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Figure 1 : Location of the study area
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Figure 3: Application of the energy equation between two
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Figure 5: 3,5 and 7-year Moving Averages Extracted from Figure 4: Estimated 3, 5 and 7-year Moving
the Meteorological Report of Shahid Venyar Dam Reservoir | Averages Based on Data from the Ministry of
Project (Meteorological Station) Power Station
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Figure 7: Emberger Climate Diagram Extracted (Estimated from Received Data)
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Figure 8: Monthly Average Discharge Time Series of Mehran river (1979-2019)

Wesls 035 Jbe o\ Y=Y

e 3 S Gl asd e de S35 5 e LAl el pl D50 a Laesls 055 55l Yl
310kl 2ol Wesls w5 L3l 3 8 dsesls 3550 05 ses OLeSe ke 4 puamen 5 al S
(1) JSaas 8 bl (g3l b 5 andloj Oga3l «Dlawle Jisn 53 SPSS YY1 65 55 5a(dbe )
3,8 G il syl iy el sasl sl dase 0L 1 Jbo g s 51 Jol s g
Celos

Normal Plot of Q {(m3is)

0.6

Expected Normal

0.2+ o

oo T T T T
00 0z 04 06 08 1.0

Observed Value

Transforms: natural logarithm

o o 5l Jool Hls 50514 K3
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Figure 12: Forecast Plot from ARIMA(1,1,1)(2,0,2) Model for the Next 10 Years
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Table 9- Flood Discharge Values for Different Return Periods (m3/s) (Observed and Predicted Data)
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Table 11- Percentage Change in Water Level Relative to Percentage Change in Roughness Coefficient

S rp Ol i s

alsy, 050
=\fa =0 1 +Y+
—8/Y -\/0 +1/¢ +¢ y! Jus 35 Ol ss doys
-t/0 -\/eY +1/8Y +8/) SN ol

HEC-RAS cu ==y

e 3 3 se Slaesls ) Sl s gl B UL Gl s il CliSL slae s b s sl 4 Jue

25 Al e e Tl d B e /A e s 5 il VU s S 13 S | (0
olis (V.:.G‘MJ\ J_.pl;— QL&W‘)J;}-}A Lﬂ‘ﬂ) I 93 Ls‘j" 39 Q\J.g,c 4JL>'-.>)) é.;j)).)\.:.h 6)\..»(_).&.&:
Vel s S s Al Yo Ot gy oS (Sosb a Al (6 pSKedier DS OO g s (S

el adls o158 L 5 ) Y V.:lsljxsj.lai\fiﬁgicla“jjsw.@\;ﬁy Lol b5l wis Ao

s Sy Sl 5 o e gzl 2550 ALl 5 2 pde ol V-8
23 55 bl il SUl g Combge 5 Cundls b O gy 28 oLl 5 o el b
S ailrog) Slae,ls Sl 5 O e J 28 Loy 0 0 5 Al 3 sy, il 51 b dsls
el S5 a3 lao,lS g 55 51 6,8 sl
Sl g sl A oslizal o shite i (6 S e B Sl a8 op te SLREl 5 o pde 5 L3l sk &

Dl ke olely
5SS se s slesle S STREA (S5 s B9 R3 slosle 18 (395 R2 (slosle sla iyt R1
Slosle 48 5 slosle S 51 RS

138 i m8 Slalllas b gl Sslize lgiss b obae Vb Cilial 4 5 L oo Jul cgr 4
3 GMESS 438 C5 (ol iy 38 CA ol )y CBU(8 5 Jom) Cdls dns C2 llias 5 3150 (sl CL
o3l ee J5b CB
A3 S asslael csua sl 055 53 Dbre O35 b 2 G5 B se Oy see 4 s laesl e S
s o QL Sladlas glaesl slaal (V) o le s ¢ 2Ll laslas (YY) ol J s

bl slaslae VY Jsie

Table 12- Evaluation Criteria

Coé 5 C4 C3 c2 CL[ iyl stotms
Sl e dsb | SIS w L) 4 e L) o s Ji s Jom | el ol | e 28
AL VAN oY A o/ AR Db=e O3



http://geographical-space.iau-ahar.ac.ir/article-1-4061-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 21:14 IRST on Saturday December 13th 2025

VEOY licss ) AA o jlad a e § s Sl (bl i (LS cals dsliliad \t
SWllae glaosl slael —VY g
Table 13- Study Range Scores
L lse
Cé C5 C4 C3 c2 C1 G
ELSEL
-y | G (Ve >
z. . 3 3lg8 el e T
| ool b | S ay ol a 5o Ll e J& 5 Jo e
DAY DAY Y A A AR shre 035
V/40 . . . . .
oy e | epe | oae | epe | omex | g | el | ol | oaedr | oped | mer
1/40 \ 0y Y s \ Vs v s
/ / / / ! 0 /0 Y o R1
VA \ /Yo \ re | Y |y Y /Y
/ / / / / / ° /0 v o R2
Vg \ +/40 v VTN IEYs u B VL \ o/
/ / / / / / \ )\ \ oY R3
Y/A0 \ “/\e Y N Y V2 R ¢ /s
/ / / / / / . o . \ R4
Yo \ /Yo Y o o | 0 /0
/ / / / /% / . o . A R5

Silwdde 3l il 500 CansVU 55 55 Ol e ailng; 5l 2eskS0 aklils oS Slallas Cius 4 a5 L

9 buwse Soge 4 SAW de By 4 e cilse Glassl Sl sladissh 4 as g L5 (Sl

s o Ly ol saucu sl (V8) oslad Jsdr s 8 anilasl cdos 3l 055 L5 lae 055 w0l

I RT ATV PR E AU PRE S
Table 14- Final Prioritization

Gl S350 5 Sloslo sla gy oS 5 o gk

Skl et sfhes
Y/Ao S s slesle Jhay S5 R4
/e Slosbe b 5 slosl g, oS 5 R5
V/40 Sl gla s, R1
\/A Sl 2 S R2
V/8 S Pee Sas R3

S S am -t

o3liesl b andllas 55y 45 3 ool Coms s 3,5 Olowsl 3T (gladlae ST S L5 5 5m 50 i 158 @ a5 L

o..\;’:j JL.«: \' 6‘}: bj) Q\}.e,a 4.3L>'—Jj) Lff" AR'MA JJ.A SPSS)\J.B\‘:J.: gﬁé 4.: 39 ol L;’L’.))‘ °5}‘:’°T

oo Jle Vo a5 bt ci8 5L 6,53 SCS ) 4 HEC-HMS Jlile 5SS 4 s 5 0 fun oy

s s kb 4 5L S bl s asie s 4y HEC-RAS 15300 5 U o /3 5 dlons i
Lo (S el SS 4l ble 53 OV Sy alS sl mnde Gl sy culg 0 s AS

Jﬁbﬁub:»\gfhbg}))jf:)l,}a\bw)f u__gl@.}SAW L)ij) an::.i.IA


http://geographical-space.iau-ahar.ac.ir/article-1-4061-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 21:14 IRST on Saturday December 13th 2025

v\ b8l i bl b ot ooy 5 e b blie > Mot Sy byl 5 Co e

Ak e S e S el
Loy 3 2eS AVl S0 0= T Jle 5l des e 0L e V5 00 S e .Sk s ged bl =)
sVl S e s ke gy 2 oS el JLSlas )0 SO sl o Sl SHLL Sode Sl
3315 oS oS AY=AE LTIl 5 Js el el edee YN0 4 Jle 3 jecks YAO 5L 5 anilIS 56
b ol 8l s, Ol e dbtag, o3 5 4= Al s, e sl 5 el Il S e, 50
eslo i oslizal o el (sl Bl 5 by Bl unail gla iy, 5l adlae (3l et g Y
L;meu\w.mp@x}a@ﬁ,;,@mm&,uﬁ&%\,@wu\ﬁﬂs_#owapw
b 3 ol J= o3 Js il 515 5 w5 i des ab 5o 50 8 Jle Yo das e OLES o el
344 ;L)l{)bceﬂj’&i}dl}fabéuqymu\ OLd i b (Bl i )als 13 s e 5 S
Al Rl e 03 55 e ST 5 0l 2aS S 4 SU,
il gladae wn 5 sses sl o Swte ¢l L ARIMA Joe Y SPSSYYJ\J-_é\D.; ol
Sy ko3 A JIAY s L i el gludde 5 a3ly uolie e SieesARIMA
Sieron s MAE gl RMSE et ST jlas ltis o 28 sLls ARIMA (1,1,1) (2,0,2) Jus —¢
s ol 5 Jde Ol e 4 ol (R2)
ol Sl S SaS 4 ity Bl e a5 1SS Ol 4 s3a0s ulel slaesls (g3l Jle i -0
DS I3 e s e
w8 s el dle VGl et s besls Loy YO gl e ARIMA gladds 3 -1
ol
ol 23 3,50 (Wl Sl 53 (gl ciliies ciS 5 o3 L 03 SCS s, @ HEC-HMS |3l 5 L -V
Aas o LIS s 2 3550 ok g rambosls 5 35 ge slaesls bl o3 5550 (O 3 50 (Slaesls
Slyxs SV gl liS5l oy 5o Js LolU Gl s S g ol dle Ve cliS5b ey B ls o
Ao o OLES 1y Jaaldl Ao ys Y0 sl Yoo i85k o505 53 S (6 sk (ol s g
5l 5 2 YVY Wltag,y e 53 G JBl> HEC—RAS)lJ-:?lfJ.; S Sl CUL, L=y L-A
el S B Ol W ail o 4l 5 26 V/E Cs e ST
o 315 o3t /Y Jas e b O Jorlpw 5555 Ol ge ailn g, Sle (65 o Sl Yo i 4
g 0535 53 Gl Sl (5 DS oS el O 5 (S oo SIUT s 1 e e s 1
LS ad 3wl O
S 3l ol Dbl 5 5 se Ll 8 Sl gs sl as Olge b, (S g3ledde 5 -Y
cla“jijs Lol ol adls 2158l Ao 53 0 Ll 5,10 o goiee ol podd e 53 8 53 S o A o OLES (mlél
s b s Al Yoo M sl o (b Ll (St DS Dew sl 5 (SF i) O
SRIB o3 W @Bl s Tl pd o O sl 515 e el s e Ll b 51 i dons Ve oSl


http://geographical-space.iau-ahar.ac.ir/article-1-4061-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 21:14 IRST on Saturday December 13th 2025

VEOE lieas ) AA & jlach o jlen § Cauns o ¢ alidl jia SLdS sale dalilind Yy

) Cilzsee S 5L slae s 8l |y M slaaigs 0155 oo HEC-RAS S p,in Jobe 31 6 S0 b))
Ssed ploba ) bt 5 oae 3 LS OMw sduag sladis SWS w

Sy Sople S (S50 5 Glesle s oS5 sl oslme dix (S eeal sy SWS 4 VY
Jﬁbﬁgl;ﬁ;\)_))d‘ﬁnMl}))}c&b}@l}&bb}ﬂls_juw


http://geographical-space.iau-ahar.ac.ir/article-1-4061-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 21:14 IRST on Saturday December 13th 2025

Yy

b8l s bl b o8 oy g (654 Blolie > D jas Sy (o)l g o e

References

Abdelbasset, M., Abderrahim, L., Abdel_Ali, CH., Abdellah, B., & Lahcen, B. (2015). Integration of GIS
and HEC-RAS in Floods Modeling of The OUERGHA RIVER, Northern Morocco. European Scientific
Journal, 11(2), 196-204.

Ali-Ahmadi, N., Moradi, A. H., & Sardar-Shaharki, A. (2021). Forecasting the best time series model
for climatic parameters in the Helmand watershed. Climatology Research Journal, 47, 85-120. [In
Persian].

Andam, K. S. (2003). Comparing physical habitat conditions in forested and non-forested

stream.. Doctoral dissertation, University of Vermont.

Ataei, M. (2015). Fuzzy multi-criteria decision Making, Second Edition,shahrood: Shahrood University
of Technology, [In Persian].

Bakhtiyari, M., Kashfi-Pour, S. M., & Asgari Pari, S. A. (2012). Investigating the effect of cross-
sectional structures on floodplain using the HEC-RAS hydraulic model in a GIS environment.
Agricultural Sciences and Irrigation Engineering Journal, 35(3), 37-46. [In Persian]. Doi:
20.1001.1.25885952.1391.35.3.5.3

Damadi, S., Dehvari, A., & Dehmorda Qal'eh-No, A. (2021). Flood zoning using HEC-RAS hydraulic
model in the Sarbaz river, Sistan and Baluchestan province. Watershed Engineering and Management
Scientific-Research Journal, 13(3), 590-610. [In Persian].
Doi.org/10.22092/ijwmse.2021.124028.1573

Danandeh Mehr, A., Ghadimi, S., Marttila, H., & Torabi Haghighi, A. (2022). A new evolutionary time
series model for streamflow forecasting in boreal lake-river systems. Theoretical and Applied
Climatology, 148(1), 255-268.

De MOEL, H., & Aerts, J. C. J. H. (2011). Effect of uncertainty in land use, damage models and
inundation depth on flood damage estimates. Natural Hazards, 58, 407-425. DOI 10.1007/s11069-010-
9675-620

Hasani, H. (2013). Determination of Flood Plain Zoning in Zarigol river Using the Hydraulic Model of
HEC-RAS. International Research Journal of Applied and Basic Sciences, 5(3), 399-403. ISSN 2251-
838X.

Jiang, C., Xiong, L., Wang, D., Liu, P., Guo, S., & Xu, C. Y. (2015). Separating the impacts of climate
change and human activities on runoff using the Budyko-type equations with time-varying

parameters. Journal of Hydrology, 522, 326-338. DOI: 10.1016/j.jhydrol.2014.12.060

Khosravi, A., & Azari, M. (2020). Determining the Spatio-temporal trend and the point of temperature
and precipitation change in the Keshfarood watershed. Applied Researches in Geographical Sciences
Journal, 66, 306-319. [In Persian]. Doi: 10.52547/jgs.22.66.289

Knebl, M. R., Yang, Z. L., Hutchison, K., & Maidment, D. R. (2005). Regional scale flood modeling
using NEXRAD rainfall, GIS, and HEC-HMS/RAS: a case study for the San Antonio river Basin
Summer 2002 storm event. Journal of Environmental Management, 75(4), 325-336. DOI:
10.1016/j.jenvman.2004.11.024

Kuo, C. C,, Gan, T. Y., & Gizaw, M. (2015). Potential impact of climate change on intensity duration
frequency curves of central Alberta. Climatic Change, 130, 115-129. DOI: 10.1007/s10584-015-1347-9
Kusratmoko, E., Kuswantoro, M., & Amro, M. (2016). Spatial modelling of flood inundation case study
of Pesangggrahan floodplain, Jakarta, Indonesia. Journal of Geography, Environment and Earth
Science International, 5(3), 1-10. DOI: 10.9734/JGEESI/2016/23524

Napradean, I., & Chira, R. (2006). The hydrological modeling of the Usturoi valley-using two modeling
programs-WetSpa and HecRas. Carpathian Journal of Earth and Environmental Sciences, 1(1), 53-
62.

Office of Strategic Planning and Supervision of the President. (2011). Guide to determining hydraulic
roughness coefficient of rivers (Report No. 331, 106 pages.). Tehran, Iran. [In Persian].

Office of Strategic Planning and Supervision of the President. (2012). Guide to the application of
mathematical and physical models in engineering studies and river management (Report No. 584, 154
pages.). Tehran, Iran [In Persian].

Pakbéaz, H., Zarei, N., & Zahedi, A. (2013). Effects of bed roughness coefficient changes on hydraulic
flow components using the WMS model: Case study of the Chehel Chai watershed. 12th Iranian
Hydraulic Conference, Karaj 2013. https://civilica.com/doc/379468, 8 pages. [In Persian].



http://geographical-space.iau-ahar.ac.ir/article-1-4061-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 21:14 IRST on Saturday December 13th 2025

VEOE lieas ) AA & jlach o jlen § Cauns o ¢ alidl jia SLdS sale dalilind Yt

Pappenberger, F., Beven, K., Horritt, M., & Blazkova, S. J. J. O. H. (2005). Uncertainty in the
calibration of effective roughness parameters in HEC-RAS using inundation and downstream level
observations. Journal of hydrology, 302(1-4), 46-69. DOI: 10.1016/j.jhydrol.2004.06.036

Pilgrim, D. H., Chapman, T. G., & Doran, D. G. (1988). Problems of rainfall-runoff modelling in arid
and semiarid regions. Hydrological Sciences Journal, 33(4), 379-400.
Doi.org/10.1080/02626668809491261

Posi, S., Montabonnet, L., Recking, A., & Evette, A. (2018). Experimental study of riverbank protection
with bio-engineering techniques. Ninth International Conference on Fluvial Hydraulics. In E3S Web of
Conferences (Vol. 40, p. 05023). EDP Sciences. Doi.org/10.1051/ e3 sconf/20184005023
Ramanathan, V. C. P. J., Crutzen, P. J., Kiehl, J. T., & Rosenfeld, D. (2001). Aerosols, climate, and the
hydrological cycle. science, 294, 2119-2124. DOI: 10.1126/science.1064034

Roushan, H., Vahabzadeh, G., Soleimani, K., & Farhadi, R. (2013). Simulation of river hydraulic
behavior using the HEC-RAS model in GIS environment: A case study of the Bashar river, Kohgiluyeh
and Boyer-Ahmad province. Watershed Management Research Journal, 4(7), 70-86. [In Persian].
O-IPCC. (2007). Climate change 2007-the physical science basis: Working group | contribution to the
fourth assessment report of the IPCC (Vol. 4). Cambridg: Cambridge university press.

Shakib, H., & Hashemiyan, R. (2017). Water quality assessment and flood zoning using HEC-RAS
hydraulic model and ARCGIS: Case study of Kashf Rood river, Razavi Khorasan province. 4th
International Conference on Environmental Planning and Management. [In Persian].

Shammout, M. (2014). Comparison and assessment of success of models in watershed simulation and
management. Journal of Water Resource and Protection, 6, 599-608.

DOI: 10.4236/jwarp.2014.66058

Shanahan, T. M., Overpeck, J. T., Anchukaitis, K. J., Beck, J. W., Cole, J. E., Dettman, D. L., ... & King,
J. W. (2009). Atlantic forcing of persistent drought in West Africa. science, 324, 377-380. DOI:
10.1126/ science.1166352

Shayan-Nejad, M., Akbari, N., & Honarbakhsh, A. (2014). Development of a nonlinear masking model
and comparison with the HEC-RAS model for flood routing in rivers. Ecohydrology Journal, 2, 111-
122. [In Persian]. Doi: 10.22059/1JE.2014.53547

Sheikh-Alishahi, N., Jamali, A., & Hassan-Zadeh, M. (2016). Flood zoning using the river hydraulic
model (Case study: Manshad watershed, Yazd province). Geographical Space Scientific-Research
Journal, 16(53), 77-96. [In Persian].

Solomon, S. (2007). Climate change the physical science basis .NewYork: In Agu fall meeting abstracts
Pub.

Stevenson, D. (2009). 1-D HEC-RAS Model and Sensitivity Analysis for St. Clair river from 1971 —
2007. International Joint Commission, International Upper Great Lakes Study. Ottawa: 1JCI UGL
Pub: 57 p.

Williams, A. P., & Funk, C. (2011). A westward extension of the warm pool leads to a westward
extension of the Walker circulation, drying eastern Africa. Climate Dynamics, 37, 2417-2435. DOI
10.1007/s00382-010-0984-y

Yamani, M., Torani, M., & Chazgeh, S. (2012). Determining flood-prone areas using the HEC-RAS
model: Case study of the upstream of Taleqan Dam from Gholink Bridge to Voshta Bridge. Geography
and Environmental Hazards Journal, 1, 1-16. [In Persian]. Doi: 10.22067/GEO.V111.16519



http://geographical-space.iau-ahar.ac.ir/article-1-4061-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 21:14 IRST on Saturday December 13th 2025

YO b8l s bl b o8 oy g (654 Blolie > D jas Sy (o)l g o e

Management and risk assessment of flash floods in urban and rural areas under
climate change conditions (A case study: Mehran river, Tabriz)

Ahmadreza Mohaghegh ?, Sina Fard Moradinia *?*, Ebrahim Salami *
1. Department of Civil Engineering, Tabriz Branch, Islamic Azad University, Tabriz, Iran
2. Robotics & Soft Technologies Research Center, Tabriz Branch, Islamic Azad University, Tabriz , Iran
3. Department of Civil Engineering, Payame Noor University(PNU). P.O. Box,19395-3697, Tehran, Iran

* Correspondence: fardmoradinia@iaut.ac.ir- ORCID:0000-0003-3539-7311
Abstract

Climate change is having a significant impact on natural phenomena such as floods. The effective management
and risk assessment of floods, as well as the organization of river systems, are essential in reducing the risks to
human life and property damage caused by flooding.This study assesses the 3.5 and 7-year moving average
graphs and finds that precipitation has gradually entered a triennial period. It is expected that the precipitation in
the Mehran river basin and its flow rate will increase. The Ambrageh climate map shows that Tabriz was located
in a semi-arid and cold area 20 years ago, but now it is located in a dry and cold area. It is expected that the
flood flow will increase due to these changes. Monthly flow rates for the next 10 years were predicted using the
time series model (2,0,2) (1,1,1) ARIMA. The HEC-HMS software was used to estimate the flow rate for
different return periods under two scenarios: a) estimating the flow rate based on available data and b)
estimating the flow rate based on available and predicted data. The flow rate showed a 5.24% increase in the
200-year return period under the second scenario. Furthermore, hydraulic modeling of the Mehran river using
the HEC-RAS software indicated that the width of the 200-year flood in climate change conditions would be
10% higher than current conditions. Additionally, the water level would increase by 11% under these
conditions. The study employed the SAW multi-criteria decision-making method to combine structural and
biological methods in managing flood risks and reducing the damage to human life and property. The Mehran
river was selected as the focus for implementing these methods based on modeling results, field visits, and
review of reputable publications and articles.

Key Words: Floodzooming, Climate change, Evaluation of the flood risk, SAW. HEC-Geo RAS Model
Introduction

Climate change, driven by increasing greenhouse gas emissions, has exerted profound impacts on hydrological
cycles over the past few decades, leading to more frequent and intense floods. Projections from the
Intergovernmental Panel on Climate Change (IPCC) indicate that even with stabilized greenhouse gas
emissions, climate change will persist for centuries, resulting in higher temperatures, more extreme precipitation
events, and flash floods. These changes have rendered urban and rural areas increasingly vulnerable due to
rising population densities, urbanization, and land-use changes. Traditionally, flood management has focused on
structural measures such as levees and dikes. However, contemporary approaches emphasize a combination of
structural and non-structural measures, particularly multi-criteria decision-making and environmentally friendly
methods, to mitigate flood impacts. This study selected the Mehranrud river in Tabriz as a case study to
investigate the effects of climate change on discharge and flood behavior using advanced forecasting models,
hydraulic modeling, and multi-criteria decision-making techniques. The primary objective was to develop
strategies to reduce flood-related casualties and financial losses while ensuring environmental sustainability and

the safety of urban infrastructure.

Materials and Methods

A multi-faceted approach, combining statistical, hydrological, hydraulic, and multi-criteria decision-making
methods, was employed to assess and manage flood risk in the Mehranrud river. The ARIMA model was used
to forecast future changes in river discharge. Historical discharge data from the Liqvan-Heravi hydrometric
station were analyzed after normalization. The ARIMA model with parameters (2,0,2)(1,1,1) was selected using
SPSS, offering the lowest errors and highest prediction accuracy. The HEC-HMS model and SCS method were
then used to estimate flood discharge for various return periods (2 to 200 years) under two scenarios: historical
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data and projected data. This comparative approach clearly demonstrated the impact of climate change on
increasing flood intensity and frequency. The HEC-RAS software was employed for hydraulic analysis and
flood zone delineation, calculating water surface profiles based on continuity, momentum, and energy equations.
Climate change impacts on flood extent and water depth were simulated. Additionally, sensitivity analysis was
conducted on the roughness coefficient, revealing its significant influence on water levels and flood extent.
Finally, the Simple Additive Weighting (SAW) multi-criteria decision-making method was used to select the
optimal management scenario based on criteria such as cost, ease of implementation, structure lifespan, and
material supply. After weighting and aggregation, a combined approach of structural and biological measures
was selected as the best option for flood management.

Results and Discussion

The results indicate that climate change has significantly impacted the discharge and flood behavior of the
Mehranrud river. Analysis of annual precipitation data revealed a shift towards a wetter period since 1993-1994,
with a projected 24.5% increase in discharge for longer return periods. This increases the risk of more frequent
and severe floods, especially in urban areas. Hydraulic modeling using HEC-RAS demonstrated that climate
change not only increases discharge but also expands floodplains and elevates water levels. For a 200-year
return period, flood extent increased by 10% and water surface elevation by 11%, posing significant threats to
urban areas. Sensitivity analysis of the roughness coefficient highlighted its crucial role in determining flood
extent and severity. The SAW method identified a combination of structural and biological measures as the
optimal management strategy. This approach, which includes levees, bank stabilization, and increased riparian
vegetation, reduces casualties, financial losses, and enhances ecosystem health. It offers a sustainable solution

with increased environmental resilience and lower long-term maintenance costs.
Conclusion

This research demonstrates that climate change has profoundly impacted the hydrological and hydraulic
behavior of the Mehranrud river, necessitating a reassessment of flood management strategies. The projected
increase in discharge and the identified vulnerabilities in urban areas underscore the need for proactive
measures. Hydraulic modeling and sensitivity analysis emphasize the importance of accurate parameterization
and the consideration of climate change impacts in flood risk assessment. The combined structural and
biological approach offers a promising solution for sustainable flood management. This study provides a
comprehensive framework for flood risk management in similar regions, aiding decision-makers in developing
effective strategies to protect infrastructure and communities from future floods.
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