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Abstract 

Water is the most precious resource on earth which is necessary for the survival of life. Though Chamba is blessed with 

prominent monsoon with an average rainfall of around 2200 mm, it experiences water scarcity in off monsoon seasons. 

Features such as steep slopes and uncontrolled terrain speed up surface runoff and so much of the water received as rain 

goes unevenly. Water harvesting is the best technique, which can be effectively used to trap unused surface runoff and 

thereby increase groundwater recharge. But these structures have to be located in places where water is available in large 

quantities and the conditions are favorable for increased infiltration. The objective of this study is to identify suitable sites 

for water harvesting structures. Harvested rainwater is an alternative source of water around the world. Many researchers 

have developed and applied various methodologies and criteria to identify suitable sites and techniques for rainwater 

harvesting. We have used the morphometric analysis-based compound parameters (Cp), soil erosion and sediment yield 

index (SYI) to prioritize the micro-watershed (MWS) and identify the sites suitable for rainwater harvesting structures. 

Based on the analysis, it is found that a total of 10 micro-watersheds fall under ’very high’ and high category, in which 33 

check dams were proposed specifically on 3
rd

, 4
th

 and 5
th

 order streams. Locations of water harvesting structures have been 

suggested by conducting meteorological and topographic analysis. However, for the practical implementation of these 

structures, other considerations such as feasibility of economy, social implications, practical feasibility, etc. should be 

considered. 
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1. Introduction 

Water is the most valuable vital resource for all life forms 

on the planet including drinking, food production, domestic, 

industrial, power generation and recreational use. Humans, 

historically, have employed a variety of techniques to 

obtain water, such as water harvesting structures, which 

play an important role in the conservation of precious 

natural resources such as water and soil, which are 

declining at an alarming rate [1]. A drainage basin or 

watershed is an area of land where surface water from rain, 

melting snow or ice converts to a point at a lower elevation, 

usually exiting the basin, where the water joins another 

water body, such as a river, lake, reservoir, estuary, wetland, 

sea or ocean. 

Morphometry is the measurement and mathematical analysis 

of the configuration of the Earth's surface, the shape and 

dimensions of its landforms [2-3]. A major emphasis in 
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geomorphology over the past several decades has been on the 

development of quantitative physiographic methods to 

describe the evolution and behaviour of surface drainage 

networks [4-5]. Morphometric analysis of a watershed 

provides a quantitative description of the drainage system, 

which is an important aspect of the characterization of 

watersheds [6]. 

Some of researchers such as [4, 7-12] have invented work 

on drainage basin morphometry. Some of the recent 

studies in India were done by [13-22] etc. on 

morphometric analysis using remote sensing techniques. 

The priority of watersheds was met through various 

approaches such as soil erosion or sediment yield 

indexing, morphometric analysis, morphological 

characterization, etc. some other studies focused on soil 

erosion and SYI modeling aspects that classified erosion 

affected priority areas [23-27]. GIS and remote sensing 

techniques prove to be efficient tools for morphological 

characterization of sub-watersheds [26-31]. In this paper 

authors have used the morphometric analysis-based 

compound parameters (Cp), soil erosion and sediment 

yield index (SYI) to prioritize the micro-watershed 

(MWS) and identify the sites suitable for rainwater 

harvesting structures. 

2. About the Study Area 

The Budhil river starts off from the Lahaul Range at an 

elevation of 4080 m and is fed by the glaciers of 

Manimahesh Kailash Peak and Manimahesh Lake, and both 

are Hindu pilgrimage sites. Budhil river is a major tributary 

of the Ravi River. Budhil joins the Ravi near Ulans. The 

confluence of Ravi and Budhil is known as Kharamukh. The 

length of Budhil river is 72 Km where it has a bed slope of 

about 60 m / Km. It flows through the ancient capital of 

Bharmwar, now known as Bharmour in Himachal Pradesh. 

The Budhil river basin extends from 32°21'22.978" N to 

32°35'7.399" N and 76°27'31.052" E to 76°52'34.31" E and 

covers an area of 565.56 Km
2
. The Budhil river basin is 

diverse in its physiography. The climate of the study area is 

transitional between the dry winter climate of the Indo-

Gangetic plains, and the highland climate of the western 

Himalaya [32]. A Budhil hydropower project is situated on 

Budhil stream, in Chamba district, Himachal Pradesh, which 

has been operational since October 2012. The climate here is 

classified as Cwa by the Köppen-Geiger system. In Chamba, 

the average annual temperature is 20.7°C, and average annual 

rainfall is 2213 mm. The location map of the study area is 

shown in Figure 1. 

 

Figure 1. Location Map of Budhil River Basin, Chamba (Himachal Pradesh). 
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Mythology of study area: There are many myths associated 

with the Manimahesh peak and the lake, which feeds the 

Budhil River - a tributary of the Ravi in Chamba. In 

Manimahesh Kailash, Lord Shiva is believed to live with 

Maa Parvati. The formation of a rock in the form of 

Shivalinga on this mountain is considered as an expression of 

Lord Shiva and the area at the base of the mountain is known 

by the locals as Chaugan of Shiva. The local Gaddi 

community considers this area to be the Shiva Bhoomi. 

Legend says that the Shiva married Maa Parvati in the 

Mansarovar lake and they became universal parents, Shiva 

built Mount Kailash in Himachal Pradesh and made it his 

abode. The Manimahesh Ganga River rises from the lake into 

a waterfall and joins the left bank of the Budhil River [33]. 

3. Data Used and Sources 

In this study, various basic thematic layers were created from 

different source including map, field study, satellite imageries 

and secondary data. Using ArcGIS 10.7 software tools, 

several maps were prepared including land use land cover 

map 2020, soil map, geological map, drainage network map, 

topographical map, slope map, natural vegetation, soil 

textures, soil erosion maps. Data used, and their sources are 

shown in Table 1, and Figure 2. 

Table 1. Data used, sources and methodology. 

S. No. GIS data layer Data sources and methodology 

1. 
SoI Toposheet at 

1:50,000 scale 

Survey of India Toposheets, 2005. 

Toposheet No.: 52D/07 (I43W07), 52D/10 (I43W10), 52D/11 (I43W11), 52D/14 (I43W14), 52D/15 (I43W15). 

Source: http://www.soinakshe.uk.gov.in [34] 

2. 
Satellite remote 

sensing data 

Landsat-8 OLI (G, R & NIR & PAN merge) data with 15 m spatial resolution, Acquisition date: April 16th, 2020. 

Source: U.S. Geological Survey (USGS), Earth Explorer. 

http://earthexplorer.usgs.gov [35] 

3. Elevation data 

ALOS PALSAR (DEM) Data: Advanced Land Observing Satellite (ALOS) Phased Array type L-band Synthetic 

Aperture Radar (PALSAR) Digital Elevation Model (DEM) Data with 12.5 m spatial resolution. 

Source: Alaska Satellite Facility, Fairbanks. U.S. state of Alaska. 2004-2015 

https://vertex.daac.asf.alaska.edu [36] 

4. Drainage system 
Drainage network has been generated in GIS environment using ALOS PALSAR (DEM) data & ArcHydro tool in ESRI 

ArcGIS 10.7 software. 

5. Rainfall data 
Rainfall data from year 2010 to year 2019 have been collected from Indian Meteorological Department. 

Source: http://dsp.imdpune.gov.in [37] 

6. Soil map 
Soil map has been collected from National Bureau of Soil Survey and Land Use Planning (NBSS&LUP), National Soil 

Survey, State Agricultural Department and updated through Landsat-8 satellite remote sensing data. 

7. Topography 
Topography, slope, relief maps have been created using Spatial Analyst Extension in ArcGIS 10.7, and ALOS PALSAR 

(DEM) data with 12.5 m spatial resolution. 

8. 
Land use / land 

cover data 

LULC map with level-2 classification scheme has been prepared by using Landsat-8 OLI and PAN sharpened satellite 

imagery with 15 m spatial resolution of year 2020. These data layers are also updated with best available Google Earth 

satellite imagery. These data layers are also verified through limited field check. 

9. Geological map 

Geological quadrangle map has been downloaded from Geological Survey of India (GSI) website, and updated through 

Landsat-8 satellite imagery, and Survey of India (SoI) Toposheets at 1: 50,000 scales with limited field check. 

Source: GSI, http://www.portal.gsi.gov.in [38] 

 

4. Watershed Classification 

The codification systems of river basins are different in 

different countries. Consequently, the river 

basin/watershed boundaries do not match with each other 

internationally. To overcome this limitation, a 

comprehensive uniform categorizations and codifications 

has been proposed by [39] in 2014 for Indian River basins. 

By using the classification scheme, we have classified the 

Budhil river basin into 29 micro-watershed (MWS) 

ranging from AS11-A-1-Id-(RVI)-8-d-01 to AS11-A-1-Id-

(RVI)-8-d-29. Where ‘AS11’ is showing the International 

Watershed Code for Indus river basin; ‘A’ is showing the 

Indian water division code i.e. all drainage flowing into 

Arabian sea; ‘1’ is showing the water sub-division code 

i.e. all drainage flowing into Arabian sea from north India; 

‘Id’ is showing the basin codes i.e. Indus river basin; 

‘(RVI)’ is showing the sub-basins code i.e. Ravi river sub-

basin; ‘8’ is showing the watershed codes, total 8 

watershed is in Ravi river sub-basin; ‘d’ is showing the 

sub-watershed codes; and ‘01’ to ‘29’ is showing the 

micro-watershed (MWS) codes. Watershed classification 

map is shown in Figure 1. 

This codification system as an essential spatial framework 

that can be used to reconcile the data and information 

from a variety of scales for better water resource 

management, watershed management river basin planning, 

and sustainable water resource development, and the 

beauty of this classification scheme is these codes have 

been represent any micro-watershed in an international 

stand. 
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Figure 2. Data Used and their Sources. 

5. Result and Discussion 

5.1. Quantitative Geomorphic Analysis 

The micro-watershed (MWS) wise geomorphometric 

analysis of the Budhil river basin was carried out using 

Survey of India (SoI) topographical maps No. 52D/07 

(I43W07), 52D/10 (I43W10), 52D/11 (I43W11), 52D/14 

(I43W14), 52D/15 (I43W15) available on 1:50,000 scale. 

ALOS PALSAR (DEM) data with 12.5 m spatial resolution 

has been used for the updating changes occurred to drainage 

channels over the time. The length of the streams, MWS 

length, MWS area, and MWS perimeters have been measured 

by using ArcGIS 10.7 software, while stream order, stream 

numbers have been done according to [40] and Hydrology, 

Spatial Analyst Tools in ArcGIS 10.7 software. 

Stream Order (Su): When planning for morphometric 

analysis, it is required to convert the drainage network in 

stream order. Various geomorphologists i.e. [4, 8-12, 41-42] 

have described the stream ordering. The first stream ordering 

system has been innovated by [4], then [40] has proposed the 

same stream ordering system with some adjustments, which 

was most popular, and in-last-two-era that system has been 

used universally. The micro-watershed wise stream ordering 

system of Budhil river basin has been ranked according to the 

stream ordering system suggested by [40]. In this ordering 

system, the Budhil river was found to be a sixth order 

drainage system (Table 2). Stream order map of the Budhil 

River Basin, Chamba is shown in Figure 3. 

Stream Number (Nu): According to Strahler’s scheme, stream 

numbers of Budhil river basin has been obtained Survey of 

India Toposheets 1:50,000 scale and ALOS PALSAR (DEM) 

data, and shown in Table 2. The number of streams of 

different orders in a given drainage basin is nearly adjacent to 

an inverse geometric series in which the first term is unity 

and the ratio is the bisection ratio. The maximum stream 

numbers have observed in 1
st
 order stream, while minimum 

in the fifth order stream. 

Stream Length (Lu): Stream order wise and micro-watershed 

wise lengths of the streams have been measured in ArcGIS 

10.7 software and shown in Table 2. The average length of 

streams of each different order in a drainage basin is 

approximately adjacent to a direct geometric series in which 

the first term is the average length of streams of the first 
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order. 

Length of the Basin (Lb): Various geomorphologists were 

defined the basin length in different ways, such as: the basin 

length as the longest dimension of the basin parallel to the 

principal drainage line [43], defined the basin length as the 

longest in the basin in which are end being the mouth [12], 

the length of the line from a basin mouth to a point on the 

perimeter equidistant from the basin mouth in either direction 

around the perimeter [44]. micro-watershed (MWS) wise 

basin length has been calculated as suggested by [43] and 

shown in Table 2. 

Basin Area (A): Basin area is an important morphometric 

parameter; the area of micro-watershed has been computed 

by using ArcGIS 10.7 software and shown in Table 2. A 

geomorphologist i.e. [43] has established an important 

relationship between basin area and total stream lengths, 

which are supported by the contributing areas. 

 

Figure 3. Stream Order Map of the Budhil River Basin, Chamba. 

Basin Perimeter (P): The basin perimeter is the outer 

boundary of the basin that surrounds the basin area. It is 

measured along the divide between the basins and can be 

used as an indicator for calculating the size and shape of the 

basin. The micro-watershed wise basin perimeter has been 

extracted through ArcGIS 10.7 software and shown in Table 

2. 

Bifurcation Ratio (Rb): The ratio of the number of stream 

segments of a given order to the number of segments of next 

higher order [43]. According to [4], the bifurcation ratio 

varies from a minimum of 2 in flat or rolling drainage basins 

to 3 or 4 in mountainous or highly dissected drainage basins. 

Bifurcation ratio cannot be same from one order to its next 

order, because these irregularities are dependent upon the 

geological and lithological development of the drainage basin 

[40]. The higher value of bifurcation ratio (Table 2) indicates 

strong structural control on the drainage pattern. 

Form Factor (Ff): The relationship between basin area (A) 

and basin length (Lb) has been defined by [45], which is Ff = 

A / Lb
2
. The value of the form factor will always be less than 

0.754 for a fully circular basin. Basins with higher form 

factors have shorter peak-to-peak flows, while longer basins 

with lower form factors range from 0.28 indicating they are 

longer in size and flow for longer periods. The form factor 

values in Budhil river basin are ranging from 0.11 to 0.52. 

Micro-watershed wise form factor values are shown in Table 
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2. 

Elongation Ratio (Re): The elongation ratio (Re) has been 

defined by [43], the ratio of diameter of a circle of the same 

area as the basin to the maximum basin length i.e. Re = 2 / 

Lb * (A / π)0.5. He has classified the basin in five categories 

on the basis of elongation ratio i.e. circular (0.9-1.0), oval 

(0.8-0.9), less elongated (0.7-0.8), elongated (0.5-0.7), and 

more elongated (less than 0.5). The values of elongation ratio 

in Budhil river basin are ranging from 0.37 to 0.81. Micro-

watershed wise elongation ratio values are shown in Table 2. 

Texture Ratio (Rt): The relationship between first order 

streams (N1) and basin perimeter (P) has been defined by 

[43], which is Rt = N1 / P. According to him, the texture ratio 

is an important factor of drainage morphometric analysis that 

depends on the underlying lithology, infiltration capacity and 

relief aspect of the terrain. The values of texture ratio in 

Budhil river basin are ranging from 1.24 to 5.87. Micro-

watershed wise texture ratio values are shown in Table 2. 

Drainage Texture (Dt): Drainage texture can be defined as the 

total number of stream segments of all orders per perimeter 

of that area [4] and expressed as Dt = Nu / P.  

The comprehensive study of drainage texture has been done 

by [7], and he has classified the drainage texture in five 

categories i.e., very coarse (< 2), coarse (2 to 4), moderate (4 

to 6), fine (6 to 8) and very fine (> 8). The drainage texture 

values in Budhil river basin are ranging from 1.55 to 10.81. 

Micro-watershed wise the values of drainage texture are 

shown in Table 2. 

Compactness Coefficient (Cc): The compactness coefficient 

of a basin is the ratio of the basin perimeter to the 

circumference of the circular area, which is equal to the area 

of the basin and expressed as Cc = 0.2841 * P / A
0.5

 [46]. The 

compactness coefficient is independent of size of basin and 

dependent on the slope. Micro-watershed wise the values of 

compactness coefficient are shown in Table 2. 

Stream Frequency (Fs): Stream frequency is measurable area 

parameter of drainage morphometry and can defined as the 

total number of stream segments (Nu) of all orders per unit 

area (A) i.e. Fs = Nu / A [4]. Its value indicates a positive 

correlation with drainage density suggesting an increase in 

stream population in relation to an increase in drainage 

density. Micro-watershed wise stream frequency values are 

shown in Table 2. 

Table 2. Micro-Watershed wise Morphometric Analysis of Budhil River Basin, Chamba. 

Micro-Watershed 

Number 

1st Order 

Stream 

Number (N1) 

Total Stream 

Number 

(Nu) 

Maximum 

Stream Order 

(Su) 

Stream 

Length 

(Lu) 

Bifurcation 

Ratio (Rb) 

Basin Length 

(Lb) Km 

Basin 

Area (A) 

Km2 

Basin 

Perimeter 

(P) 

GIS Analysis GIS Analysis GIS Analysis Lu (km) Nu/Nu+1 GIS Analysis 
GIS 

Analysis 

GIS 

Analysis 

AS11A1Id(RVI)8d01 47 66 5 38.82 4.14 5.51 14.16 16.69 

AS11A1Id(RVI)8d02 24 30 5 16.53 4.00 7.09 10.97 19.33 

AS11A1Id(RVI)8d03 62 120 4 52.38 1.99 7.72 23.00 20.85 

AS11A1Id(RVI)8d04 144 250 4 87.90 2.71 8.69 29.83 25.02 

AS11A1Id(RVI)8d05 109 186 4 91.02 3.27 9.95 25.20 24.46 

AS11A1Id(RVI)8d06 67 105 3 43.42 2.37 6.88 14.77 18.73 

AS11A1Id(RVI)8d07 40 67 3 26.55 2.11 7.35 13.55 19.62 

AS11A1Id(RVI)8d08 25 47 3 23.10 2.44 4.98 9.08 12.89 

AS11A1Id(RVI)8d09 133 206 3 102.89 3.08 9.53 28.15 24.62 

AS11A1Id(RVI)8d10 77 124 3 66.70 2.27 6.27 13.30 16.75 

AS11A1Id(RVI)8d11 101 187 4 84.43 2.37 6.12 19.39 17.31 

AS11A1Id(RVI)8d12 82 143 3 72.62 2.42 6.89 15.67 17.34 

AS11A1Id(RVI)8d13 88 134 3 71.59 4.43 9.67 20.42 25.54 

AS11A1Id(RVI)8d14 52 84 3 40.74 3.17 7.52 17.86 19.90 

AS11A1Id(RVI)8d15 63 86 3 42.87 4.91 5.95 14.71 17.89 

AS11A1Id(RVI)8d16 47 84 4 47.55 2.29 7.18 19.63 20.75 

AS11A1Id(RVI)8d17 86 142 3 66.44 2.19 7.97 24.23 20.91 

AS11A1Id(RVI)8d18 111 176 3 89.14 2.78 10.50 34.15 29.88 

AS11A1Id(RVI)8d19 48 69 3 31.22 4.33 6.94 14.22 17.65 

AS11A1Id(RVI)8d20 64 99 3 52.38 2.68 13.40 19.57 31.79 

AS11A1Id(RVI)8d21 43 70 3 28.04 2.19 6.04 17.84 17.03 

AS11A1Id(RVI)8d22 156 263 4 128.87 2.78 8.69 37.45 26.56 

AS11A1Id(RVI)8d23 105 196 4 83.47 2.44 7.44 18.35 18.70 

AS11A1Id(RVI)8d24 43 72 3 32.63 2.19 4.78 10.01 14.30 

AS11A1Id(RVI)8d25 58 88 3 49.60 3.21 8.36 20.13 21.27 

AS11A1Id(RVI)8d26 84 139 4 72.16 2.83 10.10 24.72 25.76 

AS11A1Id(RVI)8d27 52 87 3 41.32 2.44 6.94 17.30 18.48 

AS11A1Id(RVI)8d28 74 133 5 70.18 2.23 8.54 17.96 20.31 

AS11A1Id(RVI)8d29 93 148 3 75.13 2.50 6.21 19.96 19.43 
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Table 2. Continued. 

Micro-Watershed 

Number 

Form 

Factor 

Ratio (Ff) 

Shape 

Factor 

Ratio (Sf) 

Elongation 

Ratio (Re) 

Texture 

Ratio 

(Rt) 

Drainage 

Texture (Dt) 

Compactness 

Coefficient 

(Cc) 

Stream 

Frequency 

(Fs) 

Drainage 

Density 

(Dd) 

Ff = A / 

Lb2 

Sf = Lb2 / 

A 

Re = 2 / Lb * 

(A / π) ^ 0.5 

Rt = N1 

/ P 
Dt = Nu / P 

Cc = 0.2841 * 

P / A ^0.5 
Fs = Nu / A 

Dd = ∑Lu / 

A 

AS11A1Id(RVI)8d01 0.47 2.14 0.77 2.82 3.96 1.26 4.66 2.74 

AS11A1Id(RVI)8d02 0.22 4.58 0.53 1.24 1.55 1.66 2.73 1.51 

AS11A1Id(RVI)8d03 0.39 2.59 0.70 2.97 5.76 1.23 5.22 2.28 

AS11A1Id(RVI)8d04 0.40 2.53 0.71 5.75 9.99 1.30 8.38 2.95 

AS11A1Id(RVI)8d05 0.25 3.93 0.57 4.46 7.60 1.38 7.38 3.61 

AS11A1Id(RVI)8d06 0.31 3.20 0.63 3.58 5.61 1.38 7.11 2.94 

AS11A1Id(RVI)8d07 0.25 3.99 0.56 2.04 3.41 1.51 4.94 1.96 

AS11A1Id(RVI)8d08 0.37 2.74 0.68 1.94 3.65 1.22 5.18 2.54 

AS11A1Id(RVI)8d09 0.31 3.22 0.63 5.40 8.37 1.32 7.32 3.65 

AS11A1Id(RVI)8d10 0.34 2.96 0.66 4.60 7.40 1.31 9.32 5.01 

AS11A1Id(RVI)8d11 0.52 1.93 0.81 5.84 10.81 1.12 9.65 4.36 

AS11A1Id(RVI)8d12 0.33 3.02 0.65 4.73 8.25 1.24 9.12 4.63 

AS11A1Id(RVI)8d13 0.22 4.57 0.53 3.45 5.25 1.61 6.56 3.51 

AS11A1Id(RVI)8d14 0.32 3.16 0.63 2.61 4.22 1.34 4.70 2.28 

AS11A1Id(RVI)8d15 0.41 2.41 0.73 3.52 4.81 1.33 5.85 2.91 

AS11A1Id(RVI)8d16 0.38 2.63 0.70 2.27 4.05 1.33 4.28 2.42 

AS11A1Id(RVI)8d17 0.38 2.62 0.70 4.11 6.79 1.21 5.86 2.74 

AS11A1Id(RVI)8d18 0.31 3.23 0.63 3.72 5.89 1.45 5.15 2.61 

AS11A1Id(RVI)8d19 0.30 3.38 0.61 2.72 3.91 1.33 4.85 2.19 

AS11A1Id(RVI)8d20 0.11 9.18 0.37 2.01 3.11 2.04 5.06 2.68 

AS11A1Id(RVI)8d21 0.49 2.04 0.79 2.53 4.11 1.15 3.92 1.57 

AS11A1Id(RVI)8d22 0.50 2.02 0.79 5.87 9.90 1.23 7.02 3.44 

AS11A1Id(RVI)8d23 0.33 3.02 0.65 5.61 10.48 1.24 10.68 4.55 

AS11A1Id(RVI)8d24 0.44 2.29 0.75 3.01 5.03 1.28 7.19 3.26 

AS11A1Id(RVI)8d25 0.29 3.47 0.61 2.73 4.14 1.35 4.37 2.46 

AS11A1Id(RVI)8d26 0.24 4.13 0.56 3.26 5.40 1.47 5.62 2.92 

AS11A1Id(RVI)8d27 0.36 2.79 0.68 2.81 4.71 1.26 5.03 2.39 

AS11A1Id(RVI)8d28 0.25 4.06 0.56 3.64 6.55 1.36 7.41 3.91 

AS11A1Id(RVI)8d29 0.52 1.93 0.81 4.79 7.62 1.24 7.41 3.76 

 
Drainage Density (Dd): The drainage density has been 

defined by [4] as stream length per unit area of basin, and can 

be calculated with Dd = L
u
 / A. Drainage density is a better 

quantitative expression for the dissection and analysis of 

landforms, although a function of climate, lithology, and 

structures and the relief history of the area may ultimately be 

used as an indirect indicator to understand those variables as 

well morphology of landforms. Micro-watershed wise the 

values of drainage density are shown in Table 2. 

5.2. The Universal Soil Loss Equation 

(USLE) 

Universal Soil Loss Equation (USLE) is considered one of 

the most important developments in soil and water 

conservation in the 20
th

 century. It is an empirical technique 

that has been applied worldwide to estimate soil erosion by 

the effects of rain and surface runoff. The USLE technique 

was first published in 1965 in USDA Agricultural Handbook 

282 by [47] for estimation of average annual soil loss 

occurring over an area. An updated edition in Agricultural 

Handbook 537 was published in 1978. The Revised 

Universal Soil Loss Equation (RUSLE), a computerized 

version of the USLE with improvements in multiple factor 

estimates, was initially released for public use in 1992. The 

USLE equation proposed by [47] can estimate of the soil loss 

rate in Ton ha
-1

 y
-1

 is stated shown in equation (1). 

A= R * K * LS * C * P                       (1) 

Where: A = average annual soil loss in t/a (tons per acre); R 

= rainfall erosivity index; K = soil erodibility factor; LS = 

topographic factor, L is for slope length & S is for slope; C = 

cropping factor; and P = conservation practice factor. 

5.2.1. Rainfall-Runoff Erosivity Factor (R) 

The R factor is the climatic factor determines the erosive 

force of rainfall on the ground. The R-factor is usually 

measured as the product (EI) of total storm energy (E) and 

the maximum 30-min intensity (I30) for all storms over a 

long time [48]. The EI parameter quantifies the effects of 

raindrop impact and reflects the amount and rate of runoff 

likely to be associated with the rain [49]. R is an indication of 

the two most important characteristics of a storm determining 

its erosivity: amount of rainfall and peak intensity sustained 

over an extended period. The erosivity of rainfall varies 
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greatly by location. R was calculated from these equations: 

R = E * I30                                   (2) 

Where: R is in MJ.mm ha
-1

 h
-1

 and (E) is the kinetic energy 

of rain in MJ.ha
-1

 and (I30) is the maximum 30 minute 

intensity in mm h
-1

. 

The erosion index (EI) for a given storm is a product of the 

kinetic energy of the falling raindrops and its maximum 30-

minute intensity. The sum of these EI values over a year 

divided by 100 give the annual R factor. 

A relationship between E * I30 and daily and monthly 

rainfall amounts for the Himalayan region as given below: 

E * I30 = 3.1 + 0.533 * Rd (for daily rainfall in mm)      (3) 

E * I30 = 1.9 + 0.640 * Rm (for monthly rainfall in mm)  (4) 

Equation (4) was used to estimate R value in this study. 

Rainfall-Runoff Erosivity Factor (R) map is shown in Figure 4. 

5.2.2. Soil Erodibility Factor (K) 

Soil erodibility is the amount and rate of erosion, 

transportability of sediment, and runoff measured under a 

standard condition as a particular rainfall input. The K value 

shows the rate of soil loss per rainfall-runoff erosivity (R) 

index. A group of scientists i.e. [50] have developed a table 

indicating the general magnitude of the K-factor as a function 

of organic matter content and soil textural class. 

Subsequently several scientists i.e. [51-53] have also worked 

on the soil erodibility factor to obtain soil textural class. 

Authors have used the same table to generate the soil 

erodibility factor (K) map which is shown in Figure 4. 

5.2.3. Slope Length (L) and Steepness 

Factor (LS) 

The slope angle and slope length calculation are an integral 

part of many environmental analyzes, most notably the 

erosion model. Typical slope angle calculation methods 

calculate the average slope based on the neighborhood 

window that is roughly 3x3 cell size [54]. The traditional 

method of calculation has been to use a regional 

approximation - which can convert a variable into a constant 

[55]. The methodology described in this paper involves 

calculating slope lengths from higher points (ridges / peaks) 

along the direction of the maximum downhill slope angle 

(flow direction). To calculate the LS factor for the USLE 

equation, first calculate flow accumulation (FlowAcc) and 

slope in degrees (SlopeDeg) in ArcGIS 10.7 software. Then 

use of map algebra tool in the raster calculator to obtain LS 

factor. The equation used in ArcGIS is shown in equation (5). 

Power (FlowAcc * cell resolution (30m) / 22.1, 0.4) * Power (Sin (SlopeDeg) * 0.01745) / 0.09, 1.4) * 1.4             (5) 

The LS factor map of Budhil river basin is shown in Figure 4. 

5.2.4. Crop Management Factor (C) 

Crop and management factors are used to determine the 

combined effect of soil and crop management systems in the 

context of preventing total soil loss in an area. For 

identification of Crop and management factors, a literature 

review was performed to identify the C factor for various 

crops and LULC. Authors have experimental several 

previous studies i.e. [49, 56-63] to identify the C factor. 

Commonly refer to the C factor for LULC, used in this study, 

and a C factor map is generated, which is shown in Figure 4. 

5.2.5. Conservation Practice Factor (P) 

The P factor represents the ratio of soil loss to the support 

practice of straight-line farming up and down the slope. The 

most commonly used ancillary cropland practices are cross 

slope farming, contour farming, and strip-cropping. The 

values currently used in the USLE model for P factors are 

similar to those developed by [64]. They have reasoned at 

the 0% of slope, the sub-factor value used for contouring 

should be 1.0 because no flow direction. They have also 

suggested that the contouring sub factor value should be 1.0 

for slopes steeper than 25% because a typical ridge with 6m 

height would store no water. The P factor value suggested 

by them, have been used for this study. A conservation 

practice factor (P) map has been prepared and shown in 

Figure 4. 

5.2.6. Soil Erosion Calculation 

Spatial analysis and mapping of soil erosion aspect in the 

Budhil river basin has revealed that the total area affected by 

soil loss is accounted for about 20.13% of the basin area. Soil 

erosion values obtain from soil erosion modeling has been 

reclassified into 5 classes (equal interval classes) to show the 

low soil erosion to high soil erosion areas. The study made it 

apparent that the application of GIS and remote sensing 

techniques can provide the efficient means to model soil 

erosion effectively. The study of soil loss should, therefore, 

be crucial in terms of quantity and extent. 

Results of the soil erosion calculation study gives an erosion 

range of 7.36 - 180.91 tons/ha/year as compared to 31-125 

tons/ha/year as reported by [65], using USLE model. 

Variation in the results is apparently due to variations in the 

values of the factors used, in particular, the slope classes and 

the C factor. The study reveals that forest is one of the major 

natural resources of the Budhil river basin. It covered about 

54% of the total geographical area in 2020. At a glance of 
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Figure 5, the soil erosion classes namely low, low-moderate, 

moderate, moderate-high, and high has covered 40.82%, 

13.05%, 25.53%, 11.47%, and 9.13% of total area 

respectively. 

 

Figure 4. Universal Soil Loss Equation (USLE) Model Factors. 
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Figure 5. Soil Erosion Map of the Budhil River Basin, Chamba. 

5.3. Sediment Yield Index (SYI) Modeling 

Investigation of basins for conservation planning is expensive, 

and therefore requires a selective approach to identify smaller 

hydrological units which would be suitable for more efficient 

and targeted resource management programmes. The 

identification of these critical sub-basins which need soil and 

water conservation measures on a preferential basis is 

particularly important in hilly arid/semiarid basins subject to 

heavy rainfall. A criterion which can be used to determine 

priority for conservation planning, therefore, may be the 

maximum sediment yield of a basin. The use of the Sediment 

Yield Index (SYI) model developed by the All India Soil and 

Land Use Survey (AISLUS), Government of India, is a well-

known means of providing criteria for priority delineation in 

river valley projects and flood prone rivers [66]. The SYI 

conceptualizes sediment delivery into the water body as a 

multiplicative function of potential soil detachment 

representing the erosivity factor (weightage value) and 

transportability of the detached material (delivery ratio value). 

The study area is composed of weathering-prone crystalline 

country rock, facilitating easy transport of fine silt material. 

The silt yield in the area has been calculated using the 

following relation [67-69]. Sediment Yield Index (SYI) is 

calculated in percentage for all the micro-watersheds (Table 

3). 

SYI = [(Aei * Wei * SDR) / Aw] *100             (6) 

Where: SYI = Sediment Yield Index, Aei = Area under 

Erosion Intensity Unit 'i', Wei = Weightage Value Assigned to 

Unit 'i', SDR = Sediment Delivery Ratio of Micro-Watershed, 

Aw = Area of Micro-Watershed 

The relationships between SDR and other factors have been 

established as curves. Watersheds with large drainage area 

and the fields with a long distance to the streams have a low 

sediment delivery ratio. This is because large areas have 

more chances to trap soil particles, thus the chance of soil 

particles reaching the water channel system is low. Roughly 

speaking, SDR is closely related to the power of -0.2 to the 

drainage area or the distance to the stream. Some others 

suggested the power of -0.1 and -0.3 in the function. 

The relationships have been generalized as curves called 

SDR curves. The SDR curves include SDR vs. drainage area 

and SDR vs. distance. The drainage area method is most 

often and widely used in estimating the sediment delivery 
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ratios. An equation has been developed by [70] relating SDR 

with the drainage area. It is based on [71] equation and the 

sediment yields observed in 14 watersheds in the Blackland 

Prairie Area in Texas. The model shows a good relationship 

between SDR and the drainage area (R2 = 0.92). The model 

can be written as follows: 

Log (SDR) = 1.7935 - 0.14191 log (A)               (7) 

Where: A = Drainage area in Km
2
 

A researcher i.e. [67] has used the data from 300 watersheds 

throughout the world to develop a model by the power 

function. This model is considered a more generalized one to 

estimate SDR. 

SDR = 0.42 * A 
-0.125

                           (8) 

Where: A = Drainage area in Miles
2
 

The delivery ratio is an important parameter for the 

estimation of sediment yield index. SDR ranges from 0.28 to 

0.33 for different micro-watersheds in the study area. This 

can be ascribed to the area, which is inversely proportional to 

the delivery ratio (Table 3). 

Integrating the weightage values for the parameters such as 

topography, slope, vegetation cover and erosion have arrived 

at the weightage factors for each of the 29 micro-watersheds. 

These weightage have been decided after the detailed 

quantitative analysis of morphometric parameters, soil, land 

use, geology, and soil erosion classes. The weightage factors 

vary from 1 to 14 depending upon geomorphological features 

of the micro-watersheds. The highest weightage factors 

(more than 10) are obtained for the micro-watershed No. 04, 

05, 07, 08, 09, 12, 13, 21 and 23. Micro-watershed wise 

sediment yield index is shown in Table 3. Sediment yield 

index generated from the model, indicates that the micro-

watersheds having high SYI values are mostly located on 

hilly terrain regions. It is also found that, coincidentally, 

these areas are mostly composed with the fine / mixed / typic 

ustropepts soil, and rock lands in that region. 

Table 3. Parameters for Calculation of Sediment Yield Index of Budhil River Basin, Chamba. 

S. No. MWS 
MWS Area 

(Km2) (Aw) 

Area under Erosion 

Intensity (Aei) 

Weightage Value 

Assigned (Wei) 

Sediment Delivery 

Ratio (SDR) 

Sediment Yield 

Index (SYI) 

1 AS11A1Id(RVI)8d01 14.16 5.98 9 0.32 121.71 

2 AS11A1Id(RVI)8d02 10.97 4.07 8 0.33 98.05 

3 AS11A1Id(RVI)8d03 23.00 6.81 6 0.30 53.48 

4 AS11A1Id(RVI)8d04 29.83 21.09 13 0.29 267.97 

5 AS11A1Id(RVI)8d05 25.20 16.26 12 0.30 230.57 

6 AS11A1Id(RVI)8d06 14.77 6.01 9 0.32 116.58 

7 AS11A1Id(RVI)8d07 13.55 7.13 11 0.32 186.36 

8 AS11A1Id(RVI)8d08 9.08 8.68 13 0.34 420.30 

9 AS11A1Id(RVI)8d09 28.15 14.50 11 0.29 166.41 

10 AS11A1Id(RVI)8d10 13.30 2.86 3 0.32 20.79 

11 AS11A1Id(RVI)8d11 19.39 0.57 1 0.31 0.90 

12 AS11A1Id(RVI)8d12 15.67 8.04 11 0.32 178.27 

13 AS11A1Id(RVI)8d13 20.42 20.91 14 0.31 438.31 

14 AS11A1Id(RVI)8d14 17.86 3.84 3 0.31 20.06 

15 AS11A1Id(RVI)8d15 14.71 5.53 8 0.32 95.83 

16 AS11A1Id(RVI)8d16 19.63 5.35 4 0.31 33.51 

17 AS11A1Id(RVI)8d17 24.23 4.88 3 0.30 18.07 

18 AS11A1Id(RVI)8d18 34.15 6.15 3 0.29 15.48 

19 AS11A1Id(RVI)8d19 14.22 5.77 9 0.32 116.72 

20 AS11A1Id(RVI)8d20 19.57 5.53 5 0.31 43.41 

21 AS11A1Id(RVI)8d21 17.84 10.53 12 0.31 220.28 

22 AS11A1Id(RVI)8d22 37.45 5.03 2 0.28 7.61 

23 AS11A1Id(RVI)8d23 18.35 8.21 10 0.31 138.62 

24 AS11A1Id(RVI)8d24 10.01 0.66 1 0.33 2.19 

25 AS11A1Id(RVI)8d25 20.13 4.96 3 0.31 22.62 

26 AS11A1Id(RVI)8d26 24.72 9.01 7 0.30 76.16 

27 AS11A1Id(RVI)8d27 17.30 6.61 8 0.31 95.36 

28 AS11A1Id(RVI)8d28 17.96 6.06 7 0.31 73.42 

29 AS11A1Id(RVI)8d29 19.96 1.25 1 0.31 1.91 

 

5.4. Prioritization of Micro-Watersheds 

The morphometric analysis-based compound parameters 

(Cp) and sediment yield index (SYI) model have been used 

to check dam positioning by prioritization of micro-

watersheds. The values of the morphometric parameters of 

all the 29 micro-watersheds are shown in Table 4. The 

highest value of the linear parameter was rated as rank 1, the 

second highest value as rank 2 and so on. On the contrary, as 

the shape parameters have an inverse relation with 

erodability. The lower their value more is the erodability. 

Thus, the value of the parameter was rated as rank 1 and the 
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second lowest as rank 2 and so on. The ranks of all 

morphometric parameters were added up for each of the 29 

micro-watersheds to arrive at a compound parameter (Cp) 

[72]. 

Table 4 shows the compound parameters (Cp) values, 

sediment yield index (SYI), priority of micro-watersheds. 

Values for rating each micro-watershed is done by means of 

combining and averaging the compound (Cp) parameter and 

SYI values. All these values are subjectively used to group 

all the micro-watersheds into different categories, such as, 

very high, high, medium, low and very low based on the 

range of the compounded value (Cp) and sediment yield 

index (SYI). Finally, all the micro-watersheds are assigned 

the ranks of priority for resource conservation, planning and 

sustainable development. Thus, out of 29 MWS, 5 (17.24%) 

MWS were given very high priority, as they have very low 

compound value and sediment yield index value. 

Accordingly, 5 (17.24%), 2 (6.90%), 4 (13.79%), and 13 

(44.83%) MWS’s were given high priority, medium priority, 

low priority, very low priority respectively because they are 

having low to very high Cp and SYI values. 

Finally, the micro-watersheds, which have been classified 

into high category of prioritization in both the SYI model and 

geomorphometric analysis were identified. After conducting 

intensive field visits, understanding the properties of different 

soil categories, and also considering the quantity and velocity 

of runoff, suitable sites for check dam construction were 

identified and marked. The priority watersheds obtained from 

SYI model and geomorphometric analyses were shown in 

Table 4. 

Table 4. Compound Parameter (Cp), Sediment Yield Index (SYI) and Priorities depending upon the Morphometric, and Sediment Yield Index Ranks. 

S. 

No. 
MWS 

Priority Analysis for Prioritization of MWS 

Linear Parameters Shape Parameters 
Cp SYI 

(Cp + 

SYI) / 2 

Final 

Priority Rb Fs Dd Ff Sf Re Rt Dt Cc 

1 AS11A1Id(RVI)8d01 4.14 4.66 2.74 0.47 2.14 0.77 2.82 3.96 1.26 2.55 121.71 62.13 Very Low 

2 AS11A1Id(RVI)8d02 4.00 2.73 1.51 0.22 4.58 0.53 1.24 1.55 1.66 2.00 98.05 50.03 Very Low 

3 AS11A1Id(RVI)8d03 1.99 5.22 2.28 0.39 2.59 0.70 2.97 5.76 1.23 2.57 53.48 28.02 Moderate 

4 AS11A1Id(RVI)8d04 2.71 8.38 2.95 0.40 2.53 0.71 5.75 9.99 1.30 3.86 267.97 135.91 Very Low 

5 AS11A1Id(RVI)8d05 3.27 7.38 3.61 0.25 3.93 0.57 4.46 7.60 1.38 3.61 230.57 117.09 Very Low 

6 AS11A1Id(RVI)8d06 2.37 7.11 2.94 0.31 3.20 0.63 3.58 5.61 1.38 3.02 116.58 59.80 Very Low 

7 AS11A1Id(RVI)8d07 2.11 4.94 1.96 0.25 3.99 0.56 2.04 3.41 1.51 2.31 186.36 94.34 Very Low 

8 AS11A1Id(RVI)8d08 2.44 5.18 2.54 0.37 2.74 0.68 1.94 3.65 1.22 2.30 420.30 211.30 Very Low 

9 AS11A1Id(RVI)8d09 3.08 7.32 3.65 0.31 3.22 0.63 5.40 8.37 1.32 3.70 166.41 85.05 Very Low 

10 AS11A1Id(RVI)8d10 2.27 9.32 5.01 0.34 2.96 0.66 4.60 7.40 1.31 3.76 20.79 12.28 High 

11 AS11A1Id(RVI)8d11 2.37 9.65 4.36 0.52 1.93 0.81 5.84 10.81 1.12 4.15 0.90 2.53 Very high 

12 AS11A1Id(RVI)8d12 2.42 9.12 4.63 0.33 3.02 0.65 4.73 8.25 1.24 3.82 178.27 91.05 Very Low 

13 AS11A1Id(RVI)8d13 4.43 6.56 3.51 0.22 4.57 0.53 3.45 5.25 1.61 3.35 438.31 220.83 Very Low 

14 AS11A1Id(RVI)8d14 3.17 4.70 2.28 0.32 3.16 0.63 2.61 4.22 1.34 2.49 20.06 11.28 High 

15 AS11A1Id(RVI)8d15 4.91 5.85 2.91 0.41 2.41 0.73 3.52 4.81 1.33 2.99 95.83 49.41 Low 

16 AS11A1Id(RVI)8d16 2.29 4.28 2.42 0.38 2.63 0.70 2.27 4.05 1.33 2.26 33.51 17.89 High 

17 AS11A1Id(RVI)8d17 2.19 5.86 2.74 0.38 2.62 0.70 4.11 6.79 1.21 2.96 18.07 10.51 High 

18 AS11A1Id(RVI)8d18 2.78 5.15 2.61 0.31 3.23 0.63 3.72 5.89 1.45 2.86 15.48 9.17 Very high 

19 AS11A1Id(RVI)8d19 4.33 4.85 2.19 0.30 3.38 0.61 2.72 3.91 1.33 2.63 116.72 59.67 Very Low 

20 AS11A1Id(RVI)8d20 2.68 5.06 2.68 0.11 9.18 0.37 2.01 3.11 2.04 3.03 43.41 23.22 Moderate 

21 AS11A1Id(RVI)8d21 2.19 3.92 1.57 0.49 2.04 0.79 2.53 4.11 1.15 2.09 220.28 111.19 Very Low 

22 AS11A1Id(RVI)8d22 2.78 7.02 3.44 0.50 2.02 0.79 5.87 9.90 1.23 3.73 7.61 5.67 Very high 

23 AS11A1Id(RVI)8d23 2.44 10.68 4.55 0.33 3.02 0.65 5.61 10.48 1.24 4.33 138.62 71.48 Very Low 

24 AS11A1Id(RVI)8d24 2.19 7.19 3.26 0.44 2.29 0.75 3.01 5.03 1.28 2.83 2.19 2.51 Very high 

25 AS11A1Id(RVI)8d25 3.21 4.37 2.46 0.29 3.47 0.61 2.73 4.14 1.35 2.51 22.62 12.57 High 

26 AS11A1Id(RVI)8d26 2.83 5.62 2.92 0.24 4.13 0.56 3.26 5.40 1.47 2.94 76.16 39.55 Low 

27 AS11A1Id(RVI)8d27 2.44 5.03 2.39 0.36 2.79 0.68 2.81 4.71 1.26 2.50 95.36 48.93 Low 

28 AS11A1Id(RVI)8d28 2.23 7.41 3.91 0.25 4.06 0.56 3.64 6.55 1.36 3.33 73.42 38.38 Low 

29 AS11A1Id(RVI)8d29 2.50 7.41 3.76 0.52 1.93 0.81 4.79 7.62 1.24 3.40 1.91 2.65 Very high 

Rb = Bifurcation Ratio, Fs = Stream Frequency, Dd = Drainage Density, Ff = Form Factor, Sf = Shape Factor Ratio, Re = Elongation Ratio, Rt = Texture 

Ratio, Dt = Drainage Texture, Cc = Compactness Coefficient, Cp = Compound Parameter, and SYI = Sediment Yield Index. 

5.5. Integrated Analysis of SYI Results for 

Micro-Watershed Conservation and 
Management 

An important aspect in the conservation planning of land and 

water resource of a watershed is only done by means of 

appropriate evaluation and classification of all the micro-

watersheds, by judging their capacity to support land use on a 

sustained basis and avoiding the land use practices which are 

detrimental. A researcher i.e. [73] has proposed a sustainable 

land-use planning scheme for land and water conservation at 

micro-watershed level by taking important spatial parameters 

into consideration like, soil depth, slope steepness 

characteristics, and by the use of multidisciplinary knowledge-

based rules and field checks in an integral manner using GIS. 

The proposed land use scheme allocates potential land-use units, 
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with proper soil and water conservation measures, especially for 

watersheds located in high rainfall hilly regions. The priority 

micro-watershed delineation study reveals significant variation 

in the SYI values among the micro-watersheds. This suggests 

that more attention is to be paid to these critical, or high and very 

high priority micro-watersheds for proper implementation of the 

conservation planning schemes with the help of remote sensing 

and GIS technology. These appropriate biological engineering 

measures could be employed on the basis of priority of micro-

watersheds to arrest the erosion and conserve the land and water 

resource and subsequently avoiding wastage of massive 

investments on controlling soil erosion or restoring the affected 

lands. 

An integration of the result of SYI and morphometric 

analysis is an efficient technique for prioritization of micro-

watersheds for locating suitable sites for check dam 

construction. Accordingly, the comprehensive evaluation of 

SYI as well as morphometric parameters has been done to 

prioritize the micro-watersheds for soil conservation. Based 

on the analysis, it is found that a total of 10 micro-watersheds 

fall under ’very high’ and high category, in which 33 check 

dams were proposed specifically on 3
rd

, 4
th

 and 5
th

 order 

streams. The results obtained showcased that the precision-

based site suitability evaluation for the check dam 

construction. Suitable soil conservation structures are 

suggested at appropriate locations based on the topographical 

and morphological conditions. The study demonstrated the 

versatility and utility of remote sensing and GIS in 

combination with morphometric analysis for the sustainable 

development of the micro-watersheds. 

5.6. Locating the Water Harvesting 

Structures - Check Dams 

A check dam is a small barrier constructed of rock, gravel 

bags, sandbags, fiber roll, or reusable products, placed across 

a constructed swale or drainage ditch. Check dams reduce the 

effective slope of the channel, thereby reducing the velocity 

of flowing water, allowing sediment to settle and reducing 

erosion. The main object of the check dam areas is erosion 

control, sediment control, tracking control, wind erosion 

control, non-storm water management control, waste 

management and materials pollution control. 

Check dams are particularly appropriate for the following 

situations: 

1) To promote sedimentation behind the dam 

2) To prevent erosion by reducing the velocity of channel 

flow in small intermittent channels and temporary swales 

3) In small open channels that drain 10 acres or less 

4) In steep channels where storm water runoff velocities 

exceed 5 ft/s 

5) During the establishment of grass linings in drainage 

ditches or channels 

6) In temporary ditches where the short length of service 

does not warrant establishment of erosion-resistant linings 

 

Figure 6. Prioritized Micro-Watersheds with Proposed Check Dam Locations. 
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A total of 53 (28, crate wire check dam - CWCD, and 25, dry 

stone check dam - DSCD) check-dams or structures for land 

and water resource conservation have already been 

constructed across different channels and tributaries of the 

Budhil river (Figure 6). In addition to that, based on the 

results obtained from the micro-watershed prioritization 

analysis, a total no. of 33 more check-dams are 

recommended at various locations across the channels and 

tributaries of Budhil river. Most of these check-dams are 

recommended across the channels specifically located in the 

micro-watersheds identified as ‘very high’ or ‘high’ for 

prioritization. The existing and proposed locations for check-

dams or land-water resource conservation structures are 

shown in the Figure 6. 

6. Conclusions 

The study considered various parameters such as land use land 

cover, soil texture, geology, drainage network / stream order, 

topography / slope, natural vegetation, soil erosion, 

morphometric analysis-based compound parameters, and 

sediment yield index. The techniques used in this paper were 

very effective in achieving the subject of this work. Based on 

the analysis, it is found that a total of 10 micro-watersheds fall 

under ’very high’ and high category, in which 33 check dams 

were proposed specifically on 3
rd

, 4
th
 and 5

th
 order streams. 

The identified site selection results showed that the northern 

part of the study area consisted mostly of hilly and hilly areas 

with deep drainage networking compared to the southern part, 

which had plains or moderate slopes with deeper drainage 

networks. The total rainwater harvesting capacity of the study 

area is 66.83 million cubic meters which is sufficient to meet 

the water requirements for proper care and protection of the 

crop. This method is time saving and cost effective. It can 

reduce the cost of the earthwork and can be used for cost 

effective water resource management and planning. 
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