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Introduction

Floods rank among the most devastating natural disasters, causing significant loss of life and property each
year. Floods are among the most destructive natural disasters, causing extensive loss of life and property annually.
The Gorganrood watershed in northeastern Iran is particularly vulnerable to frequent and severe flooding due to
its unique geographical and climatic characteristics. Factors contributing to this high flood risk include steep
topographical gradients, impermeable soil, and degraded vegetation cover, which lead to rapid and devastating
flash floods. The region has experienced a rise in both the frequency and intensity of floods in recent years,
resulting in significant damages, such as the catastrophic flood of March 2019. Consequently, the development of
effective flood forecasting and early warning systems (FFEWS) has become a critical priority for crisis
management. Recent advancements in numerical modeling offer powerful tools for more accurate and timely flood
prediction. Weather Research and Forecasting (WRF) models are widely used for their precision in simulating
regional precipitation. Hydrological models like the Hydrologic Modeling System (HEC-HMS) are essential for
converting predicted rainfall into surface runoff, while hydraulic models such as HEC-RAS excel at simulating
river flow and mapping inundation zones. This research aims to develop and evaluate a sophisticated, integrated
online system specifically for the Gorganrood watershed. The primary innovation of this study is the creation of a
unified online platform that couples the WRF, HEC-HMS, and a 2D HEC-RAS model to forecast flood inundation
up to 48 hours in advance. A further novelty lies in its software architecture, which utilizes React for the front-end
and a Python-based Django framework for the back-end, a combination not previously applied in similar research
for real-time visualization of flood forecasts.

Materials and Methods

The research focused on the Gorganrood watershed, a major basin in northeastern Iran covering approximately
11,380 km2. The system developed was an integrated Web-GIS software platform designed for end-to-end flood
forecasting. The system's workflow began with the automated retrieval of meteorological data from the Global
Forecast System (GFS). This data served as input for the regional WRF model to generate high-resolution
precipitation forecasts. The rainfall predictions were then fed into a calibrated HEC-HMS model to simulate the
rainfall-runoff process and generate flood hydrographs. In the final stage, a 2D HEC-RAS hydraulic model was
executed for critical, populated river reaches to produce detailed flood inundation maps. The technological
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framework was built on modern software tools. The user interface (Front-End) was developed using React to create
a dynamic user experience. The server-side logic (Back-End) was implemented in Python using the Django web
framework. For data management, a PostgreSQL database with the PostGIS spatial extension was employed.
GeoServer was used as the map server. The chosen models include:

e WRF Model: Selected for precipitation forecasting due to its open-source nature, flexibility, and widespread
use.

e HEC-HMS Model: Chosen as the rainfall-runoff model for its suitability in a large basin with limited data.
It was configured using the SCS-CN method for loss calculations, the SCS unit hydrograph method for runoff
transformation, and the Muskingum method for channel routing.

e HEC-RAS Model: The 2D version was selected for hydraulic modeling due to its ability to simulate
complex, two-dimensional flow dynamics when floods overtop riverbanks and its free availability.

Results and Discussion

The performance of each model component was rigorously evaluated. The WRF model was assessed using
five historical storm events, comparing forecasts across five different lead times (6, 12, 18, 24, and 48 hours).
Statistical analysis revealed that the 6-hour forecast horizon provided the optimal balance of accuracy and lead
time, exhibiting the best performance metrics (R2=0.69, RMSE=12.25, NSE=0.0). Thus, a 6-hour lead time was
adopted for the operational system. The HEC-HMS model was calibrated and validated against observed data from
several hydrometric stations (Nodeh, Arazkuseh, etc.). The results demonstrated a good agreement between the
simulated and observed hydrographs, particularly in capturing the peak discharge and timing of floods. Observed
discrepancies in total flood volume were attributed to uncertainties in spatial rainfall data and potential
measurement errors. For the numerous sub-basins lacking gauging stations, model parameters were regionalized
using a clustering technique based on physiographic similarity to the calibrated sub-basins. The integrated online
system allows users to run the entire forecast chain through a web interface. To manage the significant
computational requirements, the 2D HEC-RAS model was implemented for two high-priority areas: the region
downstream of the Golestan Dam and the flood-prone city of Ag-Qala. A key challenge was the high computational
demand of the models, which was addressed by leveraging the High-Performance Computing (HPC) cluster at
Shahid Beheshti University. Another challenge is the potential for model instability and limitations imposed by
data quality, which can be mitigated by more detailed calibration.

Conclusion

This research successfully developed a comprehensive, integrated online system for flood forecasting in the
Gorganrood watershed by coupling the WRF, HEC-HMS, and HEC-RAS models. The evaluation showed that the
WRF model provided acceptable precipitation forecasts, the HEC-HMS model accurately simulated rainfall-runoff
processes, and the 2D HEC-RAS model produced valuable, high-resolution flood inundation maps. The system's
robust software architecture, utilizing React, Python/Django, and PostgreSQL/PostGIS, provides an efficient,
scalable, and user-friendly platform for operational flood management. This work demonstrates that the integration
of advanced numerical models into a single, automated platform is a highly effective approach to mitigating flood
risk. The resulting system offers a powerful tool for crisis managers and serves as a replicable model for developing
similar advanced warning systems in other flood-prone basins.
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YYA il s T (90e (5o Jto Gobls b i sl 5 (Siotishas 42, 5 1 Wlolis dnngi (o S0n 5 05l3le

271000 272000 273000 274000 275000 276000

4100100

=3
=
-
8
-
-

271000 272000 273000 274000 275000 276000
VB (51 joed 2399500 13 (5 e T g Siilo oy p> i -0 JSUd
Figure 5- Map of Manning's coefficient for urban surfaces within the city of Aqgala

Loaaly Legend
k> maning
»~:0.3 High: 0.3

==:0.01 Low : 0.01

Kilometers

ObdS s 31 amy ailddg 839050 Siplo Cu puo duidi -1 UG
Figure 6- Map of Manning's coefficient for the river reach downstream of the Golestan Dam

s bay o )l8 lalaly b amd o 6] B uaddnwg 4 dilsuls Front-End e
ol s &y ile ol le Ml Wlgzy a8 A8 slogy] Lelss Wbl S React abuls jl ol )8 Ly anss (sl

N exSore b S Slojjgrn copns |y ot g o o i op) sl ot oslizal (JavaScript library) o Sl lgls Cgaoxe



VFeF o5 o= 010 po o 0)losds ¥4l (S g of w5 YW

ly Ol ol B aimanisgs 4 cdlizeo (Jlow slalil b (5) 55k
a &5 S slol slael b g sel,l8 (58 (lalols b smd
(Obe & Hsu, 2015) uas ;lis juiSTly Jeoce &l puss 4y ey
Gl gy Sl LY aoMs jsbay 0l )85 Cllas 4 a2 53,

0ald Ui Y Jado 0 Juw Hlidis dilobw drwes (glp odlitwl 550

Cowl ol

S Jasha 5 Gas g Gl

Sbply Sl g Jew )k Gupten by Jow lain alol
2 dlobw ol sla g5 )b sdge g ol )8 a4 1) Hluia
3 e Pl olosed slats i il ) pel sSUsS (slac B
B 53 00 Clypai (g yiod ol b canlite g 0dd and o
DS caa cpl 4 olawy aeiY 0,8 o HlE alels oly)l8
5 Sgpa Jao 5 Cllgy ()l Juo (lom 5 Ol (s200 (cloJus
g 9 Ol dnabre lp )l Hobar o5 Cunl Jow siaigg
Wged Nz 9V S 50 o digg odaliio 0 oxiy g o0 2] Ul
ol o 00l L A S5 55 alobs (413 5

ol )8 Lausgs Jio sl 5 )b bl b ol o)
Jde g 03,5 25lily 1) GFS wlislen (slaosly j8345 &0y
13 Ubsl sloj (s WRF e (gl §1 Ly 55 o |, WRF
Sly Jde (639)9 sloodls o> 398 0 gyl 429§ 2 S 5
3995 O (2 glaodl w5 CollRS Y dgas Slalllas dilais
Sl il s egilwe > (slas (gilwains (gl bl o collKo )
Jolis &8 Jto g y> 5 5 0hd Ll (5399 (slnodls WRF Jua
@ g (Sloj S0l g IS Cunl ) Sloj (g
laddsn 1) 295 5> llgy b 395 0 3))s HEC-HMS Jao
@ Glj s e il Gl b dlgie 808 dnule
led odalino (6508 bl 50 ol Gl 5 )b I (g5

Saigg Jio sl 2l cdllae 3590 ddlaio 35 Canwg 4 4257 L
Silwopdd slad 5 (Bilsy ol il adate J§ lp Jew
90 1y s HEC-RAS (gumgd Jio (o (et 4 .ol oYL
2 g oad pasuie M Gl b odgme g (lulS sl am 4l
Slgi s Jho sl 2l g 4l o LTl )80 518 )87 o
5 gle ilodisrr 2,09 cpl WS odalin 1) fw aigy 4k
S oo @88 ) ln ) @l 4 @ (e

it s 1Ll S 4 el 3B &bl "Virtual DOM"
By )3 Siag ol NS Sloyiars 5103, i 48 |y (IS Las] )
b et Gl (glesl kylys o laasd 5 580 SleMbl
o OB dmddawss 4 React (o lacaiswls jl ealatwl ¢ pisean
ol sloatis ko el Cilises (cla s b 1md e |, 1Sl
Jie 5 ) Yojle ©ygod |y bajlada Gl 5 (Sloj sbaloges
) s Copte 9 03) iy ) drwgs anl 3 pal pl S Sk
LS“’"\:‘.-?,‘-..'-?, 9 u»LAo L;L'zchLoLw d‘)f YA Q;“l ..\.15@ J.:w
S29r8 )l 3:83 9 @y GBSy & L5 & o jlasin ailols il

D90 whas (S pdplaisl g L) (I3l coge g 039

Back-End .

Django ;| el WebGIS 5 siwe & Jow sl ailobs y
4S" Django .ol sid odlatwl jg o o (5yl38lp 5 un laisay
DYoile Jile Joay Bl dmy Python ol; &l
sloaabyy slub g @y dawg (42 Bt Castal 9 Vb (6 pdy polida
&bl cpl sl Python Glsesl a8 o iy Sl 1) oazes
cel & 5 (YU obles 5 (Solw ales )b (oL slacy jo
o ol Sloyjord 5 IS > Cspew 5 drwgs ploj ials
lisee oo gl ylsl g PostgreSQL L yuizen Python .3gs
b aas o |y ol opl Bamddswg 4 5 Caol JBile o5 &
oz Glbliyl g 00y by cegw a1y Sloj g (S0 (slaedls
Wlolw ;3 ol ) A8 Copie oy 4 1y odb slaJso oy
)y 385 slaladia &3l o S5, i3l @ 5o aS ¢ i
g g Copw (@5 GLIPI oo g cwl Slo
D9 g e (§ piplozs]

oula olXaly
o3y oL lgieay PostgreSQL 5l ¢ fuw jlaia alobw 4o
o 3l (S s @b oLyl il i eoliil SIS
(g dlozel BB Jdods el g sladol y drwgs (gl aiy S
ol 00 Gl e (slodly o pie Sl o YU (6 pds wlide
S glaodls 5l LalS Slciiy POSIGIS 454331 L PostgreSQL
slaosly wal)lS g 58> oo g Biby Kl g smd e )]
oo Jhrtin sbalolo gy (Shy onl WS (o w2l 2 1) 2lde
Sl 5,5 Sl (slrodld @y Judod 9 55,00 o e s 5l5 &S
9 MySQL wile ooy (slaoll plw b awslio ) .cuwl Sl
5 S sloodly 51 g Sluiiy L PostgreSQL .MongoDB



YYY el g o ous b oo 3l b Juw Hluuicd g (Suwivg 42 )15 b g ailobu dzwgs o]0 g 00l jule

i i 9 (s by Wilaluw (515310 5 (sl (B! oY auo¥s ) Jga
Table 1- Summary of the selection rationale for the software components of the flood forecasting and warning system
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Figure 7- Display of the flood inundation area and viewing depth at different points
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Table 2- Selected Rainfall-Runoff events in the Gorganroud watershed for WRF modeling
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Table 3- Error evaluation statistics
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2p0 (Nl adlo RMSE = /zmm 0;)?
(Root Mean Square Error, RMSE) n
STl 55 oh oy — 4 _ Zie,(Pi—0))?
_ > NSE = 1 — 2= o0
(Nash-Sutcliffe Efficiency, NSE) Xiz,(Pi=0)
Blae (slas (0L
(Mean Absolute Error, MAE)
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(Absolute Maximum Error, AME)
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Table 4- Accuracy comparison of the WRF model's time horizons in short-term precipitation forecasting
Uiyl go,lol
Evaluation Statistics

MAE = 2?=1|Pi_0i|
n

AME = malle,- -0l
i=

3, Ui Gl @3 RE =
Row  Forecast Time Horizon (yi_yi £100) AME MAE NSE RMSE R?
Y

1 csls 6 0.73 20.15 10.64 0 12.25 0.69
6 hours

2 eslo 12 0.76 2316 1099 005 1292 0.6
6 hours

3 csls 18 0.76 2311 1174 -02 1375 0.2
6 hours

4 csls 24 0.84 231 1144 -0.15 13.49 0.67
6 hours

5 el 48 0.79 2415 1141 -0.12 13,79 0.58
6 hours

1- Relative Error (ER)
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Figure 9- The extent of the defined domains for atmospheric simulation in the WRF model for the Gorganroud watershed
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Table 5- Configuration details of the WRF model for the Gorganroud watershed

Spelisd Sliwlgyad e
Dynamics Non-hydrostatic
w8 gy, gaw 27
Vertical resolution 27 levels
8l pglys, (B 41 ilaaiely Causd) yioghsS 2/07 :3 dialy ¢yi0gliS6/23 2 iy ¢yioghs 18/7 :1 aiols

Horizontal resolution
b2y Sloj (w88
Output time frequency
Kby oo ol bo
Microphysics scheme
Cdyon 0)lg> )b
Convection scheme
Wb zge Jobo o)l )b
Longwave radiation scheme
oigS z9e Jobo o)ly> b0
Shortwave radiation scheme
O gdaw o)l )b
Land surface scheme
Sire Y o)l b
Boundary layer scheme

Domain 1: 18.7 km, Domain 2: 6.23 km, Domain 3: 2.07 km (Ratio: 1 to 3)

celwl
1 hour

Liu et al.

Grell 3D ensemble

rrtm scheme

Dudhia scheme

Unified Noah land-surface model

YSU scheme
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Figure 11- Observed and simulated hydrographs in the calibration of the HEC-HMS rainfall-runoff model for the

Gorganroud watershed
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Figure 12- Observed and simulated hydrographs in the validation of the HEC-HMS rainfall-runoff model for the
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