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Abstract

Coupling of meteorological models with distributed
hydrological models and reducing uncertainties related to
downscaling is one of the major challenges in flood prediction.
This study with the aim of predicting floods, demonstrates the
possibility of coupling the WRF model with the WRF-Hydro
model which is a hydrological-hydraulic, distributional, and
physical model. For calibration, the Kashkan watershed was
selcted as the study area due to its high flooding potential.
According to observational flood hydrograph in the study area,
two severe flood events in three hydrometric stations were
selected for calibration. Based on sensitivity analysis, the
parameters of infiltration control, surface retention depth,
surface roughness, and channel Manning’s roughness are
considered as the most effective parameters. The use of these
parameters make it possible to calibrate the volume and shape
of flood hydrograph to achieve accurate results. Afterward,
step by step method was used for determining the optimal
values of parameters identified in the sensitivity analysis for
one event in Poldakhtar station, located at the terminus of the
basin. In the next step, the calibrated model was evaluated
based on the optimal parameters set for other stations and
events. The evaluation of the WRF-Hydro with optimized
parameters verify the capability of the WRF-Hydro for
simulating flood in the steep slope watershed after calibration.
Moreover, the main characteristics of hydrograph like volume,
timing, and peak flow rate were simulated accusatively.
Therefore, the percentage error for flood volume and peak flow
rate was less than 20% and for peak lag-time error was less
than 5 hours. The calibration results from the WRF-Hydro
model with demonstrate the potential utility of this coupled
atmospheric-hydrological model in forecasting heavy rain-
induced flash flooding. Findings from this work can be used in
other catchments with similar characteristics.
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Table 1- Selected flood events in Kashkan watershed
OGS 311l Ad g 3 Bdie (Yo 2289 ) Jgs

. . Flood Peak Peak
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Poldokhtar- 2017/03/22 Start 2016/04/12
4772 3317 681.7 717 (#1 2124.9 (#2
Kashkan (P-K) 2017/03/27 End #1) 2016/04/18 (#2)
ineh- 2017/03/23 Start 2016/04/12
Afarinen-Kashkan 7 95 3333 803.7 572 (#1) 1716.9 (#2)
(A-K) 2017/03/26 End 2016/04/18
DuabVisan- - - Start 2016/04/12
- - - 1075.9 (#2
Kashkan (DV-K) - End 2016/04/18 #2)
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Table 2- The experimental details of the WRF for
Kashkan watershed

Silwdae Oly 3o ol o WWRF Jao Olascin - Joio

OB il adg> 1y ]
Subject Chosen Option

Driving data NCEP/FNL
Horizontal resolution 25 km, 8.3 km
Horizontal grid number 408 x 504
Projection resolution Mercator
Simulation events Event #1, Event #2
WREF output interval 60 min
Cumulus convection Kain-Fritsch
Microphysics scheme Ferrier
Planetary boundary layer YSU
Longwave radiation Goddard
Shortwave radiation Goddard
Land surface scheme Noah LSM
Land use MODIS

Surface layer Monin Obukhov

VAR Gl ) oF 2 ylowd (o3 3L Jw oyl yl O galio ol
Volume 16, No. 4, Winter 2021 (IR-WRR)

yva



HHae bl wyiwd P WRF i slaosh &7 Sl s 2 jo
AY JuS 2 i) NOBH (505 s Jto Juy 1255 s
S Y gods b e 4 4 WRF e (syiashS
B339 Uhe) 9 e (2 4Sd Sl eslatal b (L pteshS
Jojle & w5 ol SS& (Gochis and Chen, 2003)
& Noah i abgye (639)5 slayiel)ly D9800 Jitie (2l
SBW ja gy SBocugb, wShe Jols obasy Jsile
2 cly ol gl (Sdgpne colia Seis p dlile ol Hlade
L)J‘ » 0534; .\wbd 4)\1 LIS Sk w}‘o) U‘)"“’ S U»Mf

P gy g (awy g (e (b 38 oLy cur Jie
W ok 4 g Yl oy b (B S 98 dler 5l SleMbl 4y JUI

23,

Legend
Meteo station
PCP_OBS (mm)
o 20-40
O 40-60
Q© 60-30
@ -0

. 100- 125

&5 Kashkan watershed
WRF

PCP (mm)
& -6
& 60-80
5 80-100
5 100-120
5 120-140
5 140-160
5 160-180
& 180-200

aolllas pl 3 cnlply Gl wpo o Ol 5 o (655 o
Noah-MP 5,3 o (40,8 5 oytel,bais> Noah Juso
s slo ol ds )3 ssnse SLSM oles wile .05 o3liz
S Byl b wlidlen Vg )lal it k> 4 NOAN-MP iy
s )Lth ¢ e Sl s 0yg Casho ¢ raw clo ol
3 4 Jio ol 8bse it S5 5 sl S 230 Job 5
) e 5 (8055 L) 52 Jso S L oaBCir S
WRF L Jao ol JolS cin @ygo 53 058 00 1a] (a8,
S Jhe ol ) e g (oulidlen Sl )90 (slaodls
KRRV FEQ ES

Legend

Mecteo station
PCP_OBS (mm)
o 80-100
© 100-120
© 120-140

@ o160
. 160 -200

&5 Kashkan watershed
WRF

PCP (mm)
» 4060
H 60-80
5 80-100
5 100-120
5 120-140
55 140-160
5 160-180
& 180-200
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Table 3- Specific details relevant to the WRF-Hydro
adlio > WRF-Hydro Juw silwdae by e =Y Joaa

& Wk
Subject Chosen Option
NWP model WRF
Land surface model Noah MP

Boussinesq shallow
saturated flow
Diffusive wave
Pass-through
Diffusive wave

Subsurface flow

Overland flow
Base flow
Channel routing

WRF-Hydro output interval 60 min
Routing grid space 1024 m
Integer divisor (aggregation 8

factor)
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Table 4- The sensitive parameterizations of WRF-Hydro model for spatial calibration
Jio e (2ewly gl WRF-Hydro Jue )8 ;i gla sol )y —F Jgoa

Name Description Units Relevant files
Controlling the total water volume
REFKDT Infiltration factor Unitless  Soil_properties.nc
RETDEPRTFAC Surface retention depth scaling Unitless  Fulldom_hires.nc
Controlling hydrograph shape
MANN Manning’s roughness coefficient s/m'? CHANPARM.TBL
OV_ROUGH2D  Overland flow roughness coefficient s/m'3 hydro2dtbl.nc
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Fig. 5- Optimizing the REFKDT parameter after running the WRF-Hydro model for values ranging 2 to 4
with one increment for Event # 2 at P-K station
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Fig. 6- Optimizing the RETDEPRT parameter after running the WRF-Hydro model for values ranging 0 to
5 with one increment for Event # 2 at P-K station
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Fig. 7- Optimizing the OV_ROUGH?2D parameter after running the WRF-Hydro model for multiply
ranging 0.5 to 3.5 with 0.5 increment for Event # 2 at P-K station
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Table 5- Default and calibrated Manning’s roughness coefficients for overland flow
J.A-o)bbdws Wlssdﬁjsl‘_;w&@bdﬁ}%ﬂ'a Jg»

Irrigated Cropland Dryland Cropland Mixed

Land Use and Pasture and Pasture Forest
Default 0.055 0.055 0.1
Calibrated 0.165 0.165 0.3

Table 6- Channel parameter default values based on each stream order (St Order)
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Bw 5 10 20 30
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Ch SSIp 1 06 03 0.18
MannN 0.65 0.50 0.30 0.15

40 60 60 60 60 60
0.03 003 003 01 03 03
0.05 0.05 005 0.05 0.05 0.05
0.06 0.03 0.03 0.03 0.03 0.03
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Table 7- Optimized channel parameter values based
on each stream order (St Order)
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St Order 1 2 3 4 5
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HLINK 0.0 0.0 0.0 0.0 0.0
MannN 052 04 024 012 0.048
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Fig. 8- Optimizing the MannN parameter after running the WRF-Hydro model for multiply ranging 0.5 to
1.2 with 0.1 increment for Event # 2 at P-K station

&ly gl oY Ll LYY UG +/0 ol po gl WRF-Hydro Jue slpa! 51 (ws MannN gl )b (g 5ladings —A JSG

(a) P-K Station
OBS
WRF-Hydro

Discharge (m3/s)

1591317211 5 91317211 5 91317211 5 91317211 5 91317211 5 9131721

March 22, March 23, March 24, March 25, March 26, March 27,
2017 2017 2017 2017 2017 2017

600

(b) A-K Station
~——0BS

——— WRF-Hydro

Discharge (m3/s)
N
o
o

1591317211 5 91317211 5 91317211 5 9131721
March 23,2017 March 24,2017 March 25,2017 March 26, 2017

Fig. 9- Comparison of observed and simulated hydrographs for the event #1

VAR Gl ) oF 2 ylowd (o3 3L Jw oyl yl O galio ol
Volume 16, No. 4, Winter 2021 (IR-WRR)
YYs



2400
2100
< 1800 .
2 1e00 (a) P-K Station
= —OBS
qé’ 1200 —WRF-HydI’O
& 900
2
a 600
300
0
1591317211 591317211 5 91317211 5 91317211 5 91317211 5 9131721
April 12,2016 April 13,2016 April 14,2016 April 15, 2016 April 16, 2016 April 17, 2016
1800
1500
% 1200 (b) A-(E(BSStatlon
g 900 —— WRF-Hydro
T
S 600
2
300
0
1591317211 591317211 5 91317211 5 91317211 5 91317211 5 9131721
April 12,2016 April 13,2016 April 14,2016 April 15, 2016 April 16, 2016 April 17, 2016
1500
2 1200 .
3 (c) DV-K Station
3 900 — OBS
g —— WRF-Hydro
S 600
2
8 300
0
1591317211 591317211 5 91317211 5 91317211 5 91317211 5 9131721
April 12,2016 April 13,2016 April 14,2016 April 15,2016 April 16, 2016 April 17, 2016
Fig. 10- Comparison of observed and simulated hydrographs for the event #2
Y 0 lows axdly gy oaw (G 3lwdmd g (Sl BI,5 g 0 duglio —) ¢ JSUS
Table 8- Statistics of calibration for events #1 and #2
Y 5 0jloand @By (1,1 Joo iuwly gl A Jos>
NSE R? NRMSE VD™ (%) npneﬁ?h'?ﬂ}) PDS (%)
Station Even Even Event Even Even Even Even Even Even Even Event Even
t#L  t#2 #1 t#2  t#l  t#2 t#l t#2 t#1 t#2 #1 t#2
P-K 0.76 0.88 0.87 096 011 008 1324 1542 -500 0.00 -11.11 3.17
A-K 0.75 0.82 0.81 085 012 012 3.26 14'05 -400 0.00 -13.66 -2.33
DV-K - 0.32 - 0.78 - 0.17 - 20.13 - 0.00 - 18.62
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1- Numerical Weather Prediction

2- High Performance Computing

3- Guadalhorce Flood Warning System

4- European Flood Alert System

5- Gridded Surface Subsurface Hydrologic Analysis

6- Weather Research and Forecasting

7- National Water Model

8- Final Analysis

9- Multi Parameters

10- Land Surface Model

11- Forcing

12- Stand Alone

13- Diffusive Wave

14- Differences Between Volume of Model and Observe
15- Differences Between Peak Discharge of Model and
Observe
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