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Introduction

The world population has grown rapidly over the last 150 years and continues to do so, resulting in impacts on hydrologic
resources at both a local and global scale (Yang et al., 2012). The competition for water between humans and ecosystems
leads to complex interactions between hydrologic and social systems (liu et al., 2015). From the beginning of human
history, it is located in floodplains. Floods can have large societal impacts, such as severe damage to urban areas, which
are expected to grow around the world (Alfieriet al., 2018). In traditional hydrology, humans are either conceptualized as
an external force to the system under study or taken into account as boundary conditions (Peel and Bldschl, 2011).
Sivapalan et al. (2012) proposed a new model for investigating the interactions of the hydrological system and the social
system. It explores the procedure coupled human-water system evolves and possible trajectories of its co-evolution,
including the possibility of generating emergent, even unexpected, behaviors. Socio-hydrology must strive to be a
quantitative science. There are several methods to control and mitigate flood risk, one of these methods is flood zoning
(Jha et al., 2012). In last two decates, The Kalat city is flooded almost every year and many houses and historical sites in
the city are damaged. Therefore, the main purpose of thisWe paper is to show investigated how changing human behavior

with nature can affect the behavior of the natural system.

Method and Materials

Kalat city located in 59° 43' 23" to 59° 47' 41" northern latitude and 36° 59' 35" to 37° 00" 05" eastern
longitude. The city is divided into 11 sub-basins. The city has experienced fast and inappropriate urbanization over
the past few years. To collect our data, the annual reports of the Regional Water Organization and the Environment
Organization of Khorasan Province were used.

SCS method was used to estimate the runoff peak discharge. Precipitation has been estimated for seven return
periods: 2, 5, 10, 25, 50, 100, and 200 years. In this study, to analyze the sensitivity of runoff, we considered
precipitation and curves number from 20% less to 20% more than the actual values in the study basin (at intervals
of 5 %). We used the Cowan method to determine the roughness coefficient in this study. HEC-RAS model has
been used for flood zoning. To determine the impact of various factors on the intensification of floods in Kalat
city, we obtained questionnaires from relevant authorities. Likert scale was used to measure the results of the
questionnaires. We prepared two questionnaires; first one is related to the inner city zone and includes the factors
that intensify the occurrence of floods inside the city of Kalat, and it was classified into the following parts: 1)
Local community 2) Managerial 3) Physical; and the second one includes the factors that intensify the flood in the
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upper part of Kalat city. We classified these factors into three parts: 1) Non-local community 2) Managerial 3)
Environmental .
Results and Discussion

Results of sensitivity analyzes demonstrated that land-use and land cover change had a further effect on peak
discharge. In sub-basin 1, by 20% increase in the curve number, the level of peak dumping increased by more than
111%, with a return period of 2 year; while a 20% increase in precipitation, in the same return period, rises the
peak discharge only 3%. The peak discharge time in some sub-basins was brief due to the presence of impermeable
surfaces, so that in sub-basins 4, 6, 7, and 8, the peak discharge time was less than 30 minutes. These results
highlight the dangers of these floods and the need for proper flood planning and management in these sub-basins.
The results of the Manning coefficient demonstrated that we can reduce flood damage by applying management
measures in the future, as well as paying attention to the feedback between urbanization and the flood zone.
Roughness control by applying management programs can reduce the area of flood zones to 0.1 square kilometers.
In this case, buildings should be removed from the river, and there should be no structure in the path of the river.
According to the questionnaires in the inner city part, the most fundamental factor in intensifying the flood damage
was related to “activities of local people” with the average of 3.59. In the upper part of the city, the most influential
factors were ascribed to “managerial factors” with the average of 3.79.

Conclusion

In a general conclusion, it can be concluded that the role of human factors in the occurrence and intensification
of floods was much greater than rainfall. Therefore, in order to manage and control floods, it is necessary to prevent
the change of land use and the reduction of permeability. And management programs should be aimed at increasing
surface permeability. We suggest that more research be done on the role of economic and social factors in
increasing flood risk in other climate zones.
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Figure 1- (a) Location of the study basin in Iran and the system of rivers and sub-basins in the study area. (b) Locations of
Kalat city, hydrometric station and important places of the city and sub-basins
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Table 2- Concentration time and Curve Number of each sub-basin

“op 50l opy sg) SB3 SB4 SB5 SB6 SB7 SB8 SBO SB10 SBI1
Sub-basin no.
e 0ylows 84 94 92 95 9%5 95 95 91 89 76
CN
(“‘“’)5(51:;’0“’5 23 07 09 03 07 02 02 03 06 11 85
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Table 3- Flood peak discharge values (m3/s) for different return periods in each sub-basin

(Jlo) cusS'5L 0493

30
::;é b); ;in)sl:; Return Period (year)

' 2 5 10 25 50 100 200
SB1 172 893 2242 4613 67.68 9188 118.40
SB2 113 363 5.5 8.78 1121 1375 16.37
SB 3 126 575 9.9 1625 2146 27.00 32.82
SB 4 134 427 675 1028 1311 16.06 19.11
SB5 148 759 1350 2245 2994 3793 46.37
SB 6 053 1.80 2.90 4.48 5.75 7.08 8.47
SB7 0.80 270 4.33 6.67 8.56 1053 1257
SB 8 110 333 5.20 7.84 9.95 1213 14.39
SB9 145 658 1139 1857 2452 30.84 3748
SB 10 130 946 1799 3133 4269 5498 68.07
SB 11 715 2133 5165 11954 183.80 257.56 339.72
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Figure 3- Flood hydrograph of sub-basins 2, 3, 4 and 5 in the desired return period
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Figure 4- Percentage changes in discharge values in different return periods (2-100 years) relative to changes (20%o less to
20% more than actual values) CN and precipitation in sub-basin 1
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Table 4- Roughness coefficient values for main river and streams in different scenarios

) . 32 )b b)lmf}
. - sl _
LI’")? o # Scenarios No.
Flow position First Jo/ Second o> Third g
VY as ;) By; sl L ¢!
(V) ads ) 55 s, JU ole 0.077 0.096 0.049
Main channel of the sub-basin 11
LOPR) ST 0100  0.149 0.060
Flood plain of the sub-basin 11
U slaadgn ) ol JUE 5 cudaod 0.075 0.095 0.046
Flood plain and Main channels of sub-basins 1 to10
gt gpbis g% 5eylis Jal gl
Third scenario Second scenario First scenario
KALATY Plan: Plan 01 HALATY Plam: Plan 01 BLALATY Flan: Plam 9
O i r— s T |
E sozs E
i §
Y Adgn 55 40 ouwidly g9 b ¥ Codi O e 31,5 - JSS
Figure 6- Water level under the 3 scenarios in sub basin 1
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Figure 7- Water level under the 3 scenarios in sub basin 8
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Figure 8- Flood zoning base on three scenarios (roughness reduction, current conditions and surface roughness increase) in
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Table 5- Area of flood zone (m?) for different scenarios in sub basins

W95 5 0o V 5l (IS S e po ¥ 92,0 (25 b Gl ¥ g2 )l (S i o R
Sub-basin Current roughness coefficient,  Increased roughness coefficient,  Decreased roughness coefficient,
number Sen. 1 Sen. 2 Sen. 3
SB1 38877 51818 34617
SB2 22162 29781 21073
SB3 77702 90249 71368
SB4 46340 60133 42359
SB5 51656 65697 49845
SB 6 22080 27722 21378
SB7 22914 26726 21000
SB8 25932 28190 24731
SB9 21352 25306 20149
SB 10 91268 104825 78651
SB 11 993738 1165734 880193
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