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Assessing the effects of Physical
Parametrization of the WRF Model in
Simulating Flood-Inducing Rainfall in Arid
and Semi-Arid Areas
(Case Study: Isfahan Province)
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Abstract

Extreme weather events are significantly more frequent in the
past decades due to global warming. While preventing these
events from happening is impossible, providing accurate
weather forecasts can help the society to be better prepared for
them. Regional climate models have been widely applied
locally as a robust forecast and monitoring tool for extreme
weather events. This study assesses the performance of the
Weather Research and Forecasting (WRF) model in simulating
different heavy precipitation events across Isfahan province.
For this, WRF parametrisation was established considering
different versions of the microphysics, planetary boundary
layer (PBL), short and long wavelength radiation, surface layer
and convection scheme. The model was implemented in two
nests of 12 and 4 km, using the GDAS-FNL reanalysis data as
initial and boundary conditions for 17 extreme rainfall events
in 2011-2018 and with different combinations of the schemes.
The daily precipitation observational records from 77 rain
gauge stations were applied to validate the WRF output.
Finally, several statistical goodness-of-fit measures and spatial
and temporal precipitation distributions were used to evaluate
WRF performance. The result showed that the appropriate
physical scheme for the parameterisation of short and long-
wavelength radiation and surface layer could increase the
performance of precipitation forecasts in the 4 km grid (high
resolution), the microphysics was nontheless more crucial than
other parameterisations. In Isfahan province, the Revised
Monin-Obokhov, Dudhia, RRTMG, NSSL, TiedTKE, and
BoulLac schemes performed better in simulating precipitation
respectively for parametrisation of surface layer, short and
long wavelength radiation, microphysics, convection, and
planetary boundary layer. Therefore, This optimal
combination of parameterisations is suggested for further
studies with the aim of precipitation forecasting and using
them in flood forecast systems.
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Fig. 1- Isfahan Province DEM and the location of rain gauges for the case study
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Table 1- Selected heavy rainfall events (floods-causing) in the Isfahan province for the case study
axllls 3,50 8390 40 (UM ..\an) SS9 ‘;.\a)b PRI E PRES

Event Abbreviated name Date Peak PCP Peak flow
Number Year Month Day (mm) (m3/s)
1 Case-1 2011 11 16 99 145
2 Case-2 2012 2 2 66 38.6
3 Case-3 2012 11 14 65 25.4
4 Case-4 2013 1 29 53 37.3
5 Case-5 2013 3 6 96 88.6
6 Case-6 2013 12 13 83 48.7
7 Case-7 2014 3 12 82 106
8 Case-8 2014 4 3 68 96.1
9 Case-9 2014 10 21 50 16.4
10 Case-10 2014 11 1 123 79.5
11 Case-11 2015 3 22 80 296
12 Case-12 2015 10 30 59 92.5
13 Case-13 2016 4 15 57 178
14 Case-14 2016 12 2 94 246
15 Case-15 2016 12 26 59 370
16 Case-16 2018 4 23 67 177
17 Case-17 2018 5 9 59 100
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Table 2- Physical schemes used for the study
23lkl 3,90 (K348 SLao,lgz b -V Jgaa

Microphysics:

o Kessler (Kessler, 1969) e MYDM-7 (Milbrandt and Yau, 2005)
e Lin(Linetal., 1983) e Morrison (Hong and Pan, 1998)
e  WSM3 (Hong et al., 2004) e CAMS (Eaton, 2011)
e WSMS5 (Hong et al., 2004) e SUB_YLIN (Linand Colle, 2011)
e Eta (Rogers etal., 2001) e WDMS5 (Lim and Hong, 2010)
e WSMBG6 (Lim and Hong, 2010) e WDMS6 (Lim and Hong, 2010)
e  Thompson (Thompson et al., 2008) e  NSSL (Ziegler, 1985)
Short-wave radiation:
e  Goddard (Chou and Suarez, 1994)
e  Dudhia (Dudhia, 1989)
“ e RRTMG (lacono et al., 2008)
g Long-wave radiation:
o e RRTM (Wild et al., 2001)
2 e RRTMG (lacono et al., 2008)
8 e New Goddard (Chou et al., 2001)
% PBL:
o e YSU (Hong et al., 2004) e Boulac (Bougeault and Lacarrere, 1989)
e MYJ (Janji¢, 1994) e  UWMT (Bretherton and Park, 2009)
e  MYNN?2 (Nakanishi and Niino, 2004) e Shin-Hong (Shin and Hong, 2011)
e  ACM2 (Pleim, 2007) e  GBM (Grenier and Bretherton, 2001)

Surface:
e Monin and Obukhov (Monin and Obukhov, 1954)
e  Revised Monin and Obukhov
e NCEPGFS

Cumulus convection:
e  Kain-Fritsch (KF) (Kain, 2004)
. Betts-Miller-Janjic (Janji¢, 1994)
e Grell 3D Ensemble (Grell and
Dévényi, 2002)

KF Cumulus Potential

Multi-scale KF

Arakawa—Schubert (Han and Pan, 2011)
Tiedtke (Tiedtke, 1989)
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Table 3- Physical configuration of WRF for sensitivity analysis of surface (SF), shortwave (SW) and
longwave (LW) in the parent domain
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Configurations SF_SW_LW Scheme

Configurations SF_SW_LW Scheme

Config-1 Revised M-O_Dudhia_RRTMG
Config-2 Revised M-O_ RRTMG _RRTMG
Config-3 Revised M-O_ Dudhia _RRTM
Config-4 Revised M-O_ Dudhia _Goddard
Config-5 Revised M-O_ Goddard _ RRTM
Config-6 Revised M-O_ Goddard _ RRTMG
Config-7 Revised M-O_ Goddard _ Goddard
Config-8 Revised M-O_ RRTMG _ Goddard
Config-9 M-O_RRTMG_RRTMG
Config-10 M-O_ Goddard_ RRTMG

Config-11 M-O_ Goddard_RRTM
Config-12 M-O_ Dudhia_RRTM
Config-13 M-O_ Dudhia_ Goddard
Config-14 M-O_Dudhia_RRTMG
Config-15 M-O_RRTMG_RRTM
Config-16 NCEP GFS_ Dudhia_RRTMG
Config-17 NCEP GFS_ Dudhia_RRTM
Config-18 NCEP GFS_ Goddard_ RRTMG
Config-19 NCEP GFS_ Goddard_RRTM
Config-20 NCEP GFS_ Goddard_ Goddard
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Fig. 3- Correlation results calculated for the simulation of configuration SF_1 SW_4 LW 5 for surface
temperature and 10-meter wind variables in the event of April 23, 2018
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Fig. 4- Taylor plots of the 20 configurations considered in Table 3 compared to the observed values
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Fig. 5- The average KGE statistics of 20 investigated configurations (for the average of 4 variables of temperature 2
m, wind 10 m, and the geopotential height at 500 and 200 hPa) compared to the observed values (ERA5)
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Fig. 6- Forecast precipitation in 14 microphysics schemes investigated in the rainfall event of 2013/01/29
compared to the observed values in 60 rain gauge stations
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Table 4- Comparison of forecast precipitation with different microphysics schemes compared to observed
values in 60 investigated stations for the precipitation event of 01/29/2013

s ! £o 40 (Flaalin p3lo 4 Comd S 50 5 Blisio (W0 ,lgz b L 0l gy (5L 23l dus e —F Joua

Schemes r NSE KGE RE (%0)
Kessler 0.69 0.25 0.57 19.42
Lin 0.28 -0.18 0.02 48.52
WSM3 0.67 0.01 0.48 109.47
WSM5 0.70 0.12 0.52 24.13
ETA 0.63 -0.07 0.47 84.98
WSM6 0.69 0.23 0.59 113.35
Thompson 0.73 0.29 0.61 28.47
Milbrandt-Yau 0.71 -0.39 0.18 102.67
Morrison 0.68 0.23 0.58 108.16
CAM 0.04 -1.55 -0.41 175.00
SBU_YLIN 0.20 -1.01 -0.08 195.00
WDM5 0.72 0.18 0.55 56.90
WDM6 0.67 0.21 0.58 38.92
NSSL 0.20 -1.06 -0.03 203.57

Table 5- Values of statistical measures and forecast values of microphysical schemes that performed best in
forecasting precipitation in 17 events

i 3 1) 3,50e op i oS (S 583,58 (saoyloz yb 4y b po 00 e 23le g (5,0l (slrasiun palio -0 Jous
Sl 1) d1as, VY 55 )L

Event Best Observed Forecasted
Number Scheme PCP PCP r RE (%) KGE NSE
Case-1 NSSL 17.70 7.30 0.35 34.70 -0.09 -0.61
Case-2 NSSL 16.80 13.60 0.63 7.80 0.57 0.14
Case-3 Lin 18.30 15.60 0.59 0.42 0.33 0.22
Case-4 Thompson 9.70 13.20 0.73 19.00 0.52 0.34
Case-5 NSSL 21.00 17.00 0.78 22.30 0.59 0.55
Case-6 NSSL 27.10 23.20 0.72 12.00 0.58 0.49
Case-7 MYD-7 30.30 14.10 0.36 15.80 -0.05 -0.67
Case-8 Thompson 18.30 9.20 0.05 17.70 -0.16 -0.60
Case-9 WSM-6 15.70 8.70 0.60 42.70 0.26 0.00
Case-10 WDM-6 20.00 10.00 0.30 22.03 -0.16 -0.45
Case-11 WSM-3 16.10 14.60 0.45 30.60 0.35 0.03
Case-12 WDM-5 22.10 18.90 0.68 4.34 0.64 0.29
Case-13 NSSL 27.57 16.70 0.73 38.40 0.49 0.17
Case-14 Thompson 24.30 24.27 0.83 1.10 0.71 0.46
Case-15 WDM-6 8.56 8.10 0.78 84.20 0.59 0.53
Case-16 WSM-3 22.10 10.20 0.36 21.15 -0.07 -1.03
Case-17 Morrison 12.80 11.90 0.78 6.50 0.58 0.32
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Fig. 7- The performance of each of the microphysics schemas based on the number of ranks 1 to 3 in the
investigated events
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Fig. 8- The performance of each microphysics scheme based on the calculated weight
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Fig. 9- Predicted precipitation in 8 PBL schemes investigated in the event of 01/29/2013 compared to
observed precipitation in 60 rain gauge stations
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Table 6- Values of statistical measures and forecast values of PBL schemes that performed best in
forecasting precipitation in 17 events
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Event Best Observed

Forecasted

Number Scheme PCP PCP r RE (%) KGE NSE
Case-1 GBM 17.70 7.40 0.34 23.10 -0.07 -0.58
Case-2 MY]J 16.80 14.60 0.63 1.40 0.60 0.16
Case-3 YSU 18.30 15.50 0.51 38.60 0.28 0.21
Case-4 ACM?2 9.70 12.50 0.75 90.70 0.57 0.26
Case-5 GBM 21.00 18.60 0.82 56.60 0.76 0.65
Case-6 UWMT 27.10 23.00 0.66 68.00 0.37 0.58
Case-7 MYJ 30.30 15.10 0.42 11.00 0.00 -0.50
Case-8 BoulLac 18.30 10.10 0.13 50.30 -0.16 -0.66
Case-9 BoulLac 15.70 7.90 0.76 37.00 0.26 0.10
Case-10 Shin-Hong 20.00 9.60 0.19 21.50 -0.15 -0.40
Case-11 UWMT 16.10 12.90 0.44 32.00 0.40 0.05
Case-12 ACM2 22.10 17.70 0.66 3.00 0.59 0.21
Case-13 ACM2 27.57 17.60 0.71 38.00 0.53 0.18
Case-14 BouLac 24.30 23.50 0.79 7.80 0.53 0.77
Case-15 UWMT 8.56 8.49 0.76 74.10 0.70 0.58
Case-16 Boulac 22.10 12.10 0.10 8.50 -0.18 -0.70
Case-17 BoulLac 12.80 11.40 0.69 15.60 0.67 0.37
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Fig. 10- The performance of each of the PBL schemas based on the number of ranks 1 to 3 in the investigated
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Fig. 11- The performance of each PBL scheme based on the calculated weight
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Fig. 12- Forecast precipitation in 7 Cumulus schemes investigated in the rainfall events of 01/29/2013 and
04/15/2016 compared to the observed precipitation
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Table 7- Values of statistical measures and forecast values of Cumulus schemes that performed best in
forecasting precipitation in 17 events
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Event Best Observed Forecasted

Number Scheme PCP PCP r RE (%) KGE NSE
Case-1 Tiedtke 17.70 10.3 0.52 10.8 0.25 -0.11
Case-2 KF 16.80 15.9 0.63 14 0.59 0.16
Case-3 AS 18.30 16 0.6 6.2 0.43 0.25
Case-4 KF-CP 9.70 12.6 0.77 92 0.58 0.3

Case-5 Grell 3D 21.00 20.1 0.84 69 0.82 0.68
Case-6 Grell 3D 27.10 25.8 0.57 47.3 0.57 0.53
Case-7 Tiedtke 30.30 18.4 0.62 34 0.22 -0.13
Case-8 Tiedtke 18.30 10.6 0.47 22.8 0.05 -0.2
Case-9 Tiedtke 15.70 10.1 0.83 59 0.46 0.41
Case-10 Grell 3D 20.00 12.1 0.46 18.1 0.14 -0.09
Case-11 KF-CP 16.10 13.1 0.68 0.22 0.53 0.14
Case-12 MS-KF 22.10 21 0.71 5 0.64 0.25
Case-13 Tiedtke 27.57 23.4 0.74 8 0.64 0.3

Case-14 KF-CP 24.30 23.9 0.78 6.4 0.76 0.51
Case-15 AS 8.56 8.7 0.79 0.65 0.7 0.63
Case-16 Tiedtke 22.10 124 0.34 17.2 0.08 -0.3
Case-17 Grell 3D 12.80 11.8 0.73 1.1 0.71 0.21
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Fig. 13- The performance of each of the Cumulus schemas based on the number of ranks 1 to 3 in the
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Fig. 15- KGE statistics for 105 investigated configurations for precipitation event of 05/09/2018
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