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Abstract: 

The study area is one of the watersheds of Wardha 

River basin, lies between 190 48’N to 200 22’N latitude and 

780 22’ E to 780 43’ E longitude and is located in the south-

east side of Yeotmal district in the central India with an area 

about 1409.09 km2 which forming a part of the hardrock 

terrain. The drainage network shows dendritic to sub-

dendritic pattern and is non-perennial in nature. Poor soil 

cover, sparse vegetation, erratic rainfall and lack of soil 

moisture characterize the area for most part of the year. 

Chronic drought coupled with increase in groundwater 

exploitation results in decline the groundwater level. The 

entire study area has been further divided into seven sub-

watersheds, Waghadi River SW-I.SW-II, SW-III, SW-IV, SW-V 

and SW-VI. These sub-watersheds may be taken up with 

development and management plans to conserve natural 

resources on sustainable basis with immediate effect, which 

will ultimately lead to soil and water conservation, including 

drainage density, slope, water yield capacity, groundwater 

prospects, soil, wasteland, irrigated area, forest cover and 

data on agricultural labourers, SC/ST population and rainfall. 

On the basis of priority and weightage assigned to each 

thematic map, the subwatersheds have been grouped into 

three categories: high, medium and low priority.  
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Introduction 

Land and water resources are limited and their wide utilization is imperative, especially for countries 

like India, where the population pressure is increasingly continuous. These resource development 

programmes are applied generally on watershed basis and thus prioritization is essential for proper planning 

and management of natural resources for sustainable development. Watershed deterioration is a common 

phenomenon in most parts of the world. Amongst several causes, the major ones are improper and unwise 

utilization of watershed resources without any proper vision, which is observed in developing countries (Food 

and Agricultural Organization, 1985). In order to combat and address these problems, sustainable 

development is no doubt the appropriate policy strategy. Drainage basins, catchments and sub-catchments 

are the fundamental units of the management of land and water, identified as planning units for 

administrative purposes to conserve natural resources (Moore, et al 1977, Food and Agricultural Organization, 

1987, Honore, 1999). The watershed management concept recognizes the inter-relationships among the 

linkages between uplands and low lands, land use, geomorphology, slope and soil (Tideman,, 1996). Soil and 

water conservation is the key issue in watershed management while demarcating watersheds. While 

considering watershed conservation work, it is not feasible to take the whole area at once. Thus the whole 

basin is divided into several smaller units, as watersheds or sub-watersheds, by considering its drainage 

system. Sustainable development is an effort to encompass its relevant environmental facts, human ecological 

and planning basis and review of agricultural resources in their all-pervading aspects of forming intensity, 

productivity trends and strains, management impact on traditional and commercial systems under the ever 

increasing pressure of global growth of population, industrialization, urbanization, mass migrations and above 

all, the world-wide public awareness and concern for deteriorating environment and its conservation and to 

pursue a sympatic approach vis-à-vis sustainability (Gupta, N. L. and Gurjar, R. K, 1993). The quantitative 

analysis of morphometric parameters is of immense utility in river basin evaluation, watershed prioritization 

for soil and water conservation, and natural resources management at micro level. Geology, relief, and climate 

are the key determinants of running water ecosystems functioning at the basin scale (Frissel et al., 1986). 

Morphometric descriptors represent relatively simple approaches to describe basin processes and to compare 

basin characteristics (Mesa, 2006) and enable an enhanced understanding of the geological and geomorphic 

history of a drainage basin (Strahler 1964). A watershed is an ideal unit for management of Natural resources 

like land and water and for mitigation of the impact of natural disasters for achieving sustainable 
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development. The morphometric assessment helps to elaborate a primary hydrological diagnosis in order to 

predict approximate behavior of a watershed if correctly coupled with geomorphology and geology (Esper, 

2008). The hydrological response of a river basin can be interrelated with the physiographic characteristics of 

the drainage basin, such as size, shape, slope, drainage density and size, and length of the streams, etc. 

(Chorley 1969, Gregory and Walling 1973). Hence, morphometric analysis of a watershed is an essential first 

step, toward basic understanding of watershed dynamics. Watershed prioritization is the ranking of different 

sub watersheds of a watershed according to the order in which they have to be taken for treatment and soil 

conservation measures. Morphometric analysis could be used for prioritization of micro-watersheds by 

studying different linear and aerial parameters of the watershed. 

Study Area 

The study area lies between 190 48’00’’N to 200 22’00’’N latitude and 780 2200’’’ E to 780 4300’’’ E 

longitude and is located in the south-east side of Yeotmal district in the central India with an area about 

1409.09 km2. It is covered in the Survey of India (SOI) toposheet numbers 55 L/7, L/8, L/11, L/12 & 56 I/5, I/9 

on 1:50,000 scale (Fig.1). The climate of the basin is extreme with hot summers and cold winters. It 

experiences southwestern monsoon rains in June September. May is the hottest month with a maximum 

temperature of 45 0C and minimum temperature 6 0C.  

Methodology 

In the present study geocoded IRS 1C and  IRS–P6, LISS-4 MX data having 23.5 mt and 5.8 meter spatial 

resolution respectively with CARTOSAT -2, PAN data having very high spatial resolution will be used, SOI 

toposheets on 1 : 50 000 scale will be used for generation of base map. Secondary data on hydrology, well 

data and depth of weathering will be collected from the Groundwater Survey and Development Agency 

(GSDA, Akola) as well as during the field visits. Geological map published by Geological Survey of India on 1 : 

250,000 scale will be used as reference map. Socio-economic status will be collected during field visits. The 

methodology for the proposed study involves generation of thematic maps on lithology, structure, 

geomorphology, hydrology, slope map, Fault/fracture and landuse/landcover based on their image 

characteristics (tone, texture, pattern, shape, size etc.), and integration of different themes in GIS 

environment for ground water potential zone can delineate by integrating the information on geology, 

geomorphology, depth to water table, depth to hard rock, lineaments, well yields, drinking water distribution 

network etc. Map generated through GIS modeling have to correlate with the ground feasibility. In order to 

prioritization of the sub watersheds of study area different thematic maps on 1:50000 scale will prepared from 

remote sensing data, topographic maps, geological maps and field data. 
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Fig.1: Location and drainage map of the study area 

 

Morphometry 

According to Clarke (1966), morphometry is the measurement and mathematical analysis of the configuration 

of the earth surface, shape and dimensions of its landforms. The morphometric analysis is carried out through 

measurement of linear, areal and relief aspects of the basin and slope contribution (Nag and Chakraborty, 

2003). The measurement of various morphometric parameters namely- stream order, stream length (Lu),  

mean stream length (Lsm), stream length ratio (RL), bifurcation ratio (Rb),mean bifurcation ratio(Rbm), relief 

ratio (Rh) drainage density (D), stream frequency (Fs) drainage texture (Rt), from factor (Rf), circulatory ratio 

(Rc), elongation ratio (Re) length of overland flow (Lg) has been carried out and the data are presented in 

table 1 and calculated result are given in table 2. 
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Table1: Formulae adopted for computation of morphometric parameters 

Description of Indicators of Prioritization 

Parameter Characteristics 

Linear 

Stream Order 

(Strahler,1964) 

It is defined as a measure of the position of a stream in the hierarchy of tributaries. 

Mean Stream 

Length (Lsm) 

(Schumn, 1956) 

The mean stream length is the characteristic property related to the drainage network and 

its associated surfaces. Generally higher the order, longer the length of streams is noticed in 

nature. 

Bifurcation 

Ratio (Rbm) 

(Schumn, 1956) 

Bifurcation ratio (Rbm) may be defined as the ratio of the number of stream segments of 

given order to the number of segments of the next higher order (Schumn 1956). Lower Rb 

values are the characteristics of structurally less disturbed basins without any distortion in 

drainage pattern (Nag, 1998). 

Rb=Nu/ Nu+1; where, Nu=Total number of stream segment of order‘u’,Nu+1=Number of 

segment of next higher order. 

Areal 

Drainage 

Density (Dd) 

(Horton, 1932) 

Drainage density (Dd) shows the landscape dissection, runoff potential, infiltration capacity 

of the land, climatic conditions and vegetation cover of the basin. High drainage density is 

the resultant of weak or impermeable subsurface material, sparse vegetation and 

mountainous relief. Low drainage density leads to coarse drainage texture while high 

drainage density leads to fine drainage texture (Strahler, 1964). 

Dd=L/A; where, L=Total length of streams; A=Area of basin 

Stream 

Frequency (Fs) 

(Horton, 1932) 

Stream frequency (Fs), is expressed as the total number of stream segments of all orders per 

unit area. Generally, high stream frequency is related to impermeable sub-surface material, 

sparse vegetation, high relief conditions and low infiltration capacity. 

Fs = N/A; where, N=Total number of streams; A=Area of basin 

Drainage 

Texture (Rt) 

(Horton, 1932) 

Horton (1945) defined drainage texture is the total number of stream segments of all order 

in a basin per perimeter of the basin. More is the drainage texture more will be dissection 

and leads more erosion. 

Rt = N1/P ; where, N1=Total number of first order streams, P=Perimeter of basin. 
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Form factor 

(Rf) 

(Horton, 1932) 

Form factor is defined as the ratio of the basin area to the square of the basin length. The 

form factor value should be always less than 0.7854 (the value corresponding to a perfectly 

circular basin). The smaller the value of the form factor, the more elongated will be the 

basin. Basins with high form factors experience larger peak flows of shorter duration, 

whereas elongated basins with low form factors experience lower peak flows of longer 

duration. 

Rf=A/(Lb)2; where, A=Area of basin; Lb=Basin length 

Circulatory 

ratio (Rc) 

(Miller, 1953) 

The circulatory ratio is originally defined by Miller (1953), as the ratio of the area of the 

basin to the area of the circle having same circumference as the basin perimeter. Circulatory 

ratio is helpful for assessment of flood hazard. Higher the Rc value, higher is the flood 

hazard at the peak time at the outlet point. 

Rc=4πA/P2; where, A=, π=3.14, P=Perimeter of basin 

Elongation 

ratio (Re) 

(Schumn, 1956) 

Schumm’s (1956) used an elongation ratio (Re) defined as the ratio of diameter of a circle of 

the same area as the basin to the maximum basin length. The value of Re varies from 0 (in 

highly elongated shape) to unity i.e. 1.0 (in the circular shape).Thus higher the value of 

elongation ratio more circular shape of the basin and vice-versa. Values close to 1.0 are 

typical of regions of very low relief, whereas that of 0.6 to 0.8 are usually associated with 

high relief and steep ground slope (Strahler, 1964). 

Re=2√(A/π)/Lb; where, A=Area of basin, π=3.14, Lb=Basin length 

Compactness 

Coefficient (Cc) 

(Horton, 1945) 

According to Gravelius (1914) compactness coefficient of a watershed is the ratio of 

perimeter of watershed to circumference of circular area, which equals the area of the 

watershed. 

Cc = 0.2821 P/ A 0.5;  where, P=Perimeter of basin,  A = Area of basin 

Shape factor 

(Bs) 

(Horton,1945) 

Basin Shape is the ratio of the square of basin length (Lb) to the area of basin (A). Shape 

factor is greater than 1 for basins which are elongated along some characteristic length of 

the basin and less than 1 for basins which are perpendicular to this characteristic length. 

 Lb2/A; where, A=Area of basin, Lb=Basin length 

Length of 

overland flow 

(Lg) 

(Horton, 1945) 

The term length of overland is used to describe the length of flow of water over the ground 

before it becomes concentrated in definite stream channels. Higher the values of Length of 

overland flow lower will be the relief and lower the values higher will be the relief. 

Lg = 1/2Dd; where, Dd=Drainage density. 
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Table 2: Calculation of morphometric parameters of sub-watersheds of study area 

 

 

Basin Prioritization 

Prioritization process is a tool for the watershed manager to identify the priority pollutants, potential 

priority sources and targeted areas within the basin. The prioritization process begins with the identification of 

the Priority Water Quality Problems. Basin prioritization is the ranking of different sub-watersheds according 

to the order in which they have to be taken up for treatment and conservation measures. Considering the 

massive investment in the basin development programme, it is important to plan the activities on priority 

basis for achieving fruitful results, which also facilitate addressing the problematic areas to arrive at suitable 

solutions. The resources-based approach is found to be realistic for basin prioritization since it involves an 

integrated approach. The resource considerations for implementation of basin management programme or 

various other reasons pertaining to administration or even political considerations may limit the 
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implementation to a few sub basins. Even otherwise, it is always better to start management measures from 

the highest priority basin which makes mandatory to prioritize the sub-watersheds available. 

Prioritization of Sub-watersheds on the Basis of Morphometric Analysis 

Morphometric analysis has been commonly applied to prioritization of basin. A particular watershed 

may get the top priority due to various reasons, but, often, the intensity of land degradation is taken as the 

basis. The assessment of the physicalparameters of the land is possible by analyzing the slope, soil, 

geomorphology, land use and terrain parameters etc. which are very much amenable to GIS analysis. 

However, the assessment of physical parameters gives an indication of the limitation of the land to basin 

development and thus in turn, can be used as a "qualitative measure" of the natural aspect of development. 

The detail information of the basin is measured with the help of Arc GIS10 software up to sub-watershed level. 

Automated demarcation of prioritization of sub-watersheds was done by using GIS overlaying technique by 

assigning weight factors to all the identified features in each thematic map and ranks were assigned to the 

morphometric parameters. The evaluated morphometric parameters were grouped as linear, relief and areal 

parameters. Visual interpretation techniques were followed for delineation of geology, landforms, and soil 

boundaries and degraded lands based on the tone, texture, shape, drainage pattern, color and differential 

erosion characteristics of the satellite imagery in conjunction with drainage morphometry and collateral data. 

The stream ordering is carried out using Horton's law. The fundamental parameters namely; stream length, 

area, perimeter and number of streams are derived from the sub watershed layer and basin length was 

calculated from the stream length. Bifurcation ratio was calculated from the number of streams. The other 

parameters were calculated from area, perimeter, basin length and stream length. The linear parameters such 

as drainage density, stream frequency, bifurcation ratio, drainage texture, length of overland flow have a 

direct relationship with erodibility, higher the value, more is the erodibility. Hence for prioritization of sub-

watersheds, the highest value of linear parameters was rated as rank 1, second highest value was rated as 

rank 2 and so on, and the least value was rated as last in rank. Shape parameters such as elongation ratio, 

compactness coefficient, and circularity ratio and basin shape and form factor have an inverse relationship 

with erodibility (NookaRatnam et al., 2005), lower the value, more is the erodibility. Thus the lowest value of 

shape parameters was rated as rank 1, next lower value was rated as rank 2 and so on and the highest value 

was rated last in rank. Hence, the ranking of the sub-watersheds has been determined by assigning the highest 

priority/rank based on highest value in case of linear parameters and lowest value in case of shape 

parameters. The prioritization was carried out by assigning ranks to the individual indicators and a compound 

value (Cp) was calculated (Table 3 & fig.2). Sub-watersheds with highest Cp were of low priority while those 

with lowest Cp were of high priority (Table 3). Thus an index of high, medium and low priority was produced. 
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Sub-watersheds have been broadly classified into three priority zones according to their compound value (Cp): 

High , Medium and Low (10 and above) (Fig.3). 

 

Table 2: Compound Value of morphometric parameters 
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Table 3: Compound Value of morphometric parameters 

 

 

Fig.3: Prioritized sub-watersheds of study area 
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In the present study, knowledge-based weightage system has been adopted for sub-watershed 

prioritization based on its factors and after carefully observing the field situation. The basis for assigning 

weightage to different themes was according to the relative importance to each parameter in the study area. 

The weightage system adopted here is completely dependent on local terrain and may vary from place to 

place.  The seven sub watersheds were delineated from study area for prioritization of sub-watersheds on the 

basis of water holding capacity and the morphometric parameters, such as bifurcation ratio, drainage density, 

stream frequency, texture ratio, length overland flow and constant channel maintenance of delineated sub 

watersheds, were separately calculated. Then, the calculated values were added as compound value. Further, 

specific weight and specific ranks were assigned based on the water holding capacity in relation to 

morphometric parameters (Table 4). 

Table 4: Final Priority of Sub-watersheds 

                     

Sub-watersheds falling under high priority are under very severe erosion susceptibility zone. Thus 

need immediate attention to take up mechanical soil conservation measures gully control structures and grass 

waterways to protect the topsoil loss. While basins falling under low priority have very slight erosion 

susceptibility zone and may need agronomical measures to protect the sheet and rill erosion. Fig 3.shows 

prioritized sub-watersheds map of study area. 

Conclusion 

The Morphometric characteristics of different sub-watersheds indicate their relative characteristics 

with respect to hydrologic response of the watershed. It has been observed that drainage morphometry 

derived from various methods fallows standard rules. Remote Sensing and GIS technique in prioritizing 

watershed based on morphometric analysis proved to be valuable for watershed management practices. The 
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different prioritization ranks are assigned after evaluation of the compound parameters. On the basis of 

relation between these composite values of the selected morphometric parameters, the watersheds are 

grouped into three categories: high, medium and low priority. The result of prioritization analysis revealed 

that the sub watersheds, such as SW-IV, SW-V and SW-VI are the zones having lowest composite score and 

were considered under high priority which clearly indicates that it is subjected to maximum soil erosion and 

hence these may be taken for conservation measures by planners and decision makers for local-specific 

planning and development.  Low prioritized zone is represented by SW-I and SW-II while SW-III and SW-VI is 

categorized under medium priority zone (Fig.3).Those watersheds susceptible to soil erosion as per 

morphometric analysis, therefore, immediate attention towards soil conservation measures is required in 

these sub-watersheds to preserve the land from future erosion and natural hazards. 
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