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Abstract

The Barak River is recognised as one of the most highly meandering rivers in Northeast India, which presents considerable challenges for local
communities, particularly during flood events. This study conducts a thorough investigation into the geomorphological transformations occurring
within an urban meander loop situated in the centre of Silchar city, Assam, India. The analysis demonstrates that the length, width, ratio, and
wavelength of the meander have exhibited an overall increase, while the sinuosity and radius of curvature have shown a declining trend. A
comprehensive land use and land cover analysis of the urban meander loop reveals a significant increase in settlements by 16.18%, accompanied by
reductions in water bodies (0.57%), dense vegetation (2.58%), and agricultural land (13.16%). The Auto Regressive Integrated Moving Average
(ARIMA) model was employed to facilitate predictive analysis to forecast channel shifting trends up to the year 2030. The results indicate that the
channel in the urban meander loop is undergoing erratic changes, shifting either to the right or left. There is a high correlation between the observed
and the predicted values, with an R? value of 0.8. The persistent uncertainty in channel movements is anticipated to pose ongoing threats to nearby
settlements and significantly alter existing land use in the foreseeable future.

1. Introduction

The term "meander” itself has historical origins. It derives from the ancient name "Maiandros," referencing a deity in Greek mythology believed to alter
territorial boundaries along riverbanks, often resulting in legal disputes (da Silva et al. 2017). Due to their dynamic nature, meandering rivers have
long posed challenges and have thus drawn the attention of scientists since the late 19th century. Foundational contributions were made by
researchers Friedkin (1945), but a significant shift occurred in the latter half of the 20th century, following the work of Rozovskii (1957). Early
research often relied on physical models and flume experiments to understand river channel behaviour. Although preliminary attempts at quantifying
meander parameters date back to the 1930s, it wasn't until the 1960s that researchers began developing empirical formulas and exploring
interrelationships among meandering variables (Leopold & Wolman, 1957; Leopold & Langbein, 1966). The 1970s saw a shift towards analysing
meandering behaviour over short time scales, opening new research avenues (Daniel, 1971; Lewin & Brindle et al., 1977; Hooke et al., 1983; Ferguson,
1984). Howard et al. (1994) later advanced the field by developing computational models for simulating river dynamics. Lewin and Brindle et al.
(1977) employed a straightforward method of overlaying temporal photographs to visually assess channel changes. Hooke et al. (1983) classified
five different methodologies for analysing meanders, three of which involve comparing river reaches across different periods. Experimental and field
studies consistently show that alluvial river meanders gradually migrate downstream (Tiffany et al., 1939; Friedkin, 1945; Ackers & Charlton, 1970).
Hickin (1977) observed that meanders in freely migrating, unconfined systems tend to exhibit more significant movement compared to those in more
stable, resistant terrains. Despite diverse distortions in meander patterns, consistent trends often emerge within a given channel. Klaassen and
Masselink (1993) analysed meandering progression by superimposing sine curves onto river paths and identified five development modes, like
expansion, rotation, translation, and their combinations.

Meandering rivers have played a crucial role in supporting human civilisation by providing essential resources such as water for domestic use,
agriculture, and transport, while simultaneously sustaining diverse riparian and aquatic ecosystems. However, due to their highly dynamic and
unpredictable nature, meandering channels present numerous practical challenges in management and planning (Inglis and Lacey, 1947; Jansen et
al.,, 1979; Martin-Vide, 2006). There have been various explanations put forward regarding why rivers meander. They include the Excess Energy theory
(Inglis and Lacey, 1947; Leopold & Wolman, 1960), Earth Rotation theory (Gilbert, 1884), Disturbance theory (Friedkin, 1945), and Helicoidal Flow
theory (Onishi et al., 1976). Yet, even with a vast amount of research, the causes of meandering are still very complicated, and no one theory provides
a comprehensive explanation for all the observed behaviours. Understanding river behaviour requires detailed knowledge of streamflow
characteristics and their interaction with channel geometry and planform, which are pivotal in river engineering and fluvial gegomorphology (Thorne et
al., 1997). Water in the meandering channels flows in a spiralling manner and, as a result, is not only accelerated in the outer concave side but is also
guided through centrifugal forces, which is an important factor in erosion of such points. This has been expounded by Knighton (1998) and also
observed by Chang (1988), who covered such phenomena as the super-elevation of the water surface at the outer bank, flow circulation between the
inner and outer bend and also the interaction of linear and rotational forces leading to spiral movement along the bends.

The process of river meandering is fundamentally driven by bank erosion, which leads to lateral migration and eventual channel shift. As the banks
erode and migrate sufficiently, the river may eventually loop back on itself, forming a cut-off. Two primary types of cut-offs are identified in fluvial
literature: chute and neck cut-offs Thorne et al., 2020). Chute cut-offs generally occur across stretches longer than the width of the river channel and
are more frequently observed, whereas neck cut-offs form across narrower segments of the floodplain and are relatively uncommon Ondruch et al.,
2002). A notable long-term study by Hooke (2007), based on two decades of observations of a naturally active meandering river, shed light on the
geomorphological instability and evolution of such systems. Findings indicated that as sinuosity increases, so does the lateral migration rate of the
channel. However, when the meander becomes excessively sinuous, with large bend amplitudes, the river's transport efficiency, slope, and velocity
tend to decline. Once a certain threshold of sinuosity is reached, the river may no longer sustain its form, leading to the formation of a cut-off. Such
events reduce sinuosity but result in increased slope and flow velocity. Therefore, in alluvial plains, the process of meandering is ongoing and seldom
reaches a point of complete stability. In one prominent study, Takagi et al. (2007) investigated both the spatial and temporal changes in the
conveyance of the large, sandy, braided environment of the Brahmaputra River with the help of satellite images as well as geographic information
systems (GIS). In studying the characteristics of meandering regarding any notable avulsion activities on the Ganga River, Roy and Sinha (2018)
examined the morphodynamics of meandering. In their study, the parameters related to the channel sinuosity were pointed out to be strongly
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correlated with the sediment dynamics. In the same light, Methun Deb and Dabojani Das (2012) evaluated the meandering properties of the Manu
River in Bangladesh through remote sensing and the utilisation of GIS. These shark researchers compared contemporary satellite images with past
data to identify how meander parameters have changed with time. Interestingly, they found that their results are non-linear, where initially there was
an increase in channel sinuosity after which it decreased in later years. During recent years, an increasing amount of attention has focused on the
study of the human impact on the morphology of rivers, especially in view of the meander development and channel dynamics (Sil et al., 2022;
Annayat et al., 2022; Debnath et al., 2023; Khan et al., 2025)

This paper discusses geomorphological changes in one of the most dynamic urban meander loops of the Barak River in Silchar, Assam, in India. The
variation over time in channel behaviour was analysed by quantifying such important meander parameters as length, width, ratio, wavelength,
sinuosity and radius of curvature using historical satellite imagery. Analysis of land use and land cover (LULC) demonstrated significant growth in
land cover of settlements and a reduction in the area covered by agricultural land, dense vegetation and waterbodies. Data were observed over time
to determine the Auto-Regressive Integrated Moving Average (ARIMA) model to forecast channel migration. The model is used to forecast the most
likely future channel locations up until the year 2030, which would act as imperative information during urban planning and the areas of flood risk
management. The following points are the central objectives of this study.

. To identify the geomorphological changes of the urban-meander loop of River Barak at Silchar, Assam, through the evaluation of dominant
parameters of meandering (meander length, width, ratio, wavelength, sinuosity and radius of curvature).

II. To understand the transformation of land use and land cover (LULC) of the urban meander loop area longitudinally with the ultimate goal of
measuring the sprawling of urban growth area and reduction of natural land types, i.e., waterbodies, vegetation, and agricultural land.

Ill. To predict the possibilities of channel changes until the year 2030, through ARIMA model outputs to aid flood risk reduction and urban design
within the city of Silchar.

2. Regional Setting

The Barak River stands as the second-largest river system in Northeast India, flowing almost parallel to the Brahmaputra River in the southeastern
segment of the Himalayan foothills. It spans approximately 1.38% of India’s total geographical area (Jain et al., 2007). Originating from the Japvo
mountain in the Manipur hills at an altitude of 3,015 meters, the Barak River initially flows southward through rugged hilly terrain until it reaches
Tipaimukh, a location near the tri-junction of Assam, Manipur, and Mizoram. At this juncture, the river takes a sharp bend and transitions into the
plains of Assam's Cachar district, briefly forming the boundary between Assam and Manipur near Jirimat, just upstream of Lakhimpur. The river then
continues its westward journey through the Barak Valley before crossing into Bangladesh, where it bifurcates into the Surma and Kushiyara rivers,
eventually merging into the Meghna River. The area selected for this study lies in the main Silchar city Ghat in Assam (Fig. 1). Geographically, the
basin is situated between latitudes 22°44'N and 25°58'N and longitudes 89°50'E and 94°00'E. The river features a gentle bed slope, which decreases
downstream from approximately 1:10,000 in its upper reaches to about 1:20,000 in the lower sections (Jain et al., 2007). Along the alluvial
floodplains, riparian vegetation is relatively sparse. Dominant plant communities include bamboo thickets (Bambusoideae), both wet and dry
grasslands (Phragmites karka), and savanna grasslands (Apluda mutica) (Annayat et al, 20204, b). Climatically, the basin experiences a warm and
humid subtropical environment, receiving annual rainfall between 2,500 mm and 4,000 mm, with over 80% occurring during the monsoon months
from April to October (Annayat 2025).

3. Data Used

Based on the scope of this study, multiple datasets (1984, 1992, 2002, 2012, and 2017) were utilised to examine the geomorphological
transformation of the Barak River's urban meander loop within Silchar city. High-resolution satellite imagery was utilised to extract meander
parameters, including length, width, wavelength, meander ratio, sinuosity, and radius of curvature, over various periods. These spatial datasets
enabled the detection of morphological changes in the river channel. Also, remote sensing methods analysed land use and land cover (LULC)
information (2000, 2010, 2020) to determine the changes in the settlement, agricultural lands and vegetation, and waterbodies within the region. The
ARIMA model had time series data input based on the above analyses, and it was used to conclude on the future trend of channel migration until the
year 2030. A combination of spatial, temporal and statistical data sets gave a broad foundation upon which to assess the historical trends and future
projection of changes in the behaviour of the river. Table 1 displays all the information regarding the information that was utilised in the current study.

Table 1

Summary of datasets, sources, and parameters used for assessing geomorphological changes and predicting future channel migration of the Barak
River’s urban meander loop within Silchar city

Satellite Sensor Path/ Scale Year Source
Row
Geomorphological Data (Landsat MSS TM ETM* 136/43 60m and 1984, 1992, 2002, http://earthexplorer.usgs.gov
Images 1,2, 5,7, 8) ETM. OLI ’ 30m 2012,2017
LULC Data ETM*, ETM, OLI 136/43 30m 2000, 2010, 2020 http://earthexplorer.usgs.gov
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3. Methodology

The methodology adopted in this study is structured into two primary components: (i) morphometric parameters of individual meander loops were
assessed across five timeframes (1984, 1992, 2002, 2012, and 2017), and LULC analysis was carried out for the years 2000, 2010 and 2020; (ii)
prediction using the ARIMA time-series model. Each of these components contributes uniquely to understanding the geomorphological
transformation and future trajectory of the urban meander loop in Silchar.

3.1. Morphometric Analysis

In this study, the initial data processing, Landsat 1 (MSS) imagery exhibited line striping, a scanning-related error. This issue was rectified through
appropriate filtering techniques as suggested by Pan and Chang (1992). The original 60-meter resolution MSS data was georeferenced using multiple
ground control points to enhance spatial accuracy, and subsequently resampled to a finer 30-meter resolution. Additionally, radiometric and haze
corrections were performed using ERDAS IMAGINE 14, following the procedures outlined by Hazarika et al. (2015). The river channel has also been
divided into two reaches to study the pattern of migration, where these two reaches are around the Silchar town. These reaches were not perfectly
regularly spaced, as there were specific visual readings that informed their location using several images of multi-temporal satellite images. The
denser segmentation has been used in regions with strong morphometric change, which makes it more realistic in depicting dynamic river behaviour.

3.2 ARIMA Model

The Autoregressive Integrated Moving Average (ARIMA) model was used in attempting to predict the future trend of migration in the looped urban
meander of the Barak River at the Silchar site. ARIMA is one of the common models of time-series forecasting and incorporates three elements, are:
an Autoregression (AR), differencing (1), and moving average (MA). Autoregressive (AR) component linearises the current value of a series in terms of
the past values of the series. That of an AR model of order p is written generally as:

yl = C+ b yl_, + doyl_, + -+ + GRYN_K + el (1)
Where:

yl is the value at time ¢, C is a constant,

d4, ¢,...dH are the AR coefficients, and

€ll is the error term at time t.

The Moving Average (MA) component captures the dependency between an observation and a residual error from a moving average model applied
to lagged observations. The MA model of order g is given by:

yl=C+ell - 0,€ell_, - 6,el_, - --- - Bqell_q (2)

Where:

0, 6,..., 6q are the MA coefficients,

ell and its lags are white noise error terms.

Combining both AR and MA components results in the ARMA (p, q) model, represented as
yE = C+ byl + doyl_, + --- + GUYH_H + €ll - 8,€l_, - 8,€ell_, - --- - 6_qell_q (3)

In this study, the ARIMA model was applied after differencing the data to ensure stationarity, making it suitable for time-series forecasting. The
predicted values of channel migration trends up to the year 2030 were obtained using this model.

4. Results and Discussion
4.1 Morphometric Parameters and LULC analysis

Based on morphometric analysis, several parameters, such as meander length, width, ratio, sinuosity, wavelength, and radius of curvature, were
examined across different periods. As shown in Fig. 2, the longest meander was recorded in 2002 at reach-1 (Neairgram Part-Il), measuring 5,496
meters, while the shortest was observed at reach-2 (Gangapur) in 2012, with a length of 2,369 meters. The average meander length between 1984
and 2017 shows a rising trend. Comparable findings have been reported for the Manu River in Bangladesh (Mithun et al., 2012) and the Bhagirathi
River in West Bengal (Islam and Guchhait, 2017). Figure 3 illustrates that the widest meander, 3,054 meters, occurred in 2002 at reach-1 (Neairgram
Part-11), whereas the narrowest, at 2,657 meters, was found in 2012 at reach-2 (Gangapur). The average width of the meanders during the study
period also demonstrates an upward trend. As indicated in Fig. 4, the highest meander ratio (1.12) was noted in 2012 at reach-2 (Gangapur), and the
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lowest (0.55) in 2002 at reach-1 (Neairgram Part-Il), again reflecting an overall increasing pattern. Figure 5 highlights that the maximum sinuosity
value of 2.15 was observed in 2017 at reach-1 (Neairgram Part-I), while the minimum, 1.56, occurred in 2002 at reach-2 (Gangapur). Notably, both
the reaches (reach-1, reach 2) displayed sinuosity values greater than 1.5, suggesting the presence of highly sinuous channel segments. Leopold and
Wolman (1957) noted that channels with sinuosity greater than 1.5 are classified as meandering. The values obtained in this study fall within the
range reported by earlier works, such as Debnath et al. (2017), Bag et al. (2019), and Mithun et al. (2012). Figure 6 illustrates the variation in
wavelength values for Neairgram Part-Il and Gangapur over the years 1984, 1992, 2002, 2012, and 2017. Gangapur consistently recorded higher
wavelength values across all five years, maintaining a relatively stable level slightly above 4500 meters. Contrastingly, Neairgram Part-Il has a
significant decrease observed between 1984 and 2012, peaking in 2012, and rising further in 2017. This implies that Neairgram Part-Il might show
deviation on the negative scale in terms of its wavelength over the years, but latterly improving at the end, whereas Gangapur wavelength was
consistent throughout the observation period. In Fig. 7, the radius of curvature of Neairgram Part-1l and Gangapur has been illustrated regarding
1984, 1992, 2002, 2012 and 2017. In the whole interval, there was a continued greater radius of curvature in Neairgram Part Il than in Gangapur. The
Neairgram Part-Il values were highest in 2002, and there was a minimal variation of values in the remaining years, with a regressive value in 2012 and
a stagnated value in 2017. Gangapur, on the other hand, had relatively small and constant reimbursement rates every year except for slight
fluctuations. This trend indicates that Neairgram part-Il showed bigger changes of curvature over the years than Gangapur, which has revealed a
slight variation.

Figure 8 (a, b) shows a map that tracks the positional changes of a river channel over time from 1984 to 2017. For reach-1, each year is represented
by a different colour—magenta for 1984, yellow for 1992, black for 2002, cyan for 2012, and red for 2017. From the pattern, it's evident that the river
has undergone noticeable lateral shifting, especially towards the eastern side over time. The red line, representing 2017, shows a clear outward
movement compared to earlier years, indicating erosion on one bank and deposition on the other. For reach - 2, each year's river path is marked with
a different colour: light pink for 1984, red for 1992, black for 2002, green for 2012, and dark pink for 2017. The river shows significant lateral
movement and channel migration across the years, especially noticeable in the bends and curves of the channel. The most recent channel path
(2017) lies further outward in some segments compared to earlier years, indicating gradual erosion and deposition processes.

The land use and land cover (LULC) dynamics between 2000 and 2020 reveal significant transformations within the study area (Table 2 and Fig. 9).
Agricultural land has experienced the most substantial decline, decreasing from 34.60 km? in 2000 to 21.44 km? in 2020, reflecting a net reduction of
approximately 13.16%. Dense vegetation also declined steadily, with its area shrinking from 13.61 km?2 to 11.03 km? over the same period, marking a
2.58% decrease. Water bodies showed fluctuations, increasing slightly in 2010 before reducing to 7.61 km? in 2020, resulting in an overall net loss of
0.57%. Conversely, the settlement category has expanded significantly, growing from 18.34 km? in 1999 to 34.52 km2 in 2020, indicating rapid
urbanisation with a net increase of 16.18%. The "Others" category remained relatively stable, with a marginal rise of 0.13%. These changes highlight a
clear trend of urban expansion occurring at the expense of agricultural and vegetated areas.

The accuracy assessment of the classified LULC maps for the years 2000, 2010, and 2020 reflects high classification reliability across all categories
(Table 3). In 2000, the user’s accuracy exceeded 94% for all land cover types, with water bodies and dense vegetation achieving particularly high
accuracies of 98.5% and 98.9%, respectively. The producer’s accuracy for the same year was also impressive, with agricultural land reaching 100%
and an overall accuracy of 95.14%. In 2010, although there was a slight drop in some categories, the results remained strong, with settlement and
agricultural land showing consistent accuracy values. The overall accuracy for 2010 stood at 96.32%, indicating dependable classification. In 2020,
the classification quality improved again, with users’ accuracy for water bodies and dense vegetation at 98.3% and 95.86%, respectively, while
settlements reached 95.68%. The producer’s accuracy was similarly high, notably 100% for the “Others” class and over 93% for most other
categories. The overall accuracy for 2020 was 98.51%, confirming the robustness and reliability of the LULC classification across all three time
periods.

Table 2
Area statistics of LULC

LULC Class Area in Km? Net Change in %

2000 2010 2020
Waterbodies 8.181 9.4176 7.6078 -0.5732
Dense Vegetation 13.6109 12.9789 11.0277 -2.5832
Agricultural Land 34.5994  25.209 21.4436 -13.1558
Settlement 18.3375 27.5157 34.5173 16.1798
Others 1.7991 1.4067 1.9315 0.1324
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Table 3: Accuracy Assessment
User's Accuracy Producer's Accuracy Overall
Accuracy

Year  Water Dense Agricultural ~ Settlement  Others  Water Dense Agricultural ~ Settlement  Others

Bodies Vegetation Land Bodies Vegetation Land
2000 98.5 98.9 98.3 94.9 96.1 99.7 99 100 96.11 99.3 95.14
2010 96.8 94 96.3 94.95 99 97.5 98.5 96.5 98.2 93.83  96.32
2020 98.3 95.86 93.2 95.68 100 96.2 96.9 93.21 95.8 91.74 98.51

4.2 Migration Rates and Processes

An analysis of the morphometric characteristics at Neairgram Part-Il and Gangapur for the years 1984 to 2017 reveals gradual yet noticeable
changes in channel width and curvature. At Neairgram Part-ll, the channel width increased from 340 meters in 1984 to a peak of 439 meters in 2012,
before slightly narrowing to 400 meters in 2017 (Table 4). Meanwhile, the radius of curvature remained relatively consistent, fluctuating modestly
between 1064 and 1238 meters. The ratio of radius of curvature to channel width (r./b) shows a gradual decline from 3 in 1984 to 2.4 in 2012,
comparable with the results reported by Nanson and Hickin (1986) (r./b ~ 2-3), suggesting a subtle straightening of the channel over time. A similar
trend is observed in Gangapur, where the channel width initially increased significantly from 360 meters in 1984 to 508 meters in 1992, followed by a
gradual reduction to 450 meters by 2017 (Table 4). The radius of curvature remained fairly stable, resulting in rc/b ratios ranging from 1.3 to 1.1.
These trends indicate a shift toward more uniform and potentially more stabilised meander bends, influenced by both natural fluvial processes and
possibly anthropogenic factors, within relatively stable catchment areas of 19274 km? and 18677 km?, respectively.

Table 4

Temporal variation in channel width, radius of curvature, and their ratio for two meander reaches
(Neairgram Part Il and Gangapur) of the Barak River across different years.

Location Year  Channel Widthb (m) Radius of curvaturer, (m) Ratior,/b

Neairgram Partll 1984 340 1050 3.0
1992 361 1013 2.8
2002 405 1238 3.0
2012 439 1055 2.4
2017 400 1064 2.6

Gangapur 1984 360 492 1.3
1992 508 524 1.0
2002 490 498 1.0
2012 458 474 1.0
2017 450 498 1.1

4.3 Centerline channel shifting using ARIMA Model

The cross-sectional analysis of the riverbank migration across various sections from 1984 to projected values for 2030 demonstrates dynamic
lateral shifts on both left and right banks (Table 5 and Fig. 10). CS-1 experienced a gradual increase in right bank migration from 24 meters (1984—
1992) to 52.03 meters by 2030, with moderate accuracy as shown by an RMSE of 2.57 and R? of 0.83. CS-2 displayed significant early right bank
migration, peaking at over 318 meters by 2002, followed by a transition toward left bank activity post-2017, indicating a notable shift in fluvial
behaviour. CS-3 also recorded consistent right bank erosion, increasing to nearly 80 meters by 2030, while CS-2 presented a less consistent pattern,
with predominantly left bank migration showing a dip in 2017 before rising again. CS-5 revealed a sharp and steady right bank migration, intensifying
to over 140 meters in the projected period, reflecting one of the most active zones. Lastly, CS-6 exhibited significant right bank migration until 2017,
followed by a reversal toward the left bank in later years. Overall, CS-2 and CS-6 showed the highest migration magnitudes and model uncertainty, as
evident from their higher RMSE and BIC values. The data suggest that river dynamics in these reaches are influenced by localised factors such as
bank composition, flow variability, and anthropogenic pressure.
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Table 5

Bankline migration distances (in meters) for selected cross-sections in Reach 1 and Reach 2 of the study area during different time
intervals, indicating the migrating bank side (R.B = Right Bank, L.B = L)eft Bank), along with model performance statistics (RMSE, R?, and
BIC

Cross-Section ~ 1984-1992 1984-2002  1984-2012  1984-2017 2017-2023 2023-2030 RMSE g2  BIC
CS-1(Reach 1)  24(R.B) 11.27(R.B)  34.90(L.B)  43.43(R.B)  4831(R.B) 52.03(R.B) 257 083 282
CS-2(Reach1)  263(R.B)  207(R.B) 318.01(R.B) 273.69(R.B) 243.08(L.B) 230.07(L.B) 12.62 084 4.44
CS-3(Reach 1)  33(R.B) 18.36(L.B)  58.33(R.B)  60.73(L.B)  68.90(R.B)  79.96(R.B) 3.14  0.82 2.16
CS-4(Reach2)  20(L.B) 16.6(R. B) 21(L.B) 7.87(L. B) 5.3(L. B) 21.5(L. B) 273 067 410
CS-5(Reach2)  23(L.B) 14.76(R.B)  35.6(R. B) 61.79(R.B)  94.93(R.B)  140.01(R.B) 3.42 089 231
CS-6(Reach2) 154.3(R.B) 127.34(R.B) 184.96(R.B) 190.23(R.B) 184.36(L.B) 175.94(L.B) 10.07 073 4.42

5. Discussion

The Barak River, flowing through the urban stretch of Silchar, exhibits noticeable geomorphological alterations over the past few decades. The
analysis of channel metrics, such as meander length, width, ratio, wavelength, and sinuosity, indicates a significant shift in river dynamics. An
increasing trend in meander length and width, along with decreasing sinuosity and radius of curvature, suggests the river is undergoing lateral
expansion with a tendency toward straightening. This transformation could be attributed to hydrological fluctuations, anthropogenic encroachments,
and sediment dynamics in the urban environment. Hooke and Harvey (1983) reported meander lengths of 500-3500 m in the River Dane, while Lauer
and Parker (2008) observed lengths of 800-4500 m and widths of 600—3200 m in the Mississippi River. The present study shows comparable
results, with meander lengths ranging from 2369 to 5496 m, reflecting the influence of both natural and human factors. The influence of urbanisation
on the morphology of rivers is also supported by the Land Use and Land Cover (LULC) analysis taking place between 2000 and 2020. There is
considerable settlement expansion of 16.18% as a serious sign of urban sprawl in the floodplain, especially at the cost of agricultural land, that
reduced by more than 13%. The dense vegetation and water bodies also experienced marginal losses, which implied that there was stress on the
ecosystem because of human interference. The reliability of the analysis was confirmed in the accuracy analysis of the years-LULC, with overall
accuracies being recorded at all instances as greater than 95% (Congalton & Green, 2009). It is only in the measurement of channel width and radius
of curvature at two very prominent sites, Neairgram Part Il and Gangapur, that constant changes can be identified. Although the channel width has
slowly got wider over the years, the ratio of the radius of curvature to channel width has gradually deteriorated, pointing to tight turning angles and
bank stability (Leopold & Wolman, 1960; Hooke, 2007). Although there is a constant catchment area, geomorphological adaptation is indicated by
local channel alterations due to the natural and anthropogenic processes. Moreover, the analysis of morphological parameters consisting of
sinuosity (C), meander ratio (MR), wavelength, and radius of curvature (RC) between 1984 and 2017 observes variations occurring in various reaches.
Simple rotation without extreme modifications on the planform geometry is observed in some reaches, whereas there are slight changes in width and
curvature, and this means gradual but subtle morphodynamic development. These shifts are also in line with the localised effects, including
floodplain confinement, developments in infrastructure and flood fluctuations. The cross-sectional analysis from 1984 to projected values for 2030
demonstrates spatially uneven lateral migration. Sections such as CS-1, CS-3, and CS-5 recorded progressive right bank migration, while CS-2 and
CS-6 showed complex behaviour with migration initially concentrated on the right bank and gradually shifting toward the left. The calculated RMSE
and R? values validate the predictive capability of the ARIMA model used, with most sections showing R? values above 0.80. However, the shifting
patterns are not uniform, suggesting site-specific drivers such as bank material, flow direction, and land use changes are in play (Hooke, 2007,
Thakur et al., 2012). Altogether, the findings indicate that the Barak River is undergoing significant transformation in its urban stretch, driven by both
natural geomorphic processes and rapid urban expansion. Channel shifting poses growing risks to infrastructure and settlements, highlighting the
urgent need for integrated river management strategies. Monitoring using satellite imagery, combined with predictive modelling, offers an effective
approach to anticipate future channel behaviour and design suitable interventions for sustainable river governance.

6. Conclusion

The study of the Barak River in the Silchar area indicates that there has been a distinct morphological/ land use change in the last three and a half
decades. Channel width and migration have also increased steadily, mostly to the right bank in a number of sections. Meanwhile, the urban sprawl
has caused settlement areas to increase at a significantly high rate at the expense of agricultural land and tall vegetation. These changes lead to the
fact that people have more power over the river system, changing its natural flow and behaviour. The results show the importance of constant
surveillance and long-term sustainable land use planning towards the mitigation of possible risks related to uncontrolled shifting of channels and
massive urbanisation in riverbanks.

7. Future Recommendations

Following the outcomes of this research, it can be suggested that morphological and land use changes occurring in the Barak River and its urban
reach in Silchar should be continuously observed with the help of satellite imagery and GIS-based methods. Buffer zones on both sides of the river
should be created, which will limit the sources of human interference, and the river will have the freedom to change its course. There should be strict
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regulations regarding urban sprawl, such as proper zoning to ensure that they do not take over flood plains, and floods and soil erosion will be
minimised. Also, afforestation and re-establishment of riparian plants will be significant in stabilising the banks and keeping the ecology in check.
Conservation can be enhanced through active community involvement and awareness creation methods, and integrated river basin management
should involve the local governments, researchers and policymakers so that developmental necessities are balanced with the long-term
sustainability of such a river system.
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Figure 1

Map of the study area depicting the meandering section of the Barak River flowing through Silchar city in Assam, India. The map highlights major
geomorphic features along the river corridor and marks specific observation points utilised for detailed analysis.
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Figure 2

Temporal variation in meander length across study reaches of the Barak River.
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Figure 3

Temporal variation in meander width across study reaches of the Barak River
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Figure 4

Temporal variation in meander ratio across study reaches of the Barak River
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Figure 5
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Temporal variation in sinuosity across study reaches of the Barak River
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Figure 6

Temporal variation in wavelength across study reaches of the Barak River
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Figure 7

Temporal variation in radius of curvature across study reaches of the Barak River
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Figure 8

Map showing the temporal changes in river course from 1984 to 2017, illustrating channel migration and lateral shifting within the study area.
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Figure 9

Land use and land cover maps of the study area for three different years: (A) 2000, (B) 2010, and (C) 2020. The maps classify features into water
bodies, dense vegetation, agricultural land, built-up areas, and others, showing significant spatial changes over time
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Figure 10

Changes in riverbank alignment between 1984 and 2030, indicating substantial migration of the left and right banks
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