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In integrated watershed management, calculating peak flow for full identification of flood
effects and reducing damage is essential. Activities related to estimating runoff volume and
flood peak can be easily simplified by adopting a modeling concept and understanding rainfall
configuration and the main factors creating runoff. Building a basin model requires the model
to respond to low flows and high flows (high return period), which for both, the model must
meet the needs. In this study, due to the lack of a data logger or short term recording rainfall
gauge(tipping rain gauge) in the study basin; based on six corresponding rainfall events related
to nearest UrmiaCamp station for simulation and validation of flood data was used. Thus, four
rainfall events for simulation and calibration and two rainfall events for validation were used.
Also, calibration was performed for curve number, lag time, and initial losses parameters.
After calibrating the model, to ensure the accuracy of the simulated model and calibrated
values, the model was validated with new data. The results showed that the simulated
hydrograph has an acceptable match with the observed hydrograph. The evaluation indices R?
and RSME in this case are 0.90 and 0.67 at Abajalu station and 0.86 and 0.34 at Tepik station,
respectively. The R? value is significant in all cases, below the 5% level. The average Nash
index is excellent, and overall, the average percentage error of peak discharge is below 10%,
while the percentage error of peak time is below 3%.To build a model for large floods, rainfall
with different return periods of the basin entered the model and the peak flow of each return
period at the final station of lower Abajalu in Nazlu Chay river was simulated. The results of
comparing the estimated flood, observed river flood values (Q1) and calculated with the HEC-
HMS model (Q2) in the 25-year return period were 196.1 and 198.9 cubic meters per second,
respectively, and in the 50-year return period were 235.2 and 255.1 cubic meters per second,
respectively, and the error in the lower return periods up to 10,000 years was between 3 to 7
percent, which indicates a high agreement of the simulated values with the observed ones.
Also, by examining the percentage of precipitation changes compared to current conditions
and comparing with climate change scenarios, the results confirm that in the optimistic
scenario (RCP2.6) in the return period of 10 years, 100 years and 1000 years; It was 9%, 42%
and 95%, respectively, and the same comparison in the scenario (RCP4.5) and in the above
return period was 12%, 46% and 98%, respectively, and in the scenario (RCP8.5) in the return
period of 10 years. 100 years and 1000 years; 6%, 27% and 53% were observed respectively.
It can also be acknowledged that in the pessimistic scenario and the increase in droughts, the
percentage of flood changes will decrease compared to the other two scenarios. According to
the results obtained from the comparison of historical river floods with future floods under
climate change scenarios with different return periods with the help of the LARS-WG model,
it indicates a large increase in the amount of these floods in the coming years.
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Figure 2. Flowchart used to simulate rainfall-runoff

Table 1. Specifications of calibration and validation courses of Abajalu station and Tepik stations

The date of the storm

. - Storm Base time Peak discharge
Row Term Station  and t?}; gsgging(;]ndmg depth-mm hydrograph (cms)
1 Abajalu 2011-06-11 29.8 9 12.6
2 Calibration Abajalu 2011-05-07 6.60 11 9.90
3 Tepik 2009-09-17 10.9 9 24.3
4 Tepik 2012-04-11 2.00 11 8.90
5 validation Tepik 2011-04-05 18.3 11 24.0
6 Abajalu 2015-05-07 3.80 11 23.2
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Figure 3. Geological map (a) and land use and vegetation (b) of the studied area

b gy yluw g paldl gt .Y .Y

b J g o9 Gl sleoygy > (IS (clajlS il ke g eges (3,5 slode (5295 n ke S 25
ot 9 0998 Sl (alaB by (lalate slapubis 3 5 ST slooygd )3 S ) il e g duuslos
il slagyjliw dloz g (hlisto )Ll (slagy i g)cnl il el o JSuiio @]y ooy cod gladaio uldl Cundy
S pte o S5 g o lgng ] 00 o i ¢ ol (oo )l K &S sl dog Wb Lol ol 0 &l ol (<l
A8l o olyan o] 5 (JalS (lajlS Ll g bl (glacalld )3 gy Sysis Jlain] b RCP (gligy s
85 01 2l il 28 Cumjlasme o)) dunspe | IMAGE (g3l Jie 035 Lusgs (alinos3) RCP26 (59l
can o> 1y las Cuzen iz 9 ¥AeppM g0 0 [ ¥V er Jlo U pSaslien 5 clale lie o)l oyl 5o
A5y RCP2.6 (g9l 1 135905 pMel YIEW/M? 3gas U1y il cuiibly o gllS a8 1 i o g 485 3,Lke
ol g b salp (BLE (Jed g g (S5l Sl 9 slacslpl  oslisl e g Bl anlgs (I (6l
Silodde 09,5 bawg ((nlis) RCPAS (505l 13,5 dalis gy00) (s L (lallS (glajls jLisl 5 Mg e
T Omp 9 F0 ppm dgas 3 YV e Jlo U cp SaanST oo 5 clale i o)l (pl 0 &S osds ]y MiniCAM
FIOWM? 395 b 1, b cadlily s SIS (cloE 1 ot g 15 Aalgs ROP26 (ggnylios 1 S Csnoss i)
5okl lise 9 cdl wales el RCP2.6 (sojliw 4 Cuwd (55l Ay RCPAS (gg0 ks jd .lidges pMAe]
b loldlS gl Lasl g Mg liee coled )3 9 cudly dnlgd (GalS 35 dd Ch g 5 (55l b 5 o)y
o Melliy Aussia 5 MESSAGE (gls Jbe 03,5 Lawgs (i) RCPBS (590 liaw 2035 8l g9 ol
390 3 VVee Jlo U ()8 duSliod e (i gjlior cnl 3 o 00 (2Ll ol 928 > (38 (Slaiises
ly (il cuiboly g slaldS g5 5l s b g b Jalgs 485 3 )lee VY Dgas )0 Cuxes Ay i 9 V45 ppm
& Caws yodS B LaBL W (bl s gy5ké sy RCP8S (go0,lu jd 3905 pMel AOW/M? 390> 1
[(Samadian et al., 2023) c.él, Jalgs (ialS RCP2.6 (g4 5liuw

b 03l (¥) o (V) V) Lasly, 7 4 9 (PEP) S 03 (slbd do > 5 (PETP) S o (slad o> R yuss



AV 5 lKab 5 o licdS 0 lgule jligy /e (Bl Joto K0S b ol pusis 3l e g M Juto it st 9 ol ) ok s

n

Z(Si _Oi)2
RMSE ={[=2——— () dal,
(50
NSE=1--L— (¥ dal,
>(0,-0)’

SICIHEIPICHHIEH)
R - G ICN0Y (v aa,

\/[ nz(siz) —(Z;si)z ”zl(of) ] (2 oy

= (1 = Trc
PeTp = (1 —77) * 100 (¥ alay,

PeQp = (1 — %) *100 (& aai,
591 5 Shalie olis busto by O o lunlie olia byl O, ¢ lusloeo yolia b iy S, dlalyy ool )3 oS

Adib et al., 2010; Nash ) s Slalis  Sluwbre Ko 4loj 9 (23 TPO TpC QPO QpPC ¢ Sloj (s S b il
i 3ygly (639l g Shamlie polie fyy  Siwwod (v i &5 ool (and Sutcliffe, 1970; Raji et al., 2022
oD caps g s Slaje (3:Sike Hia (e capd sloo)lol ey Cunl cStte Jao LS gy g s
clmodls e JelS sl il Ky s NSE e (ST 038 o i ) B=00 j1 b gy o oozl alSilum 20
o o lte] Cundg tly - IVOSNSESY 1 ol (,lel (gloyasls aiols 3,15 393 ot gjludends 5 linlite
Cundg il +/Q+<NSE<+/F Sl g (Jlo  vwolicl Cundy il «/FOSNSE<-/VO S1 o L&

Gl JgB Bl e ¢ Jdo v jlis] Cuxdg il NSE< [0+ ST jisucols, ( Jdo (oiw)licl

o g b Y
i ol ellasdyge adgs )3 Sl gl 3929 pis & a5 b gk cul o a8 o)Ll ol MS & jboplen
Olocny b o3l oM laodly (oeiwsliisl g (ilwdend jolaiods deog)l oS Bl 4 bgyye jblite LS ly,
w85 e cilisee (SlacuiS p 0)93 3 (Priwcone Cax LS, adly 93 g (Privly 5 (Giludnd Cax LS, adly ke
Olisebl (el Jta omialy | g b plosl gl il g 185 loj o ioria o)lesd (slayialyl (sl (ortuly nizen
Slastie (V) Jodo 0 .cé )8 plodl mas glaodh b oo v jlisl wsd oxuwly polie 5 s gjlwdus Jao cd j]
ol o ) g5 5 S o (gl oAdbuslons

2y iy e Ko ol g (Jawgloll oSl 53 b U1 @l o pas (0) 5 (F) slaJsis
s slie (1) Uy im0l |y (i) aboge 5 bolSis] olen 3 oo U1 5 (5) U3
e o i 1y o liel § ( oruwly dls g 43 saddiwlbe

Shalie SISe)nn b (a0 illai (jo)8 oged) oadigjlwand Sl)Sg)am (b) IS5 )5 nj ladSs polul
oS cul by ol aisb e +/YY 5 <20 ply cus 4 RSME g R? b)) (sla adls .l ansls (o] lage0)
Ol 33 4 @bl 25l 5t 939 b halde 1S9 nm b duslie )3 oddgjludend 1S90 (a) JSS 5
Al ge +/YY g +IAY ply 5 RSME g R® b)) sla yad s



1Pt oyl oplass ooyl 0,90 sobol 5 ol o poito Ay

Table 2. Values of calculated parameters of calculated characteristics for sub-basins in HEC-GeoHMS

Sub- Area Initial delay time Optimized delay Initial values of the curve Optimized curve
basins (km2) values (hr) time (hr) number(CN) number
1 240.61 60 88 75 70
2 230.11 60 112 80 70
3 245.02 65 95 80 70
4 125.78 25 25 85 85
5 488.43 40 33 80 75
6 77.80 20 20 85 80
7 138.33 18 18 85 80
8 22.66 10 10 75 70
9 100.33 20 20 85 80
10 5.00 8 8 85 80
11 41.90 15 15 70 65
12 208.00 40 27 80 75
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Figure 4. The simulated hydrograph compared to the observations for "Abajalu station" in daily and hourly
intervals (in the calibration stage)
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Figure 6. The simulated hydrograph (blue curve) compared to observations (black curve)
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Table 3. The statistical criterias in the calibration and validation stage

RMSE PeQp PeTp

q 2
Stage Station date QpO QpC TpO TpC mélsec % % NASH R
Calibration Abajalo 11June 2011 12.6 139 8 9 0.23 10.32 12.50 0.85 0.95
Calibration Abajalo 07May 2011 9.9 135 10 11 0.37 36.36 10.00 0.60 0.82
Calibration Tapic 17Sep. 2009 241 16 9 9 0.67 -33.61 0.00 0.63 0.90
Calibration Tapic 12April 2012 9 9.7 12 11 0.34 7.78 -8.33 0.57 0.86
Validation Tapic 09May 2015 232 316 16 11 0.98 36.21 -31.25 0.59 0.80
Validation Abajalo 05Apr. 2011 24 227 11 11 0.77 -5.42 0.00 0.65 0.81
Average 0.56 8.61 -2.85 0.65 0.86
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Table 4. The amount of precipitation calculated for each station for different return periods in mm

. Return periods(yr)

Station 2 5 10 25 50 100 200 500 1000 10000
Abajalu 2077 3972 4618 5424 6017 6607 7196 7982 8583 10647
Tepik 3115 4343 5416 7166 8823 10851 13337 17515 21524  427.04
Karimabad 3549 4449 4992 5629 6076 6503  69.14 7442 7830  90.81
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Table 5. The results of peak discharge calculated with Lognormal distribution (Q1) and HEC-HMS simulated peak
discharge (Q2) in m%/sec

Return Period(Years)

Station 2 5 10 25 50 100 200 500 1000 10000
o1 687 1137 1481 1961 2352 2769 3216 3855 4377 6381
Q2 707 1189 1587 1989 2551 278 3713 4081 4851 6842

ooy s polie L YU CuiSih 0)90 (dlaMow (gilwdund gl cwl jasin (V) JSK& 50 o5 loren
S Jao YU claciS il 0yg0 0 an 31 amd o i 1) 0sn mallad CulS o 0y9d lod 0 sl Slialie
0193 0 9 Juoyd ¥ 3ga ol clbcuiS p 0)9d 9 SooS cla o3 ) 0y90 93 (s HlaEe )l 3y9lp e (g)laEe

olps g Sblgy 4 ()b b (s e bLl a4yl e 1) 5)50 opl ablie 20)d ¥ dgas Jlo Veor Sy



N0 o)y Kad 5 5 LS 23J3ale jligs/ v (i, Juto Ko b ol puad pil i dsgn CMnwr Juto Ayt 9 AU 5y 5 L

U“l 9 Ao )]JL;;M oy “i’ )’) 2 CJLA (59‘) » Q)sao » )9 Canild hﬂ)ﬁ &; lemu.:.) 0 °J‘“’W
A3 o i |y 35S 5 slaoyed o Jae Jaud L8 5 Slas

800

700 y =71.11In(x) - 11.357

R2=0.982

600
500
400

300 y = 65.282In(x) - 4.8885

R?=0.9846

Discharge - CMS

200
100

1 10 100 1000 10000

Return Period
®  QLylsll oliuyl clinlio jI ke e Q2(HEC-HMS)
Log. (QL(glb sliu! clialis jl , Sluskxe Log. (Q2(HEC-HMS))
Figure 7. The comparsion of peak discharge calculated with Lognormal distribution (Q1) and HEC-HMS
simulated peak discharge (Q2) at Abajalu station in Diffrent Return periods
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Figure 8. A sample HEC-HMS model output hydrographs in different return periods of 2,5,10,...,1000 years under
RCP8.5 climate scenario (2021-2040) for Whole Nazlu basin
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Figure 9. Flood esitimated in different return periods under climate change scenarios (2021-2080) for Whole Nazlu
basin in comparsion with historical recorded and modeled results
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