. All contributing factors such
as slope, soil map, settlements, canals, roads, river,
watershed and recreational sites were studied before
selecting a suitable site for the dam. This study has
been carried out in Malakand district of Pakistan in
2017.

Study area

The district Malakand is located in northern part of
Khyber Puktunkhwa Province. Malakand is separated
form swat districts and Bajour agency by mountains



ranges on north-east and west respectively. As
depicted in (Fig. 1). The district shared its boundaries
with four districts which include Lower Dir, Buner,
Mardan and Charssada (Jan, 2012).

The overall climate is cold in winters and pleasant
in summers. The district is further divided into two
major divisions that are Swat Ranizai (northern)
and Sam Ranizai (southern). River Swat is the main
irrigation and economic source for many small
streams and canals in both divisions. The villages of
northern division are directly irrigated by river Swat
whereas southern villages are irrigated by Upper
Swat canal. Two major hydropower stations are
already constructed on Upper Swat canal at Jabban
and Dargai. The rural population of district Malakand
is directly depends on agriculture for their livelihood
(Go KPK, 2017). Most of the area covered by hills
which cultivation but people cultivate various types
of crops in hills where possible. The overall cultivated
land is 45681 out of 52134 hectares protected area.
The current study focused the Sam Ranizai division
because it is more cultivable and productive from
agricultural perspective. Batkhela, Dargai, Thana and
Sakhakot are major market points and trade centers
of the study area. The total area of district Malakand
is 952 square kilometers about 1.28 percent of the
whole province. About 42.4 percent of the Malakand
total population belongs to Sam Ranizai sub-division
and almost all are rural depending on agriculture
for their livelihood (Go KPK, 2017). Soil texture of
many areas also is a limiting factor for agriculture,
mostly range from stone gravelly and rocky to loamy
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types. The average rainfall is not enough to support
agricultural activities, therefore artificial irrigation is
necessary for irrigation purposes.

Materials

The study used several datasets including raster
as well as vector for deriving different information
for site selection. The datasets, their sources and
purpose for which it has been used are summarized
in Table 1. Various hydrological features and maps
production was done in ArcGIS 10.2 whereas Google
Earth was used for digitizing various features such
roads and rivers etc.

Methods

The current study used multi criteria decision
analysis (MCDA) for selection of suitable sites
for storage dam for agricultural purpose. The
methodology was completed in four main steps.
Collection of data, selection of factors and
constraints, giving percentage influence to each
criterion and performing weighted overlay. We
have digitized the land use of the study area into
various land uses comprising the forest, barren land,
agriculture, water bodies and range land respectively.
According to Khitam and Al- Maitah, (2005), following
parameters should be considered at the time of dam
site selection: drainage density of the selected site
should be low; sediment load of the stream should
be low so that the dam has more capacity to store
water; the selected site should have hard rock; rain
rich area; low density of tectonic lines so that internal
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Fig. 1. Geographic location of the study area in district Malakand of Pakistan
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Table 1. Description of acquired data and their sources

Data Description Source

DEM (SRTM) Digital elevation model (DEM) from which slope and other hydrological ~ The CGIAR Consortium for Spatial
features were generated. Information (CGIAR-SCl), 2017.

Slope Proper slope and topography details were necessary for optimal site. Digital elevation model

Land use map

Soil type Different soil type of the study area

Settlements

Recreation site
River
Roads

Information about major recreational areas
Major rivers and its tributaries
Different roads and its distance from dam site

Provide information about major land use of the study area

Dataset provide information about settlements at the potential site

Landsat-8 Image

Soil Science Department, Agriculture
University Peshawar

Planning and Development Department,
Govt of Khyber Pakhtunkhwa

Pakistan Forest Institute, Peshawar.
Google Earth

Google Earth

water movement is less; for more water collection
the selected site must be located in anti-dip valley;
evaporation rate should be low; the selected site for
dam shouldn’t have any effect on natural aquifers;
and the selected site have gravity forces in such a way
to transport water where it has been collected. Land
cover data for this study area has been taken from
the Landsat-8 Imagery that was acquired from USGS
Earth Explorer. The Scene-ID was “LCO8 L1TP_15103
620170409 _20170414_01_T1” with Map Projection
was “WGS84-UTM-Zone-42". The image cloud cover
was less than 5 %. MCDA (multi criteria decision
analysis) has been used for obtaining suitable site for
dam construction. The range land was considered
the most suitable for dam site among these land
use. Slope was derived from the DEM and then it
was reclassified into 10 various classes and then put
into the weighted overlay (Stemn et al., 2016). Soil
map was prepared because it is very important for
each water reservoir selection and classified it into
10 classes. The data about the soil properties have
been derived from the Soil Science Department of
Agriculture University, Peshawar. Settlements were
identified and mapped keeping in mind the condition
to select the area which is away from the settlements.
We digitized the existing roads and reclassified to
use in the final site selection which is near to roads
network of the propose dam site. The main river
swat was digitized from Google earth which runs
the north-west corner of the district Malakand. The
site selection was solely dependent on availability of
water to recharge the reservoir therefore proximity
to river Swat tributary was considered. The data used
has been derived from DEM (digital elevation model)
and to compute stream links, a Raster layer of stream
network and a Raster layer of stream flow direction
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are used. The Drainage network is computed which is
very important for dam site selection. Flow direction
is based on DEM and is carried out as the foundation
of flow accumulation. Water flows down the slope
always towards the steeper cell. A threshold is
provided and the cells with flow accumulation value
equal to or higher than the threshold are considered
as Streams. Then the streams are segmented
according to the stream flow and Stream links are
produced which records structure information of a
drainage network. When stream links are established
then the flow direction is adjusted and drainage order
is assigned. Higher drainage value indicates that
more tributaries are flowing into the stream. A raster
stream link and watershed diagram is being shown.
Euclidean distance was calculated for the river, roads
and settlements of the study area and finally put it
into the weighted overlay on the different weighted
on the basis of the requirement of the dam site. The
factors and constraints were the central part of MCDA
for site suitability. The factors indicates where a site
is suitable or not suitable for the particular purpose
relative to others features. Based on available data
and study area knowledge the research adopted
factors like slope, soil type, distance from settlements
and market points, proximity to roads and closeness
to agricultural fields. Further, Boolean algebra was
used for suitability analysis; this is a technique
which is used for consideration of areas suitability.
The Boolean algebra exclude the area which are
unsuitable and give code “0” and consider all those
area with code “01” which are suitable (Stemn et al.,
2016). Using Boolean algebra, based on factors as
mentioned in Table 2; a site was assigned 1 when it
was considered suitable and 0 when unsuitable. The
factors were classified in 4 four classes, ranked as



high suitable, suitable, least suitable and unsuitable
in descending order (Table 2). Based on these factors
suitability was explained by the mentioned four
classes. Regards to slope, less than 3.1 degrees slope
was considered the most suitable, followed by 3.1-
7.9 degrees and more steep slope more than these
values were ranked as unsuitable. Regards to distance
from roads, 1 km to 2 km was assigned as suitable
and larger distances make the site unsuitable (Stemn
et al.,, 2016). Distance from settlements should also
considered, farther the site, the more suitable it
was, because storage dam site should as distant as
possible because many anthropogenic activities can
reduce the capacity and life of the dam. The distance
from markets and settlements should be at least
between 5 km to 10 km or more. Soil type should
contain more clay contents because clay enforce
cementation and reduce infiltration to greater extent
therefore Masooka rock land soil was considered best
and Rough mountainous soil was also considered
suitable. The dam site should be near to agricultural
fields because the primary objective of dam was to
assist irrigation in rural areas. Proximity of 400 to 500
meters was considered suitable.

The dam site was selected when the results were
found after the weighted overlay analysis. The below
mentioned points and criteria were under study.

The criteria was chosen for best dam site location,
in which catchment slope, land cover type, soil type
and soil texture and others involved have also been
discussed by (Abushandi and Alatawi, 2015).

Soil map

According to the available data, Masooka rock
Land soil possessed the highest suitability for dam
construction as the high clay proportion of the soil
provides cementation, inhibiting the infiltration of
water into the soil, thus providing the highest water
holding capacity (Fig. 2). The site chosen for dam
construction was on the basis of soil structure and soil
texture (the percentage of sand, silt and clay present)
respectively. Clayey soil in comparison to other (sand
and silt) possess more capacity to avoid infiltration
and highest water holding capacity (clay>silt>sand).
Whereas, the soil with high percentage of sand holds
the highest rate of infiltration (Brouwer et al., 1990).

Soil Properties

The soil properties for Malakand have been
presented in the (Fig. 3). The various codes (soil
properties NewSUID code) are shown in (Fig. 3),
these codes are explained according to soil properties
estimates that were derived from Global Grided
Surface (WISE_30sec_V1). These estimates are
according to the United Nations Food and Agriculture
Organization soil properties database. Most of the
area is mainly occupied by WD30003673 while Dam

Table 2. Suitability classes of factors for dam site

Factors Categories Ranking Suitability

<31 4 High Suitable

Slope 3.1-7.9 3 Suita‘ble
7.9-12.9 2 Low suitable
12.9-19.7 1 Not Suitable
<1000 m 4 High Suitable

Distance from Roads 1000 m -2 000 m 3 Suitable
2000 m -3 000 m 2 Low suitable
>3 000 m 1 Not Suitable
Distance from <10 km 4 High §uitab|e

Settlements and 5-10km 3 Suitable
markets 1-5 km 2 Low suitable
> 1km 1 Not Suitable
Masooka rock land 4 High Suitable

Soil Type Rough mountainous land 3 Suitable
Pirsbak 2 Low suitable
Kamala complex 1 Not Suitable
>500m 4 High Suitable

Distance from 400 m - 500 m 3 Suitable
Agricultural fields 200 m—400m 2 Low suitable
>200m 1 Not Suitable
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Fig. 3. Soil properties of study area

site and the lower east southern part are covered
by WD3000366. The code WD30003673 can be
described as WD stand for world, 3 for Temperate
climate as per global climate classes, 000 are ‘fillers’
to meet standard length (9 characters) and 3637 is
the map unit for displaying spatial data. The soil
properties are described in Table 3.

Temporal Rainfall
The temporal information of rainfall for 30 years
(1985-2015) is summarized in (Fig. 4). The temporal
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series of rainfall during 1985-2015 showed for the six
months (June to October) where normally monsoon
rainfall occurs over the study area. Results depicted
that amount of rainfall was the highest in month of
July and recorded the peak rainfall was occurred in
July, 2010 (severe floods were observed during 2010).
If there were storage sites for water conservation then
the excess of water might be stored in storage dams.
Lowest rainfall amount was recorded at the start and
end of monsoon (June and October respectively).
The spatial distribution of rainfall has been shown



in Fig.5 as per grid provided by Global precipitation
data for monsoon period. According to (Fig. 5), the
North-eastern part of the study area received highest
rainfall due to higher elevation while North-western
part received the minimum rainfall. The selected
site for water storage receives the water through
the River Swat and its adjoining canals flowing from
North-eastern parts.

MKD slope

The Malakand district contains various degrees
of slopes but the final site selected had 80% area
lying under the zone of 0-3.16 degree slope and
rest 20% fall in 3.16-7.90 degree slope (Fig. 6). This
zone is highly suitable for the construction of dam
regarding degree of slope. The slope data used in the
weighted overlay analysis was 0-8 Degrees (which
is considered as suitable for the dam construction),
larger than 8 Degrees was considered not suitable for

dam construction. The slopes above the 8 Degrees
were said to be unsuitable to highly unsuitable for
the dam construction because it ranges from steeply
sloping to very steeply sloping (Adinarayana et al.,
1995). Selected dam site consists of small slope and
larger catchment area and possess high suitability to
store large amount of water with less negative forces
acting against the walls of the dam making the site
less vulnerable to landslides and slope failure. Slope
is one of the most important factor in selection of the
site for dam construction as steeper or large degree
of slopes pose higher risk of landslides and it induces
more pressure on the foundations of the building.

Dam’s road, canal and watershed:

The site was considered highly suitable within a
buffer zone of 2km or less as the (Fig. 7) depicted as
reported by (Stemn et al.,, 2016). In (Fig. 7), Canals
and watersheds have been shown situated in district

Table 3. Soil Properties of Malakand

Soil property code WD30003673 WD3000366
Depth of top of layer (cm) 60 80
Depth of the bottom layer (cm) 80 100
Coarse fragments (vol% > 2 mm) 22 32
Sand (mass %) 42 35
Silt (mass %) 36 24
Clay (mass %) 22 41
Texture class Moderately well drained Poorly drained
Bulk density (kg/dm3) 1.57 1.50
Available water capacity (cm/m) 19 17
Cation exchange capacity (CEC) (cmol/kg) of fine earth fraction 14 15
Total exchangeable bases (cmol/kg) 17 21
CEC clay, corrected for contribution of organic matter (cmol/kg) 61 55
Electrical conductivity (dS/m) 1 0
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Fig. 4. Temporal rainfall of study area
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Dam site suitability using GIS
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Malakand. Watersheds (W2 and W6) are present
near the selected site which would provide water to
the dam canal system is well spread in the district
Malakand and the river flows near the selected
dam site which would provide water at the selected
dam site that would be conserved and stored for
the agricultural purposes. Selected site for dam
construction was near the roads and the distance of
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dam construction site < 1km from the road Al-Adamat
et al. (2012). It provides easy access.

MKD settlement and recreational sites

According to results obtained from Boolean
algebra the highest suitable distance of site for dam
construction from the settlement lies between 5km-
10km or more (Fig. 8). Larger distance suitability is
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for two main reasons: 1) to prevent population from
any kind of destruction in times of flood. Al-Adamat
et al. (2012), has also reported similar results for
dam site selection and considered sites suitable for
dam construction within 500m or more away from
settlement areas.2) due to anthropogenic activities
the life span of dam decreases. The selected dam
site was 5km-10 km from settlement areas and
recreational sites were present at distant places, so
any kind of damage could be prevented at time of
hazard. The final site was selected after the weighted
overlay analysis was performed and the site selected
was under highest suitability for dam construction.

MKD dam’s watershed

The selected dam site contains 140-186 Stream
links which makes the site more suitable for the
construction of dam (Fig. 9). The watershed (with
large number of stream links) that is located near the
final site consists of 140-186 stream links which shows
that the watershed would provide ample amount of
water to the dam site on perennial basis which would
be preserved by the dam for agricultural purposes.
The results found after weighted overlay analysis
showed the highest suitability for the purpose of
selection of dam construction site for the selected
final site regarding watersheds as well. The stream
links are formed by the segmentation of the selected
streams according to the drainage of the water,

5 25
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drainage network is important for dam construction
but the stream level which indicates the capacity of
water transportation is also very important for dam
site selection (O’Callaghan and Mark 1984).

Land use of Malakand

According to the data gathered the land cover
in Malakand district includes water body, shrubs,
rangelands, forest, barren land, agricultural land and
fruit orchards. The present study explored sites on
the basis of its importance for local agriculture and
livelihood, so the barren land or rangeland was more
preferable for dam construction than constructing
the dam on land under agricultural use (Fig. 10).
Using Boolean algebra, preference values, the
rangelands and barren lands were found out to be
the most suitable sites for dam construction. Extreme
eroded land introduces weak foundation so may not
be suitable for the construction of dam (Baban and
Wan-Yusof, 2003). Land cover plays an important
role in selecting a suitable site for dam construction,
rangelands were preferred for dam construction site
for their higher water holding capacity (Adinarayana
et al., 1995).

Dam’s stream links and watershed

The site selected for dam construction is built
on the area supported by 162-184 stream links
and watershed drainage outlets (W1, W2 and W6)
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Fig. 10. Land use classes
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contributing an ample amount of water towards the
dam construction site (Fig. 11). The raster shows the
high suitability of the stream link flow and drainage
outlet of the site selected for dam construction. Flow
direction is computed by the help of ArcGIS in which
the elevation of a cell was under study. If the neighbor
cells are higher in elevation then a sink is produced
and the stream flow is stopped. Technically the
sinks are filled up and calculations are made for the
possible existence of new sinks as per (O’Callaghan
and Mark, 1984).
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Multiple dam sites and selected location

Multiple dam sites were present in the district
Malakand and collectively 15 sites were found
suitable for small storage dams in the district (Fig. 12).
A raster layer of stream network has been shown in
the figure below. The suitable sites were found on the
basis of presence of majority factors that are under
study but the final site selected fulfills the criteria
and limitation set and found by the weighted overlay
analysis. The limitations were mainly concerned with
in-depth soil properties, infiltration, percolation, soil
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erosion details and other engineering properties. The
selected final site consisted of 140-186 stream links
which was far more than the rest of the sites providing
it the maximum flow of water for the purposes of
storage and harvest. The rest of the sites found were
suitable but were less suitable than the selected one
according to weighed analysis and results found.

Final dam site selection

The final map below shows the final location and
attributes of the selected dam site (Fig. 13). The
selected site location for dam construction is fulfilling
the criteria for the construction of a reservoir. The
site is away from the settlement and market but is
close to the roads for easy access. The main river
lies close to the selected site assuring the perennial
flow of water and recreational sites are far from the
selected dam construction site.

The selected dam site is the most appropriate site in
district Malakand for the storage for water and its use for
agricultural purposes. The different factors affecting the
dam site selection were dam location near agriculture
areas, having perennial supply of water, distant from
residential areas or market points, mostly range land
and well stable soil structure of greater storage capacity.
Geospatial data such digital elevation model was uses
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for watershed analysis and Landsat-8 image for land use
classification. The current study also suggested 15 more
sites for water storage for agricultural purposes. The
dam would control the flow of water and would prevent
the water from wastage hence would provide water for
irrigation purposes throughout the year irrespective
of the season. The distance of the selected dam site
from roads is less than 1 km, making the selected dam
site easily accessible. Geographic Information System
(GIS) proved to be very helpful in the management
of watershed. GIS is being used in the runoff and
sediment yield modeling. GIS and Remote Sensing
(RS) have made it possible by satellite data for arriving
at most accurate estimates. It has just saved time and
man power. Field work has been reduced and the data
preparation work and analysis of provided data with
final output generation is done by GIS which has made
the watershed management easier. All the factors either
with positive impact or negative impacts can be viewed
by GIS and RS through satellite imagery which proves
to be helpful in selecting the most suitable site for the
construction of dams.
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