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Abstract
River flow pattern is subject to constant changes as a result of changes caused by
natural factors and human activities both in the catchment and along the river
course. A sound knowledge of the phenomena involved and their impacts on flow
conditions can obviously play effective roles in minimizing flood-associated
casualties and in improving the exploitation and operation of the river as a resource.
In the Gheshlaq basin, agricultural and orchard developments along the river banks
over the past three decades have escalated the density of different land uses to
increase pressure on this resource. To carry out a site investigation into the current
status of the land uses along the river, satellite images obtained from Landsat-8
sensor OLI/TRIS and Landsat-5 sensor TM were used in the Google Earth Engine
system with a spatial resolution of 30 meters. Subsequently, the random forest
classification method was employed to derive land use maps for the years 1990,
2000, 2010, and 2020 and the changes in each period were detected and explored.
The biggest changes were found to belong to the third period (i.e., 2010-2020) when
residential development had increased by 23.3%, rainfed agriculture by 57%, and
irrigated agriculture by 52.7% while pastures decreased by 16.9%. The river bed,
boundaries, and transverse span of the river were also studied to detect land use
changes to find increases in residential development and encroachments in the
study periods: indeed, 154.1% of the bed of the Gheshlagh river was found to have
been encroached in the period 1990-2000, 60% in the period 2010-2000, and 31.3%
in the period 2010-2020. Evidently, these increases warrant necessary measures to
clear the occupied sites for reclamation. Another aspect of the study involved the
determination of peak discharges in the river basin throughout the study years using
the HEC-HMS software based on rainfall intensities with different return periods
in the study sub-basins along with CN values extracted from the combined land use
maps and soil hydrological group maps. The results showed that peak flood
discharge increased over time such that the greatest change in peak discharge
belonged to the third period (2010-2020). This drastic increase in peak flood
discharge was attributed to the declining pasture use and the increasing agricultural
and residential land uses that, in turn, increased runoff potential and, thereby, CN
values.
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Figure 1-The Geographical location of the study
area
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Table 1- The number of training and test samples by each class for the years 1990 to 2020

2020 2010 2000 1990 1)

Lo 0! o 35 L o900 L 3

50 123 27 67 22 57 29 73 ol

70 174 42 103 42 105 42 95 s

38 95 43 111 43 110 30 85 b

74 183 57 145 54 139 50 129 &b
49 124 39 101 33 82 34 93 s el
34 86 35 91 32 82 31 83 el
63 159 50 125 58 147 63 169 Sy
36 90 30 75 28 71 25 66 5 a0
414 1034 323 818 312 793 304 793 2o

4- Normalized Difference vegetation Index
5- Modiffied Normalized Difference bare-land Index

1- Google Earth Engine (GEE)
2 - Train points
3- Normalized Difference water Index
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Table 2- The Physical characteristics of the watershed of the study river
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Table 3- Grouping of basin soil according to
permeability (Alizadeh. 2015)
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Table 4- Weighted average values of CN and S for land use types in the study years
2020 2010 2000 1990 FIEIV

S CN S CN S CN S CN
6.3 61.4 8.7 53.5 8.9 52.8 9.2 52.0 1
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4.7 67.8 8.2 54.9 8.4 54.3 8.9 52.9 6
5.6 64.0 1.7 56.5 8.0 55.5 8.6 53.9 Js
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Table 5- Characteristics of the stations around the basin
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Figure 2- Location of hydrometric stations in Qeshlaq Basin
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Table 6- Instantaneous maximum flow values in the studied stations
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Figure 3- Land use map of Qeshlaq basin in 1990, 2000, 2010 and 2020
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Table 7- Characteristics of the area (square kilometers) of land use in the study years and the percentage of changes
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Table 8- Characteristics of the maximum peak discharge of the hydrometric stations of the study area in the period of

different returns (years 1990 to 2020)

1000 500 200 100 50 25 10 5 2 Ju CuiS 5l 0,490
(J)
WO 5
93.72 8871 8058 73.11 6439 54.34 391 2645 971 1
76.3 70.9 63.9 58.1 51.0 43.1 30.6 21.4 6.9 1990 HEC-HMS
78.7 73.2 65.9 60.2 52.8 44.7 31.7 22.2 71 2000
80.9 75.3 67.7 62.1 54.4 46.0 32.6 22.9 7.4 2010
109.5 102.9 93.7 86.8 76.7 4.65 46.8 33.0 105 2020
44672 324.04 21134 15241 109.32 7769  48.09 31.88 14.93 2
429.8 3064 1915 1323 87.8 55.1 34.7 23.6 9.9 1990 HEC-HMS
4344 3088 1931 1332 91.2 57.0 36.0 24.5 10.3 2000
436.9 3113  199.0 1355 94.3 63.1 39.7 27.0 11.4 2010
461.0 3338 2246 1644 1210 88.0 55.8 38.2 16.2 2020
178.0 1355 10857 90.22 7351 5837 4059 2867  14.47 3
155.7 113.2 85.3 72.1 59.7 48.3 33.1 235 107 1990 HEC-HMS
158.3 116.6 94.1 79.7 66.2 53.6 36.9 26.3 12.0 2000
158.9 117.1 94.5 80.1 66.5 53.9 37.1 26.4 12,1 2010
192.3 1485 1203 1023 85.3 69.4 48.0 34.4 159 2020
95.0 82.0 76.5 72.6 63.8 52.8 31.4 19.1 6.7 1990 4
102.5 88.5 82.9 79.3 69.8 57.7 34.3 20.9 7.3 2000
102.9 88.9 83.2 79.7 70.1 57.9 345 20.9 7.3 2010
130.8 1132 1067  103.4 91.5 76.0 45.4 27.4 9.5 2020
124.2 107.1 98.2 92.2 83.4 68.5 415 25.5 9.1 1990 5
135.1 1165 1073  100.7 91.8 75.7 455 28.1 10.0 2000
143.9 1243 1147 1084 98.5 81.3 49.2 30.2 10.8 2010
187.8 1629 1526 1454 1341 1116 67.2 41.4 146 2020
53.7 46.0 41.1 375 37.2 30.7 19.0 115 3.9 1990 6
56.7 48.6 43.7 41.4 39.7 32.7 20.3 12.2 4.2 2000
58.0 49.8 44.7 40.6 40.8 335 20.9 12.6 4.3 2010
96.5 83.2 76.3 70.2 71.9 60.0 37.4 22.6 76 2020
870.3 679.7 5293 4470 369.8 2883 1837 1203 448 1990 sl
899.5 706.2 5585 4748 3956  309.4 1975 1289 480 2000
912.1 7173 5736 4861 4091 3243 2074 1355 504 2010
1099.7 887.0  740.7 6506 559.8 4538  290.1 190.0 70.6 2020
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Table 9- The results of RMSE error percentage (m3/s) and simulated error percentage compared to observations in
HEC-HMS model
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Table 10- The results of the percentage changes of peak debit during the studied years for different return periods

BliSee sLCuiS 3U 0493 (gl5l Ol gt Juoyd T Sloj 0,90
1000 500 200 100 50 25 10 5 2
SHonwr o>

+3.4 +3.9 +5.5 +6.2 +7.0 +7.3 +7.5 +7.1 +7.1 zsl 1990-2000
+1.8 +2.6 +4.0 +4.6 +5.3 +5.5 +5.7 +5.8 +6.1 s o2

+1.4 +1.6 +2.7 +2.4 +3.4 +4.8 +5.0 +5.1 +5.0 zsl 2000-2010
+0.2 +0.4 +1.6 +1.3 +2.2 +3.5 +3.6 +3.7 +3.9 s o2

+20.6 +23.7 +29.1 +33.8 +36.8 +39.9 +39.9 +40.4 +40.1 zol 2010-2020
+12.2 +14.8 +18.7 +22.6 +25.2 +27.8 +29.3 +30.3 +32.0 s o2

+26.4 +30.5 +39.9 +45.5 +51.4 +57.4 +57.9 +57.9 +57.6 zsl 1990-2020
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Figure 4- Comparison of land use in the bed, boundary and transverse extent of Qashlag River around Sanandaj city
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Figure 5- The changes made in the bed between the two investigated time periods due to the construction of Sanandaj

airport (Amani, 2014)
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Figure 6- Comparison of land use in the bed, boundary and transverse extent of Qeshlaqg River in the upstream of
Sanandaj city, downstream of Qeshlaq dam
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Table 11- The area of possessions in the bed, boundary and transverse extent of the Qashlaq River (hectares) in the
period from 1990 to 2020

2020 2010 2000 1990
e e T ¥ 3 = 2 o Y T Y S
55" e e e
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Table 12- The percentage of changes in occupations in the bed, boundary and transverse extent of the Qeshlaq River
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