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Abstract: The present research highlights the problem related to channel decay of tropical 

rivers and the research gives special emphasis on anthropogenic impact on the tropical rivers 

and again it focuses on the management of the decaying rivers. To satisfy the aims of the 

present study, four rivers viz, river Kharkhari, river Churni, river Anjana, and river Jalangi 

have been taken into consideration. The present study has been conducted based on remote 

sensing (RS) and Geographic information system (GIS). Secondary data have been collected 

from the trustable sources in form of satellite images, reports etc. Statistical technique has 

also been used in this study to draw connection between river decay and various anthropo-

genic activities. The result of the research exhibits that there are drastic reduction in river 

length and width especially in case of river Kharkhari, Churni, and Anjana. A notable deep 

anthropogenic impact has been observed in decay of river Channels. Statistical technique 

shows that growing settlement cover, agricultural uses have negative and significant connec-

tion with change in channel geometry. The coverage of areas under the water bodies of river 

Kharkhari, river Jalangi, river Churni, river Anjana have been decreased from 5.82 percent 

to 1.94 percent, 9.63 percent to 2.44 percent, 13.51percent 5.5 percent, and 6.87 percent to 

4.19 percent respectively from the year 1991 to 2025 within the 2 kilometer buffer area on 

both sides of the rivers.  
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Introduction 

Rivers are very important lifeline for the survival of all biotic community. Rivers are very 

important source of the total potable water in India. The very past history clearly exhibits 

the development of all human civilization were started along the river banks. World’s first 

civilizations were developed along River Indus, Nile, Huang He, Tigris and Euphrates 

(Mackline and Lewin, 2015, Wang and He, 2022). Maaß et. al, (2021) stated that from the 

beginning of the Holocene period, various human activities have been observed at different 

scales from the river basin area to the channel and human activities have an enhancing 

impact on fluvial system. There are so many advantages to live along the banks of a river. 

Rivers are not just body of water but it also acts as a medium of transportation, source of 

water to the agricultural field, domestic uses, habitat for many species. Therefore, it can be 

said that river is a lifeline to the organic community for their survival. Humans depend on 

rivers for various essential needs like drinking water, irrigation, and industrial use, crop 

irrigation, transportation, food sources, hydroelectric power generation, recreational activ-

ities, etc. But unfortunately, various human activities are continuously affecting very badly 

the entire river system. Various human activities like heavy construction along the river 

banks, unplanned settlement growth, construction of dams, deforestation, disposal of 

waste into the river water etc, leads to various problems in river system. Anthropogenic 

activities play crucial role in destruction of channel, pollution of river water, flow destruc-

tion or simply it alters the entire geomorphic processes associated with river. Decay of river 

is a burning problem in today’s world. Belletti et. al, (2020) stated that highest barriers on 

rivers have been found in densely modified rivers of central Europe and lowest barriers on 

rivers have been found in the most remote, low populated areas of Europe. Development of 

human civilizations along the river banks and different anthropogenic activities continu-

ously act as influential factors for decaying river ecosystem (Ekka et.al, 2019, Li et. al, 

2022). Rivers are being badly affected by pollutant water in industrial region (Criniet.et. al, 

2022, Sekharan et. al, 2022, and Sahu, 2023). Milijašević et. al, (2025) studied Tamiš River 

in Serbia and they said that the water quality of Tamiš River in Serbia has been affected by 

anthropogenic pollution. Near about 99 percent of river in the world is affected by various 

human activities like intensive cultivation, expansion of urban area, use of fertilizer and 

pesticides and other contaminants (Meter et. al, 2016, and Li et. al, 2022). Dragićević et al. 

(2017) studied the bank erosion problem of Kolubara River basin in Serbia from 1930 to 

2016 and they showed the high rate of bank erosion caused by natural and land use land 

cover alterations. Langović et al. (2021) studied riverbank erosion and lateral channel mi-

gration of major Serbian rivers like Velika Morava, Kolubara etc. and focused on land use 

land cover change in environmental protection. Manojlović et. al., (2025) studied the dy-

namics of suspended sediment in the Južna Morava River in Serbia and showed the human 

impact on it. Spinti et. al., (2023) studied on the rivers of United States and they said that 

63 % of longest rivers of the World are not free from barriers. Spinti et. al., (2023) also 

showed in their study that 48% of river all over the world suffer by the diminished river 

connectivity due to anthropogenic impact. Maaß et. al, (2021) showed that various human 

activities like growing urban settlement, deforestation, construction of dam, bridge, em-

bankment, agricultural development, etc. have deep influential impact on river or flood-

plain in the Western European region since the starting of the Holocene period.  Abdel-

mohson et. al, (2025) studied on the Colorado river basin and they argued that the anthro-

pogenic activities cannot be ignored in continuous water depletion facing by the Colorado 

river basin area of America. Yang et. al, (2023) showed the flow of river Arkansas has been 

https://www.google.com/search?q=Kolubara+River+basin+%28Serbia%29&rlz=1C1VDKB_enIN1049IN1049&oq=Dragi%C4%87evi%C4%87%2C+S.%2C+Pripu%C5%BEi%C4%87%2C+M.%2C+%C5%BDivkovi%C4%87%2C+N.%2C+Novkovi%C4%87%2C+I.%2C+Kostadinov%2C+S.%2C+Langovi%C4%87%2C+M.%2C+Milojkovi%C4%87%2C+B.%2C+%26+%C4%8Cvorovi%C4%87%2C+Z.+%282017%29.+Spatial+and+Temporal+Variability+of+Bank+Erosion+during+the+Period+1930%E2%80%932016%3A+Case+Study%E2%80%94Kolubara+River+Basin+%28Serbia%29.+Water%2C+9%2810%29%2C+748.+https%3A%2F%2Fdoi.org%2F10.3390%2Fw9100748&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBCTE4OTJqMGoxNagCCLACAfEFRTkaoHdAd6E&sourceid=chrome&ie=UTF-8&mstk=AUtExfC8fA_DuvElgHjmY-BbX0LF35JgxmFBUyOfzKOWAmzh90UnbPNtTjSfY4b7HKVgFxKMLDgQOjRtHLF2rN-Nz7eIqgFFK8Ocibhh95n3UfdKXGmjKCWdocTtpWb2X07JKzeJn9I0ufmU8a_IVQYSxv5amd5SKVlnSspFpftCx6SwhIw&csui=3&ved=2ahUKEwiR5Iunz7KSAxW6TGwGHb0vDHIQgK4QegQIARAC
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decreased and it has significant effects on ecological and economic environment of the re-

gion. Different anthropogenic activities like urbanization, population growth, future devel-

opment of hydro power and dam have very much bad affects on rivers and it leads to destroy 

the water quality (Sidabutar et. al. 2017, Winton et. at., 2021). Spinti et. al., (2023) showed 

in their study that the fragmentation of rivers in United States is occurring due to construc-

tion of dams on rivers. Stoffers et. al, (2024) focused on the protection of deteriorating riv-

ers of Europe and they also comment on freshwater restoration for environmental wellbe-

ing. Rivers have got affected badly by different national water ways (Choudury, 2020). De-

cay of river denotes the shrinking of river channels mainly caused by various anthropogenic 

activities. EEA (2021) clearly showed in their reports that construction of dam, culvert or 

different barriers on rivers are deteriorating the entire river ecosystem in European coun-

tries. The prime objective of this research is to study the problem of river decay and the 

present research also focuses to find out human impacts on the river decay using RS and 

GIS technique. After disintegration, this research focuses. 

 To study the spatio-temporal change of decaying rivers over long period of time 

 To find out the change of land use land cover within 2 Kilometer (km) buffer zone 

of both sides of the decaying rivers over long period of time. 

 This study tries to identify connection between decay of channel and 

anthropogenic activities 

 To focus on the management of decaying rivers. 

To achieve the objectives of the study, river Kharkhari, river Jalangi, of Murshidabad dis-

trict, and river Churni, river Anjana and river Jalangi of Nadia district, West Bengal, India, 

have been taken into consideration. The present study has its importance at local to interna-

tional levels. This research shows scenario of conversion of living rivers into decaying rivers. 

This is an attempt to show how various human activities gradually destroyed living rivers. 

This study has drawn a direct connection between various human activities and the decay of 

rivers scientifically.  This research also has worked on the management of decaying rivers. 

This study will be definitely fruitful for the management of river decay and at the same time, 

this study will be beneficial for the society. The preconceived idea has been taken in this re-

search is that “Decay of river is highly caused by various human activities”. 

Material and methods 

Study area 

The study area comes under Nadia and Murshidabad district of West Bengal (Figure 1). 

River Kharkhari, river Jalangi of Murshidabad district and river Churni, river Anjana, river 

Jalangi of Nadia district are the important streams of West Bengal. River Kharkhari is flow-

ing over Raghunathganj-I and Sagardighi community development (C.D) blocks of 

Murshidabad district in West Bengal, India. And, river Jalangi of Murshidabad district is 

flowing over some community development (C.D) blocks of Murshidabad district in West 

Bengal, India (Census of India, 2011a). Economy of this community development blocks 

are mainly based on agriculture (Census of India, 2011a-b). River Churni is the created dis-

tributary of river Mathabhanga (District Census Hand Book Nadia, 2011). The river Matha-

bhanga divides into two rivers Ichhamati and Churni near Majhdia at Krishnaganj Com-

munity Development (C.D.) block of Nadia district (District census Handbook, Nadia, 2011 

https://www.researchgate.net/profile/Noni-Sidabutar?utm_content=businessCard&utm_source=publicationDetail&rgutm_meta1=AC%3A8734943&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19


196 

 

and District Survey Report of Nadia District, Government of West Bengal, 2022). It is flow-

ing from the source of river Mathabhanga near Majdia of Krishnaganj Community Devel-

opment (C.D.) block to its mouth at river Bhagirathi near Shibpur at Ranaghat II C.D. block 

(District Census Hand Book Nadia, 2011). River Churni passes through krishnaganj, Hash-

khali ,Ranaghat I and Ranaghat II C.D. blocks (Fig. 1).  

 

Fig.1. Location map of the study area 

The total number of households in the four community development (C.D.) blocks are 

289308 where the total number of households are 78432, 56507, 85687, and 68682 in 

Kaliganj  Ranaghat-I, Ranaghat – II, Hanskhali community development (C.D.) blocks re-

spectively (District Census Hand Book Nadia, 2011).After originating from river Jalangi, 

the river Anjana is flowing through four Community development blocks viz., Krishnagar-

I, Krishnagr-II, Santipur, and Ranaghat-II community development blocks of Nadia dis-

trict. River Jalangi is one of the important river in Nadia district which is passing through 

eight community development blocks viz., Karimpur, Tehatta-I and II, Nakashipara, 

Chapra, Krishnagar-I and II, Nabadwip of Nadia district. All the rivers are flowing through 
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populated community development blocks of Nadia and Murshidabad district. Remote 

sensing and GIS based methodology has been accomplished in this study (Fig. 2). 

 
Fig. 2. Data base and adopted methodology used in this research 

Data collection 

The present work has been done based on satellite images which have been collected from 

reliable sources (Table 1). Google Earth images of 2010 and 2025 have also been consulted 

to do the present work.  

Table 1. Details of used satellite images 

Date of Acquisition 

Imageries 

Path/Row Data Set Producer 

09.05.1991 138/44 MSS(Landsat-5) USGS 

  21.11.1991   139/43 TM   USGS 

29.03.2025 138/44 OLI_TIRS(Landsat-8) USGS 

14.06.2025 139/43 OLI_TIRS(Landsat-8) USGS 

 

Channel Geometry of rivers from the year 2010 to 2025 

To calculate the width of the river Kharkhari, river Jalangi of Murshidabad district and river 

Churni, river Anjana, river Jalangi of Nadia district, all the rivers are divided into ten 

stretches based on their total length and total six cross sections have been drawn manually 

in every stretch (total sixty cross sections) across the river Kharkhari of Murshidabad dis-

trict and river Jalangi of Murshidabad and Nadia district (Fig. 3). And, total fifty cross sec-

tions (Five cross sections in every stretch) have been drawn manually across the river 

Churni and Anjana in Nadia district (Fig. 3) and here, total stretch of rivers have been con-

sidered (fragmented part of rivers also included). The name of the cross sections has been 

given both years by using GIS technique. The length of the rivers has also been measured 

using GIS technique (Fig. 3).  
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Fig. 3. Changing width of rivers across the cross sections from 2010 to 2025 

Sinuosity index (Equation 1) (Fig. 4) of rivers have been measured based on the Sinuosity 

index proposed by Schumm (1963). Sinuosity is the deviation of channel that is the ob-

served path from its expected path (Charlton, 2008). The formulae for the calculation of 

Sinuosity index (SI) is as follow: 

                                                                  SI=OL/EL                                                                    (1) 

Where, SI= Sinuosity index, OL= Observed path / Actual path of the river, EL= expected 

path of the river. The SI value 1.0 indicates straight channel, SI value 1.0-1.5 indicates sin-

uous channel and SI value greater than 1.5 indicates meandering channel. 
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Creation of 2 kilometers buffer zones 

Two kilometer buffer zone on the both sides of rivers have been created using GIS tech-

nique. NDVI, NDWI, and Supervised Image Classification have been done within the buffer 

zone which has been created on the both sides of rivers for the identification of changes of 

different features like vegetation cover, water bodies, settlement areas etc.  

Normalized difference vegetation index (NDVI)  

In this present research, NDVI (Equation 2) index has been used to detect the condition of 

vegetation within two kilometer buffer zone from the both side of river Kharkhari, river 

Jalangi of Nadia and Murshidabad, river Anjana, river Churni in the year 1991 and 2024. 

Healthy vegetation plays very important role in the maintenance of stream corridor and 

river health. The formulae of NDVI (Bhatta, 2021) is as follow: 

                                                NDVI= (NIRRED)/(NIR+RED)                                                (2)     
2… 2222(222(2)……(222222…… 

Where, NIR is the reflectance in the near-infrared band (700-1100 nanometers), RED is 

the reflectance in the red band (600-700 nanometers). 

The values of NDVI range from 0.3 to 0.8 indicate a dense and healthy vegetation can-

opy. Negative values indicate clouds, water, and snow fields. The values of NDVI range from 

0.1 to 0.2 indicate soil. The value of NDVI ranges from 0.3 to 0.6 indicates stressed vegeta-

tion (Bhatta, 2021).  

Normalized difference water index (NDWI)  

In this present study, NDWI (Equation 3) has been used to know the change in surface 

water body within two kilometer buffer zone from the both side of the rivers in the year 

1991 and 2025. The formulae of NDWI (Bhatta, 2021) is as follow: 

                                               NDWI= (NIR-SWIR)/(NIR+SWIR)                                            (3)  

Where, NIR stands for the near-infrared band (700-1100 nanometers), SWRI stands for 

Short-Wave Infrared (900 to 1700 nanometers). 

NDWI values ranges from -1 to + 1. Generally, the values of NDWI range from -1.0 to 

+1.0. The values of NDWI from 0.5 and more than 0.5 indicate water bodies. Negative value 

(-0.2) of NDWI indicates built up areas. Values of NDWI towards -0.1 indicates water less 

dry areas.  

Land use / land cover change 

Supervised image classification has been done using maximum likelihood method using 

QGIS software for the year 1991 and 2024 within the two kilometer buffer zone on the both 

sides of rivers to identify the changes in land use and land cover. In the years 1991 and 2025, 

the features like river / water bodies, agricultural use within the channel and vegetation 

area have been identified within two kilometer buffer area to find out changes in land use 

and land cover. The percentage of area under the above selected parameters for land use 

and land cover change has been calculated using QGIS software. The land use and land 

cover change within two kilometer buffer area has been done to identify the positive or 

negative changes in selected parameters for land use and land cover in this study. The 

changes may help to show various anthropogenic activities on rivers. 
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Pearson’s correlation analysis 

Pearson’s product moment correlation analysis (Equation 4) is a parametric test. It is used 

to measure the relationship between variables. This analysis is based on the assumption 

that both variables come from the normally distributed populations (Gaur et al., 2009 and 

Ghosh and Sahu, 2019a and Ghosh and Sahu, 2019b). The formula is as follow: 

                                                          𝑟 =
∑𝑋𝑌

𝑁
−𝑋.̅ 𝑌̅ 𝜎𝑋⁄ . 𝜎𝑌                                                           (4) 

(Gaur et al., 2009, Ghosh and Sahu, 2019a, Ghosh and Sahu, 2019b)                                                                                                                      

[Where, r= Product moment correlation coefficient, N= Number of data-pair, 𝑋̅= Mean of 

X, 𝑌̅= Mean of Y, ∑XY= Sum of the products of X and Y, 𝜎𝑋= Standard deviation of X, and 

𝜎𝑌= Standard deviation of Y]. 

To check correlation among the selected variables like change in area of water bodies 

from 1991 to 2025, change in area of agricultural use within channel from 1991 to 2025, 

change in area of agricultural land from 1991 to 2025, change in area of vegetation from 

1991 to 2025, change in average width of river from 2010 to 2025, Pearson correlation anal-

ysis has been applied. This analysis has been done by using SPSS software. 

Results and Discussion 

Spatio-temporal changes in rivers channels from the year 2010 to 2025 

Drastic changes have been observed in width of all rivers across the drawn cross-sections (Fig. 

3, Table 2). Maaß et. al (2021) stated that technological development and growth of population 

are causing river modification and geometrical changes in rivers. Spinti et. al. (2023) stated that 

anthropogenic fragmentation of rivers in United States alters and modify the entire river geom-

etry. A dramatic change also observed in the average width of river Kharkhari of Murshidabad 

district. The average width of river Kharkhari in 10 stretches from stretch A to J (Fig. 3) in the 

year 1985 (from A to J) across the drawn cross-sections were 91.16 meters (m), 83.83m, 53.83m, 

45.66m, 49.33m, 60.66m, 89.66, 60.33m, 81m, and 44.66m respectively. But, it is very strange 

to say that in 2025 the river only observed in A, B, and D stretches with 59.16m, 56.83m and 77 

m width (Table 2). It is very unfortunate to say that the river Kharkhari is a decayed river; it has 

totally lost its almost entire course.  The existing part of river Kharkhari is fragmented into 

ponds. The length of river Kharkhari in the year 1985 was 35.57 km but now it is only 4.53 km 

in 2025 due to anthropogenic impact. The river Kharkhari has been obstructed by fencing. The 

satellite images and field survey are showing that the channel bed of river Kharkhari has been 

using as built up area and agricultural field. Most of the part of the river has been dried due to 

barriers, agricultural use, and construction activities. The average width of the Jalangi in 10 

stretches from stretch A to J (Fig.3), Murshidabad district were 154.83meters (m) 84.30m, 

65.67m, 94.12m, 88m, 47m, 52m, 50.33m, 52.34 m, and 53.33m respectively in 2010 where 

average width of the river Jalangi in same stretches (A to J) across sections are 36.33m, 23.50m, 

29.83m, 21.66m, 23.50m, 26.67m, 34.83m, 37.16m, 37m, 39.83m respectively.  It can be said 

that in every selected stretches the average width of river Jalangi in Murshidabad has been re-

markably decreased which is indicating channel decay. The length of river Jalangi in Murshida-

bad is also decreased it was 76.55 Kilometers during 2010 but in 2025, it is 75.98 kilometers 

(Km). In 2010, the average width of river Jalangi in Nadia district across the drawn cross-sec-

tions in ten stretches (A–J) (Fig. 3) were 60.01m, 57.15m, 76.88m, 59.87m, 85.97m, 108.16m, 

93.76m, 109.66m, 128.96m, and 148.05m which are 62.33m, 61.53m, 79.15m, 61.09m, 80.26m, 
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94.42m, 85.37m, 118.9m, 135.88m and 144.40m in the year 2025. It can be said in E, F, G, and 

J stretches, the average width of river Jalangi of Nadia district has been notably decreased. The 

average width of river Anjana across the drawn cross-sections in every stretch (A-J) (Fig. 3) has 

been drastically changed. The average width of river Anjana across the drawn cross-sections in 

every stretch in the year 2010 were 33.37m, 46.85m, 80.01m, 60.27m, 37.55m, 41.20m, 47.22m, 

49.52m, 70.83m, and 57.04m respectively and in 2025, the river Anjana only exists in B, C and 

D stretches with average widths are 24.62m, 77.53m and 12.96m respectively. The length of river 

Anjana was 29.00 kilometers in 2010 which is only 6.124 Kilometers in 2025. The field verifica-

tion clearly reveals that river Anjana is now converted into a drain with very bad condition. The 

average width of river Churni across the drawn cross-sections in selected stretches (A to J) (Fig. 

3) in the year 2010 were 67.20m, 75.06m, 62.13m, 61.53m, 64.84m, 51.60m, 66.22m, 55.78m, 

46.38m, and 70.58m respectively which are observed in the same stretches in the year 2025 as 

0 m, 16.81m, 39.87m, 37.82m, 44.79m, 37.51m, 30.81m, 44.98m, 51.33m, and 59.52m respec-

tively. Therefore, it can be said that the river Churni is gradually decaying. The total length of 

river Churni in 2010 was 63.30 kilometers which is 46.71 Kilometers in 2025. 

Table 2. Year wise average width of rivers across the cross-sections in 10 stretches 

10 
Stretches 

The average width of rivers in meters (year wise) 

River Kharkhari River Jalangi of Murshidabad River Jalangi of Nadia  River Churni River Anjana 

1985 2025 2010 2025 2010 2025 2010 2025 2010 2025 

A 91.16 59.16 154.83 36.33 60.01 62.33 67.2 0 33.37 NE 

B 83.83 56.83 84.3 23.5 57.15 61.53 75.06 16.81 46.85 24.62 

C 53.83 NE 65.67 29.83 76.88 79.15 62.13 39.87 80.01 77.53 

D 45.66 77 94.12 21.66 59.87 61.09 61.53 37.82 60.27 12.96 

E 49.33 NE 88 23.5 85.97 80.26 64.84 44.79 37.55 NE 

F 60.66 NE 47 26.67 108.16 94.42 51.6 37.51 41.2 NE 

G 89.66 NE 52 34.83 93.76 85.37 66.22 30.81 47.22 NE 

H 60.33 NE 50.33 37.16 109.66 118.9 55.78 44.98 49.52 NE 

I 81 NE 52.34 37 128.96 135.88 46.38 51.33 70.83 NE 

J 44.66 NE 53.33 39.83 148.05 144.4 70.58 59.52 57.04 NE 

NE  denotes not existed  

 

Change in the sinuosity of rivers from the year 2010 to 2025 

The calculated values of sinuosity index of all rivers show that there is a change in the sin-

uosity index of river Churni, river Anjana, river Kharkhari from the year 2010 to 2024 (Fig. 

4). But river Jalangi is not showing change in SI value.  In the year 2010, the values of 

sinuosity index of river Jalangi in Nadia, river Churni, river Anjana, river Jalangi in 

Murshidabad, river Kharkhari (in the year 1985) were 2.95, 1.70, 1.58, 1.88, and 1.53 re-

spectively and in the year 2025, the value of sinuosity index of river Jalangi in Nadia, river 

Churni, river Anjana, river Jalangi in Murshidabad, river Kharkhari are 2.96, 1.51, 1.00, 

1.88, highly fragmented river respectively. According to sinuosity value of SI proposed by 

Schumm (1963), it can be said that path of rivers in the year 2010 was meandering and the 

path of river Churni is sinuous in the year 2025 and the path of river Anjana is straight in 

2025. So, there is a change in channel planform and the anthropogenic activities cannot be 

ignored. Specially, uses of channel bed for different purposes like agriculture, construction 

of settlement etc. 
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Fig. 4. Change in channel planform of rivers using Sinuosity Index from the year 2010 to 2025 

Changes in the vegetation cover from the year 1991 to 2025 

The calculated values of NDVI (Fig. 5) clearly exhibits that the existence of healthy vegeta-

tion is almost negligible within two kilometers buffer zone on both sides of rivers. In the 

year 1991, the lowest values of calculated NDVI index (Fig. 5) of river Kharkhari and river 

Jalangi of Murshidabad district, river Jalangi, river Anjana, and river Churni of Nadia dis-

trict were -0.923, -0.307, -0.071, -0.054, -0.243 respectively. In the year 1991, the highest 

values of calculated NDVI index (Fig. 5) of river Kharkhari and river Jalangi of Murshida-

bad district, river Jalangi, river Anjana, and river Churni of Nadia district were 0.710, 0.477, 

0.413, 0.474, and 0.026 respectively. In the year 2025, the lowest values of calculated NDVI 
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index (Fig. 5) of river Kharkhari and river Jalangi of Murshidabad district, river Jalangi, 

river Anjana, and river Churni of Nadia district are-0.069, -0.056, -0.008, -0.182, and -

0.056 respectively. In the year 2025, the highest values of calculated NDVI index (Fig. 5) of 

river Kharkhari and river Jalangi of Murshidabad district, river Jalangi, river Anjana, and 

river Churni of Nadia district are 0.519, 0.433, 0.454, 0.026, and 0.466 respectively. There-

fore, it can be said that the healthy vegetation cover within 2 kilometers buffer area is dete-

riorated in case of all rivers.  

 
Fig. 5. NDVI of all rivers within 2 kilometers buffer zone on both sides of rivers 

Changes in the Water body from in the year 1991 to 2025 

The calculated values of NDWI (Fig. 6) clearly exhibits that the existence of healthy water 

body is almost negligible within two kilometers buffer zone on both sides of rivers. In the 

year 1991, the lowest values of calculated NDWI index of river Kharkhari and river Jalangi 

of Murshidabad district, river Jalangi, river Anjana, and river Churni of Nadia district were 

-0.627, -0.346, -0.379, -0.271, -0.286 respectively. (Fig. 6) In the year 2025, the lowest val-

ues of calculated NDWI index (Fig. 6) of river Kharkhari and river Jalangi of Murshidabad 

district, river Jalangi, river Anjana, and river Churni of Nadia district are -0.470, -0.375, -

0.405, -0.431, and -0.421 respectively. In the year 2025, the highest values of calculated 

NDWI index (Fig. 6) of river Kharkhari and river Jalangi of Murshidabad district, river Jal-

angi, river Anjana, and river Churni of Nadia district are 0.107, 0.104, 0.042, 0.073, and 

0.093 respectively. From the calculated values of NDWI, it can be easily said that healthy 

water bodies are absence within the buffer area and the water quality has been more de-

clined from the past decades to present year.  
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Fig. 6. NDWI of all rivers within 2 kilometers buffer zone on both sides of rivers 

 

Changes in the land use / land cover from the year 1991 to 2025 and anthro-
pogenic impact on rivers 

To get clear scenario of land use/land cover alteration within the two-kilometer buffer zone 

of rivers the total river stretches has been divided into ten zones or sub-stretches. In case of 

river Kharkhari of Murshidabad district (Fig. 7 and Fig. 8, Table 3), the area under water bod-

ies has been decreased by 3.88 percent. 

Table 3. Land use / land cover change within 2 kilometers buffer zones of river Kharkhari, river 
Jalangi of Murshidabad, river Jalangi, river Churni, and river Anjana of Nadia 
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Fig. 7. Land use / Land cover within 2 kilometer buffer zone of river Kharkari in Murshidabad dis-

trict in 1991 (A) and 2025 (B) 

 
Fig. 8. Land use / land cover alteration within 2 kilometers buffer zone of river Kharkhari from 

1991 to 2025 

 The agricultural land has also been increased by 22.71 percent from the year 1991 to 2025. In 

case of river Jalangi of Murshidabad district (Fig. 9 and Fig. 10, Table 3), a huge change in 

land use/land cover has been observed from the year 1991 to 2025. In Zone-I, the percentage 

of area under river/water body, agricultural use, with in channel, settlement, agricultural 

land, vegetation was 15.12, 14.35, 41.49, 7.37, and 21.67 respectively in the year 1991, which 

are 1.29, 0.37, 56.37, 35.22, and 6.75 respectively in the year 2025.Therefore, in zone I, their 
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percentage change of area from 1991 to 2025 are-13.83, -13.98, 14.88, 27.85, -14.92 respec-

tively. In case of river Jalangi of Murshidabad (Fig. 9 and Fig. 10), there are decreased in per-

centage of area of water body and vegetation in all the ten stretches.  

 
Fig. 9. Land use / Land cover within 2 kilometer buffer zone of river Jalangi in Murshidabad dis-

trict in 1991 and 2025 

Fig. 10. Land use / land cover alteration within 2 kilometers buffer zone of river Jalangi of 
Murshidabad district from 1991 to 2025 
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The overall areas of water bodies have decreased by 3.52 percent and vegetation cover 

has been decreased by 18.71 percent from the year 1991 to 2025. Area under agriculture 

has been increased by 40.46 percent. In case of river Jalangi at Nadia district (Fi g. 11 

and Fig. 12, Table 3), in every zone, the percentage of area under water bodies are de-

creased from the year 1991 to 2025. But the percentage of area under agricultural use 

within channel has been increased remarkably.  

 
Fig.11. Land use / Land cover within 2 kilometer buffer zone of river Jalangi in Nadia district in 

1991 (A) and 2025 (B) 

 
Fig. 12. Land use / land cover alteration within 2 kilometers buffer zone of river Jalangi of Nadia 

district from 1991 to 2025 

Overall, the area under water bodies has been decreased from 1991 to 2025 by 7.19 percent. And, 

31.1 percent area of land under agricultural use within channel has been increased from 1991 to 

2025. In case of river Churni of Nadia district (Fig. 13 and Fig. 14, Table 3), in every zone, the 
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percentage of area under water bodies are decreased from the year 1991 to 2025. But the per-

centage of area under agricultural use within channel has been increased remarkably. 

 
Fig. 13. Land use / Land cover within 2 kilometer buffer zone of river Churni in Nadia district in 

1991 (A) and 2025 (B) 

 
Fig. 14. Land use / land cover alteration within 2 kilometers buffer zone of river Churni of Nadia 

district from 1991 to 2025 

Overall, the area under water bodies has been decreased from 1991 to 2025 by 8.01 

percent. And, 11.86 percent area of land under agricultural use within channel has been 

increased from 1991 to 2025. 5.74 percent area of land under settlement has been increased 

from 1991 to 2025. In case of river Anjana of Nadia district (Fig. 15 and Fig. 16, Table 3), in 

every zone, the percentage of area under water bodies are decreased from the year 1991 to 

2025. But the percentage of area under agricultural use within channel has been increased 

remarkably. Overall, the area under water bodies has been decreased from 1991 to 2025 by 

2.68 percent. And, 19.16 percent area of land under agricultural use within channel has 
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been increased from 1991 to 2025. 12.61 percent area of land under settlement has been 

increased from 1991 to 2025.From the foregoing discussion, it is cleared that drastic 

changes in the percentage of areas under various land use / land cover have been observed, 

specially, decreased in area of water bodies, increased in area of agricultural land, increased 

in area of agriculture within river channel, increased in settlement area, have been identi-

fied in most of cases. Various human impacts cannot be ignored in decaying of rivers and 

deteriorating the quality of water of the decaying rivers. In the present study, decreasing 

area of rivers / water bodies, increasing area under agricultural use within channel, increas-

ing area under agriculture, decreasing area under vegetation cover, increasing area under 

settlement cover have been clearly observed from the year 1991 to 2025.  
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Fig. 15. Land use / Land cover within 2 kilometer buffer zone of river Anjana in Nadia district in 
1991 (A) and 2025 (B) 

 
Fig.16.Land use / land cover alteration within 2 kilometers buffer zone of river Anjana of Nadia 

district from 1991 to 2025 

Table 4. Correlation among the selected variables 
   Change 

in area 
of water 
bodies   

Change in 
area of ag-
ricultural 
use within 
channel   

Change in 
area of 
settle-
ment   

Change in 
area of ag-
ricultural 
land   

 

Change in 
area of 
vegetation  
 

 

Change in 
average 
width of 
rivers 

 
Change in 
area of wa-
ter bodies   

Pearson 
Correlation 

1 -.592(**) .098 .021 -.113 .112 

Sig. (2-
tailed) 

  .005 .505 .884 .438 .443 

N 49 49 49 49 49 49 
Change in 
area of ag-
ricultural 
use within 
channel   

Pearson 
Correlation 

-
.592(**) 

1 .180 -.578(**) .057 .508(**) 

Sig. (2-
tailed) 

.005   .216 .000 .697 .000 

N 49 49 49 49 49 49 
Change in 
area of set-
tlement   

Pearson 
Correlation 

.098 .180 1 -.790(**) .260 .039 

Sig. (2-
tailed) 

.505 .216   .000 .071 .792 

N 49 49 49 49 49 49 

Change in 
area of ag-
ricultural 
land   
  

Pearson 
Correlation 

.021 -.578(**) -.790(**) 1 -.589(**) -.252 

Sig. (2-
tailed) 

.884 .000 .000   .000 .080 

N 49 49 49 49 49 49 

Change in 
area of veg-
etation  
 
  

Pearson 
Correlation 

-.113 .057 .260 -.589(**) 1 -.125 

Sig. (2-
tailed) 

.438 .697 .071 .000   .392 

N 49 49 49 49 49 49 

Change in 
average 
width of 
rivers 
  
  

Pearson 
Correlation 

.112 .508(**) .039 -.252 -.125 1 

Sig. (2-
tailed) 

.443 .000 .792 .080 .392   

N 49 49 49 49 49 49 

** Correlation is significant at the 0.01 level (2-tailed). 
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The result of Pearson correlation analysis (Table 4) shows that a negative and signifi-

cant change has been observed between ‘the change in area of water bodies’ and ‘the change 

in area of agricultural use within channel’. The correlation value of person correlation (r) is 

-0.592. It denotes in most of the cases, people are converting channel bed into agricultural 

land. The detail field visit reveals that specifically the channel bed of river Anjana, river 

Churni, river Kharkhari have using for agricultural purposes. A negative and significant 

change has been observed between ‘the change in area of settlement’ and ‘the change in 

area of agricultural land’. The correlation value of person correlation (r) is -0.790 (Table 4). 

A negative and significant change has been observed between ‘the change in area of vege-

tation’ and ‘the change in area of agricultural land’. The correlation value of person corre-

lation (r) is -0.589 (Table 4). Therefore, it can be easily said that people are converting 

agricultural land and vegetation cover into buildup area. The areas under water bodies have 

been continuously converting into agricultural areas and buildup areas by the people to 

fulfill the ever growing demands of human beings at a cost of natural environment. People 

are using river and its catchment area as dustbin or waste dumping ground (Fig. 17). Maaß 

et. al, (2021) stated that human activities like alteration in land use and land cover of flood 

plain area affects the river channels. 

Management and Conclusion  

From the foregoing discussion, it is cleared that people are converting areas under natural 

vegetation, water bodies into agricultural land, built up areas etc. at a cost of natural environ-

ment through various activities like deforestation, construction of human structures, expan-

sion of agricultural land etc. The decreasing values of NDVI and NDWI within 2 kilometers 

buffer zones of both sides of rivers show that the existence of healthy vegetation and healthy 

water bodies are almost absent there from the year 1991 and 2025. The supervised image 

classifications in 1991 and 2025 also support drastic alteration in land use / land cover within 

2 kilometers buffer zones of both sides of rivers. Various anthropogenic activities not only 

deteriorating the water quality of rivers (as per less values of NDWI) but at the same time the 

human activities are encroaching the river channels. To take prompt management strategies 

for the survival of decaying rivers (Fig. 17) become very necessary because the existence of all 

biotic communities very much depends on water bodies. If proper management strategies can 

be implemented then the problem of river decay can be handled well (Fig. 18) and it will be 

very much essential and beneficial for the human society.  
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Fig. 17 (a-d). Condition of rivers 

If proper management strategies can be implemented then the rivers again will become 

a healthy rivers just like before. Again, it will be a good source of water resource. Based on 

these rivers, very good fishing grounds can be developed which will again support many 

people economically. Maaß et. al, (2021) stated that depending upon substantial knowledge 

on historical as well as characteristics of fluvial morpho dynamics, the success in the pro-

cess of river restoration may achieve. For management of decaying river, first of all, illegal 

capturing and fragmentation of river should to stop. Stoffers et. al, (2024), emphasized the 

key components of the European nature restoration law of 2023 for reviving European riv-

ers through law establishment for restoring degraded rivers, prioritizing area of interest, 

adequate financial support, collaborating nature among all stakeholders, public awareness, 

etc and they focused on the natural restoration law for reviving rivers. It is very necessary 

to free the river from all its barriers. EEA (2021) mentioned in their report that different 

barriers on rivers like dam, weir, culvert etc. alters natural flow of rivers and they deterio-

rating the quality of water of rivers. EEA (2021) suggested different strategies to improve 

river continuity by removing barriers, constructing fish migratory way etc. Bellitti (2020) 

showed that the major predictors of barrier density of European rivers are pressure related to 

agriculture, construction of river road crossing on rivers etc.. Dredging is needed to maintain 

the course of river in the affected areas and maintain the navigability of channels. River en-

croaching has introduced siltation on river bed. Illegal capturing of river banks and river bed 

should to take off to maintain the natural flow of decaying rivers. EEA (2021) emphasized on 

the importance of free the rivers from all the barriers to improve river ecosystem. In the study 

area, to manage channelization and flow regulation of decaying rivers management of stream 

corridor is necessary to maintain healthy channel flow (Fig. 18).  
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Fig. 18. Management strategies to prevent channel decay 

Maaß et. al, (2021) stated that maintenance of flood plain area is very essential to man-

age degraded rivers in Western Europe. It can be concluded that river decay is really a burn-

ing problem for the human society. It is continuously bringing various problems in human 

livelihood and in natural environment. The preconceived idea in this research is “Decay of 

river is highly caused by various anthropogenic activities” and the application of different 

methods like width measurement to find out the shrinking width of river, supervised image 

classification to identify drastic changes in land use and land cover specially decreasing 

area of water bodies, increasing areas of settlements, increasing use of area on the river 

channel, etc. NDWI and NDVI both have in most of the cases negative values which indi-

cates not good condition in respect of water bodies and vegetation cover respectively. All 

the used Indies have scientifically supported the taken hypothesis. The main reason of de-

cay of river is various anthropogenic activities which is clear from the foregoing discussion. 

The case studies of river Kharkhari, river Churni, river Anjana and in many sites of river 

Jalangi also scientifically proved that positive change in the area under settlement and ag-

ricultural land from the year 1991 to 2025 has significant impact on encroaching of river 

width of river Kharkhari, river Churni, river Anjana and in many sites of river Jalangi from 

1991 to 2025. The problem of river decay or encroaching river can be stopped by the con-

cerned authority. Legal steps need to be taken to stop illegal capturing and fragmentation 

of rivers; free the channel from all fencing and barriers, maintenance of river bed by dredg-

ing, stop dumping waste and garbage into the rivers’ water and its surroundings, use of land 

along the river or the management of watershed needs to be maintained. Construction of 
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houses, other concrete structures need to avoid along the river banks. Decaying river again 

can be reformed in its previous living condition if suggested strategies can be implemented 

by concern authority.  
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