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CHAPTER–I 

 

 

 

INTRODUCTION 

1.1 General background 

Land and water are the most essential natural resources for the survival of living 

beings on the earth, and these resources always interact with each other in a cyclic manner. 

Soil erosion by water is a critical environmental hazard worldwide. It erodes the nutritive soil 

and promotes sedimentation in reservoirs and rivers, which ultimately reduces the storage 

capacity of the system. The erosion of soil from catchment regions, agricultural fields and the 

continued silting of rivers, reservoirs, and lakes are reasons of great concern. The deposition 

of eroded soil not only reduces the capacity of the reservoir but also causes flood hazards and 

ultimately degrades the quality of water downstream. Exploitation of land due to crop 

production, population stress, abnormal rainfall events, shifting cultivation on hill slopes, 

reduction in the capacity of lakes, rivers and reservoirs beyond a certain limit encourage the 

soil erosion and creates various threats to the society. The sustainable development of any 

country largely depends upon the proper utilization, efficient management, and sustainable 

development of natural resources in an integrated manner. 

It is estimated that approximately 80% of the world's agricultural land suffers from 

moderate to severe erosion (Ritchie et al., 2003). About 29% of soil being eroded is taken to sea 

by rivers, 10% gets deposited in reservoirs and storage facilities and remaining 61% get displaced 

from its place, for a variety of reasons (Narayan and Babu, 1983). The Indo-Gangetic plains, 

including salt affected lands  of Haryana, Punjab, Uttar Pradesh, West Bengal and Bihar, have 

moderate erosion rates i.e. 5-10 Mg ha
-1 

yr
-1
, while the north-western Himalayan regions, shifting 

cultivation regions, ravines, black cotton soils  and Western Coastal Ghats of India have severe 

erosion of more than 20 Mg ha
-1 

yr
-1
 (Singh et al., 1992). 

 The development of erosion prediction began with identification and analysis of three 

major factors i.e., rainfall and runoff erosivity potential, soil susceptibility to erosion, and soil 

protection afforded by plant canopy. The first erosion prediction equation described 

mathematically the effect of slope steepness and slope length on erosion (Renard et al., 1997). 

Erosion issues and their assessment are always dependent and based on spatial, economic, 

agricultural and environmental criteria. Therefore, efficient soil loss practices and their 

management are required to minimise degradation of natural resources and to ensure the good 

quality of water for the flora and fauna. The estimation of soil loss through conventional 

techniques is expensive, exhaustive, time consuming and labour intensive. Different 

parametric models such as empirical models, physical models, a mix of empirical and 
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physical models, physical and raster-based models, and process-based models are available 

for prediction of runoff and soil loss. Many of these models required basic information related 

to land use and landform, soil type, climatic condition and topographic situation to estimate 

runoff and soil losses. These models are designed for a specific set of conditions in a 

particular area. The various empirical soil loss models are Universal Soil Loss Equation 

(USLE), Revised Universal Soil Loss Equation (RUSLE), Revised Universal Soil Loss 

Equation version 2 (RUSLE2), and the Modified Universal Soil Loss Equation (MUSLE) 

which are being used. The USLE was introduced through a series of regional workshops on 

the soil loss prediction and later on, in 1987, ARS, SCS, and several cooperators initiated a 

project to revise the USLE and its documentation (Wischmeier & Smith, 1965, 1978, Renard 

et al., 1991).  Originally, USLE was developed for use on cropland, its further improvements 

expanded its usefulness wide enough and later on it was applied to urban construction 

locations, highway embankments, recreational sites, prioritization of the watersheds, etc. Such 

widespread applicability of USLE was a result of technical soundness and the lack of 

alternative erosion models for planning of conservation programs to control soil erosion by 

water (Renard et al., 1991).  

1.2 Most relevant review of literature  

The USLE predicts the average rate of soil erosion (tons per unit area) from sheet and 

rill erosion under specific conditions of agricultural fields. This model can analyze soil loss 

by using factors, R (erosivity by rainfall), K (soil erodibility), L (slope length (m)), S (% of 

slope), C (parameter for cover management), and P (parameter for support practice) 

(Wischmeier and Smith, 1978).  Later, the USLE was updated through an extensive review of 

its database, analysis, and inclusion of previous data which was not included in the USLE 

earlier. The theory described the fundamental hydrologic and erosion processes and 

maintained the originality with an improved method of calculation of the different USLE 

factors. This update of the USLE was so meaningful that the result was known as the RUSLE 

(Renard et al., 1991, 1997). The RUSLE2 is fundamentally different from the USLE and 

RUSLE1 erosion prediction models. It is a computer-based interface program, and it uses 

basic variables rather than RKLSCP factors to compute erosion. It does not use RKLSCP 

factors to compute erosion; rather, it computes values for them and demonstrates their 

interaction (Foster et al., 2003). The MUSLE (Williams, 1975) was developed as a 

watershed-based model to estimate the sediment yield using runoff and peak flow produced 

by each storm event individually (Pongsai et al., 2010). The upgraded models from 

USLE like MUSLE (Williams, 1975), and RUSLE (Renard et al., 1991) are often used for the 

assessment of surface erosion and sediment yield from catchment areas (Kothyari and Jain, 

1997). These erosion prediction models have wide acceptability all over the world due to their 

simplicity and low input data requirements. 
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 Delineation of eroded areas in a watershed through study of toposheets and 

reconnaissance surveys is tiring and at times, not very accurate. The development of 

information technologies has resolved this issue to some extent and significantly changed the 

approach to spatial planning, management of natural resources, and watershed prioritization 

based on erosion risk analysis. The development of Remote Sensing (RS) technology has 

opened new doors for the study of the hydrologic cycle and its components. This provides an 

opportunity to study and obtain solutions for more complex problems in hydrology, which are 

back-breaking when attained by the conventional methods. The Geographical Information 

System (GIS) platform provides a faster and better method for the manipulation and analysis 

of spatial information and for assessing various morphometric parameters of watersheds. A 

morphometric analysis is a necessary aspect of watershed characterization which 

quantitatively describes the drainage system of a watershed (Strahler, 1964). GIS can also be 

used as an ideal tool for developing land use management strategies to reduce soil loss (Jain et 

al., 2001). Also, it is necessary to use USLE on a physical basis rather than use it over the 

entire watershed. The GIS allows accurate and effective use of USLE for small watersheds. 

Most of the GIS-based model applications are subjected to data limitation (Fistikoglu and 

Harmancioglu, 2002). Other researchers concluded that the watershed could be subdivided 

into cells in which different runoff directions are present (Wu et al., 2005). 

 Prediction of magnitude and spatial distribution of erosion using GIS, Agricultural 

Non-Point Source Pollution Model (AgNPS) and the RUSLE could be more thoughtful 

analysis through regionalized topographic input parameters and hydrological models at 

different spatial resolutions (Renschler et al., 1997).The RUSLE is widely used to estimate 

soil erosion due to the ease of use in computational parameters by GIS (Wischmeier and 

Smith, 1978). The RUSLE model coupled with GIS and RS, has become a useful and vital 

approach to identify, delineate, and analyse the soil loss rate over the areas. The parameter 

values of the factors must be calibrated prior to the prediction of soil loss rate for that location 

so that better soil loss values can be achieved for effective and appropriate land management 

planning in watersheds (Tiruneh and Ayalew, 2015, Khassaf and Rammahi, 2018, Yesuph 

and Dagnew, 2019). The application of the RUSLE depends on the kind of data available and 

the adaption or change of information from other studies to suit our own area's climate, land 

cover, particular soil type, topography, and support practices (Benavidez et al., 2018). 

1.3 Significance of study   

A watershed is an appropriate hydrological unit and is considered primarily for the 

preservation of land, water, and other crucial resources. Each watershed has unique properties 

like physiography, climate, ecology, water quality, land use, and human culture. A 

generalised watershed management approach should be customised before being put into 

practice. It is, however, realised that due to financial and organisational constraints, it is not 

feasible to treat the entire watershed within a short span of time, so watersheds should be 
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prioritized on the basis of micro-units to evolve an appropriate conservation management 

strategy so that maximum benefit can be derived out of such money-time-effort-making 

scheme. Every micro-watershed has distinct characteristics which can affect its 

functioning with respect to receiving and disposing water. Implementing soil conservation 

programmes in many areas of the watershed to reduce soil erosion and increase reproductive 

efficiency is a problematic assignment, mostly due to financial and reserve deficiencies. To 

understand the problems and to suggest local conservation strategies, it is necessary to adopt a 

holistic approach to enhance the productivity of all components of watershed. On the basis of 

watershed prioritization and appropriate analysis, the conservation measures structure can be 

proposed in the prioritized sub-watershed at the possible locations. (Choudhari et al., 2018). 

 The Shivalik region falls between the Himalayan ecosystem and the Indo-Gangetic 

plains on the north-western side of India. Degradation of Shivalik foot hills not only affects 

piedmont plains but it damaged the hills too and the combined action of rain and surface 

runoff can readily remove the unprotected soil from the land surface in fragile Shivalik. 

(Kothyari, 1996). So it is very important to assess, analyze, and prioritize the probabilistic 

erosion hazards so that suitable control measures may be applied to stabilise the degradation 

of natural resources in this region. The present study pertains to watershed delineation, recent 

Land use Land cover (LULC) status, and estimation of soil loss on a watershed basis with the 

integration of the RUSLE parameters and geospatial techniques. This study could be helpful 

for policymakers, extension workers, and NGOs working in the field of watershed 

management in this region. 

1.4 Objectives  

The present study, "Priority areas assessment for soil erosion control in a watershed using 

geospatial technology in the Shivalik foothills (Haryana)", was conducted in watersheds of 

the Shivalik foothills falling in Panchkula, Ambala, and Yamunanagar districts of Haryana 

with the following objectives: 

 Thematic mapping related to land use and land cover classification of the study area 

 Soil loss estimation using RUSLE on watershed basis 

 Priority areas assessment for efficient implementation of soil erosion control programmes 
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CHAPTER–II 

 

 

 

REVIEW AND PATENT SEARCH  

 A brief account of work carried out at different locations in India and abroad 

pertaining to the problem under study has been presented in this chapter under different 

heads: 

2.1 Land use and land cover classification  

 Helmer et al. (2000) used multi-date, Landsat Thematic Mapper (TM) imagery to 

map secondary forests, agricultural lands, and old-growth forests in the Talamanca Mountain 

Range in southern Costa Rica. They concluded that digital maps of ecological zones should 

be useful for large-scale mapping of land use and forest succession stages in complex 

mountain regions such as those in Central America. 

 Guler et al. (2007) observed the necessity of quick preparation of the land use and 

land cover maps to detect and avoid overuse and damage of the landscape beyond sustainable 

development limits due to rapid industrialization and urbanisation in Samsun, Turkey. They 

used three Landsat images from 1980, 1987, and 1999 to determine changes and used a post-

classification technique based on a hybrid classification approach (unsupervised and 

supervised). They classified the image into six LULC types; urban, agriculture, dense forest, 

open forest-hazelnut, barren land, and water area. They noticed the increased in urban, open 

forest/hazelnut, barren land and water area and a decrease in agriculture and dense forest in 

between 1980 and 1999. 

 Alaguraja et al. (2010) created a LULC map using supervised classification from 

Landsat satellite images for Madurai district, Tamilnadu. The LULC maps clearly showed 

that the area of crop land was higher than others. The area occupied by the land with or 

without scrub, plantation and fallow land was 605 km
2
, 309 km

2
 and 227 km

2 
respectively. 

Dense forest had occupied 160 km
2
, while the rest of other had occupied less than 100 km

2
 

area in the district. 

 Mallupattu and Reddy (2013) determined the LULC change in an urban area, 

Tirupati, India from 1976 to 2003, through GIS and RS technology. They used the Survey of 

India topographic map and the RS data of LISS III and Pan of IRS ID of 2003 and classified 

the study region into eight categories based on field study, geographical conditions, and RS 

data. They observed the significant impact of population and development activities on LULC 

and concluded that integration of GIS and RS technologies was an effective tool for urban 
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planning and management and useful for various environmental management groups, 

policymakers, and the public to well understand the environment. 

 Beniwal et al. (2014) carried out LULC mapping for the Adalpur Micro watershed 

using IRS P-6 LISS-IV satellite images for the rabi and kharif seasons during the year 2007. 

They delineated micro-watersheds on the basis of rabi and kharif seasons and generated 

LULC classes and found that 64% of the area was cropped and 23% of the area was under 

wasteland out of the total geographic area of the watershed. 

 Priyanka (2017) made an attempt to study the LULC of Ambala district, having a 

total geographic area of 1574 km
2
. She used Survey of India toposheets, satellite data IRS-P6 

and LISS-III, year 2011 and prepared the thematic map of the district. LULC categories 

identified in the district were agricultural land, plantations, wastelands, built-up areas and 

water bodies. She observed the drastic changes in LULC of Ambala district since 2001, and 

the scrub land, wetlands, and river were severely affected.  

 Sarkar (2018) analysed the change detection for the period from 1973 to 2015 of the 

Raniganj open coalfield. Ten LULC classes were characterized on the basis of ground truth 

geographic coordinates, LULC attributes, species information of different landscapes by 

stratified random sampling method through Google Earth and GPS device.  The change 

detection of classified images was done using Erdas Imagine software and the „Before image-

after image‟ algorithm was used to extract the changes considering 10% increase or decrease 

rules. He noticed that about 30% of forest land was changed to other land use within 10 years 

in the Sonepur, Satgram, Sripur and Khottadih areas. Contrary to fallow land, agriculture, 

urban and quarry land retained and gained their original land use. 

 Choudhary et al. (2019) studied the LULC changes and their impact on urban heat 

island effects due to urban expansion in the Asansol-Durgapur Development Region of West 

Bengal in Kolkata using multi-temporal satellite data. The speedy transformation in LULC 

has significantly affected the land surface temperature. They studied the land surface 

temperature in three seasonal categories i.e. winter, summer and post monsoon periods using 

Landsat 4-5 TM and Landsat 8 OLI over the period of year 1993, 2009 and 2015 and 

observed that land surface temperature increased 0.06 °C per year in winter and 0.43 °C per 

year in summer periods, respectively. 

 Panaskar et al. (2019) analysed the change in land and water bodies of the Western 

Ghats of India using the Normalized Difference Vegetation Index (NDVI) and the 

Normalized Difference Water Index (NDWI).  They compared the changes in land and water 

bodies by using Landsat satellite series for the years 1988, 1998, 2008, and 2018, and 

observed the differences in forest and water resources. The overall percent change in 

vegetation was found to be 14.19%, with the majority of change being observed in Tamil 

Nadu state by 21.90%. The overall change in the water bodies was observed to be 3.36%. 
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They concluded that the time series changes in land use can be used to predict the futuristic 

changes in land and water bodies and their impact over surroundings. 

 Chowdhary et al. (2020) studied the LULC changes of the Halda watershed of 

Bangladesh for a period of 40 years using multispectral satellite data obtained from Landsat 2, 

Landsat 5, and Landsat 8 OLI for April 1978, February 1999, and May 2017, respectively. 

Furthermore, they determined land cover in three different time frames 1978–1999, 1999–

2017, and 1978–2017 and cross tabulated pixel-by-pixel using QGIS 2.18.9 with GRASS 

7.2.1 and Semi-Automatic Classification Plugin (SCP). They classified watersheds into 

agriculture, settlements, bare soil, water bodies, and vegetation, and observed the significant 

shift from vegetation (35.1%) and water class (85.47%) to agriculture, bare soil, and 

settlements. They expected that this study would be helpful to policymakers, planners, and 

other associated development workers to adopt the best suitable land-use management option 

for the Halda watershed. 

 Mishra et al. (2020) mapped and monitored the change patterns in LULC of Rani 

Khola watershed in Sikkim in the Himalayas using techniques of RS and GIS for the periods 

1988–1996, 1996–2008 and 2008–2017. They used Landsat-5 Thematic Mapper and Sentinel 

2A MSI data and applied Maximum Likelihood Classifier (MLC) of supervised classification 

to prepare LULC maps of the watershed. They assessed the accuracy of the classified map 

through a high resolution planet scope image and ground truth verification, along with site-

specific interviews. They observed the series of changes and impacts of adopted policies in 

LULC over the past three decades in the watershed and found that the major land use was 

forestry in the watershed. The dense forest, built-up area, and water bodies were increased by 

16.40%, 2.13%, and 0.11%, while open forest, agriculture, and barren land were decreased by 

13.98%, 2.83%, and 1.82%, respectively. 

 Kumar et al. (2021b) analysed LULC in three districts of Haryana (viz. Panchkula, 

Ambala, and Yamunanagar) in the Shivalik region to obtain the possibility and potential for 

sericulture practices and the selection of suitable seasons in the wasteland. They concluded 

that RS and GIS technology are capable of finding a suitable site for mulberry sericulture in 

the study area. 

2.2 Soil loss estimation  

 Renard and Foster (1985) studied USLE and the problems encountered during 

extrapolating it from cropland to rangeland areas. They concluded that the USLE is a useful 

tool for estimating erosion, assessment of the impact of erosion on productivity, and for use as 

a guide to select the erosion control measures in different land uses. 

 Pandey et al. (2007) used GIS as a tool to generate, manipulate, and spatially 

organized the disparate data for sediment yield modelling. The USLE was used to predict the 

spatial distribution of the sediment yield on a grid basis. The deviation of estimated sediment 
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yield from the observed values in the range of 1.37 to 13.85% indicated the accurate 

estimation of sediment yield from the watershed. 

 Yadav and Sachdev (2008) calculated soil loss in Haryana using the USLE equation 

and concluded that soil loss greater than the tolerance limit occurred in less than 6% of the 

total geographical area but had a contribution of 25% of total soil loss from the Haryana state. 

 Dabral et al. (2008) assessed the soil erosion loss in the Dikrong river basin of 

Arunachal Pradesh. They observed that the average annual soil loss of the Dikrong river basin 

was 51 t ha
−1

 yr
−1

. About 25.61% of the watershed area was observed to be under slight 

erosion class. Areas covered under moderate, high, very high, severe and very severe erosion 

potential zones were 26.51%, 17.87%, 13.74%, 2.39%, and 13.88%, respectively. They 

stressed the need to have immediate attention from a soil conservation point of view in the 

suggested areas. 

 Prasannakumar et al. (2011) analysed the RUSLE parameters using RS and GIS in the 

Siruvani river watershed in the Attapady valley, Kerala, India. They used three years of 2005–

2008 monthly rainfall data to quantify the R factor using only one available rain gauge station. 

Based on the results, 42 soil samples were collected from the study area and their textural 

analysis was carried out. The soil was classified into 11 textural classes based on the results. 

The LS, C, and P factors were also computed in the GIS environment. The C factor ranged from 

0.009 to 1.501 and they divided the area into three zones on the basis of land use, land cover 

practices, and support factors. The values of the P factor ranged from 0.25 to 1 by assigning the 

highest values to the areas with no conservation practises and like forest and natural vegetation 

and minimum values to the crop land with strip and contour cropping systems. 

 Sheikh et al. (2011) integrated USLE with GIS to assess soil erosion in the Lidder 

catchment in the Himalayan region. They observed that the factors of topography, vegetation 

type, soil properties, and land use and cover influence soil erosion. The predicted annual soil 

loss ranged between 0 and 61 t ha
-1

 yr
-1 

and the average soil loss was highest (26 t ha
-1

 yr
-1

) in 

the agriculture area and lowest in the forest area (0.99 t ha
-1

 yr
-1

). For horticulture, plantation, 

pasture, fallow, and scrub, the soil loss rates were 1.47, 5.39, 25.47, 28.39, and 35.76 t ha
-1

 yr
-

1
, respectively. 

 Prasannakumar et al. (2012) integrated the RUSLE model and GIS techniques and 

determined the vulnerability of a forested mountainous sub-watershed to soil erosion in 

Kerala, India. The spatial pattern of annual soil erosion rate was obtained by integrating geo-

environmental variables in a raster based GIS method, GIS data layers including USLE 

parameters, and determining their effects on average annual soil loss in the study area. They 

suggested that spatial erosion maps generated with RUSLE and GIS integration may serve as 

an effective input in deriving strategies for land planning and management in environmentally 

sensitive mountainous areas. 
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 Ashiagbor et al. (2013) used RUSLE and GIS tools to model the spatial distribution 

of soil erosion in the Densu River Basin of Ghana and identified the relationship between 

erosion susceptibility, slope and LULC, then assigned four different erosion risk classes. This 

model predicted that 88% of the basin was under low erosion risk, 6% under moderate erosion 

risk, 3% under high erosion risk, and 3% was under severe erosion risk. The high and severe 

erosion risk areas were distributed in the region with high slope gradients and moderate forest 

LULC class sections. 

 Ghosh et al. (2013) estimated the potential and actual soil loss and identified the 

major erosion prone sub-watersheds in the hilly region of Tripura, India through integration of 

USLE and GIS. They divided the whole area into 23 sub-watersheds on the basis of intensity 

of soil erosion and estimated that the average annual predicted soil loss ranged from 11 to 836 

t ha
-1

 yr
-1

 and less erosion was noticed in forest areas. 

 Kamaludin et al. (2013) integrated RS, RUSLE and GIS to model potential soil loss 

and sediment yield within selected sub-catchments of the Pahang River Basin and obtained 

results with a high correlation (r = 0.99) between soil loss potential and sediment delivery in 

the catchment of the study area. 

 Naqvi et al. (2013) used the RS, GIS and RUSLE to model the soil loss estimation for 

soil conservation and vegetation rehabilitation in the Nun Nadi watershed for the years 2000 

and 2009. The estimated mean soil loss for the years 2000 and 2009 was 3,283.11 and 

1,419.39 Mg ha
-1 

yr
-1

, respectively. The study found that about 80% of area had a low or least 

risk of erosion and about 7% were exposed to a high or very high risk, which indicated the 

improvement in terms of soil loss as compared to the data of both the time periods.  

 Panagos et al. (2016) assessed the rainfall erosivity factor of RUSLE on a monthly 

basis using 30 min data of precipitation for about 30 years from 80 recording stations located 

in Greece. They applied a generalised additive model for spatial interpolation and observed 

that intra-annual variability of rainfall erosivity was high, and the warm season was found to 

be three times less erosive than the cold season. The rainfall erosivity and precipitation 

proportion, which was expressed as erosivity density, were variable throughout the year and 

were observed as low in the first five months (January-May) and relatively high in the 

remaining seven months (June–December). They had drawn the rainfall erosivity factor (R) 

maps and revealed a high spatial variability with an average value of R factor of 807 MJ mm 

ha
−1 

h
−1 

yr
−1

 ranging from 84 to 2825 MJ mm ha
−1 

h
−1 

yr
−1

. They suggested that combined 

maps of monthly rainfall erosivity factor (R), vegetation coverage, and tillage maps are useful 

for monitoring soil erosion risk at a national level. 

 Tiruneh and Ayalew (2015) predicted the soil loss rate of the watershed with a GIS 

and RS. The RUSLE adapted to Ethiopian conditions was used to estimate potential soil 

losses and utilised information on rainfall erosivity (R) by interpolation of rainfall data, soil 



10 
 

erodibility (K) using soil map, vegetation cover (C) using satellite images, topography (LS) 

using Digital Elevation Model (DEM), and conservation practices (P ) using satellite images. 

The total and average amount of soil loss estimated by RUSLE from the watershed was 

30,836.41t yr
-1

 and 4.81t ha
-1 

yr
-1

, respectively. 

 Ganasri and Ramesh (2016) integrated the RUSLE with GIS and estimated soil loss 

in the Nethravathi Basin, located in the south-western part of India. They observed that the 

estimated total annual potential soil loss of about 473,339 t yr
-1

 was comparable with the 

measured sediment of 441,870 t yr
-1

 during the water year 2002-2003. The predicted soil 

erosion rate due to an increase in agricultural area was about 14,673.5 t yr
-1

. They derived a 

probability zone map by the weighted overlay index method, which indicated that the major 

portion of the study area comes under the low probability zone and only a small portion falls 

under the high and very high probability zone. They expect that the results will be helpful in 

further implementation of soil management and conservation practices to reduce soil erosion 

in the Nethravathi Basin. 

 Gaubi et al. (2017) combined the GIS and RUSLE models and predicted the soil 

erosion for the Lebna watershed, Cap Bon, Tunisia. Monthly rainfall data from five stations 

for about nine years was used to analyse the R factor. The K factor was analysed by digitizing 

the soil map of the watershed and then assigning the soil erosivity factor index to each soil 

unit. The LS factor was estimated by creating a DEM in ArcGIS software by digitizing 

contour lines from topographic maps. On the basis of the LS distribution map, they 

distinguished and confirmed the reliability of the results. 

 Jazouli et al. (2017) suggested that the combination of USLE and spectral indexes 

approaches could be an important tool for integrated soil management, especially with the 

perspective of evaluating and mapping the soil erosion risk and reducing the soil erosion rate. 

 Bera (2017) integrated the USLE model with GIS and RS and quantified the soil loss 

in the Muhuri river basin, Tripura. The daily rainfall data (2001–2010) of 6 rain gauge 

stations was used to predict the R factor. The K factors in the basin area ranged from 0.15 to 

0.36. The spatially distributed soil loss map of the Muhuri river basin was generated and 

classified into six categories on the basis of the intensity level of soil loss. The average annual 

predicted soil loss ranges between 0 to 650 t ha
-1

 yr
-1

. Low soil loss areas were observed 

under very densely forested areas and intensely planted (mainly rubber plantation) areas, 

while the high rate of soil erosion was noticed along the main course of the Muhuri river. 

 Mahala (2018) analysed the erosion characteristics in a river basin that originated 

from a plateau top region and flows through the plateau fringe region of the eastern 

Chotanagpur plateau region of India using the RUSLE. The study region was a gently sloped 

undulated plateau fringe landform which dissected plateau topography. The RUSLE 

parameters were enumerated using field data and RS data and were verified with past 
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literature. He observed that soil erosion was dominated by land degradation processes in the 

upper areas of the watershed, while successful land management activities reduced soil loss in 

the lower reaches of the watershed. He concluded that soil loss estimation is an important 

input for LULC management in watershed areas and also inferred that the RUSLE model 

could be effectively used in the tropical plateau fringe. 

 Benavidez et al. (2018) reviewed the USLE, RUSLE, and their parameters and 

analysed the adoptability of these equations around the world with local conditions. They 

discussed the strength, limitation, recommendation of future application and potential of a 

combination of these equations with the Compound Topographic Index (CTI) and Sediment 

Delivery Ratio (SDR) for estimating gully erosion and sediment yield. They expected that 

their recommendations would be helpful to the researchers to use RUSLE in different geo-

climatic regions with variable availability of data and modelling the spatial and temporal land 

cover scenarios at a finer scale. 

 Bouhadeb et al. (2018) estimated the annual soil erosion rate and its spatial 

distribution in the Bounamoussa watershed in the north-east of Algeria using the RUSLE and 

GIS. Due to the non-availability of rainfall intensity data in and near the watershed region, 

they used only available monthly and annual rainfall data sets to calculate the R factor 

through an alternative equation. The spatial distribution of K factor was extracted from soil 

type data taken from the soil map and 13 soil samples (0–25 cm deep) collected from all over 

the watershed area in such a manner that each soil type was represented by 2 or 3 samples, 

and then the required characteristics of soil were determined in the laboratory. They 

developed soil loss map indicating an average erosion rate of 7.8 t ha
–1 

yr
–1

. The four erosion 

severity classes were assigned and it was suggested to consider these severity areas as priority 

areas for futuristic erosion control programmes to decrease the siltation rate in the Cheffia 

reservoir. 

 Pham et al. (2018) quantified soil erosion in the A Sap river basin in the ALuoi 

district, ThuaThien Hue Province, Vietnam, using the USLE and GIS. They resulted in 34% 

of land area lost accumulating to 10 t ha
-1

 yr
-1

 while 47% of the total area lost was less than 

1 t ha
-1 

yr
-1

. Natural forestland lost the most, with an average of about 19 t ha
-1

 yr
-1

, 

followed by plantation forest with 7 t ha
-1 

yr
-1

 approximately and other agricultural lands at 

3.70 and 1.45 t ha
-1

 yr
-1

 for yearly crops and paddy rice, respectively. Soil erosion was most 

sensitive to the topographic factor (LS), followed by the P factor, K factor, C factor, and the R 

factor. The changes to the cultivated calendar and intercropping were found to be effective 

ways to prevent soil erosion in cultivated lands. Furthermore, the introduction of broadleaf 

trees for mountainous areas in the A Sap basin was the most effective practice in reducing soil 

erosion. The study also pointed out that the combination of available data sources used with 
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the USLE and GIS technology is a viable option to calculate soil erosion in central Vietnam, 

which would allow targeted attention toward a solution to reduce future soil erosion. 

  Saha et al. (2018) carried out soil erosion analysis in the sloping terrain of the 

upper Kangsabati watershed, having an area of 276.19 km
2
 in the district of Puruliya, West 

Bengal. Average annual soil erosion was estimated through the RUSLE and GIS. The 

potential average annual soil erosion of the watershed was classified into low, moderate, high, 

and very high categories. The highest rate of soil erosion was greater than 13.42 t ha
-1 

yr
-1

 and 

was found along the north-eastern part of the watershed. The lowest amount of soil erosion 

was less than 1 t ha
-1 

yr
-1

 and was found along the hilly tract of dense forest cover and 

plantation areas. 

 Wijesundara et al. (2018) assessed the soil erosion using the RUSLE model and GIS 

environment and developed erosion maps of the important Kirindi Oya river basin in Sri 

Lanka, which fulfilled irrigation demand for the downstream dry zone of the country. The 

river basin was categorised into low, moderate, high, very high, and extremely high erosion 

hazard classes. The predicted soil erosion rates in the entire river basin ranged from 19 to 184 

t ha
−1

 yr
−1

 with an average of 33 t ha
−1

 yr
−1

. They observed that predicted soil loss rates were 

above the critical soil loss rates (6.7 t ha
−1 

yr
−1

) stipulated to dry zone of Sri Lanka and this 

must be helpful to stakeholders to implement various soil conservation measures in the 

Kirindi Oya basin.   

Koirala et al. (2019) estimated the soil loss of Nepal using the RUSLE and GIS and 

also analysed the effect of land use, land cover, and slope exposition on soil erosion. Nepal's 

mean annual soil loss was estimated at 25 t ha
-1 

yr
-1

, with a total potential soil loss of 369 

million tonnes. The mean soil erosion rate was significantly high for steep slopes and low for 

gentle slopes. The mean erosion rate based on LULC was observed to be highest (40 t ha
-1 

yr
-

1
) for barren land, followed by agricultural land (29 t ha

-1 
yr

-1
), shrubland (25 t ha

-1 
yr

-1
), 

grassland (23 t ha
-1 

yr
-1

), and forests (22 t ha
-1 

yr
-1

). Based on erosion severity, the entire study 

region was classified into 6 erosion classes, and it was found that 11% of the area was under 

very severe erosion risk (> 80 t ha
-1 

yr
-1

) and required urgent measures to reduce the risk of 

erosion. 

 Yesuph and Dagnew (2019) used the RUSLE and local perception in the GIS 

framework and analysed the soil erosion and severity of erosion in the Beshillo catchment of 

the Blue Nile basin, Ethiopia. They prepared the LULC map based on the landsat 2017 image 

for the watershed and categorised the watershed into required classes, then assigned 

corresponding C factor values to each LULC class based on available literature and 

recommendations in the Highlands of Ethiopia. 
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2.3 Morphometric analysis 

 Singh and Sarangi (2008) carried out the hypsometric analysis of two watersheds, 

Sainj and Tirthan, along with their sub-basins in the Kullu district of Himachal Pradesh. They 

delineated the watershed through a DEM and GIS and obtained the hypsormetric values of the 

Sainj and Tirthan watersheds as 0.51 and 0.44, respectively. This analysis indicated that 51% 

and 44% of the original rock masses still exist in these watersheds. The Sainj watershed and 

its ten sub basins were more prone to erosion in comparison to the Tirthan watershed and its 

five sub basins. They expected that this study would help in the construction of soil and water 

conservation measures in the Sainj watershed and its sub basins at suitable locations for 

controlling soil erosion, water conservation, and reduction of sediment outflows. 

 Vittala et al. (2008) prioritized the sub-watersheds through an integrated approach 

with the objective of selecting sub-watersheds to undertake soil and water conservation 

measures in 67 villages in the Pavagada area, Tumkur district, Karnataka and a small portion 

in Ananthpur district, Andhra Pradesh, India, using RS inputs and socio-economic data for the 

purpose of better implementation of development and management programmes in the study 

area. They adopted a knowledge-based weightage system fully dependent on local terrain and 

the field situations. Based on relative importance to each parameter in the study area, they 

further grouped the villages/sub-watersheds into three categories, having high, medium, and 

low priority, and gave priority to villages/sub-watersheds having large economically weaker 

populations. 

 Shinde et al. (2010) prioritized the micro watersheds on the basis of soil erosion 

hazard using RS and GIS systems at the micro watershed level in the Konar basin of the upper 

Damodar Valley catchment of India. They used USLE with a raster-based geographic 

information system to calculate potential soil loss in the study area and reported that GIS 

methodology quickly provides the information on the estimated value of soil loss for any part 

of the investigated area. They further suggested various management practises in micro-

watersheds for the reduction of soil erosion in the Konar basin. 

 

 Pandey et al. (2011) prioritized the subwatersheds of the Ret watershed of the 

Mahanadi river basin through morphometric parameters and identified suitable sites for soil 

and water conservation measures. They divided the Ret watershed into 26 subwatersheds and 

derived morphometric parameters for each of the subwatersheds independently and achieved 

the water resource management plan through integration of morphological parameters with 

land use, land cover, soil and slope information. The four drainage parameters (i.e., 

bifurcation ratio, drainage density, stream frequency, texture ratios), and three basin shape 

parameters (i.e., form factor, circulatory ratio, and elongation ratio) among 26 subwatersheds 

were assigned a rating of 1, and the next highest values were assigned a rating of 2, and so on. 



14 
 

In the case of the shape parameters, the lowest value was given a rating of 1, the next lowest 

value was given a rating of 2, and so on. The subwatershed having the lowest rating value was 

assigned the highest priority and vice versa. The subwatersheds were classified into the five 

priority scales, i.e., very high, high, medium, low, and very low, and suitable sites for check 

dams were suggested in each sub watershed. 

 Sujatha et al. (2013) carried out morphometric analysis to analyse the drainage 

characteristics of the Palar sub-watershed in the Amaravati sub-catchment using Advanced 

Space-borne Thermal Emission and Reflection Global Digital Elevation Model (ASTER 

GDEM) data, topographical maps, and a GIS platform. They extracted morphometric features 

at the micro-watershed level and divided the sub-watershed into six micro-watersheds, which 

included a sixth-order stream. They observed that first-order streams dominated the sub-

watershed and that slope and local relief influenced the stream segment development and 

reported their study as a useful tool in strategic planning for erosion control and soil 

conservation. 

  Kushwaha et al. (2016) studied the hydrologic response of the Takarla-

Ballowal watershed based on morphometric analysis of the watershed using RS and GIS. The 

drainage density of the Takarla-Ballowal watershed (7.02 km/km
2
) indicated the closeness of 

spacing of channels with impermeable sub strata; the drainage texture (30.45 no./km), 

categorised the watershed as fine drainage texture; and the small length of overland flow 

(71.23m) indicated the generation of high peaked storm hydrographs with a short time base, 

resulting in moderate quantity of runoff generation but high soil erosion rates in the 

watershed. The slope of around 46.17% of the watershed area is less than 10%, 54.60% and 

26.64% of the watershed area have been categorised as forest land and agricultural land, 

respectively. The runoff potential of the watershed might be moderate, with the possibility of 

high siltation rates in the downstream water harvesting structures, which would require 

conservation treatment planning in these catchments. 

Meshram and Sharma (2017) carried out morphometric analysis and prioritized the 

subwatersheds of the Shakkar River Catchment, Narsinghpur district in Madhya Pradesh, 

India, using RS, GIS, and Principal Component Analysis (PCA) techniques. They concluded 

that prioritization based on morphometric parameters is time-consuming, while a PCA based 

approach to watershed prioritization can identify new meaningful underlying variables. They 

demonstrated the utility of RS, GIS, and PCA techniques in prioritizing sub-watersheds based 

on morphometric analysis. 

 Thapliyal et al. (2017) prioritized the 22 sub-watersheds of the Alaknanda basin 

based on morphological analysis using linear, areal, and dimensionless aspects. They 

delineated subwatersheds using GIS and DEM. The parameters like stream order, stream 

length ratio, stream frequency, form factor, drainage texture, drainage density, elongation 



15 
 

ratio, circulatory ratio, compactness constant and bifurcation ratio were independently 

calculated for each sub-watershed. The stream orders up to the 7
th
 order were analyzed and 

divided the study area into 22 subwatersheds, namely SW1, SW2, and so on till SW22. Based 

on the analysis, watersheds were divided into nine priority classes, namely Extremely Very 

High, Extremely High, Very High, High, Medium, Low, Very Low, Extremely Low, and 

Extremely Very Low for natural resource management. 

 Puno and Puno (2019) analyzed the different geomorphometric features and existing 

LULC using the Arc Hydro Tool of ArcGIS version 10.2 in the Muleta watershed, 

Philippines. They delineated fourteen subwatersheds as SW1 to SW14 using DEM and GIS 

tools. The ranking was given on the basis of parameters which had direct and inverse effects 

on erosion risk. Compound values for final prioritization were obtained by adding LULC to 

geomorphometric parameters. The SW13, SW14, and SW4 were classified under the very 

high priority class and advised appropriate management actions, while the SW10, SW6, and 

SW7 were classified under very low priority. They expect that information will be 

significantly helpful to watershed planners and managers, especially in prioritization of 

watershed management programmes and their implementation. 

 Ahirwar et al. (2019) prioritized the four subwatersheds of Hoshangabad and Budhni, 

Madhya Pradesh, India based on geomorphologic analysis through GIS and described the 

importance of morphometric parameters. They used LISS-III data for LULC assessment, 

NBSS & LUP soil maps, topographic maps on scale 1:50,000, SRTM DEM data, and 

analysed various morphometric parameters in each subwatershed, like drainage geometry and 

texture analysis, drainage network and relief parameters. They compounded each parameter 

of the subwatershed, assigned rank and prioritized them, and proposed suitable soil and water 

conservation structures at appropriate places, suggesting that the proposed soil and water 

conservation structures would reduce soil erosion and increase the surface and groundwater 

availability in the study area. 

 Ghosh and Gope (2021) carried out morphological characterization by measuring 

linear, relief and areal aspects to analyze hydrological behavior of watersheds. The results 

revealed that SW2 and SW6 were under high priority which indicated that these watersheds 

were under high risk of erosion and groundwater deficit. The subwatersheds SW3, SW4, SW7 

are under category of moderate soil erosion and ground water recharge. The subwatersheds 

SW1 and SW5 are good for ground water storage. 

2.4 Watershed delineation and prioritization 

 Khan et al. (2001) delineated and prioritized the Guhiya drainage basin, an area of 

about 1614 km
2
 for proper planning and management of soil and water conservation measures 

and to obtain sustainable crop production through GIS and RS techniques. They assessed 68 

watersheds on the basis of their erosivity and sediment yield index values using the terrain 
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information derived from geocoded satellite data and 1:50,000 topographic maps. Thematic 

maps of land use, landform, land-cover, and slope were digitized using ARC/INFO. They 

grouped watersheds into classes of very high, high, moderate, and low priority classes based 

on sediment yield index (SYI) values. They concluded that high priority watersheds with very 

high SYI values required immediate attention for soil and water conservation measures, while 

low priority watersheds had good vegetative cover and low SYI values may not need 

immediate attention for such measures. 

 Kumar and Dhiman (2014) carried out automated and manual delineation of 

watershed boundaries in Kangra district of Himachal Pradesh in the western Himalayas to 

analyse the feasibility of such a method for watershed boundary delineation. Manual 

preparation of watershed boundaries is time consuming and needs some basic information and 

skilled manpower. They observed that the automated approach to watershed delineation is 

much simpler than the manual method and can be carried out accurately and smoothly using 

open source software and freely available databases. 

 Gajbhiye et al. (2014) prioritized the watershed through the SYI method using RS 

and GIS. The study area was divided into 6 classes of slope as suggested by the All India Soil 

and Land Use Survey (AISLUS) and the watershed area into 15 classes. On the basis of SYI 

subwatersheds were prioritized providing higher rank to that subwatershed which had higher 

SYI value. They stated that a watershed is an ideal unit for planning and management of land 

and water resources. 

 Balasubramani et al. (2019) studied a GIS-based spatial multi criteria approach for 

prioritization of micro watersheds in the Andipatti watershed using morphometric, soil 

erosion, and surface runoff parameters and integrated all these parameters through the 

analytical hierarchy process (AHP) approach, which has strengthened the prioritization 

process and removed biases. They observed that the results of prioritization could be more 

appropriate for ungauged watersheds because the index gives importance to the intensity of 

the problem in each micro watershed on a comparative scale. The GIS based multi-criteria 

priority index would also help planners adopt sustainable development measures in a phased 

manner. 

 Fayas et al. (2019) studied and assessed erosion severity in the Kelani river basin in 

Sri Lanka using the RUSLE model and GIS environment. The severity of erosion was 

estimated using the RUSLE, Digital Elevation (15x15m), 20 years of rainfall data at 14 

raingauge stations across the basin, soil maps, LULC and cropping factors. They observed 

that about 70% of the Kelani river basin area has low to moderate erosion severity (12 t ha
-1 

yr
-1

) and urgently needed erosion control measures to ensure a sustainable ecosystem in the 

basin. They further suggested refining RUSLE results with sub-basin level real-time erosion 

estimations in the basin. 
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 Singh et al. (2021) prioritized the six reservoir located in Shivalik foothills of north-

west India using RS, GIS, morphometric component and PCA technique. The catchment areas 

were delineated by using ALOS PALSAR DEM in ArcGIS 10.4.1 software. They concluded 

that morphometric analysis followed principal component analysis based prioritization was 

observed as more consistent and can be useful in identification and managing the critical 

issues in the reservoir. 

The reviews presented in this chapter has provided sufficient evidence that many 

researchers have made many attempts to integrate the RS, GIS and erosion prediction models 

to analyse the LULC classification, watershed delineation, morphometric studies of 

watersheds and to predict the soil erosion remotely. The satellite imaginary, topographic 

information and GIS application quickly analysed and categorised the LULC classes of the 

study area and found reliable when coupled with ground truth surveys. Time series 

comparison of classified LULC was found an effective tool for futuristic prediction in land 

use change over a period from one land use to another land use. Various researchers have 

estimated the annual soil erosion rate and its spatial distribution through integration of 

RUSLE and GIS. They found that integration of RUSLE and GIS even with limited data 

source is a viable and quick option to identify the erosion prone areas rather than the 

exhaustive physical surveys. GIS based approach of watershed prioritisation was suggested to 

be helpful for planner to adopt the sustainable development measure in systematic manner. 

Lot of work has been carried out in LULC classification, morphometric analysis of 

watersheds and soil loss estimation through integration of RS, GIS and RUSLE in the India 

and abroad. But very less work or almost negligible attempt has been carried out in Haryana 

Shivalik for prioritisation and area assessment for soil erosion control in watersheds using 

geospatial technology.             
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CHAPTER–III 

 

 

 

MATERIALS AND METHODS  

 The GIS is well suited for quantification of heterogeneity in the topographic and 

drainage features of a catchment (Shamsi, 1996). The USLE and RUSLE methods have been 

found useful for producing realistic estimates of soil loss over areas of small size (Wischmeier 

& Smith, 1978; Renard et al., 1997). As a result, the current study was designed to examine 

land use and land cover classification, soil loss estimation in the study area using the 

integration of the quantitative empirical model RUSLE with RS and GIS, and then 

prioritization of watersheds based on the severity of soil erosion. 

3.1 Shivalik hills region  

 The Shivalik hills region is part of the Sub-Himalayan mountain system and is spread 

across the states of Jammu and Kashmir, Panjab, Hayana, Himachal Pradesh, and 

Uttarakahnd. Most of the parts of the Shivalik region fall in Himachal Pradesh and parts of 

Punjab and Haryana. The Shivalik region in the Sub-Himalyan mountainous region is located 

between latitudes 28°57'16" to 34°10'48"N and longitudes 73°29'24" to 80°14'23"E in the 

northwestern part of India and forms a long and narrow stretch from Jammu & Kashmir to 

Uttarakhand. This stretch passes through Punjab, Chandigarh, Haryana, Himachal Pradesh, 

and Uttar Pradesh, covering an area of 3.33 mha out of which 1.79 mha is in the hills and 1.54 

mha is in the piedmont plains, respectively, in north-western India. The elevation ranged from 

217 to 2332 m above mean sea level (MSL); the lowest range passes through Punjab at 283 to 

848 m above MSL (Yadav et al., 2015). 

 The Shivalik region is considered the most fragile ecosystem in the country. In past 

few decades, the increased population of human and livestock pressed hard over the natural 

resources of Shivaliks and generated threat to the flora and fauna of the Shivalik. Other 

calamities like frequent forest fires might be due to man-made mistakes or by their own. 

Improper land use management, construction of new approach roads, and construction of new 

residential towns along with improper land use management have contributed to the steady 

degradation of natural resources like land, water, soil, and flora and fauna in the Shivalik 

region. 

3.1.1 Shivalik hills region in Haryana 

 The Shivalik region in Haryana is spread in districts like Panchkula, Ambala, and 

Yamunanagar in the north and north-eastern parts of the state and lies in latitude 30°08'36"-

30°55'05"N and longitude 76°36'05"-77°34'48"E. Different researchers have reported the 

Shivalik region in Haryana as 600 km
2
 (Kukal et al., 1991), 2889 km

2
 (Grewal et al., 1995) 
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and 1920 km
2
 (Yadav et al., 2005). Physiographically, the Shivalik region in Haryana is 

spread over 3,514 km
2
 within the Panchkula, Ambala, and Yamunanagar districts of the state 

(Yadav et al., 2015). The Government of Haryana formed the Shivalik Development Board 

(SDB) and Shivalik Development Agency (SDA) in the year 1993 for the overall and 

integrated development of the Shivalik region in Haryana in the fields of agriculture and 

allied activities, education, public health, bridal paths & roads, irrigation, watershed 

management, afforestation, animal husbandry and wild life etc. They included entire districts 

like Panchkula, Ambala and Yamunanagar irrespective of foothills. 

3.1.2 Topography and soil 

 The Shivalik hills in the Haryana region are mainly comprised of alluvium and 

boulder conglomerate with clay bands. The hilly areas are made up of conglomerates, 

medium to coarse-grained pale brown sandstones, thin light brown or chocolate-colored sandy 

clays in the lower part, and highly weathered, closely-joined exposed rock in the form of silt 

stone clays in some places. The foothill zones comprise boulders, pebbles, gravel, sand, and 

clay, followed by alluvial deposits of sand, sand with clay. In places, the Shivalik has highly 

dissected plateau topography formed by ephemeral streams. Weathering and denudation have 

produced a variety of erosional landform features such as rills, gullies, scarps, and variously 

shaped ridges and amphitheatrically basins. The drainage channels carry huge amounts of 

detritus and bed load, creating problems of silting of reservoirs, deposition of sand on 

agricultural fields and disrupting communication. 

3.1.3 Panchkula 

 The Panchkula district lies between latitudes 30
º
26'-30

º
55'N and longitudes76

º
46'-

77
º
10'E in northern part of Haryana state. The northern side of the district is surrounded by 

Himachal Pradesh eastern side by Uttar Pradesh, southern and western side by Karnal, 

Kuruksherta and Ambala district. Total geographical area of the district is 898 km
2
. The 

district is mainly drained by the river Ghaggar and its tributaries. Panchkula district is 

bestowed with rich water resources, both surface as well as ground water resources. The 

ground water is major sources of irrigation in the district. Net irrigated area is 80 km
2
 

whereas, gross irrigated area is 180 km
2
.  

3.1.3.1. Climate and rainfall 

 Panchkula district has a subtropical monsoon with mild and dry winter, hot summer 

and sub-humid which remains dry with very hot summer and cold winter, except in monsoon 

season.  The temperature may rise over 43 °C in summer and may fall down to -1°C in winter 

season. The normal annual rainfall of the district is 1057 mm, The southwest monsoon sets in 

from last week of June and withdraws in end of September, contributed about 86% of annual 

rainfall. July and August are the wettest months. Rest 14% rainfall is received during non-

monsoon period in the wake of western disturbances and thunderstorms. 
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3.1.4 Ambala  

 Ambala district lies between latitude 30º10'-31°35'N and longitude 76°30'-77°10'E in 

the northern part of Haryana state.  This district is surrounded by Yamunanagar district in the 

southeast, Kurukshetra district in the south, while district Patiala, Ropar and the union 

territory of Chandigarh in the west. The Shivalik Range of Solan and Sirmaur districts of 

Himachal Pradesh bounded the Ambala district in the north and northeast. The total 

geographical area of the district is 1574 km
2
. 

 3.1.4.1 Climate and rainfall 

 The climate of Ambala district can be classified as subtropical monsoon with mild 

and dry winter, hot summer and sub-humid, that is mainly dry with very hot summer and cold 

winter, except during the monsoon season when moist air of oceanic origin penetrates into the 

district. In May and June, it can be really hot with the temperature soaring to over 48 ºC, 

while in winter it can be as low as -1°C. The normal annual rainfall of the district is 1076 mm 

and is unevenly distributed over the area. The southwest monsoon sets in from the last week 

of June and withdraws at the end of September, contributing about 81% of normal annual 

rainfall. July and August are the wettest months. The remaining 19% of rainfall is received 

during the non-monsoon period in the wake of western disturbances and thunderstorms. The 

mean maximum temperature is 40.8°C (May and June) and the mean minimum is 6.8
º
C 

(January) in the district.  

3.1.5 Yamunanagar 

 Yamunanagar district lies between latitude 29º09'-29º50' N and longitude 76°31'-

77°12'E. It is bounded by Himachal Pradesh in north and Uttar Pradesh in the east, by Ambala 

district in the west, and the Karnal and Kurukshetra district in the south. The geographical 

area of the district is 1,756 km
2
. The Yamuna River flows through the Yamunanagar district. 

3.1.5.1 Climate and rainfall 

 The climate of Yamunanagar district can be classified as subtropical monsoon, mild 

and dry winter, hot summer and sub-humid, which is mainly dry with hot summer and cold 

winter except during the monsoon season when moist air of oceanic origin penetrates into the 

district. The normal annual rainfall for the district is 1107 mm. The southwest monsoon sets 

in from the last week of June and withdraws at the end of September, contributing about 81% 

of the annual rainfall. The remaining 19% of rainfall is received during the non-monsoon 

period in the wake of western disturbances and thunderstorms. Most of the monsoonal rainfall 

dominated in the month of July and August.   
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3.2 Data used  

The study required the satellite imaginary, topographical data, ArcGIS and window 

based software, information on rainfall and soil classification and other necessary auxiliary 

data related to study area. The data used in the study is described as follows. 

3.2.1 Satellite data  

 The DEM and satellite imaginary data are freely available to the researchers and users 

on Unites States Geological Survey (USGS) portal in GeoTiff format. The Shuttle Radar 

Topography Mission (SRTM), DEM data posted at every 1 arc-second (approximately 30 m) 

and Sentinel-2A (10 m resolution, Path-147 Row-39) cloud free imaginaries of April 29
th
,  

2021 were downloaded from USGS, Earth Explorer for the delineation of watersheds and 

further analysis of the study area (Table 3.1).  

3.2.2 Topographical data  

 The Shivalik region in Haryana comes under Survey of India (SOI) toposheets no. 

H43K13/53B/13, H43K14/53B/14, H43K15/53B/15, H43L1/53F/1, H43L2/53F/2, H43L3/53F/3, 

H43K11/53B/11, H43K12/53B/12, H43K16/53B/16, H43L4/53F/4, H43I12/44J/12, H43L11/53F/11,  

H43L12/53F/12, H43L7/53F/7, H43L8/53F/8, H43R1/53G/1, H43R5/53G/5 on 1:50,000 scale. 

These toposheets were used for identification of district boundaries of Panchkula, Ambala and 

Yamunanagar and geo-referencing and delineation of watersheds and extraction of other 

features of the study area. 

3.2.3 Software used  

 The ArcGIS 10.7.1, Erdas Imagine 2015 and other window based software were used 

for the purpose of analysis in this study. 

3.2.4 Rainfall data 

 Daily rainfall data was not available at many locations, so 22 years of monthly 

rainfall data ranging from the year 1999 to 2020 was collected for 14 raingauge stations 

located within and outside the study area from the block and district offices of the Department 

of Agriculture and Farmer Welfare and the Department of Revenue, Govt. of Haryana (Fig. 

3.2). The data was analysed and tabulated as mean annual rainfall data (Table 3.2). The study 

area wholly and partially includes the districts of Panchkula, Ambala, and Yamunanagar of 

Haryana.  

3.2.5 Soil classification data 

 The information on soil classification of the study area was obtained from FAO 

digital soil map of the world (DSMW, 2003).   

3.2.6 Auxiliary data  

 The ground reference data obtained from field surveys and Google Earth was used in 

the analysis and for ground truth verification of the results. 
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Fig. 3.1:  Location map of study area in (Panchkula, Ambala and Yamunanagar) 

Shivalik region of Haryana 

 

3.2.7 Geo-referencing, mosaicing and subsetting 

 All the toposheets were first geo-referenced, removing the excess portion, and then 

mosaicing of all toposheets was performed in a GIS environment.  The district boundary of 

Panchkula, Ambala, and Yamunanagar was digitized and a vector image or shape file was 

created, which was further used for the delineation of watersheds and extraction of other 

features of the study area (Fig. 3.1). The mosaicing and geo-referencing of all satellite 

imagery was also performed. The district shapefile was overlaid over DEM and satellite 

imagery. DEM and satellite imaginary were masked with shapefile and subsetted individually 

for further analysis in the study.  
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Table 3.1: Details of satellite data 

Satellite Sensor Projection Year of 

Acquisition 

Resolution 

(M) 

Sentinel-2A MSI WGS_1984_UTM_Zone_43N April, 2021 10 

SRTM Shuttle Radar Topography 

Mission (SRTM) 

n29_e077_1arc_v3 

n29_e077_1arc_v3 

2000 30 

 

3.2.8 Delineation of watershed  

 A depression-less DEM is required for the process of watershed delineation. The 

SRTM DEM of 30 m resolution was used as the basis for delineating the study area. Data 

extraction and analysis were carried out. The area of interest was extracted from the SRTM 

raster by masking the shape file of ROI. The terrain elevation of the study area ranged from 

238 m to 1541 m. SRTM DEM is processed by filling the sinks. The flow direction and flow 

accumulation were generated. The stream orders were extracted using Strahler‟s (1964) 

method. For each watershed, the length and number of streams of various orders were 

obtained. The spatial analysis tool was used to delineate the watershed. Regardless of size or 

shape, ten watersheds adjacent to the Shivalik foothills were selected from delineated 

watershed and designated as WS1, WS2, WS3, WS4, WS5, WS6, WS7, WS8, WS9, and 

WS10. The spatial coordinate system of the World Geodetic System (WGS) 1984 UTM 43N 

was used for the entire study. The LULC assessment was done to classify the various classes 

in selected watershed using Erdas Imagine software (Table 3.3). 

 

Fig. 3.2: Rain gauge stations in study area 
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Table 3.2: Information on rainfall data within and outside study area (1999-2020) 

District Station Elevation (m) Mean Annual Rainfall (mm) 

Panchkula 

Panchkula 353 457.45 

Kalka 659 950.58 

Barwala 319 253.72 

Raipurani 340 351.28 

Morni 1074 621.11 

Ambala 

Ambala 273 535.21 

Naraingarh 328 1482.21 

Barara 281 398.00 

Yamunanagar 

Jagadhari 286 1004.79 

Chhichhroli 296 965.33 

Radaur 269 768.64 

Saraswati Nagar 279 696.93 

Sadhaura 313 1177.93 

Bilaspur 307 1011.71 

 

Table 3.3: Land use land cover classification of study area 

Class  Description 

Barren land  Exposed soil, barren land  and similar 

Waterbody River, Lakes, Ponds, Water logged area and similar 

Plantation  Include all types of Forest, Agro-forestry  

Built up Residential, industrial zone, scattered rural settlements roads and similar   

Agriculture  Agricultural fields   

 

3.2.9 Accuracy assessment 

 Accuracy assessment is the most important step in the LULC classification process. 

The main aim is to put to test the accuracy of classified images using a reliable statistical 

approach. In the present study, accuracy assessment of raster layer was assessed through the 

development of an error matrix to get the user‟s and producer‟s accuracy. A random sampling 

technique was adopted for locating the 153 points (locations) by both the field survey and 

Google Earth and matched them with the LULC map and obtained the user‟s accuracy, 

producer‟s accuracy, and overall accuracy. Photographs taken during the field survey are 

shown in Fig. 3.3. 
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Fig. 3.3: Field survey 

 The accuracy assessment was carried out using the following equation (Jothimani, et 

al., 2021) 

User accuracy = (number of correctly classified pixel in each category /total number of 

classified pixel in that category)×100   (1)  

Producer Accuracy = (number of correctly classified pixel in each category / total number of 

reference pixel in that category)×100  (2) 

Overall Accuracy = total number of classified pixels / total number of reference pixels) ×100  (3)  

Kappa coefficient = ((Total sample × Total corrected sample) - Sum (column total × row 

total) / (Total sample)
2 
– Sum (column total × row total)) × 100 (4) 

3.3 Morphometric analysis  

 The hydrological behaviour of watersheds was studied by analysing the 

morphometric parameters. The drainage network of all the watersheds WS1 to WS10 was 

extracted by series of geo-processing tools in ArcGIS 10.7.1 The morphometric parameters 

namely linear, areal and relief aspects were computed using formula as depicted in Table 3.4 

for all the watersheds.  
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Table 3.4: Formulae used for computation of morphometric parameters 

Sr. No. Morphometric 

parameters 

Formula/Definition References  

Estimation of linear parameters 

1 Stream order (µ) Ranking hierarchically Strahler (1964) 

2 Stream Number (Nu) Stream segment of various order Horton (1945) 

3 Stream length (Lµ) Total Length of the stream segments of  

that particular order  

Horton(1945) 

4 Mean stream length (Lsm)   L  = Lμ/Nμ 

 

Strahler (1964) 

 

5 Stream length ratio (RL) Rl  = Lµ/ L(µ–1)  

Where Lµ =  mean length of all stream  

segments of a given order (µ) 

 L (u–1) = The mean length of all stream  

segments of one order less to given order (u) 

Horton(1945) 

 

6 Bifurcation ratio(Rb)  Rb  = Nu/Nu+1 

Where Nu = Total Number of stream  

segments of the order “u”  

N (u+1) = Number of stream segments of the 

next higher order  

Schumm (1956) 

 

7 Drainage density (Dd)  Dd =  Lµ/A  

Where, Lµ = Total Length of the stream  

segments of all order 

A = Area of the river basin or grid (km2) 

 Horton (1932) 

 

8 Texture ratio  Number of stream segments of all order  

present in per perimeter of that area 

Horton (1945) 

9 Length of overland  

flow (Lo) 

 Lo = 1/2Dd  

Where Dd= Drainage density of basin 

Horton(1945) 

 

Estimation of areal parameters 

1 Circularity ratio (Rc )  Rc = 4πA/P2 Where A = Area of the  

basin (km2), P = Perimeter (km) 

Miller (1953)  

Strahler (1964)  

2 Elongation ratio (Re ) Re = 1.128 √ A / L  

A = Area of the basin (km2),  

L = Basin length (Km) 

Schumm (1956)  

3 Form Factor (Ff) Ff = A/L2  Where A = Area of the  

basin (km2 ), L = Basin length (km) 

Horton (1932, 1945)  

4 Compactness constant (Cc) Cc = 0.2821×P/A0.5 

A = Area of the basin (km2), P = Perimeter 

(km) 

Horton (1945) 

5 Drainage texture (Ts) T = Dd × Fs  Where Dd = Drainage density, Fs 

= Stream frequency 

 Horton(1945)  

6 Shape factor(BS ) BS = L2 /A  

 Where L = Basin length (Km),  

A = Area of the Basin (km2 ) 

 Horton(1932)  

7 Constant of channel  

maintenance (R) 

C = 1/Dd  Where Dd= Drainage density of 

basin 

Schumm (1956)  

8. Stream frequency (Fs) Fs =Nµ/A Nu = Total Number of stream  

segments of the order “µ”,  

A = Area of the Basin (km2 ) 

Horton (1945) 

Estimation of relief aspects 

1 Basin relief (R)  R = H – h  

 Where H = maximum elevation (m),  

h = minimum elevation (m) 

 Hadley and Schumm 

(1961)  

2 Relief ratio (Rr ) Rr = R/L 

 Where R = Basin relief, L = longest axis of  

major river (Basin length) in km 

Schumm (1956)  

3. Ruggedness No. (Rn) Rn= (Dd× R)/1000 Schumm (1956) 

The flow chart for the Morphometric analysis methodology is shown in Fig. 3.4. 
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Fig. 3.4: Flow chart of morphometric analysis 

 

3.4 Revised universal soil loss equation (RUSLE) 

 The USLE determines soil loss at any given point as a function of rainfall energy and 

intensity, soil erodibility, slope length, slope gradient, soil cover, and conservation practices 

(Wischmeier and Smith, 1978). The originality of USLE was retained in RUSLE while 

technology was altered for evaluation of the factors and introduced new data to evaluate the 

terms for specified conditions. The RUSLE can predict the long term average annual average 

soil loss from rill and interill erosion caused by rainfall splash and overland flow, but not 

from gully and channel erosion (Renard et al., 1997). Therefore, GIS methods are used to 

partition the areas into overland and channel types to estimate the soil loss in individual grid 

cells of overland areas. The flow chart for the RUSLE methodology is shown in Fig. 3.5. 

 A= R×K×LS×C×P  (5) 

Where 

A= average annual soil loss per unit area (t ha
-1

 yr
-1

),   

R = rainfall-runoff erosivity factor (MJ mm ha
-1

 h
-1

 yr
-1

),  

K = soil erodibility factor (t ha h ha
-1

MJ
-1

 mm
-1

) 

LS = slope length steepness factor (dimensionless) 

C = cover management factor (dimensionless, ranging between 0 and 1.5) 

P= support and conservation practices factor (dimensionless, ranging between 0 and 1). 
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Fig. 3.5: Flow chart of soil loss estimation methodology 

3.4.1 Rainfall erosivity factor (R) 

The R factor is a key input for the RUSLE and is a climatic factor that reveals the influence of 

rainfall intensity on soil erosion and its calculation required detailed and continuous 

precipitation data (Wischmeier and Smith, 1978).  The annual R factor is a function of the 

mean annual EI30 that is calculated from detailed and long-term records of storm kinetic 

energy (E) and maximum 30 minute intensity (I30) (Renard et al., 1997). The aforementioned 

long term data is not available in the study area. In fact, only monthly and annual rainfall data 

sets are available. To overcome the lack of detailed rainfall data, the monthly rainfall was 

collected, tabulated, and analysed in an excel file, which was then converted into a .csv file 

and imported into an ArcGIS environment. For better accuracy, all these rainfall stations were 

marked as point layers and subsequently interpolated with the Inverse distance weighted 

method (IDW) for assessing the spatial variability in the rainfall in the study area. The rainfall 

erosivity values for the different stations were used to interpolate a rainfall erosivity surface. 

The equation given below is used in the computation (Singh et al., 1981). 

                (6) 

Where, 

R is the rainfall erosivity factor (MJ mm ha
−1

 h
−1

 yr
−1

), P is the annual rainfall (mm). 

3.4.2 Soil erodibility factor (K) 

The K factor represents the influence of different soil properties on the slope's susceptibility 

to erosion (Renard et al., 1997). The erodibility of soil is its resistance against detachment and 

transport. The flow chart of analysing the K factor is presented as Fig. 3.6. The soil data of the 

https://www.sciencedirect.com/science/article/pii/S1674987115001255#bib29
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study area was extracted from the DSMW global map in a GIS environment. The percentage 

of silt, clay, very fine sand, and organic matter for each soil group was calculated. Soil 

textural class, structure code (b), and permeability (c) were calculated using the USDA soil 

texture triangle. The K factor was calculated in the raster calculator using the equation (7). 

The equation effectively described the soil erodibility as a function of the complex interaction 

between sand, silt, and clay fractions in the soil and other factors such as organic matter, soil 

structure, and profile permeability class. The K factor was calculated by using the following 

relationship (Foster et al., 1991). 

 K=2.8 x 10
-7

 x M
1.14

 x (12-a) + 4.3 x10
-3

 x (b-2) + 3.3 × (c-3)    (7) 

Where,  

K=soil erodibility factor in t ha h ha
-1

MJ
-1

 mm
-1

 

M= Particle size parameter (silt (%) + very fine sand (%)) × (100 – clay (%)) 

a= organic matter (%), b= soil structure code, c= soil permeability class  

 

Fig: 3.6: Flow chart of soil erodibility factor (K) 

3.4.3 Slope-length (L) and slope steepness (S) 

 This is a topological factor having two sub-factors: slope gradient (S) and slope 

length (L) factor. These two L and S factors together form the LS factor that is determined 

from DEM. These factors affect soil erosion by surface water movement. 

 The combined LS factor was estimated using the flow accumulation theme. The flow 

accumulation, which denotes the accumulated upslope contributing area for a given cell, 

performs a cumulative count of the number of pixels that naturally drain into outlets. The 
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operation can be used to find the drainage pattern of a terrain. The flow direction operation 

determines the natural drainage direction for every pixel in a DEM. Based on the output flow 

direction map, the flow accumulation operation counts the total number of pixels that will 

drain into outlets. Taking the slope layer and flow accumulation layer and applying the 

formula below, in the raster calculator, the LS factor was calculated. 

   (                  
         

     
)
   

 (                                (         

(8) 

Where,  

Flow accumulation denotes the accumulated up slope contributing area for a given cell 

LS = combined slope length and slope steepness factor, Cell size = size of grid cell (for 

this study 30 m), Slope = Slope in degree  

3.4.4 Crop management factor (C) 

 It is the ratio of soil loss from cropped land with specific conditions to the identical 

tilled continuous fallow (Wischmeier and Smith, 1978). The LULC types and their 

management are prime aspects for evaluating the sediment yield from a watershed. The crop 

management factor represents the effect of plants, soil cover, biomass, and activities on the 

soil surface on soil erosion. The land use type is considered when crop management factors 

are considered. The C factor ranges from 0 to 1. In the present study, the value of the C factor 

was assigned according to land use type as depicted in Table 3.5.  

Table 3.5: C and P factor values of different land use land cover classes (Ganasari and 

Ramesh 2016) 

Class Name  C- value P- value 

Barren Land 0.500 1.00 

Built up 0.090 1.00 

Agriculture 0.630 0.50 

Waterbody 0 1.00 

Plantation 0.003 0.80 

3.4.5 Practice factor (P) 

 The conservation or support factor (P) is basically the ratio of soil loss from a land 

having specified conservation practices to that from a land ploughed in a direction parallel to 

the slope if all other conditions remain unchanged (Wischmeier and Smith, 1978). 

 The support practice factor indicates the rate of soil loss according to the various 

cultivated lands on the earth. There are contour, cropping, and terrace as its methods, and it is 

an important factor that can control erosion (Shin, 1999). The P values range from 0 to 1, 

where the value 0 represents a very good manmade erosion resistance facility and the value 1 

represents no manmade erosion resistance facility (Sheikh et al., 2011). 
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 In the present study, the value of the P factor was assigned according to land use type 

as depicted in Table 3.5. The LULC map was also used for the preparation of the P values and 

P factor map. The raster map of the P factor was prepared by using ArcGIS (Naqvi et al., 

2013). 

3.4.6 Average soil loss 

 The RUSLE parameters were analyzed using ArcGIS 10.7.1 software and the annual 

average rate of soil loss (A) of the selected watersheds was calculated for the study area. The 

calculated RUSLE factors, i.e. the R, K, LS, C& P factors, were imported as raster layers in 

the GIS environment and multiplied in the raster calculator as per Eq. 5 and the final value of 

the spatial average of soil loss (A) over a period was obtained. This combination computes the 

simulated spatial distribution of soil erosion potential for the entire study area. 

3.5 Prioritization of watersheds 

 In order to identify the most erosion prone watersheds, all watersheds were classified 

into slight, moderate, high, very high, and severe soil erosion classes, with soil loss ranging 

from 0-5, 5-10, 10-20, 20-40, and >40 t ha
- 1 

yr
-1

, respectively. On the basis of severity, the 

selected watersheds of the Shivalik foothills in Haryana were prioritized accordingly. 
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CHAPTER–IV 

 

 

 

RESULTS  

 This chapter includes the presentation of results obtained from the analysis of the 

assessment of the potential soil loss by RS and GIS techniques to accomplish “Priority areas 

assessment for soil erosion control in a watershed using geospatial technology in the Shivalik 

foothills (Haryana)”. This methodology is capable in mapping the LULC, morphometric 

parameters of watersheds, assessment of annual soil loss of the study area. The data obtained 

through RS acts as a key factor in the delineation of the land cover, having superior accuracy 

of category and range to estimate the suitable annual cover factors. The integration of the 

RUSLE with RS and GIS methodology supported the prediction of soil loss at the watershed 

level. The results are presented under the following heads in this chapter. 

4.1 Thematic mapping related to LULC classification of the study area 

4.2 Morphometric analysis of study area 

4.3 Soil loss estimation using RUSLE on watershed basis 

4.4 Priority areas assessment for efficient implementation of soil erosion control program 

 

4.1 Thematic mapping related to LULC classification of the study area 

 The thematic layers like LULC, slope of land, soil characteristics and RUSLE 

parameters etc. are important factors in the assessment of spatially changing soil losses. The 

thematic map displays the relationship of a single component with several other variables and 

also depicts the range of varied attributes. The thematic map may be either qualitative or 

quantitative. In a qualitative thematic map, the spatial co-ordinates and distribution of specific 

features are shown, whereas in a quantitative thematic map, the dimension related numeric 

information is represented. The common variables which can be mapped thematically could 

be land use, land cover, elevation, slope, RUSLE parameters etc. were presented in this 

chapter.  
 

4.1.1 Area distribution of watersheds 

 The study area in the Shivalik foothills in Haryana was delineated using the globally 

popular SRTM DEM having with 30 m resolution and ArcGIS 10.7.1 software. The 10 

watersheds adjoining the Shivalik foothills and located in three districts (Panchkula, Ambala, 

and Yamunanagar) irrespective of district administrative boundaries were selected from 

delineated watershed and designated as study area (WS1 to WS10) and shown in Fig. 4.1. The 

elevation in all the watersheds varied from 264 to 1541 m. The higher elevated points were 

observed in WS1, WS2 and WS3 as compared to the remaining watersheds. The elevation 

map of the study area is presented in Fig 4.2. 
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 WS1 was found to be the smallest watershed, having an area of 65.12 km
2
, and WS7 

was the largest watershed, having an area of 616.53 km
2
. The WS1 and WS7 shared the 

2.57% and 24.29% area out of the total area of the selected watersheds respectively. The area 

occupied by individual watershed was found in the order of WS1<WS5<WS4 

<WS6<WS8<WS9<WS2<WS3<WS10<WS7 out of the total area of the selected watersheds. 

The area distribution of the selected watersheds (WS1 to WS10) in the Shivalik foothills is 

presented in Table 4.1. The corresponding area (%) covered under selected watersheds is 

shown in Fig. 4.3. 

 

Fig. 4.1: Map of the study area  
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Fig. 4.2: Elevation map of the study area 
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Table 4.1: Area distribution under selected watersheds in Shivalik foothills 

Name of Watershed  Area 

 (km
2
)  

Area 

 (%) 

WS1 65.12 2.57 

WS2 236.96 9.34 

WS3 241.84 9.53 

WS4 111.97 4.41 

WS5 80.91 3.19 

WS6 142.86 5.63 

WS7  616.53 24.29 

WS8 210.75 8.30 

WS9  233.3 9.19 

WS10 597.71 23.55 

Total 2537.95 100.00 

 

 

Fig. 4.3: Area (%) under selected watersheds in study area 

 

4.1.2 Land use land cover mapping  

 The thematic map of LULC of the individual watershed is shown in Fig. 4.4 to Fig 

4.13. The LULC map of study area comprises of the selected watersheds is presented in Fig. 

4.14. The five major LULC classes were identified in study area i.e. barren land, 

waterbody, plantation, built up and agriculture. The classification theme used for 

identification of five major LULC class in the study are presented in Table 3.3. The LULC 

distribution under barren land, waterbody, plantation, built up class of the whole study area 
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is given in Table 4.2. The LULC distribution in the study area under barren land, waterbody, 

plantation, built up and agriculture class was 304.08 km
2
, 35.38 km

2
, 614.62 km

2
, 51.23 km

2
 

and 1532.64 km
2
,
 
respectively, out of total area under each identified class of all the 

watersheds. The LULC distribution of the study area showed that agriculture was the major 

class followed by plantation, barran land, built up and waterbody which occupied 60.39%, 

24.22%, 11.98%, 2.02% and 1.39% area, respectively, out of total area of all the watersheds.   

Table 4.2: Land use land cover distribution of the study area 

Class 
Land use land cover  in 2021 

Area (km
2
) Area (%) 

Barren Land 304.08 11.98 

Waterbody 35.38 1.39 

Plantation 614.62 24.22 

Built up 51.23 2.02 

Agriculture 1532.64 60.39 

Total 2537.95 100.00 

 

 The area distribution under LULC classification of watershed WS1, WS2, WS3, 

WS4, WS5, WS6, WS7, WS8, WS9, and WS10 is given in Table 4.3 to Table 4.12. As per 

The LULC classification of individual watershed, in WS1 the agriculture class was observed 

as dominated class followed by plantation while water body has occupied the smallest area as 

33.40 km
2
, 24.02 km

2 
and 0.37 km

2
, respectively (Table 4.3). In WS2 the highest area was 

occupied by plantation class followed by agriculture and lowest area was observed under 

waterbody as 158.84 km
2
, 64.12 km

2
 and 1.08 km

2
, respectively (Table 4.4). The WS3 has 

largest area under agriculture class followed by plantation and lowest area was observed 

under waterbody as 128.90 km
2
, 89.45 km

2 
and 2.26 km

2
, respectively (Table 4.5). In WS4 

the largest area was observed under agriculture class followed by plantation and smallest area 

was under waterbody as 82.77 km
2
, 12.94 km

2 
and 1.12 km

2
,
 
respectively (Table 4.6). The 

WS5 has the largest area under agriculture as 54.97 km
2
 followed by barren land as 13.66 km

2
 

and smallest area was under waterbody as 0.54 km
2
 (Table 4.7). The WS6 has largest area 

under agriculture followed by barren land and smallest area was noticed under waterbody 

class as 120.46 km
2
, 11.99 km

2
 and 2.02 km

2
, respectively (Table 4.8). The WS7 has largest 

area under agriculture class followed by plantation and barren land and smallest area was 

observed under waterbody as 448.11 km
2
, 81.73 km

2
, 70.46 km

2
 and 5.17 km

2
, respectively 

(Table 4.9). The WS8 has agriculture as dominating class as 145.41 km
2
 followed by barren 

land as 37.58 km
2
 and smallest area was found under waterbody as 3.49 km

2
 (Table 4.10). 

The watershed WS9 has largest area under agriculture class followed by barren land and 
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smallest area was observed under waterbody as 6.06 km
2
 (Table 4.11). The agriculture was 

also dominating land use in WS10 and occupied largest area followed by plantation and 

smallest area was noticed under waterbody as 281.4 km
2
, 194.26 km

2
 and 13.27 km

2
, 

respectively (Table 4.12).  

The area distribution under identified LULC classes in the all the selected watersheds 

showed that among all the watersheds, the barren land occupied largest area in watershed 

WS10 as 95.20 km
2
 with 31.31%, and the smallest area was under WS1 as 6.25 km

2
 with 

2.06% area out of the total area under barren land in all the watersheds. The area under 

waterbody class was largest in WS10 as 13.27 km
2 
with 37.51%, and smallest was observed 

in WS1 as 0.37 km
2
 with 1.05% area out of the total area under waterbody class in all the 

watersheds. The largest area under plantation was observed in WS10 as 194.26 km
2
 with 

31.61%, while the smallest area under plantation was in WS6 as 4.56 km
2
 with 0.74 % area 

out of the total area under plantation class of all the watersheds. The largest area under built 

up class was observed in WS10 as 13.58 km
2
 with 26.51%, while the smallest area under built 

up class was in WS1 as 1.08 km
2 
with 2.11% of the total area under built up class of all the 

watersheds. The largest area under agriculture class was observed in WS7 as 448.11 km
2
 with 

29.24%, while the smallest area under agriculture class was noticed in WS1 as 33.40 km
2 
with 

2.18% of the total area under agriculture class of all the watersheds (Table 4.13).  

4.1.3 Accuracy assessment 

 The LULC classification has chances to incur some errors which required accuracy 

assessment of the developed thematic map through reliable statistical techniques. The 

precision of LULC classification was defined in terms of the user‟s exactness and the 

producer‟s precision. The LULC categories were checked on the fields with high resolution 

Google Earth‟s satellite image. 153 points were drawn at random from classified image, field 

verifications and Google Earth and verified for accuracy assessment. The user‟s accuracy is a 

measure to assess the reliability of the classification to the user and producer‟s accuracy 

reflects the accuracy of prediction of the particular class. The kappa coefficient revealed the 

inter-rate agreement between categorical variables. The user‟s accuracy ranged from 80% to 

100% while producer‟s accuracy ranged from 75% to 100%. The average user‟s, producer‟s, 

overall accuracies, and kappa coefficient were obtained as 94%, 90.6%, 92%, and 90%, 

respectively, as shown in Table 4.14. The results obtained in the study are reliable and 

acceptable for further analysis. 
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Fig. 4.4: Land use land cover classification map of WS1 

 

Table 4.3: Area distribution under land use land cover classification in WS1 

Class Area (km
2
) Area (%) 

Barren land 6.25 9.60 

Waterbody 0.37 0.57 

Plantation 24.02 36.89 

Built up 1.08 1.66 

Agriculture 33.40 51.29 

Total 65.12 100.00 
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Fig. 4.5: Land use land cover classification map of WS2 

 

Table 4.4: Area distribution under land use land cover classification in WS2 

Class Area (km
2
) Area (%) 

Barren land 6.74 2.84 

Waterbody 1.08 0.46 

Plantation 158.84 67.03 

Built up 6.18 2.61 

Agriculture 64.12 27.06 

Total 236.96 100.00 

 



40 
 

 

Fig.4.6: Land use land cover classification map of WS3 

 

Table 4.5: Area distribution under land use land cover classification in WS3 

Class Area (km
2
) Area (%) 

Barren land 18.88 7.81 

Waterbody 2.26 0.93 

Plantation 89.45 36.99 

Built up 2.35 0.97 

Agriculture 128.90 53.30 

Total 241.84 100.00 
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Fig. 4.7: Land use land cover classification map of WS4 

 

Table 4.6: Area distribution under land use land cover classification in WS4 

Class Area (km
2
) Area (%) 

Barren land 13.9 12.41 

Waterbody 1.12 1.00 

Plantation 12.94 11.56 

Built up 1.24 1.11 

Agriculture 82.77 73.92 

Total 111.97 100.00 
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Fig. 4.8: Land use land cover classification map of WS5 

 

Table 4.7: Area distribution under land use land cover classification in WS5 

Class Area (km
2
) Area (%) 

Barren land 13.66 16.88 

Waterbody 0.54 0.67 

Plantation 10.41 12.87 

Built up 1.33 1.64 

Agriculture 54.97 67.94 

Total 80.91 100.00 
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Fig. 4.9: Land use land cover map of WS6 

 

Table 4.8: Area distribution under land use land cover classification in WS6 

Class Area (km
2
) Area (%) 

Barren land 11.99 8.39 

Waterbody 2.02 1.41 

Plantation 4.56 3.19 

Built up 3.83 2.68 

Agriculture 120.46 84.32 

Total 142.86 100.00 
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Fig. 4.10: Land use land cover classification map of WS7 

 

Table 4.9: Area distribution under land use land cover classification in WS7 

Class Area (km
2
) Area (%) 

Barren land 70.46 11.43 

Waterbody 5.17 0.84 

Plantation 81.73 13.26 

Built up 11.06 1.79 

Agriculture 448.11 72.68 

Total 616.53 100.00 
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Fig. 4.11: Land use land cover classification map of WS8 

 

Table 4.10: Area distribution under land use land cover classification in WS8 

Class Area (km
2
) Area (%) 

Barren land 37.58 17.83 

Waterbody 3.49 1.66 

Plantation 20.47 9.71 

Built up 3.8 1.80 

Agriculture 145.41 69.00 

Total 210.75 100.00 
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Fig. 4.12: Land use land cover classification map of WS9 

 

Table 4.11: Area distribution under land use land cover classification in WS9 

Class Area (km
2
) Area (%) 

Barren land 29.42 12.61 

Waterbody 6.06 2.60 

Plantation 17.94 7.69 

Built up 6.78 2.91 

Agriculture 173.1 74.20 

Total 233.3 100.00 
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Fig. 4.13: Land use land cover classification map of WS10 

 

Table 4.12: Area distribution under land use land cover classification in WS10 

Class Area (km
2
) Area (%) 

Barren land 95.2 15.93 

Waterbody 13.27 2.22 

Plantation 194.26 32.50 

Built up 13.58 2.27 

Agriculture 281.4 47.08 

Total 597.71 100.00 
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Fig. 4.14: Land use land cover classification map of study area 
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Table 4.13: Area distribution under land use land cover classification of the selected watersheds in Shivalik foothills 

 

  

Name of watershed 

Class 

Barren Land Waterbody Plantation Built up Agriculture 

Area (km
2
) 

Area 

(%) 
Area (km

2
) 

Area 

(%) 
Area (km

2
) 

Area 

(%) 
Area (km

2
) 

Area 

(%) 
Area (km

2
) 

Area 

(%) 

WS1 6.25 2.06 0.37 1.05 24.02 3.91 1.08 2.11 33.40 2.18 

WS2 6.74 2.22 1.08 3.05 158.84 25.84 6.18 12.06 64.12 4.18 

WS3 18.88 6.21 2.26 6.39 89.45 14.55 2.35 4.59 128.9 8.41 

WS4 13.90 4.57 1.12 3.17 12.94 2.11 1.24 2.42 82.77 5.40 

WS5 13.66 4.49 0.54 1.53 10.41 1.69 1.33 2.60 54.97 3.59 

WS6 11.99 3.94 2.02 5.71 4.56 0.74 3.83 7.48 120.46 7.86 

WS7 70.46 23.17 5.17 14.61 81.73 13.30 11.06 21.59 448.11 29.24 

WS8 37.58 12.36 3.49 9.86 20.47 3.33 3.80 7.42 145.41 9.49 

WS9 29.42 9.68 6.06 17.13 17.94 2.92 6.78 13.23 173.1 11.29 

WS10 95.20 31.31 13.27 37.51 194.26 31.61 13.58 26.51 281.40 18.36 

Total 304.08 100.00 35.38 100.00 614.62 100.00 51.23 100.00 1532.64 100.00 
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Table 4.14: Accuracy assessment of land use land cover classification 

Class Plantation Agriculture Waterbody 
Built  

up 

Barren  

land 
Total 

User’s  

Accuracy 

Plantation 30 0 0 0 0 30 100 

Agriculture 0 30 0 0 0 30 100 

Waterbody 0 3 27 0 3 33 90 

Built up 0 0 0 30 0 30 100 

Barren land 0 0 6 0 24 30 80 

Total 30 33 33 30 27 153 94% 

Producer Accuracy  

(%) 
100 90 75 100 88   

Overall Accuracy = 92 % 

Kappa Coefficient= 90 % 

 

4.2 Morphometric analysis of study area 

 The morphometric analysis of the study area is presented in following sections: 

4.2.1 Stream order (µ), stream length (Lµ) and stream number (Nµ) 

 The study area has been divided into ten watershed namely as WS1 to WS10. The 

highest order of stream was observed as 6
th
 in the selected watersheds. The basic parameters 

of the selected watersheds are shown in Table 4.15. It showed that WS7 and WS10 both have 

highest order of stream as 6
th
 order whereas WS1, WS4 and WS8 have only 4

th
 order streams. 

The rest of watersheds as shown in the table have 5
th
 order of streams.  The maximum number 

of 1
st
 order streams was observed in WS7 as 813 whereas minimum number of 1

st
 order 

streams was observed in WS1 as 89. The maximum number of 2
nd

 order streams was 

observed in as 164 in both WS7 and WS10 whereas minimum number of 2
nd

 order streams 

was observed in WS1 as 17. The maximum number of 3
rd

 order streams was observed in 

WS10 as 32 whereas minimum number of 3
rd

 order streams was observed in WS1 as 3. In all 

the watersheds the stream length (Lµ) is higher for 1
st
 order stream. The maximum number of 

4
th
 order streams was observed in WS10 as 8 whereas minimum number of 4

th
 order streams 

was observed in WS1, WS4 and WS8 as 1 only. The maximum number of 5
th
order streams 

was observed in WS7 and WS10 as 2 whereas minimum number of 5
th
 order streams was 

observed in WS2, WS3, WS5, WS6 and WS9 as 1 only. The two watershed i.e. WS 7 and 

WS1 have 6
th
 order streams with only one in number.     
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Table 4.15: Basic parameters of selected watersheds 

Watershed 
Stream order (µ) 

I II III IV V VI 

WS1 
Stream number (Nµ)  89 17 3 1 - - 

Stream length (Lµ) 70.77 37.12 8.05 9.42 - - 

WS2 
Stream number (Nµ) 271 57 13 4 1 - 

Stream length (Lµ) 192.72 109.00 49.37 36.07 14.78 - 

WS3 
Stream number (Nµ) 298 63 15 2 1 - 

Stream length (Lµ) 193.50 108.13 71.00 33.35 12.31 - 

WS4 
Stream number (Nµ) 144 30 6 1 - - 

Stream length (Lµ) 97.37 47.69 20.92 24.37 - - 

WS5 
Stream number (Nµ) 104 18 4 2 1 - 

Stream length (Lµ) 63.30 39.08 6.67 17.32 2.12 - 

WS6 
Stream number (Nµ) 183 36 7 2 1 - 

Stream length (Lµ) 122.77 62.68 44.91 17.76 2.78 - 

WS7 
Stream number (Nµ) 813 164 30 7 2 1 

Stream length (Lµ) 520.35 260.14 152.74 69.81 31.28 21.54 

WS8 
Stream number (Nµ) 284 62 12 1 - - 

Stream length (Lµ) 182.90 80.46 58.63 35.87 - - 

WS9 
Stream number (Nµ) 313 72 16 4 1 - 

Stream length (Lµ) 203.90 92.61 60.12 17.40 30.26 - 

WS10 
Stream number (Nµ) 758 164 32 8 2 1 

Stream length (Lµ) 512.39 282.46 170.770 63.60 38.24 11.73 

 

 The stream order maps of the selected watershed have been presented in Fig. 4.15 to 

4.24. The different streams on the map were represented by the different colour compositions. 

The different stream order (µ) in the thematic map is represented by the separate coloured line 

The thematic maps clearly showed that the streams of different orders in the respective 

watersheds join the stream of highest order to accomplish the flow. 
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Table 4.16: Mean stream length (Lsm) of selected watersheds based on stream order (µ) 

Watershed 
Mean stream length (Lsm) 

I II III IV V VI 

WS1 0.80 2.18 2.68 9.42 0 0 

WS2 0.71 1.91 3.80 9.02 14.78 0 

WS3 0.65 1.72 4.73 16.68 12.31 0 

WS4 0.68 1.59 3.49 24.37 0 0 

WS5 0.61 2.17 1.67 8.66 2.12 0 

WS6 0.67 1.74 6.42 8.88 2.78 0 

WS7 0.64 1.64 5.09 9.97 15.64 21.54 

WS8 0.64 1.30 4.89 35.87 0 0 

WS9 0.65 1.29 3.76 4.35 30.26 0 

WS10 0.68 1.72 5.34 7.95 19.12 11.73 

 

Table 4.17: Stream length ratio (RL) of selected watersheds 

Watershed 
Stream length ratio (RL) 

I-II II-III III-IV IV-V V-VI 

WS1 0.52 0.22 1.17 0.00 0.00 

WS2 0.57 0.45 0.73 0.41 0.00 

WS3 0.56 0.66 0.47 0.37 0.00 

WS4 0.49 0.44 1.16 0.00 0.00 

WS5 0.62 0.17 2.60 0.12 0.00 

WS6 0.51 0.72 0.40 0.16 0.00 

WS7 0.52 0.57 0.46 0.45 0.69 

WS8 0.44 0.73 0.00 0.00 0.00 

WS9 0.45 0.65 0.29 1.74 0.00 

WS10 0.55 0.60 0.37 0.60 0.31 
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Table 4.18: Bifurcation ratio (Rb) of selected watersheds 

Watershed 
Bifurcation ratio (Rb) 

I-II II-III III-IV IV-V V-VI 

WS1 5.24 5.67 3.00 0.00 0 

WS2 4.75 4.38 3.25 4.00 0 

WS3 4.73 4.20 7.50 2.00 0 

WS4 4.80 5.00 6.00 0.00 0 

WS5 5.78 4.50 2.00 2.00 0 

WS6 5.08 5.14 3.50 2.00 0 

WS7 4.96 5.47 4.29 3.50 2 

WS8 4.58 5.17 12.00 0.00 0 

WS9 4.35 4.50 4.00 4.00 0 

WS10 4.62 5.13 4.00 4.00 2 

 

 The stream length is a characteristics property related to drainage network component 

of drainage basin (Strahler, 1964). The mean stream length (Lsm) based on stream order (µ) of 

different watersheds (WS1 to WS10) had the different values and it showed that higher the 

stream order longer the length of stream (Table 4.16). The Lsm value is directly proportional to 

the size and topography of the basin (Rai et al., 2017). In the selected watersheds the WS8 has 

the highest average Lsm as 10.67 km. The average Lsm in all the watersheds (WS1 to WS10) 

ranged from 3.05 to 10.67 km (Table 4.19).  

 The stream length ratio (RL) is ratio of the mean stream length (Lsm) of the one order 

to the next lower order of stream segment. The RL between selected watershed WS1 to WS10 

for stream order I-II, II-III, III-IV, IV-V and V-VI  was ranged from 0.44 to 0.62, 0.17 to 

0.73, 0.29 to 2.60, 0.12 to 1.74 and 0.31 to 0.69 (Table 4.17).  

 The mean bifurcation ratio (Rbm) of the selected watersheds (WS1 to WS10) was 

ranged from 3.93 to 7.25 for watershed WS1 to WS10 (Table 4.19). Individually on the basis 

of stream orders, WS5, WS1, WS8 has highest bifurcation ratio (Rb) as 5.78, 5.67 and 12.00 

for order I-II, II-III and III-IV respectively (Table 4.18). The watershed WS2, WS9, WS10 

has highest and equal Rb as 4.00 for the order IV-V. The WS7 and WS10 have highest Rb as 

2.00 for order V-VI.   
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Fig. 4.15: Stream order map of WS1  Fig. 4.16: Stream order map of WS2 

 

 

 

  

Fig: 4.17: Stream order map of WS3 Fig. 4.18: Stream order map of WS4 
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Fig. 4.19: Stream order map of WS5 Fig. 4.20: Stream order map of WS6 

 

 

 

  

Fig. 4.21: Stream order map of WS7 Fig. 4.22: Stream order map of WS8 
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Fig. 4.23: Stream order map of WS9 Fig. 4.24: Stream order map of WS10 

 

 

 

 The stream order map of the Shivalik region, comprising the selected watersheds of 

study area, has been shown in Fig. 4.25 which clearly showed that study area has 6
th
 order as 

highest order of stream. Fig. 4.26 showed the drainage density (Dd) map of selected 

watersheds in the Shivalik foothills region. The Dd indicated the length of the stream per unit 

area in the selected watershed, and it ranged from 0.29 km/km
2
 to 6.03 km/km

2
. 

4.2. 2  Drainage network 

 The drainage network of the selected watershed is shown in Table 4.19. The table 

showed watershed wise values of total no. of streams (Nµ), total stream length (Lu), mean 

stream length (Lsm), stream length ratio (RL), and mean bifurcation ratio (Rbm). The WS 7 has 

the maximum total Nµ, i.e. 1017, and WS 10 has the maximum total Lµ, i.e. 1079.19 km, 

whereas WS1 has the minimum total Nµ, as well as minimum total Lµ, i.e., 110 and 125.36 

km, respectively. The total Lsm of the respective watersheds as depicted in the Table 4.19 

showed that WS8 has a maximum value of 10.67 whereas WS5 has a minimum value (3.05). 

The WS6 has a minimum value of average RL of 0.44, whereas the WS5 has the highest 

average RL of 0.88. According to the tabulated values, WS5 has the lowest Rbm as 3.57, while 

WS8 has the highest Rbm 7.25. 
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Fig. 4.25: Stream order map of selected watersheds of Shivalik region 
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Fig. 4.26: Drainage density map of selected watersheds of Shivalik Region 
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Table 4.19: Drainage network  

Watershed Total no. of  

streams  

(Nµ) 

Total  

stream  

length (Lµ) 

Mean  

stream  

length (Lsm) 

Stream  

length  

ratio (RL) 

Mean  

bifurcation  

ratio (Rbm) 

WS1 110 125.36 3.77 0.64 4.63 

WS2 346 401.94 6.04 0.54 4.10 

WS3 379 418.29 7.22 0.51 4.61 

WS4 181 190.35 7.53 0.70 5.27 

WS5 129 128.49 3.05 0.88 3.57 

WS6 229 250.90 4.10 0.44 3.93 

WS7 1017 1064.86 9.09 0.54 4.04 

WS8 359 357.86 10.67 0.58 7.25 

WS9 406 404.29 10.08 0.78 4.21 

WS10 965 1079.19 7.76 0.49 3.95 

 

4.2.3 Drainage geometry 

 The drainage geometry parameters are shown in Table 4.20. The table showed 

watershed wise values of basin area (km
2
), perimeter (km), circulatory ratio (Rc), elongation 

ratio (Re), compactness constant (Cc), form factor (Ff), and basin length (km). The results 

showed that WS7 has a maximum basin area and perimeter of 616.53 km
2
 and 207.46 km,  

Table 4.20: Drainage geometry 

Watershed Basin 

area 

(km
2
) 

Perimeter 

(km) 

Circulatory 

ratio  

(Rc) 

Elongation 

ratio (Re) 

Compactness 

constant  

(Cc) 

Form 

factor 

(Ff) 

Basin 

length 

(L) 

WS1 65.12 51.02 0.31 0.406 1.78 0.13 22.43 

WS2 236.96 113.73 0.23 0.387 2.08 0.12 44.81 

WS3 241.84 93.73 0.35 0.468 1.70 0.17 37.50 

WS4 111.97 76.68 0.24 0.328 2.04 0.08 36.36 

WS5 80.91 59.01 0.29 0.418 1.85 0.14 24.29 

WS6 142.86 86.34 0.24 0.364 2.04 0.10 37.00 

WS7 616.53 207.46 0.18 0.340 2.36 0.09 82.29 

WS8 210.75 125.89 0.17 0.326 2.45 0.08 50.18 

WS9 233.30 133.07 0.17 0.333 2.46 0.09 51.74 

WS10 597.71 163.97 0.28 0.587 1.89 0.27 47.01  
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whereas WS1 has a minimum basin area and perimeter of 65.12 km
2 
and 51.02 km. The WS8 

and WS9 have a minimum Rc of 0.17, whereas WS3 has the highest Rc of 0.35. The table 

showed that WS10 has the maximum Re as 0.587 and WS8 has the minimum Re value as 

0.326. The WS3 has minimum value Cc as 1.70, whereas WS9 has the maximum value Cc as 

2.46. The WS4 and WS8 have a minimum value of Ff as 0.08 and the WS10 has the 

maximum value of Ff as 0.27. The basin length (L) of the WS7 was observed as maximum i.e., 

82.29 km, and WS1 has found as minimum basin length (L) of 22.43 km. 

4.2.4 Drainage texture 

 The watershed wise drainage texture analysis is shown in Table 4.21. The drainage 

texture analysis involved the values of drainage density (Dd), stream frequency (F), constant 

of channel maintenance (C), shape factor (Bs), drainage texture (Ts), and length of overland 

flow (Lo). The tabulated results showed that in the selected watersheds in the study area, WS1 

has a maximum value of Dd as 1.93 whereas WS5 has a minimum value of Dd as 1.59. The 

observed results for F showed that WS2 has a maximum value of F as 74 whereas WS2 has a 

minimum value of F as 1.46. The tabulated results for C showed that WS5 has a maximum 

value of C as 0.63 whereas WS1 has a minimum value of C as 0.52. The results showed that 

WS8 has a maximum value of Bs as 11.95, whereas WS10 has a minimum value of Bs as 3.70. 

The WS2 has a minimum value of Ts as 2.48 whereas WS1 has a maximum value of Ts as 

3.25. In the tabulated results, the maximum value for the length of overland flow was 

observed as 0.260 of WS1 and the minimum value was 0.315 of WS5. 

Table 4.21: Drainage texture  

Watershed Drainage  

density  

(Dd) 

Stream  

frequency  

(Fs) 

Constant of  

channel  

Maintenance  

(C) 

Shape  

factor  

(Bs) 

Drainage  

texture  

(Ts) 

Length of  

overland  

flow (Lo) 

WS1 1.93 1.69 0.52 7.73 3.25 0.260 

WS2 1.70 1.46 0.59 8.47 2.48 0.295 

WS3 1.73 1.57 0.58 5.81 2.71 0.289 

WS4 1.70 1.62 0.59 11.81 2.75 0.294 

WS5 1.59 1.59 0.63 7.29 2.53 0.315 

WS6 1.76 1.60 0.57 9.58 2.82 0.285 

WS7 1.73 1.65 0.58 10.98 2.85 0.289 

WS8 1.70 1.70 0.59 11.95 2.89 0.294 

WS9 1.73 1.74 0.58 11.47 3.02 0.289 

WS10 1.81 1.61 0.55 3.70 2.92 0.277  
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4.2.5 Relief characteristics 

 The relief characteristics of the selected watersheds (WS1 to WS10) were analysed 

during the study. The analysed results of the relative relief (Rr), relief ratio (Rh) and 

ruggedness number (Rn) are presented in the Table 4.22. The result showed that value of Rr  

ranged from 48 to 1233 in WS1 to WS10. The WS2 has highest value of Rr as 1233 whereas 

WS6 has lowest value of Rr 48. The Rh ranged in the selected watersheds from 0.001 to 0.03. 

The results for Rh showed that WS1 has maximum value as 0.033 whereas WS6, WS8, WS9 

has minimum value as 0.001. The Rn ranged in the selected watersheds (WS1 to WS10) from 

0.10 to 2.09. The observed results for Rn showed that WS2 has maximum value as 2.09 

whereas WS6 has minimum value as 0.08.  

Table 4.22: Relief characteristics 

Watershed Relative relief (Rr) Relief ratio (Rh) Ruggedness no. (Rn) 

WS1 734 0.033 1.41 

WS2 1233 0.028 2.09 

WS3 907 0.024 1.57 

WS4 269 0.007 0.46 

WS5 62 0.003 0.10 

WS6 48 0.001 0.08 

WS7 1025 0.012 1.77 

WS8 70 0.001 0.12 

WS9 55 0.001 0.10 

WS10 385 0.008 0.70 

 

4.3 Soil loss estimation using RUSLE on watershed basis 

 The estimation of soil loss using RUSLE with integration of RS and GIS was carried 

out in selected watersheds in Shivalik foothills. The key factors which are required to derive 

RUSLE equation for soil estimation are discussed below.  

4.3.1 Rainfall-runoff erosivity factor (R)  

 The average annual rainfall erosivity factor (R) value varied from 174 to 616 

MJ mm ha
−1

 h
−1

 yr
−1

over the entire study area as shown in Fig. 4.27. 
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Fig. 4.27: Rainfall erosivity map of the study area  

 

4.3.2 Soil erodibility factor (K) 

4.3.2.1 Soil properties 

 The FAO digital soil map of the world (DSMW) was used for information about the 

soil physical properties of the study area. The shapefile of the study area was masked and 

extracted from the global data set and the attributes of the raster image were analysed and the 

percentage of sand, silt, clay and organic matter (OM) of the top (0-15 cm) soil layer of the 



63 
 

study area were obtained as shown in Fig. 4.28, 4.29, 4.30 and 4.31, respectively. The soil 

physical properties, soil permeability class and structure code of the study area are shown in 

Table 4.23 and Table 4.24, respectively. The percentages of sand, silt, clay, and organic 

matter in loam soil ranged from 36.40% to 48.70%, 29.90% to 37.20%, 21.60% to 26.40% 

and 0.64% to 1.07%, respectively. In sandy loam textural class, the percentages of sand, silt, 

clay, and organic matter varied from 68.30% to 76.00%, 9.90% to 15.10%, 14.10% to 

16.60%, and 0.41% to 0.50%, respectively (Table 4.23). 

Table 4.23: Soil physical properties of the study area 

Soil unit 

symbol 

Soil texture 

Class 

sand  

(%) 

topsoil 

%silt  

topsoil 

clay (%) 

topsoil 

OM (%)  

topsoil 

BE Loam Soil 36.40 37.20 26.40 1.07 

JC Loam Soil 39.60 39.90 20.60 0.65 

XK Loam Soil 48.70 29.90 21.60 0.64 

LO Sandy Loam 76.00 9.90 14.10 0.41 

RE Sandy Loam 68.30 15.10 16.60 0.50 

 

 The textural class of loam soil has permeability code of 3, permeability class as 

moderate and soil structure code of 2. In case of sandy loam, the table depicts permeability 

code of 2, permeability class as moderate fast and soil structure code of 2 (Table 4.24).  Table 

4.25 depicts the area under different soil types in study area. As per the obtained data, the 

loam soil covered 70.75% area whereas sandy loam covered 29.25% area. 

Table 4.24: Soil permeability class and structure code of the study area 

FAO Soil 

unit symbol 

Soil texture 

Class 

Permeability 

Code 

Permeability 

Class 

Soil 

Structure 

Code 

BE Loam Soil 3 Moderate 2 

JC Loam Soil 3 Moderate 2 

XK Loam Soil 3 Moderate 2 

LO Sandy Loam 2 Moderate Fast 2 

RE Sandy Loam 2 Moderate Fast 2 

Table 4.25: Area under different soil types in study area 

Soil texture Class Area (km
2
) Area (%) 

Loam Soil 1795.59 70.75 

Sandy Loam 742.36 29.25 

4.3.2.2 Soil textural class 

 The soil structure codes have been obtained from the soil databank of FAO. The 

thematic maps of soil textural information have been prepared and related information has 

displayed through legends in maps. The soil texture triangle was used to derive soil texture 

classes, followed by designating permeability codes, permeability classes, and soil structure 

codes.  
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Fig. 4.28: Sand percent in the study area  
 

The K factor quantitatively describes the erodibility of a particular soil type. It represents the 

susceptibility of soil particles to detachment and transport by rainfall and runoff. It gets 

influenced by soil texture, soil structure, organic matter and permeability of particular soil. 

The K factor in the study area ranged from 0.095 to 0.134 t ha h ha
-1

MJ
-1

 mm
-1

. The K factor 

thematic map has shown in Fig. 4.32.  
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Fig. 4.29: Silt percent in the study area 
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Fig. 4.30: Clay percent in the study area 
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Fig. 4.31: Organic matter percent in the study area  
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Fig. 4.32: K factor map of study area 
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4.3.3 Slope length steepness factor (LS) 

4.3.3.1 Flow accumulation 

 The natural flow of water, received through precipitation, flows from areas of higher 

elevation to lower elevation in a steady way, due to which adjacent regions also gets 

accumulated. The flow accumulation over the study area in the Shivalik foothills region is 

shown in Fig. 4.33. 

 

Fig. 4.33: Flow accumulation map of study area 



70 
 

 

Fig. 4.34:  Slope percent map of study area 

4.3.3.2 Land slope  

 The soil losses are prominently affected by the slope of the land. Therefore, DEM 

data is used to generate the slope layer of the watersheds in the study area. The hydrological 

module of ArcGIS was used to derive slope from the digital elevation map (DEM) of the 

region. The slope (%) of the Shivalik region is shown in Fig. 4.34. The slope (%) was 

reclassified into seven category intervals, i.e., 0-1, 1-3, 3-5, 5-10, 10-15, 15-35, and more than 

35. The slope classification in the selected watershed is presented in Table 4.27. 
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Table 4.26: Slope classification of study area 

Watershed Slope % category Class Area (km
2
) Area (%) 

WS1 

0-1 Nearly level 3.05 4.68 

1-3 Very gentle 10.64 16.34 

3-5 Gentle 15.27 23.45 

5-10 Moderate 18.23 27.99 

10-15 Strong 5.74 8.81 

15-35 Moderately steep 8.87 13.62 

>35 Very steep 3.32 5.10 

WS2 

0-1 Nearly level 5.56 2.35 

1-3 Very gentle 18.31 7.73 

3-5 Gentle 28.77 12.14 

5-10 Moderate 42.5 17.94 

10-15 Strong 20.95 8.84 

15-35 Moderately steep 62.46 26.36 

>35 Very steep 58.41 24.65 

WS3 

0-1 Nearly level 26.14 10.81 

1-3 Very gentle 53.84 22.26 

3-5 Gentle 43.75 18.09 

5-10 Moderate 27.43 11.34 

10-15 Strong 12.2 5.04 

15-35 Moderately steep 45.24 18.71 

>35 Very steep 33.24 13.74 

WS4 

0-1 Nearly level 19.97 17.84 

1-3 Very gentle 38.68 34.54 

3-5 Gentle 31.47 28.11 

5-10 Moderate 16.1 14.38 

10-15 Strong 1.87 1.67 

15-35 Moderately steep 3.02 2.70 

>35 Very steep 0.86 0.77 

WS5 

0-1 Nearly level 18.1 22.37 

1-3 Very gentle 33.57 41.49 

3-5 Gentle 22.19 27.43 

5-10 Moderate 6.81 8.42 

10-15 Strong 0.22 0.27 

15-35 Moderately steep 0.02 0.02 

>35 Very steep - - 

WS6 

0-1 Nearly level 52.15 36.50 

1-3 Very gentle 63.68 44.58 

3-5 Gentle 22.92 16.04 

5-10 Moderate 3.74 2.62 

10-15 Strong 0.32 0.22 

15-35 Moderately steep 0.05 0.03 
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>35 Very steep - - 

WS7 

0-1 Nearly level 173.42 28.13 

1-3 Very gentle 251.03 40.72 

3-5 Gentle 124.03 20.12 

5-10 Moderate 35.3 5.73 

10-15 Strong 5.02 0.81 

15-35 Moderately steep 14.02 2.27 

>35 Very steep 13.71 2.22 

WS8 

0-1 Nearly level 62.33 29.58 

1-3 Very gentle 89.21 42.33 

3-5 Gentle 46.51 22.07 

5-10 Moderate 12.27 5.82 

10-15 Strong 0.42 0.20 

15-35 Moderately steep 0.01 0.00 

>35 Very steep - - 

WS9 

0-1 Nearly level 90.19 38.66 

1-3 Very gentle 100.67 43.15 

3-5 Gentle 36.97 15.85 

5-10 Moderate 5.32 2.28 

10-15 Strong 0.14 0.06 

15-35 Moderately steep 0.01 0.00 

>35 Very steep - - 

WS10 

0-1 Nearly level 145.84 24.40 

1-3 Very gentle 219.13 36.66 

3-5 Gentle 126.13 21.10 

5-10 Moderate 43.51 7.28 

10-15 Strong 12.48 2.09 

15-35 Moderately steep 36.45 6.10 

>35 Very steep 14.17 2.37 

 

 The results showed that in WS1, approximately 27.99% of its total area falls under 

the 5-10% slope category with a moderate slope class, 23.45% area falls under the 3-5% 

slope category with a gentle slope class, the 16.34% area was under the 1-3% slope 

category with a very gentle slope class. Apart from that, 5.10% of its area was under the 

very steep class, having a slope of more than 35%, the 13.62% area was under moderately 

steep class with 15-35% slope and 8.81% area was under strong slope class with 10-15% 

slope category. Only 4.68% area of WS1 was noticed under nearly levelled slope class 

with 0-1% slope category. 
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 In WS2, about 26.36% of its area was found under the 15-35% slope category 

with a moderate steep slope class, followed by 24.65% of its area under more than 35% 

slope category with a very steep slope class. The 17.94% area was under the 5-10% slope 

category with a moderate slope class. Aside from that, 12.14% of the area is classified as 

gentle, with a slope of 3-5%, the remaining 7.73% and 2.35% of area were observed as 

very gentle with 1-3% slope category and nearly levelled with 0-1% slope category, 

respectively. 

 Approximately 22.36% area of WS3 falls under the 1-3% slope category with a 

gentle slope class, while 18.71% falls under the 15-35% slope category with a moderate 

steep slope class, 18.09% area falls under 3-5% slope category with gentle slope class. 

Apart from that, 13.74% of its area is under the very steep class, having a s lope of more 

than 35%. The remaining 10.81% area was nearly levelled under 0-1% slope category 

while 5.04% area was found under 10-15% slope category with strong slope class. 

 In WS4 the 34.54% of its area was found under the 1-3% slope category with a 

very gentle slope class, 28.11% area falls under the 3-5% slope category with a gentle 

slope class, 17.84% area was under 0-1% slope category with nearly level classes,  about 

14.38% of its geographical area was found under the 5-10% slope category with a 

moderate slope class, 2.70% area was classified under very moderate steep with 15-35% 

slope category, 1.67% area was noticed under strong slope class with 10-15% slope 

category. Only 0.77% area was noticed under very steep slope class with a slope of more 

than 35%, respectively. 

 In WS5, 41.49% of its area was found under the 1-3% slope category with a very 

gentle slope class, 27.43% area was under the 3-5% slope category with a gentle slope 

class, 22.37% area was under 0-1% slope category with nearly levelled slope, 8.42% of 

area was found under the 5-10% slope category with a moderate slope, 0.27% area was 

under 10-15% slope category with strong slope, apart from that, very less area under 

moderately steep class with 15-35% slope category and no area under very steep slope 

with more than 35% slope category was noticed, respectively. 

 In WS6, about 44.58% of its area was found under the 1-3% slope category with a 

very gentle slope class, 36.50% area was under 0-1% slope category with nearly levelled 

slope, 16.04% area falls under the 3-5% slope category with a gentle slope, 2.62% area 

falls under the 5-10% slope category with a moderate slope, 0.22% area was noticed 

under 10-15% slope category with strong slope, apart from that only 0.03% area was 

found under 15-35% slope category with moderate steep slope while no area was noticed 

under very steep slope class having more than 35% slope, respectively.     
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 In WS7 about 40.72% of its area was observed under 1-3% slope category having 

very gentle slope class, 28.13% area was under 0-1% slope category having nearly 

levelled slope, 20.12% area was under 3-5% slope category with gentle slope class, 

5.73% area was under 5-10% slope category with a moderate slope class, 2.27% of the 

area was classified under 15-35% slope category with moderate steep slope while 2.22% 

area was found under more than 35% slope category with very steep slope and only 

0.81% was noticed under 10-15% slope category with strong slope, respectively. 

 In WS8 about 42.33% of its area was under the 1-3% slope category with very 

gentle slope, 29.58% area was under 0-1% slope category with nearly levelled slope, 

22.07% area was under 3-5% slope category with gentle slope, 5.82% area was noticed 

under 5-10% slope category under moderate slope. Only 0.20% area was under 10-15% 

slope category with strong slope while almost nil area was noticed under 10-35% and 

more than 35% slope category with moderate and very steep slope class, respectively.  

In WS9 about 43.15% of its area was under the 1-3% slope category with a very 

gentle slope class, 38.66% area was under 0-1% slope category with nearly levelled slope, 

15.85% area was found under 3-5% slope category with gentle slope, 2.28% area was 

observed under 5-10% slope category with moderate slope, 0.6% area was noticed under 

10-15% slope category with strong slope class. Almost nil area was noticed under 15-35% 

and more than 35% slope category with moderately steep and very steep slope class, 

respectively. 

In WS10, about 36.66% of its area was under the 1-3% slope category with a very 

gentle slope class, 24.40% area was under 0-1% slope category with nearly levelled slope, 

21.10% area was observed under 3-5% slope category with gentle slope, 7.28% area was 

observed under 5-10% slope category with moderate slope, 6.10% area was noticed under 

15-35% slope category with moderate steep slope, 2.37% area was noticed under more 

than 35% slope category with very steep slope, about 2.09% was found under 10-15% 

slope category with strong slope class, respectively.  

 The thematic map of LS factor was prepared using slope map of the study area and 

Eq. 8, in ArcGIS environment. Flow accumulation was derived from DEM using the spatial 

analyst tool in ArcGIS. At first, the DEM has to be filled and then flow direction has to be 

performed. Using flow direction as an input, flow accumulation was derived in ArcGIS. The 

slope angle for each was found by using the Spatial Analyst tool in ArcGIS. Finally, the LS 

factor map shown above was prepared for the study area. 
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Fig. 4.35: Length of slope and steepness (LS) factor map 

4.3.4 Crop management factor (C) 

 The C factor is considered according to the land use type. This factor C factor 

signifies the effects of plants, soil biomass and soil distressing actions on erosion. The 

information related to the land use helps in understanding of the land utilization 

characteristics. RS and GIS technique are capable to produce a thematic layer of LULC of a 

study area. The C factor map for study area is shown in Fig. 4.36. The value of C factor in 

study area (WS1 to WS10) was ranged from 0 to 0.63. 
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Fig. 4.36: Crop management factor (C) map  

4.3.5 Erosion control practices factor (P) 

 The P factor values on different slope gradients was calculated and described in 

Chapter 3. The P-factor reflects the impact of support practices on the soil erosion rate. The P 

factor of the study area is shown in the Fig. 4.37. The value of P factor in the study area 

(WS1-WS10) was ranged from 0.5 to 1. 
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Fig. 4.37: Erosion control practices factor (P) map  

4.3.6 Soil loss (A) 

 The RUSLE parameters i.e. R, K, LS, C and P factors were used to obtain annual soil 

loss in the selected watersheds of the study area. These factors were generated through 

integration of RS, ArcGIS and RUSLE factors. The generated RUSLE parameters i.e. raster 

images of R,K,LS, C & P were overlapped to attain the value which provides annual soil 

erosion map of the study area. The soil erosion class was assigned on the basis of Indian 

condition. Table 4.28 shows that 98.07 % of the total area lies under erosion rate of 0-5 t ha
-1

 



78 
 

yr
-1 

followed by 1.45% under 5-10 t ha
-1

 yr
-1

, 0.26% under 10-20 t ha
-1

 yr
-1

, 0.13% under 20-

40 t ha
-1

 yr
-1 

and 0.08% area under greater than 40 t ha
-1

 yr
-1

 (Table 4.27). 

Table 4.27: Area and erosion rate distribution in the study area 

Erosion Rate (t ha
-1

 yr
-1

) Area (km
2
) % Area 

0-5 2489.05 98.07 

5-10 36.83 1.45 

10-20 6.71 0.26 

20-40 3.28 0.13 

>40 2.08 0.08 

 

4.4  Priority areas assessment for efficient implementation of soil erosion control 

program 

 The priority area was determined based on the estimated erosion rate and was 

classified as slight, moderate, high, very high and severe. The highest priority (1) was given 

to the area that has experienced an erosion rate of more than 40 t ha
-1

 yr
-1

. Table 4.28 showed 

the conservation priority given to the designated classes. The maximum area was found under 

the slight erosion class and has been given the least priority for soil conservation measure 

(Table 4.27 & 4.28).  

Table 4.28: Soil erosion class by severity and conservation priority 

Erosion Rate (t ha
-1

 yr
-1

) Class Conservation Priority 

0-5 Slight 5 

5-10 Moderate 4 

10-20 High 3 

20-40 Very High 2 

>40  Severe 1 

 

Table 4.29: Erosion rate based watershed wise priority 

Soil Loss  

(t ha-1 yr-1) 

Area (km2) 

WS1 WS2 WS3 WS4 WS5 WS6 WS7 WS8 WS9 WS10 Class 

0-5 62.09 228.88 235.95 110.67 80.14 142.13 603.30 206.71 232.15 587.03 Slight 

5-10 2.34 4.87 2.40 0.98 0.71 0.48 11.10 3.86 1.12 8.97 Moderate 

10-20 0.49 1.90 1.52 0.15 0.05 0.25 1.21 0.17 0.03 0.94 High 

20-40 0.15 0.89 1.18 0.11 0.01 - 0.48 0.01 - 0.45 Very High 

>40 0.05 0.42 0.79 0.06 - - 0.44 - - 0.32 Severe 

Total 65.12 236.96 241.84 111.97 80.91 142.86 616.53 210.75 233.3 597.71 2537.95 
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Fig. 4.38: Soil loss map of WS1 Fig. 4.39: Soil loss map of WS2 

 

 

  

Fig. 4.40: Soil loss map of WS3 Fig. 4.41: Soil loss map of WS4 
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Fig. 4.42: Soil loss map of WS5 Fig. 4.43: Soil loss map of WS6 

 

 

  

Fig. 4.44: Soil loss map of WS7 Fig. 4.45: Soil loss map of WS8 
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Fig. 4.46: Soil loss map of WS9 Fig. 4.47: Soil loss map of WS10 

 

 

4.4.1 Watershed level soil loss 

 The various ranges of erosion mapped in selected watersheds are shown by thematic 

erosion maps. Subsequently, the nature of watersheds can be obtained by accessing harshness 

of soil erosion in individual watersheds. The average soil loss from individual watershed was 

computed by overlaying the watershed boundaries on raster-based soil loss thematic map. The 

soil loss for the watersheds in the study area has been depicted in Fig. 4.38 to Fig. 4.47.The 

soil loss for the entire study area is shown in Fig. 4.48 ranged between 0-5, 5-10, 10-20, 20-

40 and more than 40. The watershed priority on the basis of erosion rate is shown in table 4.29. 

It showed that all selected watershed has maximum area under slight erosion class. WS1, WS2, 

WS3, WS4, WS7 and WS10 have area under severe erosion class (>40 t ha
-1

 yr
-1

), hence given 

to 1
st
 conservation priority. The WS5, WS6, WS8 and WS9 have no area under severe erosion 

class.  
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Fig. 4.48: Soil loss map of study area 
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CHAPTER–V 

 

 

 

DISCUSSION 

 This chapter discussed the results presented in the previous chapter. Analysis of 

LULC has been carried out and different thematic maps have been prepared so as to analyse 

the status of LULC under different land use classes, to analyse the morphometric behaviour 

and to estimate the potential soil losses in the selected watersheds of the study area. 

5.1 Thematic mapping related to land use and land cover classification of the study area 

 Geospatial technologies are widely used for thematic mapping of the earth‟s surface 

to have information about the status of LULC through considering an appropriate LULC 

classification scheme. Land use refers to how the land is being used, what activities are being 

carried out on the land surface. While land cover describes the surface cover on the ground, 

whether it is urban infrastructure, natural vegetation, plantation, water, barren land etc., the 

thematic map indicates the link between a single component and multiple other factors, as 

well as the range of different features. Depending on the situation, the theme map could be 

qualitative or quantitative. Quantitative thematic maps represent numerical data connected to 

dimensions, while qualitative thematic maps primarily display spatial coordinates and the 

distribution of particular features. Land use, land cover, height, slope, morphometric 

parameters, soil characteristics, and so on are examples of variables that could be mapped 

together under thematic mapping. 

 The study area has been delineated and 10 watersheds in the Shivalik foothills were 

selected. The result showed that among all the watersheds, WS7 was found as the largest 

watershed and occupied (24.29%) the maximum area, while WS1 was the smallest one and 

had the minimum area (2.57%) of the cumulative area of the selected watersheds. The area 

under different LULC classes in different watersheds varied from each other. As per the 

cumulative area of all the watersheds, the area under barren land was observed to be the 

highest (31.31%) in WS10 out of the cumulative area of all the watersheds. The WS10 

adjoins the Yamuna river and is the 2nd largest watershed according to size among all the 

watersheds. The minimum area under barren land (2.06%) was observed under the smallest 

watershed (WS1). The highest area under waterbody (37.51%) was also noticed in WS10 and 

the lowest area under waterbody (1.05%) was observed in the smallest watershed (WS1) of 

the cumulative area of all watersheds. The WS10 had the highest plantation land (31.61%), 

while the WS6 had the lowest plantation area (0.74%) of the total area of all watersheds. The 

second largest WS10 has the most area under built up (26.51%), while the smallest watershed 

has the least (2.11%) area out of the total area of all the watersheds. The largest watershed, 
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WS7, was dominated by agriculture LULC with highest area (29.24%), while the smallest 

watershed, WS1, has the lowest area under agriculture LULC (2.18%) of the total area of all 

watersheds. The land use under agriculture class (60.39%) was observed as dominated class 

out of the cumulative area of distinct watersheds, followed by the area under plantation class 

(24.22%). The land use under plantation was observed as the other major LULC class in the 

study area. While the area covered under other LULC classes such as barren land, built up and 

waterbody was 11.98%, 2.20% and 1.39%, respectively out of the cumulative area of all 

watersheds (Table 4.2). 

 The result obtained after analysing the area under different LULC classes in 

individual watersheds showed that the WS1 has agriculture as the dominated LULC 

(51.29%), followed by plantation LULC (36.89%) of its total area. The WS2's dominant 

LULC class is plantation (67.03%), followed by agriculture LULC (27.06%). The WS3 is 

also dominated by agricultural LULC (53.30%) and followed by plantation LULC (36.99%) 

of its total area. Similarly, the WS4 also has agriculture as its dominated LULC (73.92%) 

followed by an area under barren LULC class (12.41%). Similarly, agriculture (67.94%)  

LULC dominated in WS5, followed by barren LULC class (16.88%). The agricultural land 

use dominated in the WS6 (84.32%), followed by land use under barren land (8.39%). The 

WS7 was also dominated with agriculture land use (72.68%), with plantation land use as 

second (13.26%). The agriculture LULC class dominated in the WS8 (69.00%), followed by 

the barren LULC (17.83%).The watershed WS9 has the highest area under agriculture LULC 

(74.20%) followed by the area under barren land use (12.61%). The WS10 has agriculture as 

its dominant LULC (47.08%), followed by plantation LULC (32.50%). The LULC in this 

region was also analysed by Kumar et al. (2021b) and they identified the waste land in 

Shivalik (Haryana) and obtained the possibility and potential sites for sericulture practises in 

suitable seasons in this region. Priyanka (2017) also analysed the LULC of Ambala district in 

the Shivalik region and noticed the drastic changes in LULC since 2001, particularly in barren 

land and water bodies. 

 The classified image was verified for accuracy assessment using Google Earth, field 

visits, and 153 random points. The average user‟s, producer‟s, overall accuracies, and Kappa 

coefficient were obtained as 94%, 90.6%, 92%, and 90%, respectively. 

5.2 Morphometric analysis of study area 

 In the study area, the highest order of stream was observed to be the 6
th
 and the lowest 

order of stream was the 4
th
. The WS7 and WS10 have the highest order of stream at 6

th
 order, 

whereas WS1, WS4 and WS8 have only 4
th
 order streams. The rest of the watersheds, as 

shown in the Table 4.15, have 5
th
 order of stream.  The maximum number of 1

st
 order streams 

(813) was observed in WS7, whereas the minimum number of 1st order streams (89) was 

observed in WS1. The maximum number of 2nd order streams (164) was observed in WS7 



85 
 

and WS10, whereas the minimum number of 2
nd

 order streams (17) was observed in WS1. 

The maximum number of 3
rd

 order streams (32) was observed in WS10, whereas the 

minimum number of 3rd order streams (3) was observed in WS1. The maximum number of 

4th order streams (8) was observed in WS10, whereas the minimum number of 4
th 

order 

streams (1) was observed in WS1, WS4, and WS8. The maximum number of 5
th
 order streams 

(2) was observed in WS7 and WS10, whereas the minimum number of 5
th
 order streams (1) 

was observed in WS2, WS3, WS5, WS6, and WS9. Only two watersheds, i.e., WS7 and WS1, 

have 6
th
 order streams (1). 

 As per Horton‟s law, the number of streams and the number of stream segments 

decreases with increasing order. Generally, the lowest stream order (µ) had the maximum 

number of streams, and the higher stream order (µ) had a lower number of streams, whereas 

the highest stream order (µ) had only one stream. Similar results were obtained in this study 

and are presented in Table 4.15. The largest watershed, WS7, has the highest total number of 

streams (1017), while the smallest watershed, WS1, has the lowest total number of streams 

(110), indicating that the watershed having the highest total number of streams is large in size. 

The results showed that in all watersheds, the first order stream had the longest length and 

decreased as the stream order number increased, indicating that first order streams occupied 

the longest length (Ghosh and Gope, 2021).The stream length (Lµ) and stream order (µ) were 

further analysed and the bifurcation ratio, drainage texture, and stream frequency were 

obtained in this study. 

 The mean stream length is a property of the drainage network and its components 

(Strahler, 1964). Any stream order's mean stream length value is larger than that of the lower 

order but less than that of the next higher order in the basin. The mean stream length value of 

different watersheds, WS1 to WS10, has different values. The mean stream length value is 

directly proportional to the size and topography of the basin (Rai et al. 2017). In the study 

area, the Mean stream length (Lsm) in WS1 with 1st order ranged from 3.05 to 10.67 km, as 

presented in Table 4.16. The stream length ratio is the ratio of the mean stream length of one 

order to the next lower order of stream segment. In the study area, the stream length ratio (RL) 

between the streams of different orders showed a change in each watershed. 

 The bifurcation ratio of the stream segment of the given order to the number of 

segments of the higher order is a dimensionless property and shows the degree of 

integration.  It provides information regarding relief and categorization. The lower bifurcation 

value of watersheds indicates that these watersheds were less disturbed. Also, there was no 

distortion in the drainage pattern and vice versa (Balasubramani et al. 2019). The mean 

bifurcation ratio (Rbm) for WS8 was observed as 7.25, which means there is the potential for 

flash floods during the strong events with early hydrograph peaks. 



86 
 

 The circularity ratio is related to the length and frequency of the stream, geological 

structure, land use, land cover, climate, relief, and slope of the basin, which indicates the 

dendritic stage of the watershed. In the selected watersheds, the circularity ratio (Rc) ranged 

from 0 to 1, in which 1 means a perfectly round shape, and the lower the value, the higher the 

irregularity. The obtained values which lies between 0.17 and 0.35, showed less circularity in 

basins. The elongation ratio (Re) of selected watersheds except WS10 has a value of less than 

0.5, which means these watersheds are more elongated. Due to a value higher than 0.5, WS10 

was found to be in the category of elongated watershed. The lower value of the compactness 

constant showed less vulnerability to risk factors, whereas the higher value has the opposite 

tendency (Ahirwar et al. 2019).  The form factor (Ff) of the watersheds was observed to be a 

maximum of 0.27, which means all the selected watersheds are in the category of elongated 

watersheds. 

 The range of the drainage density (Dd) of the selected watersheds lies between 1.59 

and 1.93, which indicated the moderate permeability of the soil and better vegetation cover. 

The range of the stream frequency (Fs) of the selected watersheds lies from 1.46 to 1.74. The 

higher value of stream frequency (Fs) in the WS9 indicated the high degree of surface runoff. 

The observed values of constant channel maintenance (R) showed moderate to high 

permeability, moderate slope, and moderate surface runoff. The drainage texture (Ts) of the 

watersheds was less than 4, which means the watersheds lie in the category of coarse 

(Choudhari et al. 2018). The length of overland flow (Lo) describes the length of time water 

flows over the ground. The value of the length of overland (Lo) ranged from 0.260 to 0.315, 

which indicates the potential to cause quicker runoff. 

 The relative relief (Rf) of the selected watersheds is in the range of 48 to 1233, which 

indicates that the WS5, WS6, WS8 and WS9 have basin slopes nearly level to gentle due to 

low relative relief (Rf) values. It means the areas within these watersheds can be used for 

agricultural activities due to their being flat in nature. The lower value of the relief ratio (Rb) 

of WS6, WS8, and WS9 indicated the low degree of slope. The ruggedness number (Rn) is 

relatively low for all the selected watersheds except WS1, WS2, WS3 and WS7, which 

indicates that these watersheds are prone to erosion. 

5.3 Soil loss estimation using RUSLE on watershed basis 

 Rainfall erosivity (R), soil erodibility (K), length of slope and steepness (LS), crop 

management (C), and conservation practise (P) are the six primary elements utilised in the 

RUSLE equation to calculate soil loss. The soil loss in the study area was calculated by 

independent investigation of these variables. 

 The mean annual rainfall data of 14 raingauge stations located within and outside the 

selected watersheds was analysed in a GIS environment and interpolated using the IDW 

method. The highest rainfall was recorded at Sadhaura block, located in WS7, whereas the 
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lowest rainfall was recorded at Barwala block, located at the boundary of WS3. Soil erosion is 

caused by a quantity called R, which is a quantitative expression of the rainfall-runoff 

connection. The amount of runoff that occurs after a rainstorm and how long it lasts both has 

significant effects on it (Kumar et al., 2021a). Both the total intensity of precipitation and the 

typical rainfall duration are considered into to the R value. A thematic map of the R factor 

was created and its value ranged from 174 to 616 MJ mm ha
-1

 h
-1

 yr
-1

. 

 Texture, structure, organic matter content, and permeability are all important factors 

in determining the soil erodibility. The study area falls under the loam and sandy loam soil 

textural classes as per information extracted from the digital soil map of the world (DSMW) 

for the study area. The loam soil has a moderate permeability class, whereas sandy loam soil 

has a moderately fast permeability class. The area under loam soil was found to be 70.75% 

and sandy loam covers 29.25% of the study area. Erosion in soil is controlled by a wide 

variety of physical and chemical characteristics, and its value is often assessed by 

experimentation (Shinde et al. 2010). Using DSMW soil map and textural table, values of the 

K factor analysed and were used to create a GIS based K factor map. The K factor for the 

study area was found to have a range of 0.095 - 0.0134. 

 The slope length calculated from a DEM is predicated on the assumption that each 

slope plane has a uniform slope and vegetation cover, which may not be the case in practice. 

GIS approaches tend to forecast excessively long slope lengths on flat to very gentle slopes 

when calculating topographic parameters, which can lead to overestimation of soil loss 

(Kumar et al., 2021a). As a result, despite its usefulness as a measure of the sediment 

transport capacity of runoff from the landscape, the LS factor fails to adequately account for 

the hydrological processes that drive runoff and erosion. The slope map in percent and degree 

was created using an SRTM DEM. ArcGIS was used to create an LS factor map using the 

slope map and equations. The LS factor value for the study area was ranged from 0 to 25.10. 

 Land use data allows for a better understanding of the land use features of agriculture, 

barren land, plantations, built up and waterbodies etc. which is essential for development 

planning and erosion studies. Thematic layers of LULC can be generated for an area using 

remote sensing and GIS techniques. The research area has been divided into five LULC 

classifications. Different land use patterns were allocated to a crop management component. 

The C factor map was created in ArcGIS using the LULC map and C factor values was 

determined and ranged in 0 to 0.63 in the study area. The P factor ranged from 0.5 to 1. 

Agriculture and vegetation were dominated LULC in the study area, therefore the maximum 

area was in the range of 0.5 to 0.8. 

 For selected watersheds (WS1 to WS10), annual soil loss was computed using the 

annual average R, K, LS, C, and P components. All of the layers, R, K, LS, C, and P, were 

created in GIS and overlaid to produce a result that provides annual soil erosion map for the 
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study region. The total soil loss in a selected watershed was used to calculate the soil erosion 

rate (t ha
-1 

yr
-1

). The risk of soil erosion has been used to priorities selected watersheds. The 

watershed erosion maps displayed the ranges of erosion in various watersheds, revealing the 

nature of watersheds based on the severity of soil erosion in them. Soil loss was classified as 

0-5, 5-10, 10-20, 20-40, and more than 40 t ha
-1

yr
-1

 with erosion grades of slight, moderate, 

high, very high and severe. The area under soil loss of 0-5 t ha
-1

yr
-1 

was found to be 98.07% 

of the entire area, followed by 5-10 t ha
-1

yr
-1 

as 1.45%. The remaining categories, 10-20, 20-

40, and more than 40 t ha
-1

yr
-1

, cover 0.26%, 0.13%, and 0.08% of the land, respectively. 

5.4 Priority areas assessment for efficient implementation of soil erosion control program 

The prioritization of watershed was assigned on the basis of soil erosion rate and erosion 

class. The conservation priority was given according to the soil erosion class i.e. severe, very 

high, high, moderate and slight as 1,2,3,4, and 5 respectively. The watershed having soil 

erosion more than 40 t ha
-1

yr
-1

 was given first priority. Similarly, the priority was given to rest 

of the classes on decreasing soil loss. The WS1, WS2, WS3, WS4, WS7, and WS10 are 

classified as having severe soil erosion and hence received top priority for soil conservation 

measures. WS7 is larger in size; however the erosion is worse in WS3. The slopes of the 

ground and soil organic matter have a substantial influence on soil erosion. The region of 

moderate to very steep soil erosion has a high amount of erosion. A very steep slope not only 

creates a lot of runoff, but it also provides lot of momentum to the runoff, which erodes the 

soil round the year.  
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CHAPTER–VI 

 

 

 

SUMMARY AND CONCLUSION 

 Soil erosion is most serious environmental threats as it removes fertile soil and 

transports it to the water bodies which ultimately increase the sedimentation into water 

bodies. The eroded soil psget deposited into water bodies and ultimately reduced the carrying 

and storage capacity canal, river and reservoirs and the soil erosion results in damaging the 

cultivable lands increase the probability of floods. So it is necessary to identify region prone 

to erosion so that it may get prioritised and necessary erosion control measure may be adopted 

well in time. Assessment and identification of soil erosion prone areas through traditional 

techniques particularly in hilly tract is tedious and expensive. The integration soil erosion 

model (RUSLE) with RS and GIS found suitable for assessment and prioritization erosion 

prone areas in quick manner.  

The study entitled “Priority areas assessment for soil erosion control in a 

watershed using geospatial technology in the Shivalik foothills (Haryana)" was 

undertaken to with the following objectives: 

 Thematic mapping related to land use and land cover classification of the study area 

 Soil loss estimation using RUSLE on watershed basis 

 Priority areas assessment for efficient implementation of soil erosion control programmes 

The Shivalik foothills are spread in the Panchkula, Ambala, and Yamunanagar 

districts of the Haryana state. In these districts, the watersheds were delineated using satellite 

imaginary and ArcGIS 10.7.1 software, and ten watersheds were identified and designated as 

WS1, WS2, WS3, WS4, WS5, WS6, WS7, WS8, WS9, and WS10 and further analysed for 

LULC attributes using Sentinel-2A satellite imaginary and image processing software, Erdas 

Imagine. The morphometric parameters, i.e., basic parameters of watersheds, drainage 

network, drainage geometry, and drainage textural analysis of all selected watersheds were 

carried out. The integration of RUSLE with geospatial technology was used to estimate soil 

loss in different watersheds, and all six RUSLE parameters were calculated in ArcGIS 10.7.1 

software. The estimated soil loss was reclassified in the GIS environment in the range of 0-5, 

5-10, 10-20, 20-40, and >40 t ha
-1

yr
-1 

and assigned the severity class and priority class as 

slight, moderate, high, very high, and severe and 5,4,3,2,1 respectively to the selected 

watershed. 
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The major observation and results obtained from the above study are summarised as 

follow: 

 The WS1 was observed as the smallest watershed and WS7 as the largest watershed, with 

an area of 65.12 km
2
 and 616.53 km

2
 and occupied 2.57% and 24.29% area of the 

selected watersheds, respectively. 

 The area covered by barren LULC was highest in WS10 and lowest in WS1, with 95.20 

km
2
 and 6.25 km

2
 occupying 31.31% and 2.06% area of selected watersheds, 

respectively. 

 The area under waterbody LULC was also found maximum under WS10 and minimum 

under WS1 as 13.27 km
2
 and 0.37 km

2
 which occupied 37.51% and 1.05% area of the 

selected watersheds, respectively. 

 The area under plantation LULC was also observed maximum under WS10 while 

minimum was under WS6 as 194.26 km
2
 and 4.56 km

2
 and occupied 31.61% and 0.74% 

area of the selected watersheds, respectively. 

 The area under built up LULC was also observed maximum under WS10 and minimum 

was under WS1 as 13.58 km
2
 and 1.08 km

2
 and occupied 26.51% and 2.11% area of all 

the selected watersheds, respectively. 

 The area under agriculture LULC was also found maximum under WS7 and minimum 

under WS1 as 448.11 km
2
 and 33.40 km

2
 and occupied 29.24% and 2.18% of all the 

selected watersheds, respectively. 

 In the study area, the highest stream order (µ) was observed as 6
th
 order, and the lowest 

stream order (µ) was the observed as 4
th
 order. The WS7 and WS10 have the highest 

stream order (µ), whereas WS1, WS4 and WS8 have only 4
th
 order stream. The rest of the 

watersheds have 5
th
 stream order (µ). 

 The mean stream length (Lsm) value of different watersheds (WS1 to WS10) has different 

values. In the study area, the mean stream length (Lsm) in WS1 to WS10 ranged from 3.05 

to 10.67 km. The stream length ratio (RL) between the streams of different orders showed 

a change in each watershed. 

 In the selected watersheds WS1 to WS10, the circularity ratio (Rc) ranged from 0.17 to 

0.35, showing less circularity nature of the basins. The elongation ratio (Re) of selected 

watersheds except WS10 has a value of less than 0.5, which means these watersheds are 

more elongated. Due to a value higher than 0.5, WS10 was found to be in the category of 

elongated watershed. 

 The form factor (Ff) of the selected watersheds was observed to be a maximum of 0.27, 

which means the selected watersheds are in the category of elongated watersheds. 
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 The drainage density (Dd) of the selected watersheds ranged from 1.59 to 1.93, which 

indicated the moderate permeability of the soil and better vegetation cover. 

 The stream frequency (Fs) of the selected watersheds ranged from 1.46 to 1.74. The 

higher value of stream frequency (Fs) in the WS9 indicated the high degree of surface 

runoff. 

 The observed values of constant channel maintenance (R) showed moderate to high 

permeability, moderate slope, and moderate surface runoff. The drainage texture (Ts) of 

the watersheds was less than 4, indicated that a watershed lies in the category of coarse. 

 The length of overland flow (Lo) describes the length of water flows over the ground. The 

value of length of overland ranged from 0.260 to 0.315 which indicated the potential to 

cause quicker runoff. 

 The relative relief (Rf) of the selected watersheds is in the range of 48 to 1233, which 

indicated that the WS5, WS6, WS8 and WS9 have basin slopes nearly level to gentle. It 

means the areas within these watersheds can be used for agricultural activities due to their 

being flat in nature. The lower value of the relief ratio (Rh) of WS6, WS8, and WS9 

indicated the low degree of slope. 

 The R factor value incorporates total precipitation intensity and the duration pattern of 

rainfall. The value of the R factor for the study area varied from 174 to 616 MJ mm ha
-1

 h
-

1
 yr

-1
 and the thematic map of the R factor was prepared. 

 The thematic map of K factor map was prepared in ArcGIS and K factor values were 

calculated. The value of K factor ranged from 0.095 to 0.0134 for the study area. 

 The thematic map of the LS factor map was prepared. The value of the LS factor for the 

study area ranged from 0 to 25.10 for the study area. 

 The study area has been classified into five LULC classes. The crop management factor 

was assigned to different land use patterns. Using LULC map and C factor values, a C 

factor map was prepared in ArcGIS and the C factor was ranged from 0 to 0.63 in the 

study area. 

 The value of the P factor ranged from 0.5 to 1 in the study area. The maximum area lies in 

the range of 0.5-0.8 as agriculture and vegetation dominated LULC class in the study 

area. 

 The annual soil loss for selected watersheds was calculated by using the RUSLE and its 

parameters R, K, LS, C, and P factors. All the layers, viz., R, K, LS, C, and P, were 

generated in GIS and overlaid to obtain the product, which gives an annual soil erosion 

map for the study area. The area under soil loss of 0-5 t ha
-1

yr
-1 

was found to be 98.07%, 

followed by 5-10 t ha
-1

yr
-1 

as 1.45% of the total area. The rest of the categories, i.e., 10-
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20, 20-40, and more than 40 t ha
-1

yr
-1

, cover 0.26%, 0.13%, and 0.08% of the area, 

respectively. 

 The WS1, WS2, WS3, WS4, WS7, and WS10 was observed under the severe soil erosion 

class with more than 40 t ha
-1

yr
-1 

and thus assigned first priority for soil conservation 

measures. However, WS7 is the largest in size, even though the higher rate soil erosion 

was observed in WS3. 

 Soil erosion is strongly influenced by the slope of land and soil organic matter. A high 

amount of soil erosion is found in the region of moderate to very steep soil erosion class.  

Based on the result obtained from the study, following conclusion may be drawn: 

 The WS1 was found as the smallest watershed (2.57%) and WS7 was the largest 

watershed (24.29%) among the selected watersheds in the study area.  

 The agriculture (60.39%) was dominated LULC class in the study area. 

 Highest and lowest order of stream was observed as 6
th
 order, and 4

th
 order in the study 

area.   

 The elongation ratio (Re) of selected watersheds indicated that watersheds are more 

elongated. 

 The value of length of overland flow (Lo) ranged from 0.260 to 0.315 which indicated that 

selected watersheds have potential to cause quicker runoff. 

 The relative relief (Rf) indicated that the WS5, WS6, WS8 and WS9 have basin slopes 

nearly level to gentle. It means the areas within these watersheds can be used for 

agricultural activities due to their being flat in nature.  

 About 98.07%, area of the selected watersheds was found under the slight erosion class 

with soil erosion rate of 0-5 t ha
-1

yr
-1

.
 
 

 Some of watersheds i.e. WS1, WS2, WS3, WS4, WS7 and WS10 falls under the severe 

soil erosion class category with soil loss more than 40 t ha
-1 

yr
-1

 thus assigned with first 

priority for soil conservation measures.  

Policy recommendation 

  It was observed during the study that WS3, WS7, WS2, WS10 are affected with severe 

erosion with erosion rate more than 40 t ha
-1

yr
-1

. So these watersheds need to be taken care on 

priority in suggested order while planning for soil and water conservation measures in 

Shivalik region (Haryana). such kind of  prioritization may also be undertaken in different 

watersheds  proposed to be treated under IWMP for  optimum resource  allocation. 
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 Geospatial technologies are widely used for thematic mapping and information on status of 

land use land cover, morphometric analysis of watershed parameters, prediction of soil loss and several 

other information. The priority areas were assessed and delineated in the Shivalik foothill using the 

Sentinel 2A, SRTM, Erdas Imagine and ArcGIS 10.7.1 image processing software. The delineated 

watersheds were designated as WS1, WS2, WS3, WS4, WS5, WS6 WS7, WS8, WS9 and WS10 and 

further analysed for land use and land cover attributes, morphometric parameters i.e. basic parameters 

of watersheds, drainage network and geometry and drainage textural analysis of selected watersheds. 

Soil loss under different watersheds was estimated through integration of RUSLE with geospatial 

technology and all six parameters of the RUSLE were calculated. The 98.07% area of the selected 

watersheds was under 0-5 t ha-1yr-1 followed by 1.45% area with 5-10 t ha-1yr-1. The rest of the 

categories i.e. 10-20, 20-40 and more than 40 t ha-1yr-1 covered 0.26%, 0.13% and 0.08% of the total 

area, respectively. The estimated soil loss was reclassified in GIS environment in range of 0-5, 5-10, 

10-20, 20-40 and >40 t ha-1yr-1 and assigned the severity class and priority class as slight, moderate, 

high, very high and severe and 5,4,3,2,1 respectively to the selected watershed.  
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