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Extended Abstract
Introduction
Runoff and the rainfall-runoff relationship are one of the most fundamental research topics in hydrology. Due to

the increasing trend of flood occurrence and the resulting damages, it is necessary to determine the flood-
producing priority areas and prioritize the sub-watersheds in terms of flood control projects and integrated
management of watersheds. The primary contributing areas in runoff generation and the affecting factors should
be identified in a flood management project. Understanding the flood occurrence potential of watersheds can be
useful in formulating different flood management plans, allocating necessary funds, water resources
management, watershed management, and erosion control programs. Watershed Modeling System (WMS) as an
integrated flood modeling software can simulate flood hydrographs considering the required parameters. Among
the common runoff estimation methods, the SCS curve number method is the most common in estimating flood
volume and flood runoff height. Land use changes as an important factor in the alteration of watershed
hydrologic response can accelerate soil erosion and biodiversity loss. Land use change affects the curve number
and consequently, discharge and flood hydrographs, as assessed in the current study.

Materials and Methods
The Khiavchai Watershed, with an area of about 134 km? has been chosen as the study area. The annual rainfall

of the study area is 343.8 mm. Toward the hydrologic modeling in the study area, the slope map of the
watershed has been derived from the DEM of the study area using the ArcMap software. The maximum daily
rainfall of 11 rating gauge stations has been obtained and the raw data has been processed using a common
statistical test to check the data quality and homogeneity of SPSS software. The maximum 24-h rainfall data
were analyzed using Easy Fit software to select the best statistical distribution. The 3-parameter Pearson
distribution (as the best probability distribution function), has been used to calculate the rainfall values in 2 to
100-year return periods. The maximum daily rainfall values were entered into the ArcGIS software and the
spatial distribution mapping was done using the IDW method. The average maximum daily precipitation with
different return periods was converted to 6-h precipitation. The SCS and WMO rainfall patterns were compared
in the study area, and the WMO rainfall patterns were selected as the appropriate input for the model. The
maximum annual instantaneous discharge values have been used in estimating the flood discharge in 2, 5, 10, 25,
50, and 100-year return periods using EasyFit software. The input model parameters (slope map, slope direction,
curve number, and soil hydrological group) were prepared in ArcGIS and Arc-Hydro software.

Results and Discussion
The results showed that the maximum flood discharge increases intensely with an increase in the return period. The

average CN value of the basin was obtained at 76, the initial loss coefficient was obtained at 0.202, and the STRTL
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value was obtained at 16.203. According to the increasing curve number values, the infiltration time and the time to
reach the peak are reduced. Therefore, by increasing the curve number by 5, 15, and 25%, respectively, the time to
reach the peak is 240, 180, and 135 min, and the base time of the hydrograph has decreased by 1035, 885, and 750
min. Meanwhile, the peak value of the simulated flood hydrograph has increased from 1.74 to 6.466, 27.491, and
109.694 m® s, With an increase of 25% curve number, the peak discharge in the return period of 10, 25, 50, and
100 years has increased to 13, 9, 7.5, and 6.3, respectively. The results show that the effect of changes in curve
number values on the flood discharge, in the low return period is much more than the high return period. So in the
return period of 100 years with 25% changes in curve number, the peak flood discharge value is 6.38 times in the 2-
year return period. The results indicate that the least change in the type of land use (in order to reduce permeability)
causes a considerable increase in flood discharge in the region.

Conclusion
The effects of changes in CN values have been assessed in the current research in a modeling framework to

estimate the flood hydrograph components. Comparison of the estimated flood hydrograph components against
observation values has been evaluated using relative error and root mean square error. The values of these
statistical indices were obtained with the least error related to the 3-parameter lognormal distribution of about
10.32% and 8.68 m> s™. By comparing the results of the maximum flood analysis and the WMS model, it can be
concluded that the simulated data are consistent with the observed flood records in the Pole-Solatani river gauge
station located at the outlet of the Khiavchai Watershed.
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Table 1- Characteristics of rain gauge stations in the study area
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Table 2- Physiographic and morphometric characteristics of Khiavchai Watershed
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Table 3- Average maximum rainfall of Khiavchai Watershed (mm)
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Table 4- 24-h maximum discharge with different return periods at Pol Sultan hydrometric station (cubic meters per second)
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Figure 2- Khiavchai

Watershed curve number map
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Table 6- Extracted Parameters in calibration and val

idation stages of WMS software based on rainfall-runoff events
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Table 7- Optimal coefficients for Khiavchai Watershed
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Figure 3- Simulated flood hydrographs with return periods of 2 to 100 years

A Wzl (23 CN oy YO ili8l b g odd ply 90 ol
519> CN ol & Cosd gl (20 JodlpSe 39800
sl Jlo iy a3l 893 5l g Jlo g2 sl
Voo g0 YO A cuSil e b olacBl o um
BLal LGS s um sas  culSil bye0 Lall L dlle
&S ol 1ol 300 o)L Hlde (il b m Sl oad
0)9d o ;3 0,8d palie ) o by talS e bledd
M ctSilk 890 SRl L g oo LSy bewSil
Gloyd g Ll bl awsh (o)l bl S, e
gyl > US| cuSilh Bye> Gl b geie B)led
P ol 2 e byled Moy YO il L b o ials
YD A O cpa Jlo Ver D KD e CuiSil By
Bilad yuws 1 a0 0 i s Cwl oad ply SV
soysd Sl Soke gmb cutSih laoygd > e
s Sl g Sl L e e YU Sl
S8l ON Clis & Cons 3 il Jodllue
50l 895 )3 o Dbl ol (60) 8 i @dlg 55 b e
JU ol a3l Jow zol 25 oy L b ot
Wil Jow SlSgsn 5 b Jl o)) ) Sl

P sl b oKunl Sl oo wlel pl p

gls A Jodo b dbre Gl cuiSHL glaeye
oled wd o lis 1) (655050l 4 Cond ol (gjlwdeni
2193 )3 &5 cpl 4 425 L 29 o0 odalie ¥ JSS 53 &S0k
o3 inisan V+I-¥R 5] 8i55 Ul oliwe g i
Oljee ol ool LialS ke Bylads oS oK domi jo
bl 5 i 3l Gl 5 bl Gl sl b 580
2 g okl Bl Jow )8 oy (il38l e bleds oS Sloj
Odwey o 9 3985 loj oad Lol (oowi Bilad jlade 5y 4>
& oRIPl L e Spsba cunl aidl (ials gl 4
Tol & Oty Oloj G e Bled (sho)d YO 5)O
5 MO YD BT 5omm L loj «ddd> WY 5 VA+( YF-
Jow gl (2 e iz (Cul a8l GalS 4dds 4 VO-
Wl 5 cuSayie V-A/SAY 5 YV/FAN SI¥ES 4 VIVF )
CuiS3l 0)93 > M BlS gy gy 3 b ol
03¢ yio o YOIMVE 1ol 85> oyl (lime oS Al g
o oo Blads 2alS b alls g3 cuiSjh 550 asilen
oles 5 Juw g958 Oloj (soxie Byladd il L g obids 3lasl
2 CN o>y Gl Bl Ll Bl il gl & (s,



YUY U YEA Olxbo VY Jl.w ) D)Lows & 5)93/6&9;.)‘ W.)-.’.J"’Sd)LWJM Q;Aw/ “)‘)&0&9&95)

YoA

G503l dy S 8l (g 5L slad 15l —A Joua
Table 8- Simulated error values compared to observed

values
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