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ABSTRACT 

 

 

Kullu in Himachal Pradesh lies within the western part of the Indian Himalayas which is 

prone to natural disasters like floods, landslides, cloud bursts etc. Floods are the measure 

problem due to the topography of the region with the meteorological and morphological 

conditions. In this study the information was used to identify the causes of floods. Remote 

sensing data such as Cartosat Satellite data and DEMs from Bhuvan, ISRO with geological 

and geo-morphological data were used in geographical information system (GIS) to check the 

vulnerability of floods in the Beas Watershed. Morphometric analysis was used to estimate 

the risk level of flood in different sub-watersheds. All the sub-watersheds are assigned with a 

rank according to the different parameters of Linear, Areal and Relief aspects  
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CHAPTER 1 

INTRODUCTION 

 

1.1 General 

Watershed prioritization means to give weightage to different watersheds of a catchment as 

per the sequence in which they are to be taken for different treatment measures. 

Morphometric parameters and analytical hierarchy process with help of land use land cover 

maps, drainage density map, slope map and geomorphology map of that area could be used 

for prioritizing the watersheds by analyzing different linear, aerial and relief aspects of the 

watershed. But for watershed conservation one should divide a large watershed into smaller 

sub-watershed for more accuracy, since it is not suitable to take the whole area at once. Thus, 

the whole watershed is divided into several smaller sub-watersheds [1]. Morphometric 

parameters will provide data required to analysis and prioritize   watersheds for sedimentation 

susceptibility [2]. With increase in technology, it has become possible to accurately identify 

potential hazards economically. Since the rapid growth in population increase, settlement and 

land use the need for accurate information and monitoring has become essential to reduce risk 

and damage that can occur due to sedimentation susceptibility [3]. 

Analysis of watershed using morphometric parameters is the best method to establish the 

association of various aspects throughout the watershed. It is a comparative assessment of 

different sub-watersheds in various geomorphological and topographical conditions [4]. 

Morphological Analysis is sub divided into 3 aspects. Linear, Areal and Relief Aspects [5]. 

Watershed prioritization and Morphological Analysis plays a major role in sedimentation 

yield management and assessment parameters. Remote Sensing and GIS helps us to identify 

the inter relation between the morphological parameters and it also helps in assessment of 

sedimentation susceptibility. GIS helps in formation of database for the watershed which in 

terms helps to frame suitable measures for highly affected areas [6]. 

The analytic hierarchy process (AHP) is a procedure for decision making originally developed 

by Saaty [7]. It helps to provide solutions to decision makers and estimate difficulties in 

multivariate environments. The AHP with helps of comparison matrix establishes priority 

weights for alternatives by organizing objectives, criteria, and sub-criteria in a hierarchic 
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structure. AHP technique can be used for prioritization of sub watersheds by analyzing and 

giving weightage to different parameters. 

1.2 Study Area 

Upper Beas Watershed is situated in Kullu District of Himachal Pradesh, India. It is located 

between Latitude 32° 6'30.32"N to 32°24'9.68"N and Longitude 77° 8'59.62"E to 77° 

6'52.93"E.  The geographical area of the region is of 831.942 km2 and has parameter of 

135.632 km. The region has orographic influence due to which a barrier is created by the 

windward slope of the Pir-Panjal for the monsoon winds giving a suitable environment for 

heavy rain and chances of cloudbursts [8]. 

 

 

Figure 1.1: Study area of Manali, Kullu District, Himachal Pradesh 

 

 

 

 



 
 
 

3 
 

                      

 

The climate of kullu valley consists of summer, monsoon and winter full of cold air masses 

and westerly storms which bring snowfall with it. The summer monsoon brings copious 

patterns in the Beas Watershed of the Kullu district. and sometimes intense rainfall Kullu 

experiences mild summers and harsh winters where upper regions receive snow and sleet 

falls. Rainfall is well distributed from January to September (confined to lower heights), with 

maximum downpour in the month of July. Climate in the mountainous region entirely 

depended on the relief, feature of the slope, altitudinal variations etc The altitude in the 

watershed varied from 6016 to 1084 msl. Hgher Relief area  of Kullu is subject to periodic 

extreme snowfall throughout the year. The drainage line in the watershed showed branched 

pattern. These basic parameters are crucial to understand the climatic and hydrology. 

1.2.1 Geomorphlogy of Study Area: 

Bhukosh which is a geo-spatial platform of Geological Survey of India provided us with 

geomorphological map of our area with all the necessary information 

As shown by the Figure 1.2, the major part of the area is occupied by structural ridges and 

valleys. The relief in the area varies from < 6000m to > 800m. Major landforms in the area 

are of structural, fluvial and glacial origin. As shown in Fig.1.2 Under structural origin three 

types of geomorphic units have been demarcated, viz., Highly Dissected Structural Hills and 

Vallys, Moderately Dissected Structural Hills and Valleys and Low Dissected Structural Hills 

and Valleys. Under fluvial origin, Younger Alluvial Plain and Active Flood Plain have been 

marked. The geomorphic units of glacial origin have been identified as Glacial Valley and 

Outwash Plain [38]. 
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Figure 1.2: Geomorphologic Map of Study Area 

 

 
 

   

 

1.3 Sedimentation  

Due to anthropogenic activities sedimentation flow occurs in the upper Himalayan mountains 

of kullu district. Sedimentation bring variation to the physical, chemical, and biological 

components of an ecosystem, consequences of which can lead to degradation of uses such as 

drinking water supplies, navigation, flood control, electricity production and recreation. The 

consequences of deposited sediment brought from watersheds can lead to severe economic 

costs to the residents of downstream and may decline property values for lakefront properties 

and those properties near the reservoir[30,31]. Reservoir sedimentation commences with soil 

erosion produced due to rainfall and wind and with runoff that delivers sediment particles into 
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streams. As per the composition, several sorts of land cover produce different runoff 

characteristics. [32] 

1.4 Analytic Hierarchy Process :  

Saaty introduced a multi-criterion for decision-making known as analytic hierarchy process 

for decision-makers to provide weightage to different aspects and compare the aspect on the 

basis of weightage provided [7]. 

AHP practices a multi-level hierarchical structure of criteria and sub-criteria. AHP is an 

effective approach to deal with many engineering applications. In AHP a pairwise comparison 

matrix is constructed between the parameters and ranking is provided to the parameters and 

on the basis of ranking weightage is given to the parameters, then the parameters are used to 

priorities the watershed [7]. Decision makers on the basis of prioritization can provide 

measure to affected area of watershed so as to reduce the damage. 

The present study is being carried on the upper beas watershed to help prioritize the watershed 

with different parameters and help identify environmentally stressed areas which can have an 

effect on sedimentation yield of the watershed. 
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CHAPTER 2 

LITERATUR REVIEW 

 

2.1 Research work on watershed prioritization using GIS and AHP: 

According to a research done by Sapna Bisht, Smita Chaudhry, Subrat Sharma, Sandeep 

Soni (2018) Himachal Pradesh which is located in the western region of the Indian Himalaya 

which is environmentally fragile and vulnerable to natural disasters. Hazard due to flash flood 

is one of the rising concerns in the state because of its diverse topography with respect to 

meteorological and morphological conditions. RS and GIS can be effective tools used for 

studies on prioritization of watersheds.  

 

A research conducted by Rajeev Ranjan, Garima Jhariya, R.K. Jaiswal (2013) on 

Analytical Hierarchy process and in this research paper main focus was to manage soil 

erosion ofBina river Basin using GIS, RS and using Erosion Hazard Parameterswith AHP. It 

was observed that sub watersheds were prioritized form high, moderate, low to verylow. It 

showed that AHP is a very effective way to prioritize and analysis of a watershed. 

 

In a study by Dhruvesh P Patel, Prashant K Srivastava, Manika Gupta and Naresh 

Nandhakumar(2015) it was observed that RS and GIS are one of the leading technology for 

studies on prioritization of watersheds. The Analytic Hierarchy Process (AHP) is an effective 

approach in dealing with multiple criteria-based decision making for prioritization of 

watershed as well as other industrial engineering decision making. 

 

According to research conducted by Avijit Mahala (2018) it was observed that the 

morphometric characteristics of any area can help in effectively revealing the hydrological 

and morphological characteristics. Drainage Morphometry has capacity to differentiate 

sufficiently between morpho-climatic areas of the world by using its various values. 
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2.2 Objectives: 

 To Delineation of watershed. 

 To perform morphometric analysis on watershed. 

 To perform supervised classification for land use/land cover (LULC). 

 To apply analytical hierarchy process (AHP) for prioritising watershed. 
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CHAPTER 3 

METHODOLOGY 

3.1 General 

 A Geographic Information System (GIS) software is to be used for collecting and showing 

the data acquired from different satellites. And once the maps and data is ready on the 

software. Using different tools different parameters can be calculated. All these parameters 

will help us prioritize watershed based on risk factors of sedimentation. 

 

 

3.2 Software Required: 

3.2.1 ARC GIS: 

ArcGIS is a geographic information system (GIS) database mostly used for working with 

maps and geographic information of a region. It also helps in creating as well as using maps,  

to analyze mapped information, compiling geographic data to share and discovering 

geographic information by using  maps and geographic information by using different 

applications .And all the grographic information can be stored in form of database in the 

software. 

The system helps in providing a facility and infrastructure for making maps and geographic 

information available to communities, organizations and individuals for research and decision 

making. 

ArcGIS consists of the following software: 

 ArcReader, it helps in viewing and query maps created using the other ArcGIS 

products. 

 ArcGIS Desktop also referred to as "ArcMap" made up of four fundamental 

applications: 

 ArcMap, to view and edit spatial data in two dimensions and creating two-

dimensional maps. 
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 ArcScene, to view and edit three-dimensional spatial data in a local projected 

view. 

 ArcGlobe, to display large, global 3D datasets. 

 ArcCatalog, used for GIS data management and manipulation the tasks 

performed. 

 ArcGIS Pro, a new integrated GIS application, it was made tosurpass ArcMap and its 

companion programs.ArcGIS Pro can work in 2D and 3D for cartography and 

visualization, and which also includes Artificial Intelligence. 

 

 

3.2.2 Google Earth pro 

Google Earth is a computer program, that projects a digital 3D model of Earth using mainly 

satellite imagery [19].Using superimposing satellite images, aerial photography, and GIS 

mapping of earth can be done. And this data is then projected onto a 3D globe, that gives user 

ability to sight cities and landscapes from various angles. It also helps in surveying the globe 

by entering the address or coordinates of any area or my navigation using mouse and 

keyboard. The program is also available on android and iOS other than computer OS, by 

using a touch screen or stylus to navigate. User’s own data can also be used with the help of 

Keyhole Markup Language and upload through forums or blogs. The program also has ability 

to showcase various kinds of images overlaid on the surface of the earth and is also a Web 

Map Service client. It cover more than 98 percent of the world, google earth has ability to 

captured 10 million miles of Street View imagery,[19]. 

 

3.3 Morphometry 

Drainage morphometry consists of different parameters namely linear, areal and relief 

characteristics [9].These are the measurements of different characteristics of a river basin. 

Drainage morphometry was first initiated by Horton [10]. These characteristics are very 

crucial to grasp the type principal structure, formations of geomorphology and characteristics 

of hydrology of any basin [11]. 

3.2.1Drainage Morphometric Parameters 
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In order to understand hydrology and geomorphology of an area and calculate a result on the 

potential of hazards it is very important to know Drainage morphometric parameters. The 

following parameters will help us identify different features of the basin and consequence of 

drainage, sedimentation and erosion on the watershed. Parameters are divided into three 

aspects Linear, Areal and Relief Aspects. 

Linear aspects of River basin morphometry 

1. Stream order (Nu Based on hierarchical ranking of the streams, stream order is the 

first step of drainage analysis. We will be using the method invented by Strahler 

(1964). The smallest fingerprint tributaries numbered as 1st order, the 2nd order of 

stream formed when two 1st-order streams join together similarly 3rd-order stream 

forms when two 2nd-order streams join and so on [11]. The main channel through 

which maximum water is discharged is marked as highest order stream for a 

particular drainage basin. 

2. Stream no. (Nu): All the streams having a specific stream order “u”. To calculate N 

for each order (u) Strahler’s formula is used [11]. 

3. Bifurcation ratio (Rb): Ratio of amount streams having a order (u) to the amount of 

streams having higher order (u+1) is known as bifurcation ratio (Rb) [11]. If the 

control over geological formation in not strong, the variation in Rb value is very 

minor for different areas [11]. This parameter plays an important role in identifying 

the water carrying capacity and related food potentiality of any basin [10]. The range 

of Rb lies between 2 and 5 [13]. Studies have shown that the value of Rb is higher in 

mountainous regions than plateau–plain regions of tropical environment because of 

its young morphological adjustment and higher water pressure. If the bifurcation 

ration is high then it signifies that huge amount of water is gathered in upper basin 

region. But lower Rb value with low number of streams in lower reaches it indicate 

increase in water pressure. 

4. Mean Bifurcation ratio (Rbm): ):To calculate Rbm mean of Rb of all order is taken. 

Similar to bifurcation ratio it helps in identifying potential of flood in the drainage 

basin. 

5. Stream Length (Lu): Stream length Lu is the total length of streams having same 

order (u) [10]. 
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6. Mean Stream Length (Lum): As per Strahler Lum is distinctive property of drainage 

system and surface according surrounding and associated with it[11]. It is an 

important measurement. To calculate the mean stream length, ratio of total length of 

streams of “u” order with respect to the total number of streams “Nu” of such order is 

calculated. Most of the times the ratio of Lumis directly proportional to order of 

streams [20]. Studies have indicated that low Lum value in mountain environment 

compared to plains and plateau regions morphology. 

7. Stream length ratio (Rl): To calculate Rl mean stream length of order “u” is divided 

to the next stream order “u+1” [10]. In majority cases it is tends to be alike for most 

of different orders. The different values of Rl tells us about the region, if it is in initial 

phase of geomorphic development, and the regions which are vulnerable to high 

frequent potential change in upcoming future. This is also a proof of fluctuating 

hydrological behavior in the basin. If the values of Rl is high itindicates younger 

phase of geomorphic development. 

 

Areal Aspects of River basin morphometry 

1. Stream frequency (Sf): Sf is the entire number of stream segments per unit area 

disregarding their order [15]. It is calculated by dividing the total number of stream 

segment collective of all orders to the area of the basin. Stream frequency is 

dependent on the initial resistivity of rocks, relief, and rain fall and often times the 

drainage density of the watershed. Sf having low value is an indicator of poor 

drainage network [12]. High slope of area and heavy rainfall affects stream frequency 

(Sf) by increasing it in mountainous region, however if low permeability and less 

available surface flow is found in plateau region reduces the Sf value in environment. 

2. Drainage density (Dd): Drainage Density express how closely the drainage channels 

are placed in a drainage basin. [15]. It is calculated by measuring runoff potential 

numerically and landscape dissection, Dd is a crucial in indicating elements of 

landform. Dd can be calculated by dividing total length of streams ignoring stream 

order to the per unit area of given basin. The value Drainage Density can be found 

from0.55 to 2.09 km/ km2 in humid region [12]. This parameter plays a major role in 

determining the travelling time of water. 
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3. Texture ratio (Rt): Texture ratio can be termed as the result of stream frequency and 

drainage density [10]. To calculate Rt total numbers of stream segments is divided to 

the perimeter of the drainage basin. As recognized by Horton, the only parameter that 

can influence texture ratio is Infiltration capacity. Considered a crucial parameter 

representing the relative spacing of drainage network of given basin. Rt is dependent 

on few of natural parameters like amount of rainfall, vegetation density, types of soil, 

geomorphic development stage, infiltration capacity and relief [14]. Drainage 

frequency and drainage density combined can be known drainage texture. The Rt 

values of less than 2 indicates very coarse, values ranging from 2 to 4indicates 

coarse, range 4to 6 indicates moderate, range 6 to 8 fine and greater than 8 indicates 

very fine drainage texture [14]. 

4. Form factor (Ff): Form factor can be calculated by dividing basin’s area to the square 

of basin length [10]. The form factor ranges less than 0.7854 if the basin is perfectly 

circular in shape [16]. Similar value is recorded if basin shape is more elongated. The 

value ‘0’ tells us elongated characteristics of basin and value 1represents almost 

circular shape and features of basin with generally high peak flow. If value of Ffis 

high, the basin is more circular in shape representing peak flow higher in shorter 

duration, similarly if the value of Ff is lower, shape is more elongated which 

represents longer duration flow with low peak flow [16]. For elongated basin flood 

flow management is considered easier than that of basin which is circular. Circular 

basin is formed by mountain–plain front river basin than plateau–plain front river 

basin. 

5. Elongation ratio (Re): It is calculated by dividing the diameter of a circle having the 

same area as of basin to the basin’s maximum length [16]. The value of elongation 

ratio ranges from ‘0’to near ‘1’ 0 meaning maximum elongation and 1 indicating 

maximum circularity. The Re values of near ‘1’ represents that geomorphologic 

control over river basin is less[11].Less elongated basin are formed in the mountain 

front having environment with humidity river basin with respect to plateau–plain 

front of sub humid environment [22]. Hydrological character can be found out using 

Re of a drainage basin. Low peak discharge can be found in elongated basin. 

6. Circularity ratio (Rc): It can be calculated by dividing the basin’s area to the area of 

a circle having the same perimeter as of basin [11]. Range of Rc lies between ‘0’ and 

‘1’. Circularity being maximum towards 1 and minimum towards 0. Cr values depend 
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upon frequency of stream, drainage density, slope, relief, climate, geological structure 

of basin. During peak rainfall season basin having high circularity will have peak 

discharge. It is also determining the geomorphological phases of development of any 

basin. The high value indicating old, moderate indicating mature and low value 

indicating young phases of geomorphological adjustment of a river basin [11]. Often 

the mountain–plain front river basin incline towards forming circular basin because 

of its young morphological adjustment and plateau–plain front river basin forms an 

elongated basin due to the mature morphological characteristics of them [11]. 

7. Constant of channel maintenance (CCM): CCM can be calculated by taking 

drainage density’s reciprocal[17]. It is minimum area required for the development 

and maintenance of a channel [18]. CCM is expressed in km2 /km. Flood potentiality 

is high is basin having low CCM value and it indicates young geomorphological 

features of the river basin.CCM value of mountainous region is often low because of 

infiltration of bare soil is low causing high overland flow [18]. Likewise, low CCM 

value in plateau–plain environment because  drainage density is low and infiltration 

is high in contrast to plateau–plain environment [18]. 

 

 

Relief aspects of River basin morphometry 

1. Basin relief (R, H): Basin relief consist of absolute relief (R) and relative relief (H). 

Absolute relief is the highest relief value of a basin and relative relief is the maximum 

altitude differences[21]. Basin relief relies on the principal geology, drainage features 

and geomorphology of the area. Phases of erosion of drainage basin can be analyzed 

through basin relief. In most cases, the basin in mountainous region will have higher 

basin relief than that of plateau–plain front basin [12]. 

2. Relief ratio (Rr): Rr is calculated by dividing total reliefs to the main drainage 

channel’s length[23]. The Rr value are dependent on various parameters of areal and 

relief aspects of basin. Increase in the Rr value can occur due to small basin, circularity 

in basin shape, high basin relief and small basin area. It helps in identifying the overall 

steepness of the drainage basin and processes of degradation in the 
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geomorphology[17]. Mountainous region basin have higher Rrvalue compared  

plateau-plain river basin [12].  

3. Dissection index (Di): Ratio of relative reliefs with respect to absolute relief is known 

as dissection index. It helps in identification of the vertical erosion and dissected 

parameters in a basin [24]. The range of Di varies from ‘0’ to ‘1’. Di values near to ‘0’ 

means absence of vertical dissection representing maximum denudation phases of 

geomorphology evolution likewise closer to ‘1’means vertical areas presence, and 

represents minimum denudation stages of geomorphic evolution. Higher Di values are 

related to Mountain regions in contrast to lower Di values representing plateau plain 

front [25]. 

4. Ruggedness index (Ri): The product of relative relief and drainage density is known 

as ruggedness ratio. Ri values are considered high if higher the value of both drainage 

density and relative relief [26] are. This parameter is dependent on slope, steepness, 

principle geology, vegetation cover, geomorphology, and so forth of study area. the 

area is considered to be in primary stage of geomorphic development. If values of Riis 

high. Many Studies have shown that basin of mountain region have higher Ri 

compared to plateau river basins [27]. 

5. Slope (Ɵ): Slope is a morphometric parameter dependent on climatic processes and 

morphology characteristics of any region. Changes with varying resistance of rock 

surface. Slope identifies infiltration to runoff relations so it makes it crucial to grasp 

the nature of slope in area. Infiltration capacity and slope are related inversely to each 

other[27]. 

3.3 Digital Elevation Modeling: 

Digital Elevation Model also known as DEM is a representation of elevations of ground 

surfaces and topography [28]. DEM is often used to denote a digital depiction of a surface 

map of an area. DEM can be designated as one of the simplest forms to represent a region’s 

topography in form of 3D imagery [28]. DEMs can be used to govern landscape 

characteristics such as slope, a point’s elevation and other aspects. Areas having traits of a 

drainage basins and channel networks can be defined in the form of DEMs. Application of 

DEM in hydrology include groundwater modeling, estimation of the volume of proposed 

reservoirs, determining landslide possibility, flood susceptible region mapping etc. [28]. 
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Location is to be used to govern the catchment area for a region. Source for the region on 

which the research is to be conducted can use description such as dams and detection of the 

attributes of the surrounding region is necessary for that. Consecutively, flow accumulation 

threshold can be taken help of. When the approach is used for describing a basin, the pour 

point to be drawn need to be  the junctions of a stream network derived using  flow 

accumulation. This implies that flow accumulation raster need to be provided with minimum 

number of cells with the help of raster calculator that forms a streams. 

 

Figure  3.1 : DEM of selected area made on ArcGIS 

 

3.3.1 Delineation of Watershed 

Watershed delineation means to identify the boundary of watershed on which the research has 

to be done.  

After creating DEM for delineation of watershed following steps are required: 

 

Flow Direction grid is created: A flow direction grid helps in allotting value to each cell to 

designate the direction of flow – that is the flowing direction of the water to that particular 



 
 
 

16 
 

cell with respect to the underlying topography of the region. This step is very crucial in 

hydrological modeling, as the direction of flow will assist us to generate the final destination 

of the flow of water on the surface of that area. 

 

Figure  3.2 : Flow direction grid of the selected area 

 

Flow accumulation grid is created: The Flow Accumulation tool assists in identifying the 

upstream cell that flow into downstream cell with that it is able to calculate flow into each 

cell. Hence the number of upstream cells entering the downstream cell helps in calculation of 

flow accumulation value. 
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Figure  3.3 : Flow accumulation grid of the selected area 

 

Outlet (pour) point is created:: Pour point is the outlet point of a watershed from where 

water from all the water bodies is discharged .The placement of an outlet point is a crucial 

step in the procedure of delineation of a watershed. A pour point is placed in an area 

consisting of high flow accumulation. it helps in calculating the overall drainage to that given 

point. It is preferred to create pour points manually so the boundaries of watershed can be 

defined by decision maker. Given as green point in Fig.3.4.  

 

Figure  3.4 : Pour point on flow accumulation map 
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Delineation of Watershed is done: It is done by setting parameters such as input flow raster, 

feature pour point data, pour point field and new watershed raster is added to map. Then the 

raster is converted to polygon to get the final watershed delineation. 

 

 

Figure  3.5 : Delineated Watershed of selected area 
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3.3.2 Stream Order 

Stream ordering is process in which order is provided to each stream in a drainage network  

[29]. It is a method to recognize and categorize types of streams establish on the basis of 

numbers of tributaries. Some features of streams can be concluded by simply knowing their 

order. 

The Stream Order tool in ArcGIS contains two methods that can be used to assign orders. 

These are the methods proposed by Strahler (1957) and Shreve (1966). Method used in this 

study is Strahler’s. 

Stream order tool under Spatial Analyst tools of Arc Toolbox feature is used for this purpose. 

After stream order tool stream to feature tool is used to convert the raster layer of line network 

to feature demonstrating line network of different orders. 

 

 

Figure 3.6 : Stream order of study area created on ArcGIS 
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3.3.3 Dividing Watershed to Sub Watersheds 

Using catalog, a New Shapefile is created which will be our pourpoint as done for first 

delineation. After creating pourpoint shapefile, Start Editing and go to create features and 

select point construction tool and with the help of this tool all the significant pourpoints are 

marked around the main stream.  Once all the pour points are marked the editing is saved. 

Using watershed spatial analyst tool again and inputting the new pourpoint layer, the Sub 

Watersheds can now be delineated. There are total 61 numbers of sub watersheds on which 

we will be performing different analysis. 

 

 

Figure 3.7 : Sub-Watersheds of Selected Study of Area 
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3.4 Land use land cover: 

Land cover data provides information about what amount of area is covered by forests, 

settlement, barren land, agriculture, and other land and water. Land cover can be established 

by studying satellite and aerial imagery, land use of an area cannot be identified using satellite 

imagery [33]. Land cover maps help decision makers to analyze and understand the region’s 

topography. 

Land use and land cover (LULC) change due to significant urbanization and other natural 

calamities are playing major role in increasing global environment change. Land use/land 

cover plays an important role in development of a region. It helps to analyze socio-ecological 

concern of that region. Land cover is the biophysical state of the earth surface which tells us 

about the vegetation and other physical aspects such as built-up land etc. Land use, comprises 

of the ways in which the biophysical characteristics of a region are maneuvered and can also 

provide an idea of reason for which the land is being used.[33]. 

3.4.1 Supervised Image Classification 

The land use land cover images were downloaded from Sentinel-2 satellite of September 

month 2020. Sentinel-2 provides global coverage after every five days. It is equipped with a 

multispectral imager (MSI) with 13 bands [41]. The bands selected for this study were 

2,3,4,5,6,7,8,11,12.Using different band composition such as 4,3,2 for natural colors 8,4,3 for 

settlement and barren land were used. Band 11, 12 known as short wave infrared wavelength 

was used to differentiate snow cover from clouds. 

Then AOI s extracted from the satellite image using desired band combination. 

After AOI is extracted, using Image Classification tab, Training Sample window is opened 

,then with the help of different band compositions different training samples are taken each 

for different classes such as water, snow, vegetation cover, settlement and barren land . Then 

using Maximum Likelihood classification tool the final classified image is extracted and 

ready to use. 
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Figure 3.7: Land use land cover Map of study Area. 

 

 

3.4.2. Accuracy Assessment 

The Classified image generated is now cross referenced with the actual satellite image of the 

area. This is done to determine truth and false value of the classified image. So a shape file is 

created. And then samples are taken from different band areas in the image. Now all the 

sample points taken are classified into their respective representation i.e.1 for Forest, 2- 

Vegetation, 3- River, 4-Sandy area ,5- Agriculture land, 5- Settlement. 

Cross checking on Google Earth is done now to see if the band coloured area is accurately 

represented if not then the value is changed according to the map of all the sample points. 

To measure the accuracy in the site-specific assessment error matrix/ confusion matrix is 

used. Confusion matrix is obtained and positioned such that along the x-axis class 
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membership established with the help of ground truth values are placed, and along the y-axis 

are the class membership which are determined through image classification [37]. 

Table 3.1 : Accuracy Assessment table 

 

Algorithms for accuracy assessment: 

 

Overall Accuracy = Total Number of Correctly Classified Pixels (Diagonal)   *100        [34] 

                                            Total Number of Reference Pixels 

 

User Accuracy =  Number of correctly classified pixels in each category                  * 100             [34]  
                               Total number classified pixels in that category (row total) 

 

Producer Accuracy =  Number of correctly classified ixels in each category  *100             [34] 
                                    Total number of classified pixels in that category (column total) 

 
Overall accuracy evaluates the percentage of cases correctly classified, so its interpretation is direct. 
In order to validate the result in image classification Kppa Coeffcient (K)  is used. [35] 

                                  [36] 

 

 Snow Water Rocky Vegetation Settlement User 

Snow 9 0 0 0 0 9 

Water 3 7 0 0 0 10 

Barren Land 6 0 4 0 0 10 

Vegetation 0 0 2 5 0 7 

Settlement 1 0 0 0 14 14 

Producer 19 7 6 5 14  

Total       
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where: 

 r = number of rows in a cross-classification table; 

 x ii = number of combinations diagonally;  

x i = total observations in row i; 

 x +i = total observations in column j;  

and n = total number of observations. 

3.5 Slope :  

The slope (S) is an important topographical factor responsible for degradation of watershed as 

due to the steep slopes more and more soil erosion resulting development of gullied and 

losing the fertility and moisture holding ability of soils. For generation of slope map slope 

tool in surface tools that is located in spatial analysis tool was used. Using the digital 

elevation model map of area and with the help of slope tool, the slope map for the region is 

generated in degrees as per figure 3.9.  

 

Figure 3.8 : Slope Distribution of Study Area 
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3.6 Watershed Prioritization 

The analysis done using morphometric parameters is found to be of very useful for evaluation 

of drainage basin’s evaluation. Thus evaluation further helps in prioritization of watersheds 

for taking measures against hazards like soil erosion, sedimentation. Priotritization also helps 

in better water resource management, water conservation and soil conservation. 

Morphometric analysis of a watershed gives a measureable examination of watersheds based 

on risk factors that can be prioritized for immediate or future risks [29]. 

3.6.1 Watershed Prioritization based on Morphometric Analysis: 

Watershed prioritization is to be done for Sedimentation yield potential of the watershed. For 

this Morphometric charecterstics are taken which affects the erodibility and sedimentation in 

a watershed. Parameters which affects sedimentation directly are bifurcation ratio (Rb), 

drainage density (Dd), stream frequency (Fs), drainage texture (Dt), Length of overland flow. 

[39] Which means the more is the value of these parameters more are the chances of the 

watersheds to have sedimentation and erosion so sub watersheds with high values of these 

parameters will have high ranking in priority. Parameters that affects the erodibility and 

sedimentation inversely are elongation ratio (Re), compactness coefficient (Cc), circularity 

ratio (Rc), Basin Shape,  and form factor (Ff). This means if the values of these parameters 

are more the chances of erosion and sedimentation is low in the watersheds. [40] 

All the values of these parameters for all 61 sub watersheds is calculated using different 

spatial analyst and attribute tables in ArcGIS . And the values are written in the form of 

sheets. First all the directed related values are calculated together to find a computed 

superficial value of the risk of sedimentation. Same is done with inversely related parameters 

for all the sub watersheds. Once the sum of all these parameters is achieved a computation 

factor is calculated. Ranking of the watersheds is done based on this computation factor.  

 

3.6.2. Watershed Prioritization for Sedimentation Susceptibility using AHP: 

For AHP analysis we used 4 layers those were geomorphology layer, drainage density layer, 

land use land cover layer and slope layer, then ranks were provided to each layer and with the 

help of comparison matrix. 
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Once all the maps are ready weightage were given to each layer after that as per the ranking 

provided to the layers, then as per ranks given to classes of each layers weightages were given 

to the classes in which the layers were divided. After that with the help of union tool under 

overlay toolbox in analysis tools all layers were combined into one and overall weightage was 

given to that layer by adding all the weightages provided to different layers. 

 Analytic hierarchy process is a weighted analysis where different weight age  is given to 

different factors and according to the weightage a raking is obtained from high to low 

prioritization of watersheds. For this Study weighted analysis are done for 4 Factors . : 

Geomorphology(GM), Land use Land cover(LULC), Drainage Density (DD) and Slope(S). 

Since there are 4 FACTORS so the highest weightage given will be 4 .  

A matrix is made with all the Factors on vertical and horizontal sides of the matrix and actual 

weightage for each Factors is calculated using this matrix. 

Table 3.2 Sedimentation Hazard parameters and their values.: 

 

 

Once this weightage of each factor is calculated, It is multiplied by the Rank given to different 

parameters of the factors given below: 

 Geomorphology  includes parameters like Active Flood Plain,Cirque, Glacial Lake, 

Glacial Valley, Highly Dissected Structural Hills and valleys, Moderatly Dissected 

denudational Hills and valleys, Moderatly Dissected Structural Hills and valleys, 

Piedmont Alluvial Plain, Piedmont Slope, River, Snow cover, Valley Glacier and 

Young Alluvial Plain.  

 Drainage Density is divided into different values ranging from Very High, High, 

Medium, Low and Very low. 
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 LU/LC has been given ranking for Snow/Ice, Water, Barrenland, Vegetation and 

Settlement 

 Slope values of Study area are divided into 5 ranges that are 0-14, 14-24,24-33, 33-43 

and greater than 43. And respectively ranks are given . 
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CHAPTER 4 

CALCULATIONS AND RESULT 

 

4.1 Calculation of drainage morphometry: 

 

Different drainage morphometric parameters (linear, areal and relief aspects) were extracted 

and calculated through a combination of geoprocessing tools available in ArcGIS. 

 

4.1.1 Drainage Morphometry Formulae 

 

Table 4.1 : Morphometric parameters of a river basin 

Morphometric Parameters 

 

Formulae References 

 

Stream Order (u) 

 

 

Rank of a stream based on its origin 

[11] 

 

Stream Number  (Nu) 

 

Nu = number of streams of a particular order 

‘u’ 

[11] 

 

Bifurcation Ratio (Rb) 

Rb= = (
𝑁𝑢

𝑁𝑢+1
) ; 

 

 where, Nu = stream number of order ‘u’,  

Nu + 1= Number of streams of next higher 

order  (u+1) 

[15] 

 

Mean Bifurcation ratio (Rbm) 

 

 

Rbm  = mean obifurcation ratios of all orders 

of stream 

[15] 

 

Stream Length (Lu) 

Lu=total length of streams (km) of a 

particular order ‘u 

[15] 
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Mean stream length (Lum) 

 

Lum =(
𝐿𝑢

𝑁𝑢
) 

 

where,  

Lu= Stream length of order (u),  

Nu=Stream number of irder (u) 

[15] 

 

Stream length ratio (Rl)  

 

Rl  = (
𝐿𝑢𝑚

𝐿𝑢𝑚 +1
); 

 

Where, Lum = mean stream length of oder (u), 

Lum+1 = mean stream length of order ‘u+1’ 

[15] 

 

AREAL ASPECTS 

 

  

 

Form Factor (Ff) 

 

Ff  = (
𝐴

𝐿2);  

 

where, A = area of the drainage basin (km2), 

L = length of basin (km) 

[15] 

 

Circularity Ratio (Rc) 

 

Rc = (
4𝜋𝐴

𝑃2
); 

 

 where, A = basin area (km2),  

P = perimeter of a drainage basin (km) 

[11] 

 

Elongation Ratio (Re) 

 

Re = (
𝑃

𝜋𝐿
);  

 

P =  perimeter of a drainage basin (km),  

[11] 
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L = basin length (km) 

 

Constant of Channel 

maintenance (CCM) 

 

 

CCM =(
1

𝐷𝑑
);  

 

where,  Dd = Drainage Density 

[11] 

 

Stream Frequency (Fs) 

 

Fs= (
𝑁

𝐴
);  

 

where, N = Total number of streams,  

A =  Area of basin (km2) 

[15] 

 

Drainage Density (Dd) 

 

Dd = (
𝐿

𝐴
);  

 

where, L = Length of  all streams (km),  

A = area of the drainage basin (km2). 

[15] 

Texture Ratio (Rt) Rtv= (𝐷𝑑 ×  𝐹𝑠),  

where, Dd = Drainage Density (km/km2),  

Fs = Stream Frequency (streamnumbers/km2) 

[11] 

 

RELIEF ASPECTS 

 

 

 

 

 

Relative Relief (H) 

 

H = (𝑅 − 𝑟),  

where, R =Highest relief, 

 r = lowest relief value 

[17] 

 

Relief Ratio (Rr) 

 

Rr =  (
𝐻

𝐿 𝑚𝑎𝑥
); 

 

 where, H = Relative Relief (m),  

L = length of basin (m) 

[17] 
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Dissection Index (Di) 

 

D = (𝐼 ×
𝐻

𝑅
) ;  

 

H = relative relief (m), R = absolute relief 

(m) 

[17] 

 

Ruggedness Index (Ri) 

 

R = (𝐼 × 𝐷𝑑 × 
𝐻

1000
); 

 

 where, Dd = Drainage density, 

  H = Relative relief 

[17] 

 

 

4.1.2  Drainage Morphometry Calculation: 

1. Linear Aspects: For linear aspects morphometric parameters stream number,  bifurcation 

Ratio, Mean bifurcation Ratio, Stream Length, Stream Length ratio and Mean stream length 

were calculated for all 61 sub-watersheds. As shown in Table 4.2 all the values were 

calculated saperately using the the formulas given in Table 4.1. 

 



 
 
 

32 
 

 

 
            Table 4.2 : Linear Aspects table  : 
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2. Areal Aspects : Parameters under Areal aspects includes Area, perimeter, basin length, 

form factor, shape factor, compactness coefficient, elongation ratio and circulatory ratio. 

These parameters of all 61 sub watersheds were calculated. 

Table 4.3 : Areal Aspects Calculation Table 

SUB 
WAT

ER 
SHED 

AREA 
(km2) 

PERIM
ETER 
(km) 

BASIN 
LENGT
H (km) 

FORM 
FACTO

R 
(A/L2) 

SHAPE 
FACTOR  

COMPACTNES
S COEFFICIENT 

ELONGATI
ON RATIO 

CIRCULATO
RY RATIO 

                  

1 25.51
41 

22.94
830 

20.75 0.0592
37176 

16.8812
9088 

1.2819337 0.35215 0.6 

2 0.000
8 

0.113
91 

0.11 0.0620
82106 

16.1077
0092 

1.1324533 0.31847 0.8 

3 0.001
6 

0.175
53 

0.18 0.0522
94829 

19.1223
497 

1.233888 0.31847 0.7 

4 0.000
5 

0.104
53 

0.10 0.0472
09721 

21.1820
7814 

1.2986389 0.31847 0.6 

5 0.001
6 

0.175
53 

0.18 0.0522
95566 

19.1220
8003 

1.233881 0.31847 0.7 

6 14.15
12 

21.10
080 

19.65 0.0366
36298 

27.2953
3393 

1.5827323 0.34192 0.4 

7 0.941
2 

5.232
42 

5.06 0.0367
36841 

27.2206
3153 

1.5218211 0.32922 0.4 

8 0.000
8 

0.113
92 

0.11 0.0620
82693 

16.1075
4861 

1.1324507 0.31847 0.8 

9 40.18
04 

28.34
020 

24.67 0.0660
20463 

15.1468
189 

1.2615398 0.36585 0.6 

10 11.47
11 

24.24
850 

19.32 0.0307
408 

32.5300
5725 

2.0201682 0.39977 0.2 

11 3.235
6 

10.46
290 

10.05 0.0320
52052 

31.1992
5028 

1.6412591 0.33164 0.4 

12 0.000
6 

0.107
65 

0.11 0.0476
16741 

21.0010
1739 

1.2930827 0.31847 0.6 

13 4.094
7 

12.58
420 

11.60 0.0304
04742 

32.8896
0673 

1.754766 0.34535 0.3 

14 9.502
9 

18.62
950 

16.55 0.0347
06635 

28.8129
3411 

1.7052081 0.35855 0.3 

15 4.414
7 

15.39
160 

10.39 0.0408
71034 

24.4672
0599 

2.0669852 0.47164 0.2 

16 11.30
27 

18.46
740 

16.53 0.0413
63827 

24.1757
1247 

1.5499577 0.35579 0.4 

17 0.987
3 

6.680
38 

6.16 0.0259
77446 

38.4949
3105 

1.8971111 0.34511 0.3 

18 0.000
8 

0.113
95 

0.11 0.0620
85309 

16.1068
6999 

1.1324261 0.31847 0.8 

19 0.007
9 

0.436
38 

0.44 0.0417
2815 

23.9646
3796 

1.3813087 0.31847 0.5 
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20 5.256
1 

26.33
520 

16.36 0.0196
39684 

50.9173
1656 

3.2412341 0.51268 0.1 

21 65.83
09 

36.29
530 

32.43 0.0626
01238 

15.9741
2508 

1.2622363 0.35645 0.6 

22 1.139
7 

6.463
77 

6.09 0.0307
54959 

32.5150
8148 

1.7084245 0.33816 0.3 

23 3.269
1 

14.68
390 

12.10 0.0223
34852 

44.7730
7546 

2.2915632 0.38653 0.2 

24 0.000
6 

0.107
68 

0.11 0.0476
20411 

20.9993
9885 

1.2930248 0.31847 0.6 

25 13.36
37 

17.67
880 

15.86 0.0531
18795 

18.8257
2842 

1.3645662 0.35496 0.5 

26 1.756
4 

7.909
69 

7.45 0.0316
57099 

31.5884
9095 

1.684066 0.33819 0.4 

27 0.192
1 

2.993
51 

2.82 0.0241
2162 

41.4565
8605 

1.9271646 0.33782 0.3 

28 2.953
0 

8.585
13 

7.87 0.0476
32613 

20.9940
1917 

1.4096865 0.34725 0.5 

29 0.000
6 

0.107
69 

0.11 0.0476
22473 

20.9984
8973 

1.2930083 0.31847 0.6 

30 2.313
3 

9.427
61 

8.20 0.0343
68436 

29.0964
6528 

1.7490191 0.36597 0.3 

31 4.976
5 

10.45
770 

9.55 0.0546
10221 

18.3115
9047 

1.3227562 0.34888 0.6 

32 1.785
3 

6.988
92 

6.55 0.0416
64561 

24.0012
1304 

1.4759216 0.34003 0.5 

33 119.6
7 

53.04
640 

45.16 0.0586
78754 

17.0419
4331 

1.3682537 0.37409 0.5 

34 1.011
9 

6.696
61 

6.03 0.0278
37373 

35.9229
2954 

1.8783772 0.35372 0.3 

35 1.546
7 

6.973
76 

6.68 0.0347
08097 

28.8117
21 

1.5822487 0.3327 0.4 

36 0.000
8 

0.114
00 

0.11 0.0620
90487 

16.1055
2682 

1.1323836 0.31847 0.8 

37 9.432
9 

15.18
310 

14.04 0.0478
5691 

20.8956
2391 

1.3949006 0.34441 0.5 

38 2.258
1 

6.742
82 

6.47 0.0540
1617 

18.5129
7484 

1.2661152 0.33212 0.6 

39 18.16
94 

34.50
420 

27.63 0.0238
04226 

42.0093
4666 

2.2840565 0.39774 0.2 

40 143.5
8 

66.93
240 

56.40 0.0451
45457 

22.1506
2308 

1.5761119 0.37797 0.4 

41 0.008
6 

0.582
78 

0.55 0.0283
07571 

35.3262
3878 

1.7722659 0.33655 0.3 

42 6.375
4 

15.70
640 

13.93 0.0328
37758 

30.4527
492 

1.7552006 0.35899 0.3 

43 2.493
6 

7.322
04 

6.75 0.0546
52416 

18.2974
5283 

1.3083629 0.34522 0.6 

44 0.000 0.109 0.11 0.0432 23.1326 1.3571133 0.31847 0.5 
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5 35 29021 082 

45 2.920
7 

8.605
31 

8.09 0.0445
97333 

22.4228
6558 

1.4207797 0.33865 0.5 

46 2.073
0 

8.837
76 

8.31 0.0299
88861 

33.3457
1473 

1.731991 0.33853 0.3 

47 3.314
1 

12.27
790 

8.98 0.0411
25953 

24.3155
4569 

1.903048 0.43558 0.3 

48 2.397
9 

9.302
95 

8.64 0.0320
90788 

31.1615
9094 

1.6951692 0.34274 0.3 

49 0.000
8 

0.114
04 

0.11 0.0620
93702 

16.1046
93 

1.1323488 0.31847 0.8 

50 9.012
5 

18.64
860 

14.91 0.0405
142 

24.6827
0385 

1.7527855 0.3982 0.3 

51 107.2
8 

62.69
610 

48.01 0.0465
42475 

21.4857
5019 

1.707978 0.41588 0.3 

52 1.255
6 

6.172
77 

5.92 0.0357
76737 

27.9511
2393 

1.5543825 0.33184 0.4 

53 4.062
0 

13.61
480 

11.04 0.0332
97325 

30.0324
4222 

1.9061035 0.39257 0.3 

54 3.727
0 

8.871
64 

8.42 0.0525
798 

19.0187
1065 

1.2966715 0.33559 0.6 

55 1.880
1 

8.290
27 

7.87 0.0303
66854 

32.9306
4209 

1.7060262 0.33554 0.3 

56 75.58
69 

41.69
640 

36.82 0.0557
57009 

17.9349
6496 

1.3532576 0.36066 0.5 

57 35.67
81 

34.99
080 

30.98 0.0371
70436 

26.9031
0105 

1.6529442 0.35968 0.4 

58 1.965
6 

8.515
21 

7.39 0.0359
68437 

27.8021
5353 

1.7137935 0.36685 0.3 

59 1.782
3 

9.127
55 

8.20 0.0264
97471 

37.7394
5083 

1.9291796 0.35444 0.3 

60 2.443
9 

10.43
050 

9.55 0.0267
74733 

37.3486
446 

1.8826649 0.3477 0.3 

61 43.35 32.47
77 

29.83 0.0487
16781 

20.5268
0763 

1.3918675 0.34674 0.5 

 

3. Relief Aspects: Under relief aspects parameters such as Highest elevation, lowest 

elevation, Relative relief , perimeter, relief ratio and dissection index of all 61 sub-watershed 

was calculated. 

 

Table 4.4: Relief Aspects Calculation Table  : 

SUBWATERSHED 
Highest 

Elevation 
lowest 

Elevation 

Relative 
Relief(H 

- L) 
Perimeter(km) 

Relief 
Ratio 

Disection 
Index 
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SW1 5021 2813 2208 105.59 0.440 0.44 

SW2 2782 2782 0 43.97 0.000 0.00 

SW3 3427 3412 15 37.08 0.004 0.00 

SW4 2278 2278 0 19.64 0.000 0.00 

SW5 4025 4025 0 50.29 0.000 0.00 

SW6 4911 2689 2222 73.35 0.452 0.45 

SW7 3882 2630 1252 86.86 0.323 0.32 

SW8 3450 3450 0 54.53 0.000 0.00 

SW9 5455 2777 2678 78.87 0.491 0.49 

SW10 4664 2495 2169 97.16 0.465 0.47 

SW11 4158 2403 1755 52.13 0.422 0.42 

SW12 2401 2400 1 30.44 0.000 0.00 

SW13 4249 2436 1813 69.53 0.427 0.43 

SW14 5117 2646 2471 74.69 0.483 0.48 

SW15 3308 2249 1059 45.16 0.320 0.32 

SW16 4972 2298 2674 55.40 0.538 0.54 

SW17 2941 2147 794 44.18 0.270 0.27 

SW18 2145 2145 0 76.07 0.000 0.00 

SW19 2142 2116 26 76.07 0.012 0.01 

SW20 3987 2078 1909 76.07 0.479 0.48 

SW21 4785 2171 2614 76.07 0.546 0.55 

SW22 3399 2165 1234 76.07 0.363 0.36 

SW23 3203 1954 1249 76.07 0.390 0.39 

SW24 1920 1919 1 76.07 0.001 0.00 

SW25 4180 1922 2258 76.07 0.540 0.54 

SW26 3568 1908 1660 76.07 0.465 0.47 

SW27 2490 1894 596 76.07 0.239 0.24 

SW28 3614 1880 1734 76.07 0.480 0.48 

SW29 1804 1803 1 76.07 0.001 0.00 

SW30 3069 1791 1278 76.07 0.416 0.42 

SW31 3212 1805 1407 76.07 0.438 0.44 

SW32 2923 1769 1154 76.07 0.395 0.39 

SW33 5205 1896 3309 76.07 0.636 0.64 

SW34 2672 1691 981 76.07 0.367 0.37 

SW35 3410 1714 1696 76.07 0.497 0.50 

SW36 3794 3794 0 76.07 0.000 0.00 

SW37 3990 1739 2251 76.07 0.564 0.56 

SW38 2772 1687 1085 76.07 0.391 0.39 

SW39 4390 1693 2697 76.07 0.614 0.61 

SW40 5727 1746 3981 76.07 0.695 0.70 

SW41 1740 1651 89 76.07 0.051 0.05 

SW42 3784 1651 2133 76.07 0.564 0.56 

SW43 2905 1634 1271 76.07 0.438 0.44 
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SW44 2480 2474 6 76.07 0.002 0.00 

SW45 3536 1587 1949 76.07 0.551 0.55 

SW46 3469 1565 1904 76.07 0.549 0.55 

SW47 2707 1561 1146 76.07 0.423 0.42 

SW48 3308 1536 1772 76.07 0.536 0.54 

SW49 4735 4735 0 76.07 0.000 0.00 

SW50 2995 1524 1471 76.07 0.491 0.49 

SW51 5721 1606 4115 76.07 0.719 0.72 

SW52 2481 1472 1009 76.07 0.407 0.41 

SW53 2685 1472 1213 76.07 0.452 0.45 

SW54 2496 1473 1023 76.07 0.410 0.41 

SW55 2426 1460 966 76.07 0.398 0.40 

SW56 4866 1447 3419 76.07 0.703 0.70 

SW57 4803 1510 3293 76.07 0.686 0.69 

SW58 2416 1428 988 76.07 0.409 0.41 

SW59 2550 1422 1128 76.07 0.442 0.44 

SW60 2875 1427 1448 76.07 0.504 0.50 

SW61 4361 1449 2912 76.07 0.668 0.67 

 

 

4.2 Land use/Land Cover calculation 

According to Confusion matrix table the Values are taken and put in the algorithm to calculate Overall 

Accuracy, User Accuracy, Producer Accuracy and Kappa Coefficient. 

Overall Accuracy = Total Number of Correctly Classified Pixels (Diagonal)   *100        [34] 

                                            Total Number of Reference Pixels 

=
39

51
× 100 

= 76.47% 

 

User Accuracy =  Number of correctly classified pixels in each category                  * 100             [34]  
                               Total number classified pixels in that category (row total) 

For,     Snow            =  
9

9
 × 100 = 100% 

              Water            =
7

10
× 100 = 70 % 

         Vegetation Cover =
5

7
× 100 = 71.42 % 
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         Barren land  =  
4

10
× 100 = 40 % 

         Settlement   =  
14

15
× 100 = 93.3 % 

 

 

 

 

 

Producer Accuracy =  Number of correctly classified ixels in each category  *100             [34] 
                                    Total number of classified pixels in that category (column total) 

 

   For ,    Snow               =  
9

19
 × 100 = 47.36% 

              Water               =
7

7
× 100 = 100 % 

         Vegetation Cover =
5

5
× 100 = 100 % 

         Barren land           =  
4

6
× 100 = 66.67 % 

         Settlement             =  
14

14
× 100 = 100 % 

 

 

Kappa Coefficient (K) : 

                

𝐾 =  
(51 × 39) − (19 × 9 + 10 × 7 + 10 × 6 + 7 × 5 + 14 × 15)

512 − 546
 

                               𝐾 =
1443

2055
 

                              𝐾 = 70.22 % 
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4.3 AHP Calculations:  

4.3.1 :  AHP Calculation for Weightage value Drainage Density> G.M. > S> LULC : 

Table 4.5 : AHP Calculation for ranking Dd > GM >S> LULC  
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4.3.2  AHP Calculation for Weghtage value Drainage Density> S>G.M. > LULC : 

Table 4.6 : AHP Calculation for ranking DD > S >GM> LULC 
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4.3.3. AHP Calculation for Weightage value S>DD >G.M. > LULC :  

Table 4.7 : AHP Calculation for ranking S > DD> GM . LULC: 
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4.4 Results 

Area, perimeter and basin length of 61 sub watershed were calculated and prioritization was 

done first on  basis of Morphometric analysis. Linear, Areal and Relief Aspects were used to 

calculate computation factor and ranking for prioritization. Prioritization based on AHP was 

also done using LULC, Drainage Density, Geomorphology and Slope maps and data gathered 

on GIS software. All the maps and data were analysed using Saaty’s AHP technique to get the 

ranking of medium high and low risks for erosivity and sedimentation. 

 

4.4.1. Prioritization OF Watershed based on Morphometric Analysis: 

Prioritization of the watershed was done based on the Computation Factor (CP) it was 

calculated using parameters and how they affected sedimentation in watershed such as factor 

like drainage density, stream frequency, bifurcation ratio, drainage texture and length of 

overland flow are directly proportional to sedimentation so sub watershed ranking was done  

in descending order and factors such as elongation ratio, compactness coefficient, circulatory 

ratio, basin shape and form factor are inversely proportional to sedimentation means higher 

the factor value lower is the sedimentation hence sub watershed ranking was done in 

ascending order, at last all factors ranking was summed up and average was taken out to 

calculate the compound factor.  

Table 4.8 : Computation factor table : 

SW 
Drainag

e 
Density 

strea
m 

frequ
ency 

Bifurc
ation 
Ratio 

Drai
nage 
Text
ure 

Leng
th of 
over
land 
flow 

ELONG
ATION 
RATIO 

COMPA
CTNESS 
COEFFCI

IENT 

CIRC
ULA
TOR

Y 
RATI

O 

FOR
M 

FAC
TOR 

CP 
Ra
nk 

Area 

1 38 31 8 48 10 38 11 51 54 32.1 2 25.51 

6 39 40 11 23 9 28 34 28 25 26.3 29 14.15 

7 44 8 22 27 4 14 29 33 26 23.0 44 0.94 

9 22 18 6 4 26 48 8 54 61 27.4 20 40.18 

10 35 41 15 28 13 57 57 5 13 29.3 10 11.47 

11 7 44 22 46 41 15 35 27 16 28.1 15 3.24 

13 45 16 19 22 3 33 47 15 12 23.6 39 4.09 

14 20 24 11 19 28 44 39 23 21 25.4 34 9.50 
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15 21 48 22 47 27 60 58 4 29 35.1 1 4.41 

16 18 32 11 18 30 42 30 32 31 27.1 21 11.30 

17 6 11 22 32 42 31 52 10 5 23.4 41 0.99 

20 9 22 21 41 39 61 61 1 1 28.4 13 5.26 

21 28 27 5 3 20 43 9 53 60 27.6 19 65.83 

22 14 12 22 31 34 23 42 20 14 23.6 40 1.14 

23 1 20 22 37 47 53 60 2 2 27.1 22 3.27 

25 11 25 9 11 37 41 21 41 48 27.1 23 13.36 

26 41 23 22 39 7 24 37 25 15 25.9 31 1.76 

27 13 3 22 14 35 22 55 7 4 19.4 47 0.19 

28 25 10 22 13 23 35 26 36 42 25.8 33 2.95 

30 4 34 22 45 44 49 45 17 20 31.1 5 2.31 

31 12 14 15 12 36 37 18 44 50 26.4 28 4.98 

32 10 6 22 17 38 27 28 34 32 23.8 37 1.79 

33 27 26 2 2 21 51 22 40 53 27.1 
24 

119.6
7 

34 46 2 22 5 2 39 50 12 8 20.7 46 1.01 

35 5 19 22 35 43 18 33 29 22 25.1 35 1.55 

37 24 35 15 20 24 30 25 37 43 28.1 16 9.43 

38 47 4 19 10 1 17 10 52 49 23.2 42 2.26 

39 19 46 15 34 29 55 59 3 3 29.2 11 18.17 

40 32 38 1 6 16 52 32 30 36 27.0 
25 

143.5
9 

42 15 43 22 38 33 45 48 14 18 30.7 6 6.38 

43 40 37 22 36 8 32 17 45 51 32.0 4 2.49 

45 31 42 22 40 17 26 27 35 35 30.6 7 2.92 

46 8 30 22 42 40 25 44 18 10 26.6 26 2.07 

47 30 21 22 29 18 59 53 9 30 30.1 8 3.31 

48 17 36 22 44 31 29 38 24 17 28.7 12 2.40 

50 43 17 11 15 5 56 46 16 28 26.3 30 9.01 

51 36 39 3 8 12 58 41 21 37 28.3 
14 

107.2
8 

52 37 15 22 30 11 16 31 31 23 24.0 36 1.26 

53 23 28 22 33 25 54 54 8 19 29.6 9 4.06 

54 42 47 22 43 6 20 15 47 47 32.1 3 3.73 

55 16 7 22 21 32 19 40 22 11 21.1 45 1.88 

56 34 33 4 7 14 47 19 43 52 28.1 17 75.59 

57 29 45 9 16 19 46 36 26 27 28.1 18 35.68 

58 26 9 22 24 22 50 43 19 24 26.6 27 1.97 

59 2 5 22 25 46 40 56 6 6 23.1 43 1.78 

60 3 13 22 26 45 36 51 11 7 23.8 38 2.44 

61 33 29 7 9 15 34 24 38 44 25.9 32 43.35 
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Figure 4.1 : Watershed Prioritization map 

 

Table 4.9 : Category wise Prioritized Watershed Table 

 

 

High priority:  Sub Watersheds SW15, SW1, SW54, SW43, SW30, SW42, SW45, SW47, SW53, 

SW10, SW39, SW48, SW20, SW51, SW11 are given high priority based on the risk of 
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sedimentation in these sub watersheds which means they have the highest chances of 

sedimentation and require most attention among other prioritizedgroups. Measures that can 

reduce the risk of sedimentation are contour bunding, gully reclamation, contour vegetative 

barriers, 

Medium priority :  Sub Watersheds SW37, SW56, SW57, SW21, SW9, SW16, SW23, SW25, 

SW33, SW40, SW46, SW58, SW31, SW6 and SW50 aregiven medium priority because of 

medium drainage density and less elongation of the shapes than high priority given 

watersheds. Sedimentation can be treated by simple measures such as adding vegeation cover 

to that area such as planting trees or mulching will reduce the sedimentation yield of that area. 

Low priority: Sub watersheds SW26, SW61, SW28, SW14, SW35, SW52, SW32, SW60, 

SW13, SW22, SW17, SW38, SW59, SW7, SW55, SW34 and SW27are given low priority. 

These are the watersheds that are having least importance with respect to other watersheds 

means they don’t require any conservation parameters to reduce sedimentation yield and if 

required it can simply be treated by adding vegetation cover to that area. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

46 
 

4.4.2 Watershed Prioritization for Sedimentation Susceptibility using AHP :  

Prioritzitation based on Sedimentation factors was done by giving different weightage to 

different factors and then new calculated parameters values were assigned to the map to get 

the prioritized map from Red color representing high priority, Yellow color representing 

medium priority and Green color representing low priority. LULC is given lowest ranking 

becayse of its accuracy being 70% calculated. Prioritization is based on Pixels and each pixel 

show its priority with color. 

 

1. For Weightage ranking GM >S >DD>LULC:  

  

                            

Figure 4.2 : Prioritized watershed map for rankng GM>S>DD>LULC 
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As the figure. 4.2 shows  younger alluvial plains are given highest priority with red 

color. Alluvial plane with low DD is given medium prioritization meaning medium risk 

of sedimentation. Medium dissected denudation hills and valleys with high slope and 

high drainage density is given medium priority. Medium priority represented by yellow 

color is also given to high slope dissected structural hills and valley area with medium 

to high DD. Dissected hills and valley area with low drainage density is given low 

priority. Moderately dissected structural hills of the study area are given medium to low 

priority based on slope. Low priority is given to moderately denudation hills and 

valleys, low slope hills and valleys, low sloped moderately dissected hills and valleys 

with low and medium drainage density. 

2. For weightage ranking DD > GM > S > LULC :  When Drainage Desnity is given 

most Weightage for prioritization  followed by Geomorphology, slope and Lulc 

following results shown in Figure 4.3 were observed .  Areas with highest drainage 

density is shown to have highest risks for prioritization where majority of sedimentation 

risks are in the main stream.  Places with meium to low drainage density but high slopes 

are given high priority too. 

                        

                                     

Figure 4.3: Prioritized watersheds for DD> GM > s > LULC 
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3.  For weightage ranking DD> S> GM >lulc : This map shows high priority given to 

slopy areas consisting of highly dissected stricture and hills and valleys including rocky 

mountain areas  it also shows high risk of sedimentation in the alluvial plains near the 

,aim river stream. Areas with medium slope hills and valleys is given medium priority . 

Low priority is given to snow covered areas, and medium and high elevated areas with 

low DD are also given low priority. High drainage density areas of alluvial plain with 

medium slopes are also given high priority. 

 

 

                           

Figure 4.4 : Prioritized watershed for ranking DD>S>GM>LULC 
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CHAPTER 5 

CONCLUSION 

 

 

The changes of stream length of  study area basin were found to be irregular  throughout the 

different order ,it’s a sign of the younger stage of geomorphologic development .The areal 

aspects characteristics of study area basin shows a  large value of discharge and peak flow in 

comparatively less given time. All these parameters are the characteristics of younger stages 

of basin development geomorphic area. The relief parameters of Beas basin shows young 

stages of geomorphic development and rejuvenated morphological characteristics of 

mountainous region. 

By using GIS we sub divided our watersheds into 61 sub-watersheds and performed different 

analyses on the watershed to obtain results for morphometric parameters. These parameters 

help us to indicate geomorphic evolution of our watershed. Using morphometric parameters 

we were able to categories are sub watershed in high, medium and low priority.  

Among these 61 watersheds,  SW15, SW1, SW54, SW43, SW30, SW42, SW45, SW47, 

SW53, SW10, SW39, SW48, SW20, SW51 and  SW11 come under high priority which 

means these watersheds are most vulnerable to sedimentation susceptibility with respect to 

other watersheds. Measures that can be taken in these watersheds are flow deflection using 

rench, Slope Texturing, Controlling Construction Traffic, adopting suitable practices for  land 

treatment, e.g., field bund wall, contour vegetative barriers, , contour bund wall gully 

reclamation. SW37, SW56, SW57, SW21, SW9, SW16, SW23, SW25, SW33, SW40, SW46, 

SW58, SW31, SW6 and  SW50 come under medium priority hence they require less measures 

than high priority watershed to control sedimentation susceptibility. No immediate measures 

are needed but some measures that can be take are Use Existing Drainage, Design Drainage 

Channels Appropriately for reducing future risks of higher sedimentation yield ad erosion, 

SW26,SW61,SW28,SW14,SW35,SW52,SW32,SW60,SW13,SW22,SW17,SW38,SW59,SW7

,SW55,SW34 and SW27  are the watersheds which come under low priority may not even 

require any measures to control sedimentation susceptibility because they have very low 

chances of it. With help of this data decision maker can take action beforehand to minimize 

the loss due to sedimentation susceptibility. 
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AHP analysis was also performed on the watershed and we were able to indicate areas 

vulnerable to sedimentation susceptibility as per weightage provided but due to limited data 

and time were not able to provide proper and correct weightage to the layers provided for 

analysis which might have caused errors in our result for AHP, none the less we were able to 

obtain ample of knowledge about AHP like how it is performed and how can it used for 

decision making.  

Future Scope : AHP for this study included factors Geomorphology, Drainage density, Slope 

and Lulc . The results can be improved using Geology data and Soil texture. However, 

Detailed  Geology of study area was not available and neither was soil texture data for open 

source . The AHP results will be made more accurate and can be used in better ways for soil 

conservation and sedimentation protection. Land use Land Cover study for the given area was 

done only using one year’s data. LULC data of multiyear can be used to find advancement 

and degradation data of the area to provide better results. And once AHP data are more 

accurate the Factors used for AHP can also be added for CP calculation to provide more 

accurate representation and prioritization of watersheds. 
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