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Abstract:  

Bhagirathi River is one of the main rivers in Purba Bardhaman District. River shapes surrounding 

landscapes is changed by several hydrodynamic and subsequent morpho dynamic processes. Here in this 

paper the main emphasis given on the temporal morphometric changes of Bhagirath river using the help of 

toposheet and satellite images. Water discharge, soil types and transportation of sediment is the major 

contributing factor of morphological changes like bar or shoal, ox-bow lake, meander etc. In this paper an 

attempt has been made to get the nature of shifting, direction of shifting, sinuosity index measurement, area 

changing direction through the help of using Remote Sensing, GIS Software.   

Keywords: Changing River Course, Morphometry, Remote Sensing, River Shifting, Sinuosity, Talweg 

Length. 

Introduction: 

The concept of ‘Morphometry’ connotes the meaning of measurement of forms derived from morpho (forms) 

and metry (measurement). Therefore, the technique related to the form measurement in geomorphology 

includes a wide scope of measurement techniques of a large number of variables of spatial pattern and form of 

the landform i.e., the shape, size, relief, liner network and characteristics of drainage measured through 

different parameter to bring about weigh age of the different aspect of the landforms (Morisawa, M., 1985) 

Morphometrical changes are most important aspect to geomorphological study. It is also affecting the present 

land use land cover changes in the present context; several reasons have been responsible for morphometrical 

changes. 

The Bengal basin represent world’s largest sediment dispersal system (kuhel et al., 1989; Milliman et al.,1995 

Goodbred et al.,2003) with passage of an estimated 1060 million tons of sediments per year to the Bay of 

Bengal through a delta front of 380km. (Allision,1998), there by forming the world’s biggest Bengal delta. 

The Ganges enters the basin from the North West after draining the Himalaya and most of north India for 

about 2500km. The Ganga River divides into two distributaries. The main stream River Padma flows 
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southeast towards the confluence with the River Brahmaputra in Bangladesh. The other part flows south 

through West Bengal as The River Bhagirathi–Hooghly.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                 

 Fig. No. :1 Study Area 

 

Bhagirathi river, one of the major distributaries of river Ganga is giving birth to river Hooghly after meeting 

with jalangi, near the place Purbasthali (88°23'4.74'' E & 23°24'45.3'' N) forming the course of 120 miles. It 

also is having a predominant role in formation of Ganga-Brahmaputra. 

The study includes four C.D. Block which are Ketugram-II (88°6’5.0'' E &23°45'' N - 88°12'48'' E&23°42'27'' 

N), Katwa-I (88°6'22'' E&23°39'26'' N - 88°13'41'' E-23°36'32'' N,) Purbasthali-I (88°12'42'' E&23°35'22'' N - 

88°21'1.44'' E & 23°15'10'' N), Kalna-I (88°19'20'' E & 23°17'54'' N - 88°21'54'' E &   23°15'10'' N) through 

which Bhagirathi river flows in the eastern part of Purba Bardhaman District (88°05'00'' E & 24°00'00'' N – 

88°29'48'' E & 23°15'20'' N). 
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Literature Review: 

 Schumm (1963) and Snow (1989). Leopold etal. (1964) proposed that the degradation of river channels 

could be attributed to the changes in its hydrologic regimes and its channel plan form pattern is also 

influenced by the character of hydraulic region. 

 Prasad (1982) suggested that the channel sinuosity is controlled by channel gradient, 

Sediment load, resistance to lateral erosion of a river and stage of valley development and the structural 

characteristics of the area through which it flows. 

 Knighton, D., (1984) tried to describe on his book entitled, “Fluvial Forms and Process”, that there are 

two types of flow pattern: laminar & turbulent flow, which indirectly changes the morphometric pattern. 

 Panda and Bora, (1992) “The study of the sinuosity index” explored that the drainage line help us in 

evaluating the effect terrain over river course and vise-versa. 

 Sen, P. K., (1993) focused in his book entitled “Geomorphological Analysis of Drainage Basin”, River 

Discharge condition may affect the change of morphometry, high level discharge may affect the 

surrounding landform of the river bank, may influence the change of morphometric features. 

 Gillespie and Giardino, (1997) evaluated the river sinuosity of Brazos river of Texas and found that the size of the 

river bends is influenced more by the composition of the river channels than the by peak flows. 

 Ghosh, S., Prasad, G., Sinha, R., (2005) examined the impact of fluvial system influenced by geomorphic 

characteristics and nature of diversity. 

 Nathan (2005) One of the outstanding remarks made in “connection with the development of river 

sinuosity” is that of and according to his merited remarks the unusually high degree of sinuosity exhibited 

by the American river near its confluence with the Rubicon river is related with co-incidence of hinge 

zone of moderately to steeply plugging asymmetric folds with the axis of the meanders. 

 Stark, (2005), evaluated a quantitative relationship between regional climatology and sinuosity and it has 

been postulated that the rivers, which have more relative variance in discharge, tend to have greater lateral 

mobility and as the discharge variability is a function of rainfall variability; the mountain river sinuosity in 

the western North Pacific is controlled by typhoon frequency. 

 Gustausion, M., kolstrup, E. (2006), tried to use GIS technique for analyzing the geomorphological 

character of landscape in their paper, entitled “A new symbol and GIS based detailed Geomorphological 

Mapping System Development: Renewal of A scientific discipline for understanding landscape 

development.” 
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 Wyzga.B., (2006), “The induced channelization of River Raba”, suggested that the Poland has resulted in 

increased channel depth and reduction in channel gradient as well as increased downward and backward 

channel erosion for maintaining the equilibrium.  

 Constantine and Dunne, (2008), suggested that the size frequency distribution of ox-bow lakes within the 

flood plains can be predicted using channel sinuosity studies. 

 Das, B., Mondal, M., Das, A., International Journal of Geometrics and Geoscientists (2012) attempt to 

explain monitoring of Bank Link Erosion of River Ganga, Malda District and west Bengal: using RS and 

GIS compiled with Statistical Technique. 

 Das, K., Adak, K., Samanta, K., (2014) in their article, entitled - “Hydrodynamic changes of river course 

of part of Bhagirathi – Hugli in Nadia district - A Geo informatics appraisal” has mentioned that “The 

erosion and deposition processes are active due to change in river course. At the bend of the river, the 

flowing water dashes straight into the outer bank and erodes it into a steep river cliff. The water piles up 

on the outside of the bend because of the centrifugal force. A bottom current is set up in a corkscrew 

motion and is hurled back into mid-stream and inner bank. Thus, deposition occurs in the inner bank 

forming the very gentle slip-off slope”. 

 

Objective: 

Present study will try to fulfill the following objectives: 

 To study the channel morphology and meandering pattern of the Bhagirathi River to assess the river 

behavior.  

 To probe into the temporal changes of the study area and its quantitative measurement. 

Database & Methodology: 

Explanation of past, present and future of any geomorphological event require a particular method and 

approach for analysis. According to Chorley (1966), the integrated approach to research methods in 

geomorphology includes field observation, laboratory observation, office observation, and theoretical work 

(Singh, 1998). 

Entire analysis has been made on the basis of secondary data. These data have been collected from district 

Statistical Handbook of Purba Bardhaman District 1971, 2001 and 2011, for preparation of base map, required 

toposheet collected from Geological Survey of India and also collected various types of satellite images 

through web.  
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The data has been taken from various sources which are describing bellow, this paper aims to evaluate and 

detect the changes of river bank line of Bhagirathi. Then the nature of changes, measurement of the 

morphological parameters of different part of the river has been studied. At first the problem has been 

identified and then objectives have been set up accordingly. Data are analyzed from Landsat ETM+ of 2002, 

LISS-III of 2008, 2012, toposheet map of 1970 and 1930 PS maps of study area. Images are rectified 

(EARDAS IMAGINE-9.0) after registration (Arc GIS-9.0). Then all the images have been mosaiced for four 

years. 

Then sub setting of images using ERDAS IMAGINE 9.0 & Arc GIS 9.0 to identify the study area. After that, 

the river bank line from four images has been digitized and extracted by using Arc GIS 9.0 software. Next, the 

extracted layers of three images of different decades have been over lapped on each other. Then RS & GIS 

approach has been implemented for measurement of length, width, center line radius, shifting length, shifting 

direction. The river has been divided into 4 Blocks which are identified as Katwa, Ketugram, Kalna, 

Purbasthali. 

 

Table No. 1: Sources of Database 

Sinuosity index of a continuity derivable curve having at least one inflection point is the ratio of the 

curvilinear length (along the curve) and the distance (straight length) between two end points of the curve. 

 
According to Leopold & Wolman (1957) Sinuosity Index is- 
  

SI= Talweg Length / Valley Length 
 
 
                

SOURCE OF DATA BASE TYPE OF DATA BASE REMARKS 

Survey of India 
Toposheet No.-

(79A/1,79A/2,79A/5,79A/6,79A/7) 

R.F:1:50000 

Year-1970 

Global Land Cover Facility 

(GLCF) 

Enhanced Thematic Mapper  

(Landsat Image) 

Spatial Resolution 

30 meter 

United State of Geological 

Survey (USGS) 

Advanced Spaceborne Thermal Emission 

and Reflection Radiometer (Aster) 

Spatial Resolution 

30 meter 

National Remote Sensing Centre 

(NRSC) Bhuvan Store 

Linear Image Self Scanning (Resourcesat 

LISS-III) 

Spatial Resolution 

23.5 meter 

Geological Survey of India 
District Resource map of geology and 

geomorphology 
Burdwan University 
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Table No. 2: Classification of River Pattern 

      
(Source: Leopold, L. B. and G. M. and Miller, J. P. Wolman. Fluvial Processes in Geomorphology. California: W. H. 

Freeman, 1964.) 

 

Type Morphology Sinu

osity 

Load-Type Width/

depth 

Ratio 

Erosive 

behavior 

Depositional 

Behavior 

Straight Single channel with 

pools and riffles, 

meandering Talweg <
1.

05
 

Suspension-

mixed or 

Bedload 

<40 Minor channel 

widening and 

incision 

Skew Shoals 

Sinuous Singles channel, 

pools and riffles 

meandering Talweg 

1.
05

-1
.5

 

Mixed <40 Increased 

channel 

widening and 

incision 

Skew Shoals 

Meandering Single channel (may 

be inner point bar 

channel) 1.
5-

1.
3 

Suspension-or 

mixed load 

<40 Channel 

incision, 

meandering 

Point bar 

formation 

Braided Two or more 

channels with bar and 

small island 

1.
3-

2.
0 

Bedload >40 Channel 

widening 

Channel 

aggradations 

mid-channel 

bar formation 

Anastomosing Two or more 

channels with large, 

stable island >
2.

0 

Suspension 

load 

<10 Slow meander 

widening 

Slow bank 

accretion 
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Fig. No. 2: Methodology Flowchart 

Study Area 

SOI Toposheet 

Satellite Imagery 

Collateral Data 

Data Processing in Remote sensing & 

GIS Environment UTM Projection 

WGS-84 datum 

 Clipping all datasets with aoi 
 Visual Interpretation 
 Data Extraction 

1. Drainage Network from SOI 
2. Sub Basin Demarcation 
3. Geological units and geomorphic 

features 

Report Writing 

 Drainage Morphometry 
 Geomorphic Indices 

 River Dynamics 

 

 Field Work 

Integration and collection of all data 

Analysis and Interpretation 
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Sinuosity Index (1970) 

SI= (Talweg Length/ Valley Length) 
   = {(Sum of two side of the bank length)/2}/ (Valley length/Straight length)   
   = 175.6km./ 84.45km.                        
   =2.07                         
 The channel pattern of the River is Anastomosing 
 Two or more Channels with large, Stable Island. 
 Suspension Load 
 Slow meander Widening. 
 Slow bank accretion. 
Sinuosity Index (2002) 

SI= (Talweg Length/ Valley Length) 
   = {(Sum of two side of the bank length)/2}/ (Valley length/Straight length)   
   = 155.45km. / 84.64km. 
   =1.83    
 The channel pattern of the River is Braided 
 Two or more channels with bar and small island. 
  Bed load 
 Channel widening  
 Channel aggradations mid-channel bar formation  
Sinuosity Index (2008) 

SI= (Talweg Length/ Valley Length) 
   = {(Sum of two side of the bank length)/2}/ (Valley length/Straight length)   
   = 155.65km. / 84.64km. 
   =1.84 
 The channel pattern of the River is Braided 
 Two or more channels with bar and small island. 
  Bedload 
 Channel widening  
 Channel aggradations mid-channel bar formation 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. No. 3: Temporal Changes of Bhagirathi River                           (Sources: SOI Toposheet & Satellite Images) 
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Changing detection 
 

Quantitative Measurement: 

 

1. Katwa Block  

Extension: 88°6'22'' E & 23°39'26'' N - 88°13'41'' E & 23°36'32'' N 

Area: 30.60 sq.km. 

 Katwa PS is hold total 332.21sq.km. (2011census) area but in between study area it covers only 30.60 sq.km. 

Population has also been changed in last several decades in Katwa block. Due to the successive erosion of 

Bhagirathi River, though this block has loss some part of area also gains some alluvial covered area. 

In 1970 Bhagirathi River has been flown over Katwa block having covered area of 5.873 sq. km. After 30 

years in 2002 Bhagirathi River has changed its course to 7.72 sq. km. Due to the River shifting Katwa block 

has lost 3.938 sq.km. area where as it has gained 2.083 sq.km. area.          

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                

                                            Fig. No. 4: Changing Detection on Katwa Block 

                                                                                     

  

 

 

 

 

 

 

 

                         Fig. No. 5: Year wise Change in Area & Population in Katwa Block 
 (Source: Census of India)  

2011 
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2. Ketugram Block 

Extension: 88°5'12'' E & 23°14'8' N - 88°5’12” E & 23°42'42'' N 

Area: 81.31sq.km. 

 Ketugram PS is hold total 353.84 sq.km. (2011census) area but in between study area it covers only 81.31 

sq.km. Population also changed in chronological order in Ketugram-II block. Due to the successive erosion of 

Bhagirathi River, though this block has loss some part of area also gains some alluvial covered area. In 1970 

Bhagirathi River has been flown over Ketugram-II block having covered area of 4.65 sq. km. After 30 years 

in 2002 Bhagirathi River has changed its courses to 5.559sq. km. Due to the River shifting Ketugram block 

has lost 3.42 sq.km. area where as it has gained 2.515 sq.km. area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

                                              Fig. No. 6: Changing Detection on Ketugram Block 

 

 

 

 

 

 

 

 

 

 

 

 

       Fig. No. 7: Year wise Change in Area & Population in Ketugram Block 

        (Source: Census of India)  
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3. Purbasthali Block 

Extension: 88°12'42'' E & 23°35'22'' N - 88°21'1.44'' E & 23°15'10'' N 

Area: 131.02 sq.km. 

Purbasthali PS is hold total 340.79 sq.km. (2011census) area but in between study area it covers only 131.02 

sq.km. Population has also been changed in last several decades in Purbasthali block. Due to the successive 

erosion of Bhagirathi River, though this block has loss some part of area also gains some alluvial covered 

area. 

In 1970 Bhagirathi River has been flown over Purbasthali block having covered area of 27.431 sq.km. After 

30 years in 2002 Bhagirathi River has changed its course to 25.854 sq. km. Due to the River shifting 

Purbasthali block has lost 20.655 sq.km. area where as it has gained 22.232 sq.km. area.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                            Fig. No. 8: Changing Detection on Purbasthali Block 

 

 

 

 

 

 

 

 

 

 

                          Fig. No. 9: Year wise Change in Area & Population in Purbasthali Block 

                                                  (Source: Census of India)  

 

 

International Journal of Scientific Research and Review

Volume 7, Issue 8, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/488



4. Kalna 

Extension: 88°19'20'' E & 23°17'54'' N - 88°21'54'' E & 23°15'10'' N 

Area: 6.584 sq.km. 

Kalna PS is hold total 341.18 sq.km. (2011census) area but in between study area it covers only 6.584 sq.km. 

Population has also been changed in last several decades in Kalna block. Due to the successive erosion of 

Bhagirathi River, though this block has loss some part of area also gains some alluvial covered area. 

In 1970 Bhagirathi River has been flown over Kalna block having covered area of 4.161 sq. km. After 30 

years in 2002 Bhagirathi River has changed its course to 2.454sq. km. Due to the River shifting Kalna block 

has lost 1.844 sq.km. area where as it has gained 3.551 sq.km. area. 

 

 

 

 

 

 

 

 

 

 

  

Fig. No. 10: Changing Detection on Kalna block 

 

 

 

 

 

 

 

 

                                Fig. No. 11: Year wise Change in Area & Population in Kalna Block 

                                                                 (Source: Census of India)  
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              Fig. No 12: Showing the Comparative Analysis of Quantitative Measurement of Changing area of                  

                                                               Selected Blocks in Purba Bardhaman District. 

 

 Table No. 3: Showing the Quantitative Measurement of Changing Area of Selected Blocks in 

Purba Bardhaman District 

Sl no. Block Name Area Loss Area Gain 

1 Ketugram 3.42 2.51 

2 Katwa 3.93 2.08 

3 Purbasthali 20.65 22.23 

4 Kalna 1.84 3.55 
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Conclusion: 

On the basis of the various aspects explained and analyzed in the work, it may conclude that the selected 

section of Bhagirathi river has imposed definite impact upon the Socio - Economic environment. Cultivated 

land beside the river bank also has been shifted due to rapid changing of river courses. It also has impact on 

settlement density due to changing of land use and land cover system on Bhagirathi river. The Ganga river 

course shifted gradually towards east from 1970 to 2012. Major change located near Nabadwip - Krisnanagar. 

Change of river width occurred due to shift of left bank towards east and right bank towards west direction. 

The process of river course shifting and its subsequent erosion and deposition process cause simultaneously 

loss and newly formation of land loss is 29.85 sq.km. where total amount of deposition is 30.37 sq.km. The 

channel morphology indices i.e. Sinuosity index value ranges from 2.07 to 1.83 from 1970 to 2012 which 

actually indicates braided stage in this area. The analysis of cut off ratio indicates near Kaligang, river already 

cuts its course creating an ox bow lake. Near Nabadwip and Nakasipara there is high chance of river cut off. 

The railway track between Samudragarh to Kaliganj which is parallel to the river become a high-risk zone of 

river erosion. In this study it has been observed that the erosional and depositional process of river Bhagirathi-

Hooghly till continuing. It may cause severe problem in the future which can be prevented by taking proper 

planning and management activities in the recent years.  
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