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Fig. 1- Position and false color combination of the satellite image of the studied area
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Table 1- Specifications for satellite imagery

Row Date Landsat Sensor Spa_tlal Tem_poral Band
separation (m) separation (day)
1 21/06/1973 Landsat 2 MSS 60 16
2 07/07/1999 Landsat 7 ETM+ 30 16 8
3 31/07/2008 Landsat 7 ETM+ 30 16 8
4 21/07/2013 Landsat 8 oLl 30 16 11
4 28/02/2019 Landsat 8 oLl 30 16 11
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Fig. 2- NDWI map of the study area to determine the river boundary
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Table 2- Development rate of river Bend shape based on torsion coefficient

shape of the river plan

Torsional or sinusoidal (no dimension)

Straight
Sinusoid
Meandering
Intense Meandering

SR<1.05
1.05<SR<1.25
1.25<SR<2
SR>2

(shen,1971) o él&fa el g &9, 6551535}0 - Jou>
Table 3- River morphology based on relative radius (shen, 1971)

Bend type status radius Relative

Free 45t05

Limited 7t08
Under Pressure 25103
Outer X
t
_ @) © )
~ /— e

5_/

R/w<1.28

1.25<R/w=4.5

a

Maximum Shear Stress

R/w=~4.5

-

e

=

Fig. 3- The location of the maximum shear stress in the river bend based on the relative radius of the bend
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Table 4- Determine the shape of the river according to the central angle of the bend

River shape Central angle (degree)
Straight 0
Semi Meandering 1-41
Meandering Undeveloped 41-85
Developed Meandering 85-158
Extremely Developed 158-296

Horseshoe Bend

>296
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Fig. 4- Map of the central line of the river in the studied intervals and tangent circles on the river bends
429 S wad g wlow 2198 9 dxfllan 3590 (S 0L Hd dil509) (53 o bolas 4ddi - Ko

a-395 JlKo 9 Sloi SO 35 1y pwgd oUd (8 y™0 Sl gwikids (SUb yiol sl y3lio trwgio ~0 Jgu>
Table 5- Average values of measured geometric parameters of bends in the temporal and spatial

intervals of the river

Spatial Temoral Bend Length of . . central angle
interval interval Number bend (m) Radius (m) Length(m) Width(m) (degree)
1352 9 935.85 584.27 829.80 150.84 97.78
1378 8 980.27 572.55 832.47 192.66 98.25
Interval 1 1387 7 1131.51 697.24 1024.90 170.33 94.86
1392 6 1134.45 603.41 992.82 180.54 106.00
1397 8 1405.31 959.43 1272.74 248.23 92.75
1352 11 1221.49 750.99 1026.17 153.68 92.82
1378 12 805.50 395.55 678.21 145.43 115.17
Interval 2 1387 14 989.31 539.60 841.81 184.09 111.50
1392 14 938.44 567.09 820.41 149.95 105.07
1397 14 961.86 597.20 851.08 242.66 100.43
1352 11 968.34 526.50 857.08 140.97 120.18
1378 10 776.00 402.79 667.21 147.25 113.60
Interval 3 1387 9 1041.78 557.11 873.99 171.49 117.67
1392 11 1082.38 624.35 942.25 170.51 110.27
1397 9 1359.27 738.22 1145.54 244.62 122.56
1352 10 1030.20 567.00 843.91 150.51 99.90
1378 12 899.29 591.80 804.65 135.75 86.42
Interval 4 1387 11 1241.06 697.35 1064.42 163.65 105.00
1392 12 980.54 586.53 850.92 146.25 96.58
1397 11 1315.16 680.67 1094.09 222.59 112.64
1352 9 999.52 569.31 872.41 139.71 101.00
1378 9 898.95 600.30 825.23 131.05 94.33
Interval 5 1387 11 1208.29 698.25 1031.83 201.19 106.91
1392 12 1217.32 745.23 1079.51 134.96 100.50
1397 9 1379.84 787.68 1156.88 248.72 115.00
1352 50 1036.17 602.09 889.50 147.22 102.62
1378 51 865.69 507.04 755.95 148.38 101.76
ir;l;g:f/[:il 1387 52 1117.11 630.78 959.31 179.35 107.98
1392 55 1058.64 625.61 926.77 153.32 103.36
1397 51 1251.52 730.52 1075.56 240.62 108.33
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Table 6- Average values of torsional coefficient of bends in the temporal and spatial intervals of river

Spatial Temporal Torsional River shape based on Spatial Interval Torsional River shape based on
Interval Interval coefficient torsion coefficient P coefficient torsion coefficient
1352 1.14 sinusoid 1.24 sinusoid
1378 1.23 sinusoid 1.12 sinusoid
Interval 1 1387 111 sinusoid Interval 4 1.17 sinusoid
1392 1.14 sinusoid 1.14 sinusoid
1397 1.12 sinusoid 1.22 sinusoid
1352 1.18 sinusoid 1.14 sinusoid
1378 1.21 sinusoid 111 sinusoid
Interval 2 1387 1.19 sinusoid Interval 5 1.17 sinusoid
1392 1.16 sinusoid 1.13 sinusoid
1397 1.14 sinusoid 1.21 sinusoid
1352 1.20 sinusoid 1.18 sinusoid
1378 1.16 sinusoid 1.16 sinusoid
Interval 3 1387 1.22 sinusoid Total Interval 1.17 sinusoid
1392 1.17 sinusoid 1.15 sinusoid
1397 1.18 sinusoid 1.18 sinusoid
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Fig. 5- the trend of variations of the torsional coefficient across the river and the studied intervals
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Fig. 6- the trend of variations of the degree of cutoff of bends specified in the studied intervals
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Table 7- Frequency of development rate of bends of temporal and spatial intervals of the river
according to their central angles.

. Meander Shape(central angle) . Meander Shape(central angle)
Spatial - Temporal - o ely developed undeveloped | SPU3 g extremely developed undeveloped
Interval  Interval y ped undevelope Interval extremely developed undevelope:

developed developed

1352 97.78 55.56 44.44 99.90 30 60 10
1378 98.25 25 75 _ 86.42 58.33 41.66 _

Interval 1 1387 94.86 14.28 85.72 _ Interval 4 105.00 45.45 54.55 _
1392 106.00 1 100 _ 96.58 41.67 58.33 _
1397 92.75 37.5 62.5 112.64 27.27 63.64 9.09
1352 92.82 45.45 54.55 _ 101.00 22.23 17.77 _
1378 115.17 18.18 81.82 _ 94.33 22.23 77.77

Interval 2 1387 111.50 28.57 57.15 14.28 Interval 5 106.91 36.37 54.54 9.09
1392 105.07 35.72 57.14 7.14 100.50 41.67 58.33 _
1397  100.43 35.71 64.29 11500 1111 66.67 22.22
1352 120.18 27.27 54.54 18.19 102.62 36 58 0.06
1378  113.60 30 70 _ 101.76 32 70 _

Interval 3 1387 117.67 11.12 77.77 11.11 Ir-ll;g:{allal 107.98 28.84 63.46 7.69
1392 110.27 36.37 63.63 _ 103.36  34.54 63.64 1.82
1397 122.56 11.12 77.77 11.11 108.33 25.49 66.67 7.84
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Table 8- Average values of relative radius of bends and variations in bend shape in temporal and
spatial intervals of dez river

Spatial - Temporal - ppe g 5RRC<35  RRC>35 Spatial - ppe 15<RRC<35  RRC>35
Interval Interval Interval
1352 3.81 - expand 3.87 - expand
1378 3.28 rotation - 4.27 - expand
Interval 1 1387 4.16 - expand Interval 4 4.29 - expand
1392 3.52 - expand 4.10 - expand
1397 3.88 - expand 3.42 rotation -
1352 4.85 - expand 411 - expand
1378 2.78 rotation - 4.36 - expand
Interval 2 1387 3.42 rotation - Interval 5 3.49 rotation -
1392 3.62 - expand 5.16 - expand
1397 2.55 rotation - 3.39 rotation -
1352 3.70 - expand 4.08 - expand
1378 2.79 rotation - 3.49 rotation -
Interval 3 1387 3.15 rotation - Total Interval  3.67 - expand
1392 3.59 - expand 4.05 - expand
1397 3.13 rotation - 3.19 rotation -
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Fig. 8- The trend of variations in relative radius of bends in the temporal and spatial intervals of dez river
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Table 9-Results of Statistical Analysis in the studied intervals

Years Statistical Length of Radius Length Width Central Torsi_opal Relat_ive Degree of
Parameters bend (m) (m) (m) (m) Angle (degree) Coefficient Radius Cutoff
Mean 1036.17 602.09 889.50 147.22 102.62 1.18 4.08 0.53
max 3130.60 1666.89 2309.83  203.14 174.00 2.19 9.57 0.69
min 305.89 114.71 231.95 94.06 52.00 0.64 0.88 0.39
1352 variation range 2824.71 1552.18 2077.89 109.07 122.00 1.55 8.69 0.30
Coefficient of variation 0.58 0.55 0.53 0.16 0.32 0.25 0.51 0.11
Standard deviation 600.39 33221 468.96 23.03 32.75 0.29 2.08 0.06
Skewness 1.68 112 1.33 0.29 0.41 1.33 0.82 -0.10
meam 865.69 507.04 755.95 148.38 101.76 1.16 3.49 0.53
max 2102.62 1778.65 184429  287.70 155.00 2.05 9.90 0.67
min 130.94 79.62 122.45 86.37 55.00 0.77 0.28 0.43
1378 variation range 1971.68 1699.03 1721.84  201.33 100.00 1.29 9.63 0.24
Coefficient of variation 0.54 0.67 0.55 0.29 0.26 0.18 0.60 0.07
Standard deviation 467.11 341.32 416.95 42.78 26.59 0.21 2.10 0.04
Skewness 0.73 1.82 0.81 1.06 0.26 3.15 1.34 1.89
mean 1117.11 630.78 959.31 179.35 107.98 1.17 3.67 0.54
max 2702.69 1824.42 2499.21  531.74 180.00 1.51 8.65 0.60
min 393.07 176.43 322.95 122.13 53.00 1.03 0.88 0.51
1387 variation range 2309.62 1647.99 2176.25 409.61 127.00 0.48 7.76 0.09
Coefficient of variation 0.46 0.54 0.46 0.33 0.30 0.10 0.54 0.05
Standard deviation 512.87 341.35 444.32 59.14 32.58 0.12 1.97 0.02
Skewness 0.78 1.16 0.87 4.29 0.40 1.07 0.68 0.84
mean 1058.64 625.61 926.77 153.32 103.36 1.15 4.05 0.53
max 2899.23 2041.77 267462  269.59 167.00 1.45 10.40 0.59
min 238.74 85.79 179.90 93.31 55.00 1.02 0.63 0.51
1392 variation range 2660.49 1955.98 2494.71 176.29 112.00 0.43 9.76 0.09
Coefficient of variation 0.58 0.68 0.59 0.26 0.29 0.09 0.59 0.04
Standard deviation 616.82 422.69 546.71 39.74 29.86 0.10 2.37 0.02
Skewness 091 1.50 1.06 1.03 0.31 0.97 0.78 0.79
Mean 1251.52 730.52 107556  240.62 108.33 1.18 3.19 0.54
max 3765.84 2385.88 339047  331.99 178.00 1.77 14.07 0.64
min 334.67 133.67 270.72 151.89 47.00 1.02 0.58 0.51
1397 variation range 3431.17 2252.21 3119.75 180.10 131.00 0.75 13.49 0.13
Coefficient of variation 0.59 0.76 0.61 0.18 0.28 0.11 0.84 0.05
Standard deviation 734.89 554.29 656.96 42.34 30.66 0.13 2.69 0.03
Skewness 1.24 1.70 1.40 0.14 0.19 2.16 2.08 1.57
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Introduction

Rivers and canals are a completely dynamic system, and their morphological patterns change
continuously over time, which leads to bank erosion, damage infrastructures around the banks
and causing river bend migration. Although various factors, such as river branching, bed
degradation, anthropogenic activities and flood discharges, cause changes in the channel pattern
(Yamani et al., 2012), its usually one or two of the dominant factors control these changes. In
general, the analysis and prediction of changes in geometric characteristics of rivers are the most
complicated and the most important issues of hydraulic sediment and river engineering. Due to
the wide extent of the Khuzestan river basin and the current conditions of exploitation of rivers
and their banks and increasing population, despite the construction of large reservoir dams, flood
damage and river bank erosion are still ongoing. One of the major rivers in the province of
Khuzestan, which suffers from bank erosion and excess widening changes, is the Dez River.
Therefore, the purpose of this study is to investigate the morphological changes in the Dez River
in its meandering section over the past 45 years, using remote sensing data and geographic
information systems.

Materials and Methods

In this research, experimental and fundamental models are used to study the morphological
changes of the Dez River from Ishan Sakhi village to Band-e- Ghir. For this purpose, satellite
images of Landsat, including MSS, ETM + and OLI sensors were used to investigate the trend of
changes during the years 1974, 2000, 2009, 2014 and 2019.

Measuring Indicators

Normalized Difference Water Index

The Water Spectrum Index is one of these indices, which is a single unit derived from an
arithmetic operation (such as the ratio, difference, and normalized difference) of two or more
spectral bands. In order to distinguish the water levels from other land cover complications, the
appropriate threshold of this index is defined by spectral properties (Ji et al., 2009). This index
was first time presented in 1996 by McFeeters in order to isolate free water effects and improve
their detection in digital images of remote sensing. Normalized differential water index uses near
visible light wavelengths of green and infrared to detect such complications while eliminating the
soil and vegetation side effects (S. K. McFeeters, 1996).

NDW] = &reen—NiR (1)
Green+NIR
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Torsional coefficient or sinusoidal factor
This coefficient is an important indicator in determining the changes in the shape of the river
plan. The value of this coefficient is equal to the ratio of the length of the bend to the length of
the connecting chord of the two ends of the bend or the turning points of bend. The magnitude of
the coefficient of the bend is calculated by equation (2) (Charlton, 2008).
SR=>

L )
S is the length of the bend in meters and L is the straight length of the bend of the two ends of the
bend in meters. The breakdown of the development of the shape of the river bend for the
coefficient of torsion is presented in Table(1) (wolfere, 2001).

Table 1- Development rate of river Bend shape based on torsion coefficient

shape of the river plan Torsional or sinusoidal (no dimension)
Straight SR<1.05
Sinusoid 1.05<SR<1.25
Meandering 1.25<SR<2
Intense Meandering SR>2

Central angle index

Kornish(1980) describes the equilibrium stages of the meandering rivers and investigate the
central angle that between the two radius connected to the turning points in two consecutive
bends. In order to express the qualitative level of development of the meandering in alluvial
rivers and differentiate them from each other, using the central angle according to Table (2).

Table 2- Determine the shape of the river according to the central angle of the bend

River shape Central angle (degree)
Straight 0
Semi Meandering 1-41
Undeveloped Meandering 41-85
Developed Meandering 85-158
Extremely Developed 158-296
Horseshoe Bend >296

Relative Radius Index

In order to investigate the displacement intensity and stability of rivers bending, the relative
curvature index of the arcs, which is equal to the ratio of the radius of curvature of the bend to the
flow width, was used (Equation 3).

RRC=E
W

©)

R is the radius of curvature of the bend and W is the mean flow width at the turning points and
vertex of the bend in meters.

Table 3- River morphology based on relative radius (shen, 1971)

Bend type status Relative radius
Free 45t05
Limited 7to8
Under Pressure 25103

In this research, the study area from Dez River (Ishan Sakhi village to Band-e-ghir) was divided
into 5 intervals based on morphology and river change trend.

Results and discussion

In order to investigate the process of river geometric shape changes and recognition of the
dominant morphology of the river using satellite images at different times over the past 45 years,
the river route was extracted and then, using the GIS, the river's central line was prepared at



different time intervals and then, the identification of the bends in the river boundary was
performed and river geometric parameters and effective morphological factors such as torsional
coefficient, relative radius, center angle, and degree of bends in the river were determined. Table
4 presents the results of the statistical parameters calculated over the entire study period from the
river in each time period.

Table 4-Results of Statistical Analysis in the studied intervals

Years Statistical Length of  Radius Length  Width Central Torsi_opal Relat.ive Degree of
Parameters bend (m) (m) (m) (m)  Angle (degree) Coefficient Radius  Cutoff
Mean 1036.17 602.09 889.50  147.22 102.62 1.18 4.08 0.53
max 3130.60 1666.89 2309.83 203.14 174.00 2.19 9.57 0.69
min 305.89 114.71 231.95 94.06 52.00 0.64 0.88 0.39
1352 variation range 2824.71  1552.18 2077.89 109.07 122.00 1.55 8.69 0.30
Coefficient of variation ~ 0.58 0.55 0.53 0.16 0.32 0.25 0.51 0.11
Standard deviation 600.39 332.21 468.96 23.03 32.75 0.29 2.08 0.06
Skewness 1.68 1.12 1.33 0.29 0.41 1.33 0.82 -0.10
meam 865.69 507.04 755.95 148.38 101.76 1.16 3.49 0.53
max 2102.62 1778.65 1844.29 287.70 155.00 2.05 9.90 0.67
min 130.94 79.62 122.45 86.37 55.00 0.77 0.28 0.43
1378 variation range 1971.68 1699.03 1721.84 201.33 100.00 1.29 9.63 0.24
Coefficient of variation ~ 0.54 0.67 0.55 0.29 0.26 0.18 0.60 0.07
Standard deviation 467.11 341.32 41695 42.78 26.59 0.21 2.10 0.04
Skewness 0.73 1.82 0.81 1.06 0.26 3.15 1.34 1.89
mean 1117.11 630.78 959.31 179.35 107.98 1.17 3.67 0.54
max 2702.69  1824.42 2499.21 531.74 180.00 151 8.65 0.60
min 393.07 176.43 32295 122.13 53.00 1.03 0.88 0.51
1387 variation range 2309.62 1647.99 2176.25 409.61 127.00 0.48 7.76 0.09
Coefficient of variation  0.46 0.54 0.46 0.33 0.30 0.10 0.54 0.05
Standard deviation 512.87 341.35 444,32 59.14 32.58 0.12 1.97 0.02
Skewness 0.78 1.16 0.87 4.29 0.40 1.07 0.68 0.84
mean 1058.64  625.61 926.77  153.32 103.36 1.15 4.05 0.53
max 2899.23  2041.77 2674.62 269.59 167.00 1.45 10.40 0.59
min 238.74 85.79 179.90 93.31 55.00 1.02 0.63 0.51
1392 variation range 2660.49  1955.98 249471 176.29 112.00 0.43 9.76 0.09
Coefficient of variation ~ 0.58 0.68 0.59 0.26 0.29 0.09 0.59 0.04
Standard deviation 616.82 422.69 546.71 39.74 29.86 0.10 2.37 0.02
Skewness 0.91 1.50 1.06 1.03 0.31 0.97 0.78 0.79
Mean 125152  730.52  1075.56 240.62 108.33 1.18 3.19 0.54
max 3765.84  2385.88 3390.47 331.99 178.00 1.77 14.07 0.64
min 334.67 133.67 270.72  151.89 47.00 1.02 0.58 0.51
1397 variation range 3431.17 225221 3119.75 180.10 131.00 0.75 13.49 0.13
Coefficient of variation ~ 0.59 0.76 0.61 0.18 0.28 0.11 0.84 0.05
Standard deviation 734.89 554.29 656.96  42.34 30.66 0.13 2.69 0.03
Skewness 1.24 1.70 1.40 0.14 0.19 2.16 2.08 1.57
Conclusion

By calculating, measuring the geometrical parameters and using effective indices to determine
the morphological trends of the Dez River between Ishan Sakhi village to the Band-e-Ghir
village, it can be argued that the river studied during the past 45 years due to the floods and the
flows have undergone a lot of changes in the bends and meanders of the river in terms of quantity
and quality, and have changed the path of the river, especially downstream. According to
calculations and investigations of morphological parameters, the river tends from an undeveloped



meandering state to an extended meandering state. The river in most of the bending points is
classified as free and under pressure by relative radius classifications and according to the
bending coefficient index, the river has a torsional and sinusoidal state and generally has a
decreasing trend over the studied period. The mean values of the river radius and the range of its
variations during the period 1352 to 1397 showed an increasing trend, indicating an increase in
its length in the river bends. The trend of changes in the central angle of the Dez river bends has
also reached the highest percentage in 1397 and has been developed in the meandering category.
During the last 45 years, the average relative radius in all the intervals in 1397 has reached the
lowest value and the range of its changes has reached the highest value compared to previous
years. This trend of increasing and decreasing relative radius values reflects the pressure of the
bends and the existence of unstable intervals and the development and extension of lateral
erosion in these zones, and Changes in the river bend plan are to downstream in a rotational state.
Also, The relationship between the relative radius and shear stress in the bends indicates erosion
due to the high concentration of strong shear stress at the end of the outer bend and the relatively
strong shear stress at the beginning of the inner bend. This situation has occurred in all locations
in 1397.
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