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Abstract: In alluvial river systems, riverbank erosion, channel migration, and deposition processes play a crucial role in
defining land use patterns and forming floodplain landscapes. Using District Jhang as the study area, this study examines
spatiotemporal changes in channel morphology, riverbank erosion, and channel shifting along the Jhelum and Chenab rivers.
Geoinformatics techniques were applied to analyze multi-temporal satellite imagery from 1992 to 2022 to assess
morphological changes over 30 years. Channel planform characteristics, specifically sinuosity and centerline migration, were
computed. The extent of floodplain transformation is determined by calculating erosion—accretion patterns. Significant
morphological changes were shown in the river system. From 1992 to 2014, erosional processes dominated over depositional
ones, resulting in a land loss of approximately 17,368.2 ha, compared to 4,728.01 ha of accretion. In contrast, the period from
2014 to 2022 indicates a shift toward sediment accumulation. During this time, erosion decreased to approximately 974.28
ha, while deposition significantly increased to about 7,659.98 ha. Spatial variations were observed in channel sinuosity: with
the confluence zone showing a slight decrease in sinuosity, while increasing sinuosity in the upstream reaches of both rivers
indicates enhanced meander development. The average migration rates of 36.59 m/year in the Upper Chenab reach, 17.66
m/year along the Jhelum River reach, and 38.18 m/year in the Lower Chenab reach disclosed a considerable lateral shifting in
channel migration analysis. The results demonstrate the dynamic nature of the Jhelum—Chenab River system and its significant
influence on floodplain development, and land stability in District Jhang. The Integration of Geographical Information
Systems (GIS) and remote sensing technologies offers a robust approach for the long-term tracking of river morphological
changes. It facilitates sustainable floodplain management and the development of erosion mitigation strategies.
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climate-driven  hydro-climatic extremes are altering
sediment and flow regimes, increasing channel instability

Introduction

Rivers continuously modify landscapes through erosion,
sediment transport, and deposition, driving the evolution of
channel and floodplain landforms (Okoroigwe et al., 2025).
River—floodplain interactions, particularly during flood
events, promote channel migration and planform
adjustments, which are essential geomorphic processes but
also pose risks to settlements, agricultural land, and
infrastructure (Bibi et al., 2022; Debnath et al., 2017; Nagel
et al., 2023; Zhang et al., 2020). In South Asia, monsoon-
driven discharge and high sediment loads have intensified
bank  erosion, channel shifting, and floodplain
transformation, resulting in substantial land loss and
community displacement (Arefin et al., 2021; Dewan et al.,
2017a). Similar channel instability has been reported in
alluvial rivers worldwide, where hydro-climatic variability
and sediment dynamics control lateral migration and
planform change (Kumar et al., 2017). Within the Indus
River system, the Jhelum and Chenab rivers are critical for
agriculture, water supply, and hydropower, yet they have
experienced significant planform adjustments and bank
erosion, particularly during major floods (Fatima et al.,
2025; Mahmood & Jia, 2016; Rahman et al., 2024). Recent
studies further indicate that anthropogenic interventions and
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and accelerating morphological change in these semi-arid
alluvial rivers (Bibi et al., 2022; Debnath et al., 2017;
Leenman et al., 2025).

Despite increasing recognition of river channel instability,
systematic assessments of Bankline shifting and migration
dynamics remain limited in many developing regions (Aishi
& Fahim, 2024; Hasan et al., 2024). Bankline shifting,
which reflects the spatial displacement of riverbanks in
response to variations in discharge, sediment load, and flood
frequency, is a key indicator of channel adjustment and
instability (Debnath et al., 2017; Rahman et al., 2026).
Climate change, coupled with monsoon flooding and
upstream flow regulation, has altered channel curvature and
sediment regimes, accelerating erosion, deposition,
channel avulsion, and planform transformation (Baniya et
al., 2023; Li et al., 2025; Sonowal et al., 2022). However,
comprehensive reach-wise evaluations of migration rates and
sinuosity changes over multi-decadal periods remain scarce,
creating a critical knowledge gap that limits effective
floodplain management, hazard mitigation, and sustainable
land-use planning (Baniya et al., 2023; Rahman et al.,
2026).
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Assessment of Channel Morphology and Migration Dynamics

Recent advances in geoinformatics and multi-temporal
satellite imagery have enabled effective monitoring of river
morpho-dynamics, including channel migration, erosion—
accretion dynamics, and planform changes (Arefin et al.,
2021; Dewan et al., 2017b; Lugman et al., 2018).
Techniques such as transect analysis are widely used to
quantify lateral channel migration, while morphometric
indices including sinuosity and braiding index help assess
channel stability and planform transitions (Boota et al.,
2021; Lovric & Tosic, 2016).

However, a significant research gap remains in the
comparative assessment of neighboring river systems,
particularly the Jhelum and Chenab rivers, where existing
studies are largely confined to localized flood events and
erosion hotspots (Hamid Ch et al., 2017). Moreover, no
study has comprehensively integrated sinuosity variation,
reach-wise migration rates, and directional migration trends
within a standardized geospatial framework using consistent
long-term datasets. Addressing this gap is essential for
improving the understanding of long-term fluvial evolution
and supporting sustainable river management and
infrastructure planning in the region (Hazarika et al., 2015).

The objectives of this study are to evaluate the temporal
variation in sinuosity of the Jhelum and Chenab rivers from
1992 to 2022, to analyze the spatial-temporal patterns of
erosion and accretion during the periods 1992-2014 and
2014-2022, and to quantify reach-wise channel migration
rates and directional shifts using multi-temporal satellite
imagery and GIS-based techniques. By integrating
morphometric analysis with geospatial methods, this study
aims to improve the understanding of long-term river
planform dynamics and to provide a robust scientific basis
for sustainable floodplain management and hazard mitigation
strategies.

Geology of Study Area

The total area of district Jhang is 6,351 square kilometers and
consists of approximately 2.7 million population.
Administratively, the district is divided into four tehsils:
Jhang Tehsil, Ahmad Pur Sial Tehsil, Athara Hazari Tehsil,
and Shorkot Tehsil. Jhang Sadar serves as the district
headquarters. Economically, nearly 70% of the population is
engaged in agriculture, making Jhang one of the major
wheat-producing districts in Punjab. Other important crops
cultivated in the area include sugarcane, rice, barley,
tobacco, gram, and cotton.

District Jhang, located between 30°34'41" N to 31°45'56" N
and 71°3920" E to 72°48'42" E (Fig. 1). Jhang District lies
within the active alluvial plains of the Indus Basin, and is
predominantly composed of Quaternary deposits of sand,
silt and clay laid down by the Chenab and Jhelum rivers.
The district's geomorphology is characterized by continuous
fluvial erosion, channel migration, and sediment deposition,
particularly near the Chenab and Jhelum confluence at
Trimmu. The floodplains contain fertile alluvial loam and
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silty soils, while the western Thal region is dominated by
aeolian sandy deposits and dunes. Regular flooding and
sediment replenishment have resulted in highly productive
agricultural soils and a dynamic landscape that continues to
evolve through ongoing depositional and erosional
processes (Kondolf et al., 2014).
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Fig. 1 Location map the study area.

Materials and Methods

This study was conducted to assess river dynamics and
morphological changes of the study area between 1992 and
2022.

The methodology was structured into three major

objectives:

(1) assessment of changes in river sinuosity,

(2) quantification of erosion and accretion patterns, and

(3) analysis of channel migration rate and direction The
flow chart of methodology is shown in Fig.2.

Objective 1:
Assess changes in river
sinuosity (1992-2022)

Objective 3:
Analyze channel migration
rate and direction

@ Generate and analyze
fiver centerlines

Quantify erosion accretion
patterns (1992-2014 & 2014-2
2022)
P Identify erosion and
accretion zones

@ Determine migration
rate and direction

@ Digitization of river

@ Calculate areas of erosion
banklines

and accretion

® Calculate migration
distance

[ Results 'lieslt's'

® Sinuosity variation maps

® Calculation of SINUOSItY
index for various reaches

—

I > Conduct reach-wise analysis

® Erosion and accretion maps

@ Migration rate and
direction maps

Fig. 2 Methodology flowchart.

Data Acquisition and Pre-processing
Multi-temporal satellite imagery from Landsat 5TM and
Landsat 80OLI for the years 1992, 2014, and 2022 was used

Int. J. Econ. Environ. Geol., Vol. 17(1), January-March, 2026, 39-47



Kareem et al.

to analyze long-term channel dynamics. The study area falls
within two adjacent Landsat path/rows (Row 38 and Row
39). Therefore, mosaicking was performed to merge the two
scenes for each reference year to obtain a single, continuous
image covering the entire study area. Following mosaicking,
the images underwent geometric correction and were
projected to a common coordinate system, this pre-
processing ensured high spatial accuracy and reliable
overlay analysis across the study periods. All analyses in this
study were carried out using ArcGIS (version 10.8 ArcMap)
and QGIS. The software was utilized for satellite image
processing, supervised classification, identification of river
centerlines, and determination of the mathematical values of
bank erosion and accretion rates.

The evaluation of planform changes was done using ArcGIS
10.8 by manual digitization of riverbanks from the
processed Landsat images. Channel boundaries for each
reference year were delineated by digitization. Digitized
Bankline helped in generating the River Centerline using
standard GIS procedures. To enable detailed spatial
analysis, based on geomorphological characteristics and
channel behavior, the river was categorized into three
reaches (Reach A, Reach B, and Reach C). These
subdivisions facilitate in reach-wise comparison of
morphological disparities. Valley length which is a straight-
line distance between upstream and downstream points of
each reach, and Channel length i.e. measured along the
centerline, were computed. The equation used to calculate
the sinuosity index (SI) is provided in Eqg. 1, and the
parameters of sinuosity ratio given in Table 1.

Si ity Index (SI) Channel Length a1
inuosity Index = —— .
Valley Length a

Table 1. Parameters of sinuosity ratio.

Channel Pattern Sinuosity Ratio (SR) Value
Straight SR<11
Sinuous SR=11to15
Meandering SR>15

Temporal variations were quantified by calculating the
sinuosity index for each reach for the study years 1992,
2014, and 2022. The output consisted of thematic maps and
tabulated data depicting spatial and temporal patterns of
river sinuosity.

Quantification of Erosion and Accretion Patterns

River channel boundaries were extracted from multi-
temporal satellite images using Supervised Image
Classification with the Maximum Likelihood Classification
(MLC) algorithm. This method accurately identified the
water body class and produced a separate river shape file for
each study year. The river centerline was then generated
from the classified river polygons by extracting the midpoint
between the left and right riverbanks. To determine
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riverbank erosion and accretion, an overlay intersection
analysis was performed in ArcGIS between two consecutive
river channel layers. This analysis identified the unchanged
(overlapping) river area between the study years. Following
the method of erosion and accretion areas were calculated
using the Eq. 2 and Eq. 3.
Amount of Erosion Eqg. 1
= Previous Year River Area
— Unchanged Area

Amount of Accretion Eq. 2
= Next Year River Area

— Unchanged Area

The annual rates of erosion and accretion (ha/year or
kmz/year) were calculated by dividing the total erosion and
accretion areas by the corresponding time interval (At).

Analysis of Channel Migration Rate and Direction
Lateral channel migration was obtained by preparing river
centerlines for all study years. Perpendicular transects were
generated at regular intervals along the channel, and lateral
displacement between centerlines of consecutive years
(1992-2014, 2014-2022) was used to calculate migration
distances. Spatial displacement relative to the flow direction
was helpful in determining migration direction (left or right
bank movement). The annual migration rate was computed
by dividing the calculated migration distance by the
time interval between observations (m/year). It gives us a
comparison between temporal intervals and river reaches.
The product of this method comprises tabular form of
migration distance, direction, and rate for each reach, and
migration maps.

Results and Discussion

Changes in Channel Sinuosity (1992-2022)

The morphometric analysis of channel sinuosity for the
Jhelum and Chenab rivers was conducted for 1992 and 2022
across three defined reaches (Reach A, Reach B, and Reach
C). Measured sinuosity index (SI) values shows significant
spatial-temporal variations, in channel planform geometry
Table 2, Fig. 4).

Reach A of the Chenab River showed an increase in river
length, from 50.34 km in 1992 to 52.08 km in 2022, while
the valley length slightly decreased from 46.31 km to 45.07
km. The channel became more sinuous, with the sinuosity
index rising from 1.08 to 1.15, indicating greater channel
curvature and active lateral adjustments. The Reach B of the
Jhelum River experienced an increase in river length from
66.32 km in 1992 to 68.50 km in 2022 while the valley
length slightly decreased from 61.05 km to 60.33 km.
(Table 3). Over the same period, the sinuosity index
increased from 1.08 to 1.13, reflecting a gradual shift from a
relatively straight channel toward a more sinuous pattern.
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Table 2. Erosion and accretion statistics of Jnelum and Chenab rivers in District Jhang.

. . . Total
. . Accretion Erosion/Year Accretion/ Net Change/

Period Erosion (ha) (ha) (halyear) Year (halyr) Year (halyr) I_Camac;]?l?g) Remark
1992-2014 17,368.2 4,728.015 789.46 215.82 -574.55 22,096.2 Erosion
2014-2022 974.28 7,659.98 121.79 957.50 835.71 8,634.26 Net Accretion
150 =@ Khanki Barrage

Marala Barrage
Qadirabad Barrage
100 Trimmu Barrage
=g Rasul Barrage
-t * =g Mangla Reservoir
50
0
Year

Fig. 3 Historical annual
Commission, 2024; Water et al., 2014).

Sinuosity index (S1) of the Jhelum-Chenab River system in
District Jhang displays significant changes in planform
geometry. The Sl value approaching 1.15 within Reach A,
occupying the upper Chenab area, and the Sl value 1.13 for
Reach B, having the Jhelum River area, showed a transition
from "Straight" to "Sinuous" configuration Fig. 4 and Table
3. This transition depicts an active phase of lateral migration
as the rivers adapt to runoff variations and sediment flux.
According to Timar (2003), such rises in sinuosity are a
primary mechanism for alluvial rivers to dissipate excess
kinetic energy and approach a state of dynamic equilibrium.

In contrast, at the confluence Reach C shows, decreasing
trend in sinuosity Table 3. The river length shortened from
69.94 km in 1992 to 67.07 km in 2022, while the valley
length slightly increased from 61.49 km to 62.53 km.
correspondingly, the sinuosity index dropped from 1.13 to
1.07, reflecting a shift toward a comparatively straighter
channel. Overall, the findings show that the upstream
reaches (Reach A and B) became more sinuous, whereas the
confluence reach (Reach C) displayed a simpler, straighter
channel form during the study period. The variations in
morpho-dynamic processes across the study area are
reflected by spatial variations.

On the other hand, for Reach C (Confluence), the SI value
decreased from 1.13 to 1.07, presenting “channel
straightening”. This is a characteristic of high energy
environments at river confluences. As noted by Hasan et al.,
(2024) confluence zones frequently face extreme hydraulic
pressure during peak monsoonal discharges, which can
trigger meandering, forcing the channel into a more linear
and hydraulically efficient path. The geomorphic evolution
of the river system between 1992 and 2022 displays two
contrasting phases of channel dynamics.
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maximum peaks of different barrage locations at River Chenab and Jhelum (1973-2024)

Table 3. Morphological characteristics of Jhelum and Chenab
rivers (1992-2022) in District Jhang.

River/ Year River Valley | Sinuosity River
Reach Length | Length | Index (SI) Type/
(km) (km) Class
Reach B 1992 | 66.32 61.05 1.08 Straight
(Jhelum) 2022 | 68.50 60.33 1.13 Sinuous
Reach A 1992 | 50.34 46.31 1.08 Straight
(Chenab) 2022 | 52.08 45.07 115 Sinuous
ReachC 1992 69.94 61.49 113 Sinuous
(Conflue nce) 2022 | 67.07 62.53 1.07 Straight
a b. c.
Raih A L mad Reach &
Chanh ey 200 4:: IHM sl 3672 Valuy 202
Chanas P 2022 [ay— R 213
Ch ey 100 P oy 052 Vi 1082
) Bivar Ik 15k Pivar 1592

Fig. 4 (a) Sinuosity variation of Upper Chenab (Reach A) between
1992 and 2022 (b) Sinuosity variation of Jhelum River (Reach B)
between 1992 and 2022 (c) Sinuosity variation of Lower Chenab
(Reach C) between 1992 and 2022.

Erosion and Accretion Patterns
The spatial-temporal analysis of Bankline dynamics
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revealed significant variation in the erosion and accretion
patterns between the two study periods from 1992-2014 and
2014-2022 (Fig. 5). The calculated statistics are presented in
Table 2. Geomorphological activities peaked between 1992
and 2014, with erosion being the dominant process in the
region. The area of eroded land reached 17,368.2 hectares,
while in response, accretion helped only 4728.02 hectares to
be restored. The Table 2 also shows that the accretion rate
of 215.82 halyear was far less than the erosion rate of
789.46 halyear. This results in the mean yearly loss of
574.55 halyear.
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Fig. 5 (a) Erosion and Accretion Map of the Year 1992 and 2014.
(b) Erosion and Accretion Map of the Year 2014 and 2022.

Collectively, the area eroded by these rivers reached
22,096.2 hectares, pointing to significant channel instability
during this period. On the other hand, a reversal of trend is
being observed from 2014 to 2022 (Fig. 5). Land loss
through erosion was only 974.28 hectares, while the area
gained through accretion was recorded 7659.98 hectares.
The net annual erosion rate was 121.79 halyear and

high peaks, increasing hydraulic pressure on riverbanks and
causing severe erosion. During this period, 17,368.2
hectares of land were lost, with an annual erosion rate of
789.46 hal/year, much higher than the accretion rate. In
contrast, 2014-2022 shows a different pattern. The peak
discharge declined after 2014, and generally remained
below 400,000 cusecs (Fig. 3). Lower flow energy reduced
erosion and promoted deposition. The erosion rate decreased
to 121.79 halyear, while accretion increased to 957.50
halyear.

The results illustrate a marked transition from high-erosion
environment (1992-2014) to accretion-dominated conditions
(2014-2022). The three decades of study period faced
significant morpho-dynamic adjustments in the river
system.

Reach-wise erosion and accretion analysis (1992-2022):
To further investigate the spatial patterns of geomorphic
changes in the study area, erosion and accretion were
analyzed on a reach-wise basis. The results indicate
significant differences in land loss and gain among the three
defined reaches Table 4. Reach A (Upper Chenab) shown in
Table 4, experienced a total accretion of 2,577.81 hectares
and total erosion of 3,315.58 hectares over the study period.
The annual erosion rate of 110.52 ha/year suggests moderate
channel activity compared to the downstream segments.
Reach B (Jhelum River) shown in Table 4, experienced
comparatively higher erosion, with a total land loss of
5,189.31 hectares and total accretion of 1,840.76
hectares. The calculated erosion rate of 172.98 ha/year
indicated an increase in increased lateral instability and
Bankline retreat within this reach.

Erosion and Accrction (Reach A)

7

accretion rate was of 957.50 ha/year. These results indicate

an overall land gain of 835.71 hectares annually.

Table 4. Erosion and accretion reach-wise in District Jhang.
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Total Total Erosion Per
Reach Accretion Erosion Year
(ha) (ha) (hafyr.)
Reach A (Upper 2,577.81 3,315.58 110.52
Chenab)
Reach B 1,840.76 5,189.31 172.98
(Jhelum)
Reach C (Lower 2,919.22 7,421.54 247.38
Chenab)

The geomorphic changes in the study area are closely linked
to the river’s hydrological regime, where discharge plays a
key role in controlling bank stability. Between 1992 and
2014, the region experienced intense geomorphic activity
due to several high-flood events, particularly in 1992, 1995
and 2014. Fig. 3. Discharge levels at Khanki Barrage,
Marala Headworks, and Qadirabad Barrage reached very
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Fig. 6 (a) Net erosion and accretion (1992-2022) for Upper Chenab
Reach. (b) Net erosion and accretion (1992-2022) for Jhelum River
Reach (c) Reach A net erosion and accretion (1992-2022) for
Lower Chenab River Reach.

The alternating eastward and westward shifts reflect
localized channel adjustments, likely associated with
meander development and bank erosion processes. Overall,
Reach A demonstrates dominant westward migration trends,
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indicating progressive channel instability and lateral shifting
Fig. 7. Reach A, as shown in Table 5 exhibited a high
migration rate of 36.59 m/year, despite having the fewest
migration polygons (7) Table 6.

Table 5. Average channel migration rate (m/year) in all three
Resches.

Total ]

A Time Average
Segment Po-II-OK:JIns '\Igligtr:ggen Period Migration

v9 m) (Years) Rate (m/year)

Segment 7 1097.68 30 36.59m/year
A Upper
Segment C 9 1145.27 30 38.18 m/year
Lower
Chenab
Segment 18 529.65 30 17.66m/year
B Jhelum

Table 6. Spatial attributes and directional movement of identified
migration polygons (Sr. No. 1-7).

Centerline Migration Map
Of Reach A (Chenab River)
in District Jhang

Legend
REACH
Centerline 2022

Centerline 1992

37575 15

0 Migration Zone
L

2.5
- Kilometers

Fig. 7 Centerline migration of reach A (Chenab River) from 1992
to 2022.

Table 7. Spatial attributes and directional movement of identified
migration polygons (Sr. No. 1-18).

S. No. Movement Direction Side (L/R)
1 Eastward Right

2 Westward Left

3 Westward Left

4 Westward Left

5 Eastward Right

6 Westward Left

7 Eastward Right

The centerline migration analysis for Reach B of the Jhelum
River between 1992 and 2022 reveals significant lateral
channel adjustments along the study reach Fig. 8, a total of
eighteen migration segments were identified, representing
spatial variability in river channel shifting over the study
period. The results indicate alternating directional
movement of the river channel, but migration happened
almost equally towards both banks. Out of the eighteen
analyzed segments, nine segments (segments 1, 3,5, 7, 9, 11,
13, 15, and 17) exhibited westward migration toward the
left bank, whereas the remaining nine segments (segments
2,4,6,8, 10,12, 14, 16 and 18) showed eastward migration
toward the right bank Table 7. This balanced directional
distribution shows continuous lateral oscillation rather than
erosion on one side. The repeated alternations reflect active
meandering behavior and localized erosion—deposition
processes in Reach B.

Centerline migration analysis for Reach C (Lower Chenab
River) between 1992 and 2022 reveals noticeable lateral
channel adjustments within the study area, Reach C shows a
stabilized and actively meandering river section, specifically
controlled by downstream hydraulic adjustments near the
confluence zone. This region illustrated the highest degree
of lateral instability, with a total migration distance of
1,145.27 m, in Table 5. The corresponding average
migration rate of 38.18 m/year suggests intense bank
erosion and rapid channel shifting in this reach.
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Sr. Movement Side | Sr. Movement Side
No. Direction (L/R) | No. Direction (L/R)
1 Westward Left 10 Eastward Right
2 Eastward Right | 11 Westward | Left
3 Westward Left 12 Eastward Right
4 Eastward Right | 13 Westward | Left
5 Westward Left 14 Eastward Right
6 Eastward Right | 15 Westward | Left
7 Westward Left 16 Eastward Right
8 Eastward Right | 17 Westward | Left
9 Westward Left 18 Eastward Right
A total of nine migration segments were identified,

indicating spatial variation in the shifting behavior of the
river centerline during the study period. This Table 8 also
shows alternating directional migration of the river channel.
Five segments exhibited westward migration toward the
left bank, while four segments showed eastward
migration toward the right bank. The results suggest
relatively greater lateral pressure and erosion activity along
the left bank of the Lower Chenab River. Meander
development and localized bank erosion and deposition
processes can be indicated by alternating shifts.

Centerline Migration

Map i
ver) w _("‘>_ .

0
Kilometers Migraton Zone

Fig. 8 Centerline migration of Reach B (Jhelum River) from 1992
to 2022.
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Table 8. Spatial attributes and directional movement of identified
migration polygons (Sr. No. 1-9).

Sr. Movement Side | Sr. | Movement Side
No. | Direction (L/R) | No. | Direction (L/R)
1 Eastward Right | 6 Westward Left
2 Westward Left | 7 Eastward Right
3 Westward Left 8 Westward Left
4 Westward Left | 9 Eastward Right
5 Eastward Right

Reach C shows a stabilized and actively meandering river
section, specifically controlled by downstream hydraulic
adjustments near the confluence zone. This region illustrated
the highest degree of lateral instability, with a total
migration distance of 1,145.27 m, in Table 5. The
corresponding average migration rate of 38.18 m/year
suggests intense bank erosion and rapid channel shifting in
this reach.

N

Centerline Migration Map
of Reach C (Lower Chenab River)

in District Jhang a1

1

Legend

\1 Centerline 2022

Centerline 1992

8 16 REACH

4
- —

(o] 24
- Kilometers Migration Zone

Fig. 9 Centerline migration of reach C (Chenab River) from 1992
to 2022.

The maximum velocity 38.18 m/year of migration rate in
Reach C, shows intense geomorphic mobility. 1098.68m of
westward migration in Reach A, and 18 migration polygons
of Reach B prove that the system is facing continuous
planform evolution. These lateral shifts are supported by the
work of S onowal et al. (2022), who emphasize that channel
migration is not solely a natural response, but is strongly
controlled by bank material composition and sediment flux.

Spatiotemporal Channel
District Jhang
Spatiotemporal analysis of channel migration focusing on
the Chenab and Jhelum Rivers, shows significant
planimetric adjustments occurred during the study period
(1992-2022). Forty transects were established across the
study area to measure lateral channel dynamics for
assessment of directional variations and migration distance
Fig. 10.

Migration Analysis in

Centerline Migration Map
of Jhelum and Chenab River
m District Jhang

Legend
Transaction Line
Centeriine 2022
Centerine 1992

0510 20

Kilometers

Mgraton

Fig. 10 Direction of overall river migration of 1992 and 2022.

Quantitative analysis exhibits highly dynamic fluvial
behavior in this region, characterized by continuous lateral
adjustments. Migration distances show spatial variability,
reflecting the complex hydro-geomorphological conditions
governing channel evolution in the Jhang region.
Approximately 0.74 km was the average channel migration,
indicating medium to high lateral instability of river
channels. Maximum channel displacement recorded at
transect number 14. Whereas the minimum channel shift
was 0.01 km at transect 3 and transect 26. Sediment
transport dynamics, flow energy distribution, bank material
resistance, and anthropogenic interventions in river
embankments were main reasons for variations in migrations
patterns (Table 9). The channel behavior assessment from
2014 to 2022 exhibits a significant shift from erosion-
dominated to accretion-dominated environments (Table 2).

Table 9. Migration direction and length of Jhelum and Chenab rivers in District Jhang.

Transect 1D Length (km) Transect ID Length (km) Transect ID Length (km) Transect ID Length (km)
1 1.16 21 0.56 11 0.54 31 0.23
2 0.2 22 1.02 12 0.18 32 0.9
3 0.01 23 0.55 13 0.02 33 0.56
4 0.72 24 0.82 14 1.9 34 0.99
5 1.6 25 0.48 15 141 35 1.37
6 1.02 26 0.01 16 0.44 36 0.09
7 141 27 0.89 17 1.85 37 0.81
8 1.24 28 0.08 18 0.2 38 0.56
9 0.12 29 0.69 19 0.6 39 0.9
10 1.89 30 0.31 20 0.97 40 0.1

Int. J. Econ. Environ. Geol., Vol. 17(1), January-March, 2026, 39-47

45



Assessment of Channel Morphology and Migration Dynamics

The net accretion was approximately 835.71 ha yr'.This
transition indicates variations in hydraulic energy conditions
and sediment balance. This impacted channel stabilization
during 2014-2022.

Directional analysis shows that channel migration occurred
through both eastward and westward shifts, indicating
meandering river dominance rather than uniform lateral
displacement. Reach-wise analysis shows spatial variations
in channel instability. Geomorphologically, Reach C is
highly vulnerable, with erosion reaching 7421.54 ha, and
the annual rate was 247.38 ha yr'. These results indicate
the alarming situation in the southern part of the district,
which is vulnerable to substantial land loss and channel
adjustment. Whereas, Reach B covering the Jhelum River,
westward migration patterns are showing sustained lateral
pressure towards the left bank. The northern part of study
presented alternating migration trends, showing meandering
structure and erosion deposition processes.

Conclusion

Remote sensing and Geographic Information System (GIS)
techniques provide an effective and reliable approach for
analyzing long-term river morphological dynamics,
particularly for assessing bank erosion, accretion processes,
and channel migration. The results revealed significant
variations in erosion and accretion patterns over the study
period. During the first phase (1992-2014), erosion was
the dominant geomorphic process, with approximately
17,368.2 ha of land loss due to bank erosion, while accretion
accounted for only 4,728.01 ha. This resulted in a substantial
net annual land loss of approximately 574.55 halyear,
indicating intense channel instability and active lateral
migration during this period. However, a clear shift in
geomorphic dynamics was observed in the later phase
(2014-2022), when erosion decreased significantly to
974.28 ha, and accretion increased to 7,659.98 ha.
Consequently, the river system experienced a positive net
annual land gain of approximately 835.71 halyear,
suggesting a transition toward depositional dominance and
relative channel stabilization. The analysis of channel
sinuosity further highlighted the morphological evolution of
the river system.
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