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2- Channel simplification

3- Braiding

4- Meander migration

5- Sinuosity growth

6- Chute cut-off

7- Neck cut-off
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9- Simple irregularities in the bank
10- Aggradation

11- Degradation
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Avulsion Sinuosity growth Cutoff Lateral migration
Period Length Period nl;cfgi%itgd Period rrll_c?gi?‘itgd Period Surface modified
(yn) modified (m) on (m) n (m) vy (m)

1981-2015 102.0 1991-2015 114.3 1981-2015 128.9 1991-2015 109.2
1981-2015 105.6 1981-2015 149.1 1991-2015 114.9 1981-2015 103.5
1981-2009 193.6 1981-2015 52.90 1991-2015 186.3 2002-2009 159.
1981-2015 80.50 1981-2009 71.40 2002-2015 72.50 1981-2015 54.60
1981-2015 3345 1981-2015 81.00 1991-2015 181.9 1981-2015 129.6
1981-2015 154.0 1981-2015 60.20 2009-2015 1275 2009-2015 92.10
1981-2015 76.00 1981-2009 95.50 2002-2015 86.50 2002-2009 181.8
1981-2015 101.4 1981-2015 82.60 1981-2015 89.20 2002-2015 120.7
1981-2015 296.2 1981-2015 53.80 1991-2015 86.90 1981-2015 63.30
1991-2015 2885 1981-2009 37.50 1991-2015 242.6 1981-2009 111.6
1991-2015 249.3 1981-2015 73.50 1981-2015 88.50 1991-2002 94.70
1981-2015 145.2 1991-2015 64.70 1981-2015 55.50 1991-2015 131.4
1981-2015 374.6 1981-2015 86.60 2002-2015 68.00 2002-2015 147.7
1981-2015 404.7 1981-2002 66.50 1991-2015 25.20 1981-1991 66.50
1991-2015 429.9 1991-2002 1455 2002-2015 146.0 2002-2009 106.9
1991-2015 575.6 1981-2015 1825 1981-2015 107.7 1981-2015 46.90
1981-2015 409.9 1981-2015 107.8 2009-2015 46.20 1981-1991 74.90
1981-2015 100.2 1981-2009 101.0 2009-2015 52.00 1981-2002 75.00
1981-2015 120.5 1981-2015 86.50 2002-2009 42.00 1981-2015 61.00
1981-2015 195.9 1981-2015 47.00 1991-2015 161.2 1981-1991 81.70
1981-2015 80.70 1991-2015 38.00 2002-2015 54.00 1981-2009 90.80
1981-2015 73.70 1981-2015 74.7.0 1991-2015 62.00 1981-2002 55.70
1991-2015 120.7 1981-2009 73.50 2009-2015 145.2 1981-2015 43.40
1981-2015 85.10 1991-2002 82.60 - - 2009-2015 37.60
1981-2015 52.50 1981-2015 85.80 - - 2002-2009 57.30
1981-2015 62.70 1981-2015 59.50 - - 2009-2015 57.20
1981-2015 100.3 1981-2009 54.80 - - - -
1991-2015 230.2 1981-2009 44.20 - - - -
1991-2015 55.70 - - - - - -
1991-2015 77.00 - - - - - -
1991-2015 2345 - - - - - -
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Khooban | Baghkalayeh | Rajaeedasht Lat
1985 - 1214.32 971.92 -
1992 - 1213.77 977.47 -
2002 - 1214.89 971.84 -
Average bed elevation (m) 2006 1543.63 - - 755.46
2007 - 1214.13 971.81 -
2010 1543.88 1214.80 971.98 754.67
2014 1544.20 1215.32 973.15 754.66
1985-1992 - -0.55 5.55 -
1992-2002 - 1.12 -5.63 -
Magnitude of bed aggradation or degradation (m) | 2002-2006/2007 - -0.76 -0.03 -
2006/2007-2010 0.25 0.67 0.17 -2.78
2010-2014 0.32 0.52 1.17 +1.98
parameter Year/period Khooban | Baghkalayeh | Rajaeedasht Lat
1985 - 1215.70 972.80 -
1992 - 1215.90 972.76 -
2002 - 1216.20 974.00 -
Average water level (m) 2006 1544.25 - - 756.30
2007 - 1215.00 973.00 -
2010 1544.96 1215.95 972.96 753.61
2014 1544.46 1215.54 973.50 755.10
1985-1992 - 0.20 -0.04 -
1992-2002 - 0.30 1.24 -
Periodic difference in average water level (m) 2002-2006/2007 - -1.20 -1.00 -
2006/2007-2010 0.71 0.95 -0.04 -2.64
2010-2014 -0.50 -0.41 0.55 1.49+
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Introduction

Changes in the geometric shape of the river channel can be studied in horizontal and transverse views; Plan
view changes in river systems based on aerial photographs or satellite imagery (using remote sensing and
geographic information systems) are tracked at specific time intervals and include: channel widening and
narrowing, channel simplification, braiding, meander migration, sinuosity growth, chute cut-off, neck cut-
off, avulsion, simple irregularities in the bank, as well as the combination of two or more of these processes
(David et al., 2016; Li et al., 2017). River channel profile changes can be mapped through the time intervals,
and the most important are degradation and aggradation (Ollero, 2010; Little et al., 2013). The main
objectives of this study are: 1- Investigation of geometric variations of Alamut and Shahrood rivers on the
basis of field visits, geological maps and plan view mapped from satellite images (1981, Landsat 3; 1991,
Landsat 5; 2002, Landsat 7; 2009, Landsat 5 and 2015, Landsat 8) in almost certain months; 2- Estimating
the rate of aggradation and degradation of the channel bed based on the survey of the profile of the channel
(based on mapping) in the years mentioned at the four selected stations (Khooban Baghkalayeh, Late and
Rajaee Dasht stations). The most important features used to determine the geometric variations of the
channel were the extension, width, branching index and sinuosity. Alamut-Shahrud catchment (49° 30" to 51°
10" E and 36° 07" to 36° 30' N; 4853.67 km?area) is one of the two Sepidrudsub-catchments and is situated in
the South Caspian Sea catchment. The main outcrops of this catchment is in the eastern (upstream) zone and
are composed of the Miocene terrigenous rocks, Eocene volcaniclastic rocks and some Mesozoic carbonate
rocks in mid zone and Eocene volcanic units in downstream zone (Annels et al., 1977).

Result and Discussion

The most significant changes from 1981 to 2015 in 130 locations have been recorded from upstream to the
outlet of the basin and include the following: Channel migration (57 locations), meander cutoff (23
locations), sinuosity growth (28 locations) and branching (22 locations).

Based on the migration of the channel, the following are observed: The maximum displacement is in the
eastern (upstream) and central regions; in the central-range (Razmian), the length of channel shift occurred
about 3 km and reaches up to 575 meters. The lateral displacement of the channel in the western part is less
(161 m) than other intervals and is neck cut off. The river in the eastern and central part (Khooban to Bahram
Abad) is on a nearly straight path. In terms of the sinuosity, the channel has open angles and the sinuosity
index is between 1.1 to 1.2 while the sinuosity angle of the channel in the western part is steep and its range
is much shorter than the eastern and central parts of the river. The reason for the difference in the sinuosity
pattern is the existence of two fault systems with an angle of about 120 degrees along the river course in the
western part. Increasing more than three times the amount of channel shift in the central region (Rajaei
Dasht-Bahram Abad, Figure 8) is also evident with the decrease of the slope of the river.

This change was simultaneously happened by changing the single-channel river pattern to braided channel;
the drop in water velocity as a result of slope reduction, caused the sediments to be deposited more like bars
and the branching ratio has increased.
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Channel profile change

Profile changes of rivers were measured in 4 hydraulic stations; Khooban (56° 38' 47.56" ; 36° 23' 51.23")
and Baghkalayeh (56° 29' 40.50" ; 36° 23' 35.25") on the Alamut River, respectively in the period from 2005
to 2014 and 1984 to 2014; and Rajaee dasht (50° 16' 46.38" ; 36° 27' 34.98") and Lats (50° 03' 59.96" ; 36°
36' 36.88") in the Shahroud River; between the years 1984 to 2014 and 2005 to 2014. Mapping cross-
sectional profile was carried out during the years mentioned by Qazvin Regional Water Company. The
measurements were done from the right to the left of banks in the channel.

The main goal of the study is to examine cross section, diagnosis of aggradation and degradation channel.
Effective factors in these two processes can be indicated by the discharge, sediment load, bed slope and
human activity. These factors are in dynamic equilibrium with controlling the morphology of the river
channel, and whenever one of them increases or decreases, the river channel changes to become stable under
the new conditions.

By increasing flow rate or decreasing sediment load, the capacity of river transport sediment is more than
that, and this led to degradation, while decreasing flow rates or increasing sediment load led to aggradation
(David et al., 2016). At Baghkalayeh Station between 1988-1991, 2000-2001, 2007-2008 and 2012-2014,
discharge decreasing led to aggradation process, between the years 1992-1993 and 2002-2007, with
increasing flow rate; the bed degradation process has occurred. The highest rate of bed degradation between
2002 and 2007 was followed by the highest increase in bed aggradation in 2007-2008. In the Rajaee dasht
station, the trend is almost identical. In the Lat station, from 2007 to 2011, changes in the flow rate and bed
height of the channel were similar, and from 2011 to 2014, the bed aggradation was evident with decreasing
flow rate.

Some important results are summarized as follows:

1- The most important changes in the plan view of the river channel are the channel abandont process, neck
cutoff, sinuosity growth, increased branching index (ie bar migration, sedimentation and branching) and
lateral migration.

2- The reasons for these changes are: migration of channel bars, changes in sediment load and flow
discharge, flood, growth of the fans/mouth bar formation, changes in branching and sinuosity index, geology
of the watershed.

3- The bed aggradation, degradation and channel width variation processes in the studied stations in a
complex site and time unit under the influence of changes in flow rate and sediment load.

Keywords: Alamut; Shahrud; Aggradation; Degradation; GIS.
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