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Abstract

Parameters uncertainty of rainfall-runoff models are the main
sources of uncertainty in real time flood forecasting. In this
paper, the Monte Carlo method is used to estimate the
uncertainty of the forecasted flood hydrograph due to
uncertainty in the calibration parameters of the rainfall-runoff
model in Dez Basin in southwestern Iran. Precipitation and air
temperature were predicted using Weather Research and
Forecasting (WRF) model. The HEC-HMS hydrological
model was wused to forecast the flood hydrograph
corresponding to the predicted precipitation and air
temperature. The SCS-CN, Clark Unit Hydrograph, and
Muskingum-Cung methods were used to model losses,
transform and flood routing, respectively. The results show
that the best scheme in WRF model is MYJLG to predict

hourly precipitation and air temperature in Dez Basin.
Therefore, the MYJ boundary layer scheme, Lin cloud
microphysics scheme and GODDARD radiant scheme have
the best performance in flood forecasting in Dez basin. In
addition, the results of this study show that considering the
simultaneous uncertainty in all parameters, the uncertainty in
peak discharge of the forecasted flood hydrograph is higher
than the uncertainty in the volume of the hydrograph. So that
the uncertainty in peak discharge and the volume of forecasted
flood hydrograph due to the uncertainty of all parameters are
equal to 32.5 and 21.2%, respectively. Thus, with the lack of
flood forecasting and warning based on risk, quantifying
uncertainty has provided additional information about
forecasts that will help decision makers make better decisions.
Keywords: Parameters Uncertainty, Flood Forecasting,
Monte-Carlo, WRF Model, HEC-HMS Model.
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Fig. 1- Boundary and number of Dez sub-basins to Talezang hydrometric station, streams network and
location of different stations
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Table 1- Characteristics of used synoptic and hydrometric stations
03! 3590 (53509 3 § Sy i (SO | Sladeio - Jous

Station Station type Latitud_e Iongituc_ie Elevation

(Degree/Minute) (Degree/Minute) (m)

Khorramabad Synoptic 3326 48 17 1147.8
Aligodarz Synoptic 3324 49 42 2022

Doroud Synoptic 3329 4904 1526.7

Azna Synoptic 3327 49 25 1871.9
Broujerd Synoptic 3355 48 45 1629
Koohrang Synoptic 3226 50 07 2285
Safiabad dezful Synoptic 3216 48 25 82.9
Daran Synoptic 3258 50 22 2290
Talezang Hydrometric 3249 48 46 480
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Table 2- Configuration of the physical part of the WRF model in eight different implementations
Alisee (g1, Culd 1D WRF Jado (S0 508 (idu (g8 -V Jgaa

Scheme Bolundary Microphysics Shor't wave Long wave Surface cover Surface Convective
ayer radiation radiation layer
YSULG YSU Lin Goddard RRTM Unified Noah MM5 Kf
MYJLG MYJ Lin Goddard RRTM Unified Noah MM5 Kf
YSUWG YSU WMS5-class(4) Goddard RRTM Unified Noah MM5 Kf
MYJWG MYJ WMS5-class(4) Goddard RRTM Unified Noah MM5 Kf
YSULD YSU Lin Dudhia RRTM Unified Noah MM5 Kf
MYJLD MYJ Lin Dudhia RRTM Unified Noah MM5 Kf
YSUWD YSU WMS5-class(4) Dudhia RRTM Unified Noah MM5 Kf
MYJWD MYJ WMS5-class(4) Dudhia RRTM Unified Noah MM5 Kf
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Calibration and validation corresponding to the random tﬁeommeézr
HEC-HMS model of number of Monte
# Carlo

A 4

b

Generate a random number

between zero and one and

determine the value of the
calibration parameters

Execution of HEC-HMS model
for different compositions of
calibration parameters (CN, a,
Cs, C, n) to determine the range
of parameter changes based on
Nash-Sutcliffe coefficient above
the threshold

Calculate the values of the initial
abstraction, concentration time and
Clark's storage coefficient for the
values of the calibration parameters
by considering the interactions
between the parameters

'

'

Determine the prior distribution
(uniform distribution) for each
of the calibration parameters

Execution of HEC-HMS model for
the value of the parameters
corresponding to the random
number and determination of the
peak discharge and volume of the
forecasted flood hydrograph

repetitions

Calculation of statistical
indices and range and
percentage of uncertainty in
peak discharge and volume
of forecasted flood
hydrograph

Fig. 6- Flowchart of uncertainty analysis of forecasted flood hydrograph by the Monte Carlo method using

the HEC-HMS model
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Table 3- Variations Rang of parameters including curve number, initial abstractions coefficient, regional
value and snowmelt coefficient for different sub-basins

&lp B 9d Cu g g sladhie Cul jlado cadgl LT o pb ¢ o0 8 lowd (gl Jiol )b O puti 03900 - Jgas

Sl grases 4 g
parameter location Lower bound Upper bound

Sub-basin 1 60 96

Sub-basin 2 60 94

Sub-basin 3 50 80

Sub-basin 4 48 86

Sub-basin 5 49 90

Sub-basin 6 46 90

CN Sub-basin 7 46 90
Sub-basin 8 48 90

Sub-basin 9 57 90

Sub-basin 10 51 90

Sub-basin 11 58 90

Sub-basin 12 48 90
a All Sub-basins 0.05 0.35
Cs All Sub-basins 0.2 0.65

C (mm/°c-day) All Sub-basins 2 5
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Table 4- Variations range of Manning's roughness coefficient parameter in different streams
Aliseo saal pl 15 Kiwile (G595 e o oyl Ol punds 23900 —F Joua

Reach Dorud- Sepiddasht- Roodbar- Liro-Outlet Outlet 4&5- Tange panj-
Sepiddasht Tange Panj Liro 485 Tange Panj Talezang
manning's n
) 0.018-0.053 0.017-0.05 0.019-0.056 0.018-0.053  0.018-0.053 0.016-0.048
ml/3
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Fig. 7- Schematic of the sub-basins and streams upstream of the Talezang station constructed in the HEC-
HMS model
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Fig. 8- Comparison of simulated and observed flood hydrograph at Talezang station for 26Mar1998 (a) and
5Jan1993 (b) events for model calibration and 1Feb1993 (c) event for model validation
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Table 5- Goodness-of-fit statistical criteria for the HEC-HMS model calibration and validation period
HEC-HMS Jao (oriuwtous g (Siwly 0,93 12 (19312 (295 )bl sybre -0 Jgo

Event Stage NS PTVE (%) RMSE (cms) MAPE (%)
26Mar1998 calibration 0.970 -3.32 225.7 8.07
5Jan1993 calibration 0.904 7.55 232.7 15.89
1Feb1993 Validation 0.881 9.3 260.8 17.07
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Table 6- I0A Index for hourly precipitation and temperature forecasted with different schemes in WRF model
WRF Jao jd Bliseo oo les b b duud duwtyims el sbod g (5L glp I0A (ad Wi —F Jouo

Station Variable MYJLD MYJLG MYJWD MYJIWG YSULD YSULG  YSUWD  YSUWG
. Precipitation 0.71 0.73 0.75 0.73 0.73 0.72 0.76 0.73
Aligodarz
Temperature 0.33 0.3 0.33 0.28 0.28 0.25 0.27 0.24
. Precipitation 0.71 0.66 0.69 0.66 0.69 0.66 0.7 0.67
Brujerd
Temperature 0.29 0.38 0.27 0.37 0.3 0.37 0.27 0.36
Precipitation 0.75 0.72 0.76 0.77 0.72 0.79 0.73 0.84
Daran
Temperature 0.64 0.54 0.62 0.53 0.57 0.51 0.57 0.5
Safiabad Precipitation 0.42 0.3 0.46 0.4 0.42 0.32 0.54 0.42
Dezful
Temperature 0.35 0.21 0.36 0.25 0.3 0.14 0.3 0.19
Khorramabad Precipitation 0.58 0.67 0.69 0.66 0.68 0.64 0.71 0.67
Temperature 0.35 0.43 0.36 0.43 0.37 0.42 0.38 0.43
Precipitation 0.27 0.32 0.47 0.43 0.3 0.3 0.39 0.29
Koohrang
Temperature 0.37 0.44 0.38 0.43 0.33 0.38 0.34 0.37
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Table 7- Comparison of forecasted peak discharge, runoff, and flood hydrograph volumes for selected schemes
e (5olga b (g 0 S ey Jaw 155 gy hud 2 9 DUly, g )l gl (25 25lio duglio -V Jgaa

Variable Observed MYJLD MYILG ~ MYJWD  MYJWG  YSULD  YSULG  YSUWD  YSUWG
Peak(grif]g;‘arge 2689 23271 23381 2010.1 2044.1 2146.8 2356.4 2087.8 2200.9
Runoff (mm) 42.23 42.55 41.64 38.58 38.55 38.95 417 39.17 39.91

Volume (MCM) 6802 685.4 670.7 621.5 621.0 627.4 6717 631.0 642.9

Table 8- Comparison of statistical indices of forecasted flood hydrographs for different schemes
s (0 oo yb (6l 0uwS vy Jaw B1,5 g 0 (g ylo] (1 yad Wi Ay lle —A Jgun

Sfﬁgfég;a' MYJLD  MYJLG MYJWD MYJWG YSULD  YSULG  YSUWD  YSUWG
NS 0.812 0.838 0.752 0.774 0.779 0.811 0.776 0.813
PTVE (%) 0.76 -1.39 864 8.7 -7.76 -1.26 -7.25 55
RMSE (cms) 251.9 233.3 289.0 276.1 272.6 252.4 274.6 250.7
MAPE (%) 19.03 15.56 14.03 13.15 13.69 16.53 14.62 13.86
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Fig. 9- Comparison of the forecasted flood hydrograph at the Talezang station from the predicted
precipitation and air temperature with different schemes in the WRF model
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Table 9- Statistical indices of uncertainty analysis in peak discharge and volume of forecasted flood
hydrograph due to uncertainty in all parameters

olod 45 Cuxhdone Cled bl o v Jaw 1,59 500 o g gl (23 ;3 Comhdons Juloo d,ui L YRV WL R PPN

W ol )by
Statistical criteria min max mean Stapdgrd CV (%) Uncertainty  Uncertainty
deviation range (%)
Peak discharge (cms) 17235 3245.2 2566.7 96.3 38 1521.7 325
Flood volume (MCM) 578.9 863.1 734.6 21.2 29 284.2 21.2
4- Monte Carlo s .
buwg o -0

5- Rosenblueth’s Point Estimation Method (RPEM)
6- Multiple Very Fast Simulated Annealing (MVFSA)
7- Model's Initial State

8- Parameterization Error

1- Weather Research and Forecasting
2- Parameterization Schemes
3- Mesoscale
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