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Abstract: 

 

Watershed or catchment area is the part of a drainage basin on the earth’s surface and offers a significant geo-hydrological unit 

which drains into a small or medium or large river. Watershed management is a significant constituent for sustainable management 

and development of natural resources and is the process of formulation carrying out a course of action that involves modification in 

the natural system of watershed to achieve specific objectives. The study area involves five small watersheds of Kasai upper 

catchment area and comprises a micro level study of the morphometric and geometric characterist ics of the watersheds and 

subsequent correlation and association with land use and land cover categories to show the spatial arrangement of drainage network 

and distribution of land use and land cover categories. The major characteristics and identity of morphometric and geometric 

attributes of the studied part of the basin have been derived by using SOI Topographical maps and RS Images which have been 

processed and represented by GIS platform. It has been enlighten that Morphometric and shape parameters (Variables) of the  

Physical components are directly influencing the parameters of the  land use components, that is, human and development activities 

are smoothly activated in the physically favourable areas, whereas, due to rugged and non-favourable environmental condition 

human activities are not well established in the respective areas of studied watersheds. Separate management practices are needed 

where rugged physical environment is the major constraints of development and needs special priority for sustainable management. 
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Introduction: 

The analysis and exploration of drainage basin provides valuable information about its geology, morphology, structure and 

tectonics, geometry, topometry and evolutionary history of the surrounding areas. Measures of morphometric attributes provide 

clues regarding spatial variation of network development, Velocity and discharge, runoff efficiency, channel stability, boundary 

resistance etc. and economic, social and cultural efficiency and capability as well. Morphometry and topometry are the distinct 

expression of integrated structure, process and morphological shape and orientation of the basin. Its pattern expresses the underlying 

structure, rock resistance, exogenic processes, morphological process-form and its spatial distribution, hydrological actions and 

processes etc. Each parameter of all measures has credit to express the topographical and hydro geomorphic features of the basin. 

Watershed or catchment area is the part of a drainage basin of a river, is a significant geo-hydrological unit which drains into a 

small or medium or large rivers. These are the areas of inter connected drainage network, thus revealing a distinguishing 

characteristics of different physical, morphological, biological and environmental (interlinked parameters) aspects of the area 
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concerned. Watershed management is a significant constituent for sustainable management and development of natural resources 

and is the process of formulation carrying out a course of action that involves modification in the natural system of watershed to 

achieve specific objectives (Johnson et al., 2002). It further implies appropriate use of land and water resources of a watershed for 

optimum production with minimum hazard to natural resources (Osborne and Wiley 1988; Kessler et al., 1992).  

Individual river basin has several distinct physical, biological and socio-economic identity, which affect its functioning and format 

of management processes. All activities within the river basin have again an impact on its natural resources.  Land cover is 

distinguished by different natural coverage like, different magnitude and orientation of land, flora, fauna and land use is the 

utilization of the parcel of land and also the description of how people utilize the land for their particular uses and activities may be 

rural or urban.  All anthropogenic involvement and activities like agriculture, Settlements, roads, infrastructure and industrial 

development (called land uses) modify the river basin and affect its natural resources. Land use is essentially under the control of 

land users (human beings) and hence its judicious management is of vital importance to river basin management and functioning.  

Integrated management of a river basin requires a thorough understanding of the physical, chemical, geological, natural, and 

environmental resources of the basin, as well as the social, political, and financial constraints pertaining to the basin parameters. 

Management alternatives developed should be based on these and other related factors. The major objective of the river basin 

management is to make beneficiaries within the basin, enhance their quality of life, and reinforce their interactions with the 

environment. 

Aims and Objectives of the Study: 
 
The major aims of the watershed development and management are -- a) to control of floods and droughts;  b)  to enhance the 

reduced flows during the dry season for promoting irrigation facility and to supply the drinking water within the basin; c) Water 

quality protection, avoidance of point source and non-point source pollution; d) availability of regular water supply for human 

consumption and industry; e) to prevent the accelerated erosion and degradation and thereby sustainable conservation of soil and 

water within the basin; e) to check the sedimentation hazards; f) biodiversity preservation, protection of wetlands and lastly the 

holistic well being of the people in general. The present work is primarily enabled -- i) To find out the geomorphic status of the 

watersheds; ii) To find out their inter relationship; iii) To find out the areal coverage of various land cover; iv) Finally to draw 

association between the various physical parameters with the land cover land use. 

 

Methodology and Data Base: 

 

A number of qualitative and quantitative methods are employed for the present form of work. The phases of work are conducted by 

a systematic approach comprising of various methods of data acquisition, tabulation and processing, statistical analysis, various 

types of mapping and interpretation and finally inference has drawn for final conclusion and suggestions. So to maintain the whole 

process a number of steps are taken into consideration for sustainable management and development of the studied basin. Data are 

generated from SOI Topographical Map and Multi-level (Spatio-Temporal) Image. Phases of ground level survey have been done to 

review the ground truth observation. Morphometric data have been generated both from Topographical map and RS Image through 

multi-level processing through RS and GIS environment. 

 

Study Area: 

The study area involves five small watersheds of Kasai upper catchment area and comprises a micro level study of the 

morphometric and geometric characteristics of the watersheds and subsequent correlation and association with land use and land 

cover categories to show the spatial arrangement of drainage network and distribution of land use and land cover categories. The 

selected five sub-watersheds are: Upper Kasai basin, Shahar jhor basin, Chunmatia (Nala/ Nadi) basin, Bundu basin, Kasai 

basin. 
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 Fig.-01- Location of the Study Area 

The area under study constitutes the upper part of the Kasai River watershed within the small part of the Purulia District, West 

Bengal. The area under study is most significant in relation to the variegated structure, Topography and litho-stratigraphic 

characteristics. The area forms the eastern transition of the hills of central India and Chotanagpur plateau and gradually descends 

from the rough and undulating topography to the Damodar plains of Rarh Bengal. As a shield-rimland, the area displays typical age-

old characteristics of a moderate absolute altitude and moderately low relative relief. Absolute relief increases towards the south and 

west and the south marked by a line of sharply rising flat topped arches. The rest of the area has gently undulating plains with 

occasional hillocks or residual form. The general slope of the area is towards the east and south-east and the absolute relief ranges 

from 220m. to 660m. The area has been divided into a number of micro water sheds which are marking the catchment area of the 

Kasai River Watershed. 

These micro watersheds are characterized by a number of stream networks having more or less Dendritic to sub-Dendritic pattern. 

The five micro watersheds are namely, Bundu Watershed (04) consisting of Bundu river and its tributaries, Chunmatia watershed 

(03) having Chunmatia Nadi / Nala river as a main stream which connect Bundu from North West. Similarly Kasai watershed (05) 

is the main course of the Kasai Nadi having numerous defined and undefined streams and numbers of small channel bar. Another 

watershed is Shahar jhor (02) which joins middle kasai course from north west direction having a name of Girgiri nadi in the 

southern part of a natural reservoir, which lies almost at the middle of the basin area. And the last watershed is Upper (Stretch) 

Kasai (01) which evolves from the southern hilly region and joins Kasai and Shahor jhor. 

Results and Discussion: 

The major characteristics and identity of morphometric and geometric attributes of the studied part of the basin have been derived 

by using SOI Topographical maps and RS Images which have been processed and represented by GIS platform. Following table 

(Table No-01) representing and explaining the nature and characteristics of major morphometric parameters of the study area.  

Comparative analyses among those parameters are depicted in the table number 01. The relative relief of the sub watersheds 

ranges from 32 m to 151 m Shahar Jhor and Chunmatia Nala representing high relative relief, moderate to high average slope, 

moderate to high drainage density and ruggedness of relief; whereas upper kasai and Kasai have moderate to moderately low status 

relief and drainage parameters.  
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Table No - 01-- Indices of Major Morphometric Parameters 

  

 

 

 

 

 

 

 

 

 

 

 

 

Table No - 02-- Indices of Major (Basin) Shape Parameters 

 

Similarly a comparative analysis among shape parameters of those five sub watersheds are  represented in the Table number 02 

where we got the explanatory analysis of the shape of the  watersheds whether they are elongated,  ellipsoid or semi-circular  in 

shape. Shape indices of different  sub watersheds revels  the fact that circularity ratio of all watersheds ranges about 0.4 to 0.5, form 

factor ranges 0.2 to 0.3, elongation ratio is also ranges from 0.7 to 0.9 and lamniscates ratio ranges from 2 to 3. Thus it can be 

concluded that almost all the sub watersheds are conformal in nature i.e., partially elongated to semi circular in nature ; so they are 

representing the same hydro-geomorphic behaviour in terms of runoff, flow and discharge of water,  but the physical attributes are 

varying in nature resulting varying land use and land cover. 

Table -- 03-- Comparative Analysis and Characteristics of Land Cover and Land Use parameters 
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Upper 
Kasai Basin 

Highest altitude is 
661 m. and relative 
relief is low 

Very low.  Very low Very low Low Low Moderate Low Moderate 

Shahar jhor 
basin 

Relative relief is 
quite high. 

Moderate High High High High Low Low Low 

Chunmatia  
Nala. 

Relative relief is 
very high 

High Very high High High Moderate Low Moderate Low 

Kasai basin 
Comparatively low 

32 m. 
Very low Low Low Low Low Very high Moderate High 

Bundu 
basin 

Moderate in nature, 
87 m. 

Low moderate moderate moderate high Moderate High Moderate 

 

Watershed (S) 

Relative Relief 

(m) 

Dissection 

Index Ruggedness No. Drainage Density 

(Km/Sq.Km) 

Average Slope 

(In Degree) 

Upper Kasai 43.46 0.0718 0.1105 3.85 1o 55’ 6’’ 

Shahar jhor 108.9 0.2238 1.2238 5.92 8o1’22’’ 

Chunmatia Nala 151.33 0.3027 2.301 5.16 9o16’46’’ 

Kasai 32.13 0.0848 0.2769 5.94 2o4’54’’ 

Bundu 86.58 0.1810 0.8463 7.08 5o29’51’’ 

Watershed(S) Form Factor Circularity Ratio Elongation Ratio Laminiscate Ratio 

Bundu 
0.3475 0.4995 0.9411 2.259 

Chunmatia Nala 0.3664 0.4818 0.9561 2.27 

Kasai 0.3250 0.4583 0.9502 2.41 

Shahar jhor 0.212 0.320 0.9173 3.703 

Upper Kasai 0.3894 0.546 0.7048 2.01 
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In the table number 03 we get the correlative and analytical features of land cover and land use parameters of the studied five sub 

watersheds.  In this respect I also extracted the bi-variate analysis among the parameters where different physical and cultural 

attributes  of different sub watersheds reveal the fact that the physical parameters are very much significantly related which leads as 

a controlling factor for the cultural fallow or residential area etc., the study depicts that the regions having high relief ensures high 

drainage density, high dissection index, moderate to high average slope and all those are positively related, whereas the socio-

economic and cultural parameters are negatively responding to all aforesaid physical parameters  having higher degree of identity.  

Degree of Correlation: 

Bi-variate correlation matrix has been prepared considering the available data on different physical and land use parameters of five 

sub watersheds.  Based on this relationship correlation matrix has been prepared and based on this matrix cluster components and 

correlated variables (positive or negative) are extracted. Two major components are distinguished -- physical and socio-economic 

or land use components. We are getting one inter-component relationship and another intra-component relationship within this 

system.  It has been enlighten that Morphometric and shape parameters (Variables) of the  Physical components are directly 

influencing the parameters of the  land use components, that is, human and development activities are smoothly activated in the 

physically favourable areas, whereas, due to rugged and non-favourable environmental condition human activities are not well 

established in the respective areas of studied watersheds. Moreover, spatial variations of intra variable aspects are also observed 

both in physical and land use components.  Following observations are sorted from the extracted correlation matrix. 

a)   X1, X2, X3, X4 and X5 variables have very high or high mutual correlation with each other and all are positively correlated 

from one to other. Actually, the areas which have high relief, steep slope and high ruggedness have also highly rugged and 

dissected topography, high drainage density with considerable length of overland flow. 

b) X7, X8 and X10 have also high mutual positive correlation? Moreover, it can be visualise that cultivated areas,  area 

sown more than once and residential areas have mutual response. 

 

c) X1 to X6  are presenting moderate to moderately high negative correlation with X10 ,  because residential areas have distinct 

negative response to high relative relief, steep slope, high dissection, high drainage density with dense forest. Those areas are 

not socio-economically and culturally suitable and men are not preferring those areas for their residence and development 

work. 

d) X1  to  X6  have moderate to moderately high negative correlation with  X7, X8 , that is cultivated areas and area sown more 

than once offering negative response to physically challenged variables.  

 

Table --04--Correlation Matrix among land Cover and Land Use Parameters 

Variables X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 

X1 1 .99* .95@ .98* .98* -.16 -.62 -.61 -.10 -.75 

X2  1 .96* .98* .99* -.24 -.53 -.52 -.03 -.67 

X3   1 .98* .94@ -.47 -.35 -.35 -.18 -.54 

X4    1 .94@ -.37 -.45 -.44 -.08 -.61 

X5     1 -.17 -.56 -.56 -.11 -.71 

X6      1 -.61 -.62 .18 -.41 

X7       1 .99* .19 .97* 

X8        1 .19 .97* 

X9         1 .33 

X10          1 

* -- Correlation is Significant at the 0.01 level (2- Tailed);  @ --Correlation is Significant at the 0.05 Level (2-Tailed) 

 

X1 -- Relative Relief X2 -- Dissection Index X3-- Drainage Density X4-- Ruggedness Number 

X5-- Average Slope X6-- Forest Area X7-- Cultivated Areas X8-- Area Sown More Than Once 

X9 -- Waste Land X10 -- Residential Areas 
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Conclusion and Suggestions: 

   

Degree of association among the land cover and land use parameters has also extracted using the principles of Coefficient of 

Geographical Association Index (CGA). CGA is the principle to explain the degree of association among the geographical variables 

and inter-space association as well. It has been extracted using the following principles.  

Where, CGA stands for Coefficient of Geographical Association; n is the number of 

observation;    

  -- stands for absolute deviation from surface to surface or watershed to             watershed 

or intra-variable deviation. 200 is the absolute value (k) of                summation of deviation 

that is, no value will cross this constant value (200). 

Following this principles I have extracted the deviation matrix and also the CGA matrix and based on these two matrix degree of 

association among the watersheds have been found out. Based on the CGA matrix map with degree of association among the 

watersheds have been prepared. There are Two different types of association -- i) directly associated and ii) indirectly associated. In 

this regard the following map can be referring to explain the relative degree of association among the sub watersheds. From the 

following map it has been highlighted that W-I, W-II and W-IV  form Region - 1 (R--1) and W- III and W- V form Region -

-2 (R--2) also form system --I and System -- II in relation to the organisational behaviour of the considered variables.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 Fig. - 02 – CGA among Watersheds – A system Component 

http://www.ijcrt.org/


www.ijcspub.org                                                    © 2022 IJCSPUB | Volume 12, Issue 3 July 2022 | ISSN: 2250-1770 

IJCSP22C1077 International Journal of Current Science (IJCSPUB) www.ijcspub.org 668 
 

It has been ascertained from the foregoing discussion that in some systematic and procedural treatments are needed for the 

integrated watershed development and management in the present area of study. Considering two major clusters in terms of land 

cover and land use intra and inter sub-watersheds treatment is needed as we got correlation status from the correlation matrix.  Two 

distinct categories of sub-watersheds are also extracted need separate attention for two different system of development practice. 

Separate management practices are needed where rugged physical environment is the major constraints of development and needs 

special priority for sustainable management. W-III and W--V have somewhat better environment for taking the formal procedure of 

development practices.  
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