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Abstract 

The Ganges basin, extending from Tibet to the coast of the Bay of Bengal, is one of largest river basins 

of Asia and a significant part of it lies in Bangladesh. The temporal change along the left bank of the 

Ganges flowing through the North West region of the country (Chapainawabganj, Rajshahi, Natore 

and Pabna district) is the focus of this study. Landsat images from 1980-2018 along with Google 

Earth historical imagery have been used to delineate approximately 230 km shoreline and Digital 

Shoreline Analysis System (DSAS), an extension in ArcGIS, has been used for analyses. The Shoreline 

Change Envelope (SCE) and End Point Rate (EPR) methods have been used to determine the 

shoreline changes. The SCE method determined a maximum migration of 10,054 m for the study time 

period of 1980 to 2018 in Chapainawabganj district. During this period, the maximum accretion and 

erosion rate have been determined 258.5 m/y and -231.8 m/y respectively both in Chapainawabganj 

district. From the shorelines delineated from historical satellite images, it has been observed that the 

bank along Chapainawabganj district is more dynamic compared to that of Rajshahi, Natore and 

Pabna.  The analysis also shows in most of the erosion occurred from 1980 to 2000 while in 1990-200 

and 2010-2018 accretion was dominant. The balance between eroded and accreted land is the reason 

behind the stable width of the Ganges. 
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1. INTRODUCTION 

Erosion and accretion of river are common in Bangladesh because of its geolgraphical location. Most 

of the rivers and channels are complex and shifting in nature which make river bank shifting more 

common (Best and Bristow 1993). Riverbank erosion and accretion are natural geomorphological 

processes which take place round the year. Both natural and human impacts are responsible for river 

bank erosion. Dynamicity of streams is the natural cause of erosion and it can produce favorable 

outcomes such as the formation of productive floodplains and alluvial terraces (Mollah and Ferdaush 

2015). Some stable rivers have a healthy amount of erosion; however, unstable rivers and the erosion 

taking place on those banks are a cause for concern (Mollah and Ferdaush 2015). Riverbank erosion 

plays a significant role on short and long-term channel adjustment, development of meanders, 

sediment dynamics of the river catchment, riparian land loss and downstream sedimentation problems 

(Lawler et al 1997) 
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The Ganges river system with a catchment of 1.09 million km2 is one of the largest river systems in the 

world. Originating from Gangotri glacier of the Himalayas this river in its 2526 km course to Meghna 

river flows through China, Nepal, India and Bangladesh. Only 4.3% of the catchment area of this river 

lies in Bangladesh which consists of almost 32% of the total area of the country (Mirza 2004). Ganges 

river system in Bangladesh, consisting of the Ganges river and Padma river receives an annual rainfall 

of 1200 mm (Sulser et al 2010). 80% of the total annual discharge volume of the river system occurs 

during monsoon period (July-October) (Kale 2003). As a result, regions along Ganges experience 

floods of large magnitude recurrently (Gupta 1995; Sharma 2005). Migration of the river due to 

erosion and bed scouring is common and many believe that the situation has aggravated with increased 

human activities (Sharma et al 2010).  

Temporal change of riverbanks can be assessed with satellite data using GIS and remote sensing 

techniques. Ozturk et al (2015) performed a spatiotemporal analysis to study the shoreline changes of 

the Kizilirmak Delta, Turkey. Bheeroo et al (2016) determined the shoreline change rate and 

performed erosion risk assessment along the Trou Aux Biches–Mont Choisy beach of Mauritius using 

GIS-DSAS technique. In the context of Bangladesh, such studies have been performed along the major 

river systems like Ganges, Brahmaputra and Meghna near different vulnerable erosion zones. Nath et 

al (2013) studied trend analysis of the river bank erosion of Meghna river for the period of 1980 to 

2010 at Chandpur, one of the major erosions and accretion zone of the Bangladesh.   

In this study, four districts along the left bank of the Ganges in the North West region of Bangladesh 

(Chapainawabganj, Rajshahi, Natore and Pabna) have been selected as the study area. The objective of 

the study is to analyze the trend of change of the left bank of the Ganges in these districts. Landsat 

images from 1980-2018 along with Google Earth historical imagery have been used to delineate 

approximately 230 km shoreline and Digital Shoreline Analysis System (DSAS), an extension in 

ArcGIS, has been used for analyses. The temporal change along the left bank of the Ganges flowing 

through these districts have been determined and shoreline change rates have been compared both 

district wise and periodically.   

2. METHODOLOGY 

With numerous satellite images offering varying levels of spectral, spatial, radiometric and temporal 

resolution, remote sensing is widely used for monitoring dynamics of coastal areas such as shoreline 

changes (Alesheikh et al 2007; Schwartz 2005). In this study, multi-temporal Landsat imageries were 

used to analyze the movement of shorelines from 1980 to 2018. The timeline was divided into four 

decades and images of 1980, 1990, 2000, 2010 and 2018 were collected from website of United States 

Geological Survey (USGS). The 1990, 2000, 2010 Landsat-5 Thematic Mapper (TM) imageries and 

2018 Landsat-7 with the improved Enhanced Thematic Mapper (ETM) scanner imagery had an image 

resolution of 30 m pixel size for six of the seven spectral bands, whereas 1990 Landsat-3 Multispectral 

Scanner (MSS) image had resolution of 60m with four bands.  For each year, two Landsat imagery of 

path 138 and 139, and of row 43 were used to cover the study area. Also, google earth images of the 

region were collected from google earth historical imagery for extracting the shorelines more 

accurately.  

The Digital Shoreline Analysis System (DSAS) is a statistical analysis tool to compute rate-of-change 

statistics for a time series of shoreline vector data (Thieler et al 2009). It works within the 

Environmental Systems Research Institute’s (Esri) Geographic Information System (ArcGIS) 

software.  In this study, DSAS v4.4 was used for analyzing shoreline statistics, along with other 

features of ArcGIS. Landsat imagery had co-ordinate system of WGS 1984 UTM Zone 45N. 

Historical imagery from google earth for the same year was opened with the Landsat imagery and 

georeferenced at the exact location with the same co-ordinate system in ArcGIS. With the help of 

ArcGIS tools, the shoreline for each of the selected years were extracted and matched with the google 

earth images for accuracy. Thus, five shorelines were extracted for the corresponding years. Each 
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shoreline contained two mandatory fields of date and uncertainty which were necessary for operations 

in DSAS. A default uncertainty value 4.4 was used in the study.  

For determining the rate of change statistics for time series of shorelines, DSAS needs a baseline 

(Leatherman and Clow 1983). The baseline can be placed onshore or offshore with respect to 

shoreline. In this study, an onshore baseline with a length of about 190 kilometers was created which 

stretched from Chapainawabganj to Pabna district. Also, 949 transects were cast at 200 m interval 

from the baseline. Due to the vibrancy of the shoreline, the baseline was placed a little distant from the 

shore, hence the length of each transect was 18500 m.  

The shorelines were analyzed in four pairs (1980-1990, 1990-2000, 2000-2010 and 2010-2018) and 

also all together in DSAS. The statistics calculated in DSAS were Shoreline Change Envelope (SCE), 

Net Shoreline Movement (NSM), End point rate (EPR), Linear Regression Rate (LRR) and Least 

Median of Squares (LSM). In this study, only SCE and EPR had been used for trend analysis of the 

shoreline changes. SCE represents the distance between the nearest and the farthest shoreline from the 

baseline and is not related to their dates.  EPR (m/y) is the rate of change between the oldest and most 

recent shoreline and the computation of EPR uses only these two shorelines. The landward shifting of 

the shoreline with respect to the baseline is erosion and seaward shifting is accretion of land. The 

statistical values in transects were denoted negative (-) for erosion and positive (+) for accretion 

(Anders and Byrnes 1991). Also, to represent the erosion and accretion in amount of area, eroded and 

accreted area in hectares (ha) had been determined. To determine the area eroded and accreted, 

polygons between shorelines were created in ArcGIS for each decade. The areas of polygons 

representing erosion and accretion were calculated separately to determine the lost and gained lands 

for each timeframe.  

3. RESULTS AND DISCUSSION 

Shoreline along the left bank of Ganges changes significantly, moderately and a little in 

Chapainawabganj, Pabna-Natore and Rajshahi respectively during the time period of 1980-

2018.Figure 1 shows the shorelines in the left bank of the Ganges from 1980 to 2018.  

 

Figure 1. Historic Shorelines along Left Bank of the Ganges 

In Chapainawabganj, shoreline has changed the most during 1980-2018 time period with a maximum 

SCE of 10054.42 m. Most of transects of Chapainawabganj have higher value of SCE indicating 

significant dynamicity. In Pabna, the second largest SCE has been observed (9528.72 m) near the 

confluence of the Ganges, Brahmaputra and Padma river. Other areas in Pabna, except the confluence 

zone, show moderate change in terms of SCE. In Natore, district has relatively small river side area 

and most of transects indicate a moderate change. Rajshahi has the lowest value of SCE (5175.29 m) 

among these four districts. Transects in Rajshahi are stable in terms of SCE comparing with changes in 

other three districts. Figure 2 shows SCE(m) graph for 1980 to 2018 time period for the four districts. 



Trend Analysis of Shoreline Changes of the Ganges in NW Region of BD                                                   Hasan and Mow 

 

2nd International Conference on Water and Environmental Engineering (iCWEE2019), 19-22 Jan 2019, Dhaka       42 
 
 

 

Figure 2. SCE (m) Graph between 1980 and 2018 for the Study Area 

According to the results shown in table 1, Chapainawabganj has the greatest erosion rate as well as 

accretion rate for all periods according to minimum and maximum value respectively. The mean 

values of EPR also show that Chapainawabganj has the highest erosion rate ( -85.9 m/y, 1980-1990) 

while Natore has the highest accretion rate (258.3 m/y, 2010-2018). The percentage of transects shows 

that Pabna has highest percentage (81%) of erosion transects in 1980-1990 while Rajshahi has the 

highest percentage (73%) of accretion transects in 2010-2018.  

Table 1. Shoreline Change Rate According to EPR Method 

Period (Year) 1980-1990 1990-2000 2000-2010 2010-2018 

Chapainawabganj (Number of Transects=182) 

Mean Value -85.9 40.0 -51.4 -5.9 

Max Value 121.5 864.7 170.8 124.2 

Min Value -386.7 -554.9 -269.3 -244.5 

Erosion Transects, Number (%) 138 (76) 100 (55) 152 (84) 63 (35) 

Stable Transects, Number (%) 0 (0) 0 (0) 0 (0) 1(1) 

Accretion Transects, Number (%) 43 (24) 81 (45) 29 (16) 117 (64) 

Rajshahi (Number of Transects=349) 

Mean Value -12.1 2.7 7.8 53.1 

Max Value 23.4 113.1 338.7 730.2 

Min Value -173.4 -23.6 -108.3 -145.1 

Erosion Transects, Number (%) 250 (72) 175 (50) 179 (51) 93 (27) 

Stable Transects, Number (%) 0 (0) 0 (0) 0 (0) 0 (0) 

Accretion Transects, Number (%) 99 (28) 174 (50) 170 (49) 256 (73) 

Natore (Number of Transects=59) 

Mean Value -16.0 0.5 6.3 258.3 

Max Value 9.2 38.7 131.6 794.1 

Min Value -34.4 -24.2 -13.4 -24.9 

Erosion Transects, Number (%) 27 (46) 26 (44) 35 (59) 25 (42) 

Stable Transects, Number (%) 0 (0) 0 (0) 0 (0) 0 (0) 

Accretion Transects, Number (%) 6 (10) 33 (56) 24 (41) 34 (58) 

Pabna (Number of Transects=359) 

Mean Value -45.2 61.0 4.6 111.8 

Max Value 32.0 739.6 137.5 546.9 

Min Value -232.0 -100.7 -87.2 -41.3 

Erosion Transects, Number (%) 291 (81) 150 (42) 184 (51) 123 (34) 

Stable Transects, Number (%) 0 (0) 0 (0) 0 (0) 0 (0) 

Accretion Transects, Number (%) 68 (19) 209 (58) 175 (49) 236 (66) 

 

According to the graph shown in Figure 3, Chapainawabganj has the highest erosion rate (- 231.84 

m/y) as well as accretion rate (258.5 m/y). Shoreline of Rajshahi is stable in terms of EPR. Most of 

transects in Natore have seen accretion within 1980-2018. Pabna has seen most accretion in study time 

period with a maximum value of 251.6 m/y near the confluence of Ganges, Padma and Brahmaputra. 
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Overall the results of shoreline change rate indicate that bank along Chapainawabganj is highly 

dynamic with most of its length undergoing erosion. The shorelines of other three districts are going 

through mostly accretion in the recent years.  

Table 2 shows the area of land eroded and accreted during 1980-2018. Higher accretion (28857 ha) has 

been observed then land erosion (18813 ha). Maximum erosion is observed during 1980-2000 and 

maximum accretion is observed during 1990-2000 and 2010-2018. Rajshahi division was affected 

severely during the floods of 1988 and 1998 which might be the reason of major erosion in this region 

during 1980-2000 period. 

 

 

Figure 3. EPR (m/y) Graph of the Study Area for 1980-2018 

Table 2. Eroded and Accreted Area in Left Bank of Ganges in the Study Area from 1980-2018 

Period (year) 1980_1990 1990_2000 2000_2010 2010_2018 Total 

Erosion (ha) 8424 6133 3446 811 18813 

Accretion (ha) 418 14023 3006 11410 28857 

 

4. CONCLUSION 

 

Traditional studies of riverbank changes require conventional surveys, repeated measurements to 

identify and to evaluate changes. In this study, a combination of GIS and remote sensing technique 

along with statistical analysis in DSAS has been used to determine the change of shoreline along the 

left bank of the Ganges. Using a GIS integrated statistical tool like DSAS has helped to evaluate the 

change in shoreline using various parameters in a more comprehensive manner.  

Analysis performed in this study shows that shoreline along Chapainawabganj district is the most 

unstable among the four districts of the study area. To protect the eroding bends of Chapainawabganj, 

river protection structures like spurs were constructed in the 2000s. As a result, decrease in erosion 

rate has been observed from 2000 to 2018. The study also showed that Rajshahi has the most stable 

shoreline in the study area which is the result of revetment and groyne construction in 1970s to protect 

Rajshahi town. Due to river protection works in the Upstream at Rajshahi, no significant erosion has 

been observed in Natore.  The riverbank in Pabna is also comparatively stable due to the river 

protection work near Hardinge Bridge. Moreover, highly and moderate erosion resistant bank material 

is abundant along the left bank of Ganges river.  Stability of bank in Rajshahi district is also due to 
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presence of old Pleistocene sediment from Barind Tract which is highly erosion resistant bank material 

(Hossain 2006).  

Detecting shoreline change is a vital task for in many disciplines specially related to management and 

planning of river systems. Trend analysis helps to predict the future scenario of the region also allows 

simulations and planning to be performed (ozturk et al 2015). GIS and remote sensing approach also 

allows a synoptic viewing to predict changes in a large region (Lam-Dao et al 2011).  It is expected 

that quantitative results of this study will help the planners to assess the current situation of the region 

and take steps for the future.  
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