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Extended Abstract
Background: Floods are caused by several reasons, including rainfall intensity, vegetation
destruction, and encroachment of rivers. The high power of floods damages buildings, bridges,
and existing structures, and also reduces the caFa01ty of the river bed. Moreover, the excessive
volume of water leads to human and financial losses and the destruction of animal habitats.
Structural measures (such as dam construction) and non-structural measures (such as increased
vegetation coverage, forecasting, and flood warning systems) are carried out to deal with a flood
and its damage. Flood forecasting is the process of estimating the time and place of flood
occurrence and the volume of water and, as an efficient and low-cost tool for flood management
and damage reduction, has received a lot of attention in recent years. Rainfall-runoff modeling is
one of the measures of flood management. Simulation is done using hydrological models to
understand the relationship between rainfall and runoff parameters, as well as to determine the
peak discharge value and the time to reach the peak discharge. One of the hydrological software
packages in this field is the HEC-HMS software. By considering three components of the basin,
meteorological, and control specification models, the value of losses, runoff, base flow, and
routing are calculated using existing methods, and finally, optimization is performed to reduce
the di%ference between observed and simulated hydrographs. Precipitation is one of the most
important input parameters in simulating floods. Theregore, the correct estimation of its amount
is considered necessary and important. Considering the number of rain gauge stations and the lack
of sufficient stations in Iran, especially in mountainous areas, the use of numerical weather
prediction model information and satellite rainfall data plays an important role in flood
forecasting. Numerical weather prediction models predict weather conditions using mathematical
models. Forecasts are divided into three short-range, medium-range, and long-range categories,
and also, into regional and global models. One of these models is the numerical Weatﬁer prediction
model, called GFS, which predicts and provides data such as temperature, wind, and precipitation.
Heavy rainfall, destruction of forests, sand and gravel harvesting, and construction in floodplains
are among the causes of floods in Mazandaran Province, especially the Tajan River, in recent
years. The main goal of this research was to estimate the value of peak discharge by simulating
flood events and evaluating the results using the precipitation information of the GFS model in
the Tajan watershed located in Sari City, Mazandaran Province.
Methods: In this research, data were collected from the hydrometric stations of the Tajan
watershed, including the hourly measurements of recorded floods, as well as the information
required by the evaporation and rain gauge stations in this area, including precipitation obtained
by the Mazandaran Regional Water Company for the 10-year period of 2011-2021. Furthermore,
Erecipitation data  were received  online from the following  webpage:
ttps://openweathermap.org) through the output of the GFS numerical weather prediction model
in the mentioned period. The curve number of each subbasin was determined using land use and
soil hydrological group layers in ArcGIS software, and the physiographic characteristics of the
Tajan watershed were extracted using the HEC-GeoHMS extension. Then, four events 04 October
2011, 01 December 2011, 14 November 2016, and 01 December 2017 were simulated using the
physiographic characteristics of the sub-basins, the precipitation data of the Tajan watershed, and
the flood discharge obtained by the Mazandaran Regional Water Company in HEC-HMS
software. The Soil Conservation Service curve number method was used to calculate losses, the
SCS unit hydrograph method was used to calculate the runoff method, and the lag method was
used for routing. Subsequently, sensitivity analysis was performed to determine the sensitivity of
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the curve number, lag time, and initial abstraction parameters. The optimal values of the
parameters in the optimization process were determined using nine objective functions available
in the HEC-HMS software, including Mean of Absolute Residuals, Mean of Squared Residuals,
Peak-Weighted Root Mean Square Error, Peak-Weighted Variable Power, Percent Error in Peak
Discharge, Root Mean Square Error, Sum of Absolute Residuals, Sum of Squared Residuals, and
Time-Weighted RMSE. In the next step, validation was performed by event 01 December 2017
using the optimal values of the parameters. Finally, after HEC-HMS software optimization and
verification, the aforementioned flood events were simulated using the data of the GFS numerical
weather prediction model.

Results: The results showed a strong correlation between observed and calibrated hydrographs.
Besides, the best objective function was peak-weighted variable power. The results of the
sensitivity analysis showed that the peak discharge was more sensitive to the changes in the initial
abstraction and curve number parameters. Validation was performed to verify the validity of the
results obtained in the calibration process, and the results indicated no significant differences
between the averages of the two groups, viz. observed and calibrated flow rates. Moreover, the
simulation results using the GFS numerical weather prediction model showed no significant
differences (at a 95% confidence level) between the observed and simulated hydrographs.
Conclusion: According to the results, using the precipitation data of the GFS numerical weather
%rediction model and the HEC-HMS rainfall-runoff software makes it possible to simulate the

ood with acceptable confidence in predicting the peak discharge of floods.

Keywords: HEC-GeoHMS, Modeling, Numerical weather prediction model, Peak discharge,
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Figure 1. DEM and Slope Maps of the Tajan Watershed
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oo o oy 30lB )3 sdel Canddy @l Como
st $o e awlie i pbol WWAS/AA/N. bl
ol 03l ¥ S5 )3 33,8 oK) 55  Slwloo g oamliie
ghaw ) 01d (Siloded g Slalie sl o3 aumlie o
SPSS l3slay )3 Jatue t (9050 5l dop> AD (g)l> sne
D91 oIV L ol P-value jlado 55t g0l 53 s o3l
095 90 spSke gle & M ol J) Sk @l
d)bu;‘“' C;sl.éj' o0 (6 loduns 9 04 odalin S

2,8 3929

Sink "Kordkheyl Station” Results for Trial “Optimization 4

WA/ AT/ VNY gy oy 4 by po gl

29 Olyed SB35 ase i lp WAYLANY
o g gl o2 A pdlie .l oal ¥ S )> s
PO/ VNY sligy 3 orwly 4] b 295 by
Oly «dia b it gt 4 4o b blosdl ¥ g
E GMSI L1y gl 5 M oS 39 2ol 3 s peiie
Capd Orzen s glp 4l n ceSe i
ol gly sl TIASE | ply (oxily 5l ey @SSl 55

Sink “Kordkheyl Station™ Resuits for Trial “Optimization 4”

50
— Obsarvat Fiow
— Opumized Fow “
©
55
0
Ew S
s F
g 2 x
=
.s
" o v
oo 1200 onso 120 oo o0 120 s0lo0 1200 ane
"Deczont 120ecaont i | osoctzort I osoctots
Sink "Kordkheyl Station" Results for Run "Run 1" Sink tion" Results for Trial "Optimizati
®
m
©
3 g
z 30
e =
n
o
oo 1700 awoc 1700 w0 1200 oo 120 1200
otoacaor? ozucz0r? w30ecaor? TaNov2018 IeMov2016 Tohav20ts

(d)>

e

VWAS/ AN+ (5 YA/ AIYY (g WA/ A/Y + (0 WA/ VAT (G Sl o (Shanlin glacs] Sy Y S
Figure 3. Observed and Calculated Hydrographs a)040ct.2011 b)11Dec.2011 ¢)14Nov.2016 d)01Dec.2017


http://dx.doi.org/10.61882/jwmr.2024.1279
http://jwmr.sanru.ac.ir/article-1-1279-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-18 ]

[ DOI: 10.61882/jwmr.2024.1279 |

P9S Mhs (ME Jederme 5 g pplsx dllpal codles Lo e (ol Jab cely o550y 0 bl

£y

VEF /Y ojles /e 3li Jlo jusul 039> Ca e 4al g3

(/YY) (il 113 (b (298 cl 022 5 &l 00 Al 9 Slodaliia ol =Y g
Table 2. Observed and optimized values of peak discharge and volume in the calibration process (04 Oct. 2011)

dlb.xmu‘w )JbLu w )._{Jl&b
Observed Values Optimized Values . s
. a8l . ol oy
9> Ob e Peak 29 o2 e Peak Objective Functions
Volume (1000 m?) Discharge Volume (1000 m?) Discharge
(m*/s) (m*/s)
1610.6 329 oosilogdly sllas 15 (ke
Mean of Absolute Residuals
1661.9 309 osilesdly gye (ke
Mean of Squared Residuals
1787.6 420 &l o g slexe S,
Peak-Weighted Root Mean Square Error
2475.6 457 T8l o 9wt Ol
Peak-Weighted Variable Power
3194.7 46.1 1635.9 45.9 gl o0 bt 200
Percent Error in Peak Discharge
1607.8 35.8 Lot Slayo (550be s
Root Mean Square Error
1850.1 40.9 BousleSl sllae )8 ggaxe
Sum of Absolute Residuals
1752.9 327 nolo:3ly goye ggoore
Sum of Squared Residuals
1552.2 24.1 zol Oloj (39 slre Llyodl
Time-Weighted RMSE
Cp i e (so)led g adgl wlal gla el )y s 4 Comwlms U1
...\S)IJ l) ).ul.» 0 lows L;Lm)lo\)li Coumwluws )’.:JU B J..ol> C"l“"
a5 b Slodsl ¥ Jodo 50 330 loj g adsl clals ¢ poxio
Cosluc 6T gl =¥ Jouo
Table 3. Sensitivity analysis results
(ad85) 36 oo v 0)loss (roslso) adgl clals L
Lag time (min) Curve Number Initial Abstraction (mm) Oyt
. el bl )l . el bl b i zle bl i (aep)
ool Peak Parameter ool Peak Parameter e Peak Parameter Changes
Sensitivity Discharge Value Sensitivity Discharge Value Sensitivity Discharge Value (%)
(m¥/s) (min) (m?/s) (min) (m?/s) (min)
0.53 61.60 257.06 -1.41 40.10 62.82 0.33 59.50 11.11 -20
0.52 60.20 273.13 -1.38 44.20 66.74 0.41 59.20 11.81 -15
0.73 59.90 289.19 -1.34 48.30 70.67 0.50 58.60 12.50 -10
0.54 57.30 305.26 -0.79 53.60 74.59 0.82 58.10 13.19 -5
0.00 55.80 321.33 0.00 55.80 78.52 0.00 55.80 13.89 0
-1.39 51.90 337.39 0.82 58.10 82.45 -2.58 48.60 14.58 5
-1.34 48.30 353.46 1.20 62.50 86.37 -1.68 46.40 15.28 10
-1.12 46.40 369.53 1.33 67.00 90.29 -1.25 45.30 15.97 15
-1.10 43.50 385.59 1.61 73.80 94.22 -0.96 45.10 16.67 20

¥ USS 3 ade (28 plyier J32)5 oSl 3 0ad
9 ‘_;.\.5‘): d}fjl @L»L.m dl)’. I3 Qg_l 5 ool
St plie (SASTy ylges ¢ Stamser (lie o0y
A Jg.w 4 d>g L. o) u-"'\'“’l“" )J.)l.o.p ).3‘);. PRIR™
ol L;r.;»b 5 0 odalie ol obe YU Giiw

2,5 2939

GFS (gda Jao o3y U (g5l
g’j S i slaedly 51 eolazwl L )|}é|r°)3 dl)?l 5! o
b siwand cas HEC-HMS l38ls 5 o055k (sladlaio
alio cladliygy > GFS wlislen (sdae Jao il ool

I 295 ol o7 g @l @ dlie 0l oLl
Silwdnd g odalio sl So)an o ¥ Jouo )5 (gluand


http://dx.doi.org/10.61882/jwmr.2024.1279
http://jwmr.sanru.ac.ir/article-1-1279-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-18 ]

[ DOI: 10.61882/jwmr.2024.1279 ]

BsSHhr (2ME edere 5 (5 pplgx dlpai (eolos Lo jdle ol Jad (el (50 y50 500 4ol

A Je 5 (GFS) lgn g9 ity Jo jl o3l b (525 sl 05> s (g3t

Sink “Kordkheyl Station” Results for Run “Run 1"

‘Sink “Kordkhevi Station" Results for Run “Run 1°

| 11Due011 12Deca0ts

b

Flow (cims)

o0 o:00 200 w0 12:00 w0

socror asoctont |
(a) all

Flow {ems)

[— Observed Fiow
— Simuated Fiov,

o T J
ot 20 w0i0e T2 w00 20 i o0:00 1aic o0:00 1200 o006 1200 os:0

i e | s | — j i

(d)>

e

WAS/ A/ (5 WA/« AIYY (2 WA=/ A/Y + (0 WA/ VY (Gl 03 (gjlodens 5 Slnlin clacdl Sg,um —F IS5
Figure 4. Observed and Simulated Hydrographs a) 04 Oct. 2011 b) 11 Dec. 2011 ¢) 14 Nov. 2016 d) 01 Dec. 2017

Table 4. Comparison of peak discharge and volume

@95 Ol o 9 sl 20 Mo Alis T

(oS 3o )l3) (2953 by w2

(456 2 o i) gl (20

Volume (1000 m?) Peak discharge (m*/s) s,
0 (& jlwdend Sholio 0l (6 jlusdunds Shalis Event
Simulated Observed Simulated Observed
2418.2 3194.7 46.4 46.1 040ct.2011
25423 3581.1 51.8 56.0 11Dec.2011
4493.9 5400.2 75.9 83.2 14Nov.2016
1450.5 1820.9 16.9 14.4 01Dec.2017
3 i j" . .
i ' i y=09367x - 3.268
.") ;l '4 5 R* = 0.9052
g : T OR=0l A;‘ z ’
128 z
R ; . 13 o
3 3
3 " s o e sl skl g St . O it
. i,r e --u-ii-:...s..:::»dn.ou-mwmw ) ‘:.“:,. B o (]..:’m.m-|xuan.mmm«b-m>
(gl 1 s 2) il s (ol i ) Fhiaks 0
Observed Discharge (mYs) Observed Discharge (m*/s)
(b) & (a) I
v g % 7 5
.? E " T i ;—l..‘{o:u: 2711 : ;‘ - 9
13 ’ ' i
= -]
13 % 2 <
2 3
3 * Stmaaied v3 Obsrved Discharge
& " St Courna s S D e
3 eammpron e e Gty el ™ T e R S

(43 ae 0) AL s
Observed Discharge (m/s)

(d)>

WAS/ /) (5 VWAF/-A/VY(z WA/ /¥ + (0 T

B (48 Sn j20) Jlaals Lo
Observed Discharge (m"'s)
(©)e
TYIVY (@ Slamlie 5 0dd (ilwdpd (03 (SASly jlges -0 S

Figure 5. Scatter plots of Simulated and Observed Discharge a) 04 Oct. 2011 b) 11 Dec. 2011 ¢) 14 Nov. 2016 d) 01

Dec. 2017


http://dx.doi.org/10.61882/jwmr.2024.1279
http://jwmr.sanru.ac.ir/article-1-1279-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-18 ]

[ DOI: 10.61882/jwmr.2024.1279 |

B e (oME edee g (g ynlgr Al pa (golas Lo pde ¢ Jol had el o By 92500 acbold

54

VEF /Y oloud /el Jlo 5wl 0565 oy 4al g

Ole &S sls ol gl b pldl G»L;Jb\yn &dde
buwg b (gilwdnd 5 odd sdalin (S,
ow 30) ()b re wols wlislen (g3ie Jio slrodly
&S caS lgi o oyl ply (il D g (M) WD (g)ld sixe
a9l o ot J9d S s HEC-HMS Jlj8le

a3 o &l Juw

1>,a8
Cigleo 0j9> (sgimo 9 (dlo Colex b ol imgh
Gl o @l 9 (65)9liS pole oRiily (455l8 ¢ yingl
st B 5 005 plool lacull it olsie 4
e 33 O Slalllas” lgie b jeme byl (ogoisld
oS ol 03 plol oS ho oSl )3 5555 allusy 5 "5l
dg o pel (B (1,48 9 S5 ilye dmgonley

9051 5 ookl b rwcons dls yo 45 uls 4 4o g5 b

5 Silwand polde e (6> bxe Cglds &S A asuine t
9 bz ol i b oS cubli g gl (0 Slonlie
(Heidari Chenari et al., 2022) 5> callas Ko
o 3901l (1055 4 ) an 5 S8 (685 (izmon
A3l HEC-HMS 58l 5 5l oalitnl b SSusl 550 059>
HEC- Jldley oV 2l 5 (St plial Gios @b
Shokri ef ) cul O g4l (25 g ©Ulgy 3,91 > HMS
Cas By Cillhs ol dillas s b &S (al, 2012
byl & cuus HEC-HMS 13l Colis 25
bl @ g b pbol Cumlus g wid  uwly
ly Comlus o i (goio 0)ladd 5 adgl lals (gl ol
5 ol Lidgh s b ol adllas ol 45 Ldg |l
(sm p8 3 )b il (Asadi er al., 2020) o \Son

Jie 5k sbvodls jl ookl b (oM asdly jloa (g5lodpss

References

Afifi, M. E. (2020). Simulation of rainfall-runoff and flood potential using model HEC-HMS and Fuzzy
Logic Case Study of Rudbal Watershed in Fars Province. Physical Geography Quarterly, 12(46), 111-
127. [In Persian]

Asadi, M., Jabbari, 1., & Hesadi, H. (2020). Flood Modeling in Arid and Semi Arid Areas Using HEC-
HMS Model (Case Study: Esteghlal Minab Basin). Quantitative Geomorphological Research, 8(3), 17-
33. [In Persian]

Azadi, M., Ghayoor, H., Masoodian, A., & Nouri, H. (2013). Investigation on Synoptic-Dynamic patterns
of Heavy and Convective or No convective Precipitation Events in the Southern Coasts of Caspian Sea
Using WRF Model. Geographical Research, 28(109), 215-238. [In Persian]

Dehban, H., Imani, S., Farrokhnia, A., & Roozbahani, R. (2017). Evaluation of daily precipitation results
of GFS model for issuing flood early warnings; Case study: Lorestan province, Fifth Comprehensive
Conference on Flood Management and Engineering, Tehran, https://civilica.com/doc/741649

de la Fuente, A., Meruane, V., & Meruane, C. (2019). Hydrological early warning system based on a deep
learning runoff model coupled with a meteorological forecast. Water, 11(9), 1808.

Eslami, H., Kamali Ardakani, D., Rezaee, N., & Eivazi, M. (2014). Flood Forecasting of Bakhtiari River
in the construction site of Bakhtiari dam, 3th Dam and Tunnel Conference and Exhibition, 13. [In
Persian].

Goodarzi, M. R., Poorattar, M. J., Vazirian, M., & Talebi, A. (2024). Evaluation of a weather forecasting
model and HEC-HMS for flood forecasting: case study of Talesh catchment. Applied Water Science,
14(2), 34.

Heidari Chenari, F., Fazloula, R., & Nikzad Tehrani, E. (2022). Calibration and Evaluation of HEC-HMS
Hydrological Model Parameters in Simulation of Single Rainfall-Runoff Events (Case Study: Tajan
Watershed). Journal of Watershed Management Research, 13(26), 69-81. [In Persian]

Heidary Beni, M., Shiasi, M., & Mobini, S. (2017). Validation of GFS model in forecasting climatic
elements (case study: Shahrekord station). Second National Conference on Hydrology of Iran. 10 [In
Persian].

Imani Amirabad, S., Farokhnia, A., Dehban, H., Hasanli, A., Javadi, F., & Najafi, M. (2019). Evaluation of
the performance of WRF and GFS forecasting models in forecasting the recent heavy rains of the
country. 7th Comprehensive Conference on Flood Engineering and Management, 19. [In Persian]

Javanmardghassab, M., Eslami, H., Rezaee, N., & Eivazi, M. (2017). Evaluation of GFS and WREF rainfall
forecasting models in Gavshan Watershed. 5th Flood Management and Engineering Conference, 11.
[In Persian]

Lien, G.-Y., Kalnay, E., Miyoshi, T., & Huffman, G. J. (2016). Statistical properties of global precipitation
in the NCEP GFS model and TMPA observations for data assimilation. Monthly Weather Review,
144(2), 663-679.

Mahmoudzadeh, H., & Bakoi, M. (2018). Flood zoning using fuzzy analysis (case study: Sari city). Journal
of Natural Environmental Hazards, 7(18), 51-68. [In Persian]

Mazidi, A., & Kooshki, S. (2015). Simulation of rainfall-runoff process and estimate of flood with HEC-
HMSModel in Khorramabad catchment area. Geography and Development, 13(41), 1-10. [In Persian]

Moatamednia, M., Nohegar, A., Malekian, A., Saberi, M., & Karimi, K. (2017). Runoff prediction using
intelligent models. franian Journal of Ecohydrology, 4(4), 955-968. [In Persian]


http://dx.doi.org/10.61882/jwmr.2024.1279
http://jwmr.sanru.ac.ir/article-1-1279-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-18 ]

[ DOI: 10.61882/jwmr.2024.1279 |

P3SN e sazen 5 (5l ol ccsolac Lo ple  Jgl i a5t st Aabld

v Je 5 (GFS) lgn g9 (imistay Jo jl o3l b (25 sl 05> s (g3lotend

Mousavi Nadoushani, S., & Danandeh Mehr, A. (2005). Hydrologic Modelling System (HEC-HMS).
Dibagaran Tehran Cultural-Art Institute, 295. [In Persian]

Mukhopadhyay, P., Prasad, V., Krishna, R. P. M., Deshpande, M., Ganai, M., Tirkey, S., Sarkar, S.,
Goswami, T., Johny, C., & Roy, K. (2019). Performance of a very high-resolution global forecast
system model (GFS T1534) at 12.5 km over the Indian region during the 2016—2017 monsoon seasons.
Journal of Earth System Science, 128, 1-18.

Nodehi, S., & Moghaddas, N. H. (2008). Investigating the effects of Shahid Rajaei Dam on the Sari-Neka
plain aquifer. Iranian Conference of Engineering Geology and the Environment, 10. [In Persian]

Nohegar, A., Salehi, E., Alavi Naeini, M., & Alavi Naeini, A. (2019). Prioritizing Different Methods for
Participation and Education of People to Predict and Warning Flood in Iran. Environmental
Management Hazards, 6(3), 259-269. [In Persian]

Nouri, F., Behmanesh, J., Mohammadnezhad, B. A., & Rezaei, H. (2013). Evaluation of WMS/HEC-HMS
model in flood forecasting of Ghorve watershed. Journal of Water and Soil Conservation, 19(4), 201-
210.

Rao, G. V., Reddy, K. V., Sridhar, V., Srinivasan, R., Umamahesh, N., & Pratap, D. (2022). Evaluation of
NCEP-GFS-based Rainfall forecasts over the Nagavali and Vamsadhara basins in India. Atmospheric
Research, 278, 106326.

Shirmohammadi Aliakbarkhani, Z., Saberali, S. F., & Nastari Nasrabadi, H. (2019). Evaluation and Zoning
of GPM and TRMM 3B42 V7 Satellite Rainfall Data in Northeast Iran. Journal of Meteorology and
Atmospheric Science, 2(2), 179-191. [In Persian]

Shokri, S., Behnia, A., Radmanesh, F., & Akhond Ali, A. (2012). Watershed flood hydrograph estimation
using HEC-HMS and geographic information system (Case study: Idanak watershed). Journal of
Watershed Management Research, 3(5), 63-80. [In Persian]

Sridevi, C., Kumar Singh, K., Suneetha, P., Reval Durai, V., & Kumar, A. (2018). Vjestina prognoze
oborine iznad Indije tijekom ljetnog monsuna 2015. GFS modelom. Geofizika, 35(1), 40-52.

Tassew, B. G., Belete, M. A., & Miegel, K. (2019). Application of HEC-HMS model for flow simulation
in the Lake Tana basin: The case of Gilgel Abay catchment, upper Blue Nile basin, Ethiopia. Hydrology,
6(1), 21.

Yuan, F., Zhang, L., Soe, K. M. W, Ren, L., Zhao, C., Zhu, Y., Jiang, S., & Liu, Y. (2019). Applications
of TRMM-and GPM-era multiple-satellite precipitation products for flood simulations at sub-daily
scales in a sparsely gauged watershed in Myanmar. Remote Sensing, 11(2), 140.

Yue, H., Gebremichael, M., & Nourani, V. (2022). Performance of the Global Forecast System's medium-
range precipitation forecasts in the Niger river basin using multiple satellite-based products. Hydrology
and Earth System Sciences, 26(1), 167-181.

Wang, H., Hu, Y., Guo, Y., Wu, Z., & Yan, D. (2022). Urban flood forecasting based on the coupling of
numerical weather model and stormwater model: A case study of Zhengzhou city. Journal of
Hydrology: Regional Studies, 39, 100985.


http://dx.doi.org/10.61882/jwmr.2024.1279
http://jwmr.sanru.ac.ir/article-1-1279-fa.html
http://www.tcpdf.org

