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(1 April, 2019) (Source: psl).
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Figure 2- Weeky accumulated precipitation for: Top:
15t week, Middle: 2" week, and Bottom: 3" week.
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Table 2- Charactrestic of 6 different lead time runs of
RegCM4.7 ending by weeks 1 to 3
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Table 3- Cumulus convection experiments of RegCM4.7 aiming to optimal configuration, March-April 2019
J239T- o slo 0399 it (s 5Ky kil g REGCMALT Juo 53 (yoglgogS by o)lgo sl cilisio slosialojl - ¥ Jga

ARR
No Schemes
' convection Lateral Boundarey Boundary layer
EMA Emanuel Relaxation, exponential Holtslag PBL
GRL Grell Relaxation, exponential Holtslag PBL
Kain Kain-Fritsch Relaxation, exponential Holtslag PBL
TID Tiedtke Relaxation, exponential Holtslag PBL
KOouU Kou Relaxation, exponential Holtslag PBL
SHL Shallow convection Relaxation, exponential Holtslag PBL

Table 4- Kling-Gupta efficiency index for first week covering 16-22 March, 2019: Convection effect
Cd o 1V L YY G VP gl aitd ol Ly o8— ools pli-F Jouo

Experiment Lead 1 Lead?2 Lead3 Lead4
KAI 0.06 -0.41 -0.33 -0.30
GRL 0.35 -0.36 -0.16 -0.22
EMA 0.34 -0.35 -0.21 -0.13
KOU 0.20 -0.41 -0.24 -0.50
SHL 0.25 -0.43 -0.21 -0.45
TID 0.53 -0.33 -0.19 -0.34
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Figure 4- Taylor diagram of accumulated weekly precipitation using different convective schemes for lead times
1-6, March 22, 2019 event
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Table 7- Kling-Gupta efficiency index for first week
covering 16-22 March, 2019: effect of boundary layer
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Lead4 Lead3 Lead2 Lead 1 Schemes

-0.16 -0.10 -0.32 0.59 Hol-Tid
-0.21 -0.20 -0.34 0.38 Hol-EM
-0.23 -0.19 -0.34 0.50 Hol-Gr
-0.30 -0.09 -0.44 0.64 UW-Tid
-0.28 -0.16 -0.41 0.52 UW-EM
-0.31 -0.14 -0.41 0.58 UW-Gr

Table 8- Rank of different convection —boundary
layer scheme regading to related Tylor diagram and
KGE index
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Table 5- Rank of different convection scheme
regading to related Tylor diagram and KGE index
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Table 6- Experiments designed for selecting optimum
boundary layers schemes
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Figure 5- Taylor diagram of accumulated weekly precipitation using different boundary layer schemes for lead
times 1-6, March 22, 2019 event

o ylga b coni £ BY ooty sl (Y14 oylo YT B19) Jgl aian (omozmi (b, (Suia sl yoled jloges -0 U
iz 550 Y

Journal of Agricultural Meteorology

9L (ulidlgd & 52

Vol. 9, No. 2, Autumn & Winter 2021, pp. 48-60

FA-Fo. a0 IFre olimo) g jl oF o)lods @ ol



AA DOI: 10.22125/agmj.2021.287482.1115

s ol Jro ey S

2l b)) (5:Ske Ojg0 90 4 (Ko slo i
G, aw @l Bl L) (Yl s (aige g0 Sy
sl WSe b el gootn lasl slass Ll

g dng (g5 51 S 2 RMSE

aw YYAA (530,58 gl ded B VYAV sl 2l 5l

O oefage Shlus 5 s czge (35l zae
9 2 e fop Bble )3 ohg 4 58 slacsla
3 oadol 0,90 4o b i u0 8 ,enS ek
S aily 5k ol O Ly ja5 a8 ols &5 s ) e
@il o @l 50 g 555k s (b 50 09 ]
Ol bl )5 (Vgens g ialy poed g0 3blie yiin
dtp ()N Pl Gigy (nl Bow o, O 4
ol Kes goi sl RegCMAT gladlhis Juw
3l eolatwl L RegCMA7 o L3l gladlaie Jao slate
cos CFSV.2 IS 505 Jaw 50 kulps slacols
A el bt gy aY g Cé,en slaoyle> b
als Jg ol aid )3 jlai o 0uS axlllas 9,50 03505
Gl Bl S a8 a5 ab bl 6,5k (ool oo sl )2
5 oaid ghad ()] o olpl SLbl g Ll Cpdosinr e
aaly ulol cpl 0.8 )13 gile Jaw aals o adlais
YO UVO g Jld oye B U Ve oogamme (g3lwJow
b i8S 5l s g3l o oz lgie 4 (Bt Job
s sl (KGE) iy KIS sl 5,5k logas
FB 7 5l Gan aan a5 SO e ol colaiul oiw
IS e Qlls s el i (VB 7 o)
ool b calies sladso i o calizre slago S
sdel oty zult ol dwslie (Slaslieds) syl ;b
olsl Jgl a> e jo el 000 I s aslsl o
O oglgasS Sdpen slaole b ity (o Sy
MM5 4 Kou Kian Grell Emanuel Tiedtke o3>,
Cdped o)lg> b aw a5 wud ile;l shallow watre
Ok il |y soiailys n piien 5 9 Bgilel s
oy Y oo jle> b 3l o al> o jo anily e
aS wisls lis bl .ol dslllae UW PBL g SH)g

Journal of Agricultural Meteorology

Ot o398 JS5 5 0ud alre sla el sillas
a0 (S (xeaS (Bl (Gt )0 KGE jlade
WY - Cd 00 0lsm b Lol e (g0 Sy 4 g ye 905
del Cawds (Holtslag-Tiedtke) SHcdla- G w50
Sleen Alizadeh et al., (2019) iogh L axs a5
reS el oy SOy a5 shiles o)l
2 ot 5 (k) Shaslie (5 e (Ko
Obey b woi) Jd atis 18 b iy slagsinin
G oIYY oo lode 4 Gue aidn jl (an £ 9 O LU
O o Koy b (Sven polis ol acule < IYF
ozl )0 4 sk 4 sl aidl, (Bl Goe claais
Abos SR IVY 4 () s i) 8 aie S

1
0.8
c
£ 06
&
[
S o4
———t < 7 -
SRS e -
-
0.2 \\“--0“ 16-22mar --#--23-29mar
==k==30mar-5apr — Average
0

Lead6 Lead5 Lead4 Lead3 Lead?2 Lead 1
Figure 6- Correlation between the predicted
weekly cumulative precipitation under optimal
RegCM4.7 configuration with the ERA5
precipitation

Gk ool (ot ey 0l (e (Suor —F S

ol polie b i (g00e 5oy o (b (ored

3590 (S (50l ol yod Aiad A (g1 ERAS ol
asdlla

Jod LB polde asyl e e oy lias b

polie Lol it Joax LB Y o iy 0 B, KGE
Jsd JB 55 )k U 9o lansin )0 (Staos
Ulss 5l ool KGE S polie o) oo i 4y aiil oo
Sloul g RMSE 5,51, ;0 RegCMAT7  Jow conliol
oSS Oldllas g yiien () sl a5 WL Sl
ol w5 o b ocel i o s s 4y sl
Joe g, S0 bl o adlaie o8l g el )| 31 asdllas
Jod BB sl Sivar o ae )0 05d 48,5 Lo o
Ga,Sm o RegCMAT  Juw aS vas oo olis
e e (5l (S Wy, Wil oo S sa- S
Gz e wled i oo] ade > sga> sl )
nd shls RMSE) (5l (Gl ST (i 5

S329LaS (owlidlgh 4 i

Vol. 9, No. 2, Autumn & Winter 2021, pp. 48-60

FA-Fo. a0 IFre olimo) g jl oF o)lods @ ol



DOI: 10.22125/agmj.2021.287482.1115

OlhSes 9 LSLL 4

Betts, A. 1986. A new convective adjustment
scheme. Part 1: Observational and theoretical
basis. Quarterly Journal of The Royal
Meteorological Society - Quartly Journal of
Royal Meteorological Society, 112, 677-691.
Do0i:10.1256/smsqj.47306.

Dash, S ., K., et. Al. 2006. Simulation of Indian
summer monsoon circulation and rainfall using
RegCM3. Theoretical and applied climatology,
86, 161-172.

Ebrahimzadeh, S., Sabziparvar, A. A. 2019.
Sensitivity analysis of convective RegCM4
schemes in simulation of precipitation in west
Iran by using CSIRO-MK36 dataset. Journal of
Water and Soil Conservation, 26(3), DOI:
10.22069/jwsc.2019.15138.3029.

Eghtedari, M., Irannezhad, P., Vazifedust, M.,
Bazrafshan, J., Ghahreman, N. 2018.
Comparing the Spring Precipitation Derived
from Four Gridded Datasets and Simulated by
RegCM and Evaluating them  Against
Observations in Ghazvin Plain. Journal of Iran-
Water Resources Research, 4(14), 31-44. (In
Farsi)

Francisco, R. V. 2003. Some Experiments in
Running the RegCM over the Philippines
Presented by, 2003: Developments in the Latest
Version of the RegCM, ICTP Workshop on the
Theory and Use of Regional Climate Models,
Trieste Italy.

Ghahreman, N., Babaeian, I., Tabatabaei, M. 2014.
Evaluation the post processed outputs of
dynamic models in estimation potential
evapotranspiration  changes under RCP
scenarios (Case Study: Mashhad plain). Journal
of the Earth and Space Physics, 42(3), 687-696.
(In Farsi)

Giorgi, F., Bates G. T. 1989. The climatological skill
of a regional model over complex terrain,
Monthly Weather Review, 117, 2325-2347.

Giorgi, F., Marinucci, M. 1991. Validation of a
regional atmospheric model over Europe:
Sensivity of wintertime and summertime
simulations to selected physics parameterization
and lower boundary conditions. Quarterly
Journal of the Royal Meteorological Society,
DOI: 10.1002/j.49711750204.

Giorgi, F., Marinucci, M., Betes, G. 1993b.
Development of a second generation regional
climate model (regcm2) i: Boundary layer and
radiative transfer processes, Monthly Weather
Review, 2794-2813.

Giorgi, F., Mearns, L. 1999. Introduction to special
section: regional climate modeling revisited.
Journal of Geophysical Research, 104: 6335-
6352.

Grell, G., Dudhia, J., Stauffer, D., 1994, A
description of the fifth-generation Penn
State/NCAR Mesoscale Model (MM5). NCAR

Journal of Agricultural Meteorology

c A ol e S el (b 4 bgy e a0 Sy
Ohaidga- Sl 500 Y 5 dpen ojls>yb |
slo,lom bras  0si eolatwl (Holtslag-Tiedtke)
3555 0 )8 s slaas, s UW- )5 g UW-SGuub
LY slao i ;0 KGE jazli ol polie of e
asn e U SG slopm i o M polae &
S 9l oo Gl gadge (ol 45 widbge Jsd LB L3
Ny, 9 S oSl gt 2Ule RegCMA7 - Jow
ok 0 bl ol (6508 b yo 1) 1) bl

Al oo s gl ol S STy,

&b

Ahmadi Givi, F., Soltanzadeh, 1., Iranezhad, P.,
Pazouki, R. 2004. Investigation the effect of
mountains and land use in climate of Iran, part 2:
study the effect of BATS sub-grid scale schem in
RegCM model, Proceeding of 4" conference of
numerical weather prediction, Tehran, Iran.

Ahmadi, M., Dadashi rudbari, A. A, Ebrahimi, R.
2017. Outlook of warm extremes over Iran
based on regcm4 regional climate model,
Journal of Geography, 15(52), 68-80.

Alizadeh-Choobari, O., Marjani, S., Qadimi, M.
2019. Performance of the Regional Climate
Model version 4 (RegCM4) with different
physical parameterizations over Iran: A case
study in 2010, Iranian Journal of Geophysics,
13,1,P.9

Babaeian, 1., Karimian, M., Modirian, R,
Falamarzi, Y., Koohi, M. 2020. Future
Precipitation and Temperature Projection over
Eastern Provinces of Iran using Combined
Dynamical —Statistical Downscaling
Technique, Journal of Climate Change
Research, 2(5), 41-58. doi: 10.30488/ccr.2020.
252239.1026.

Babaeian, I., Modirian, R., Rezazadeh, P., Ziaeian,
S., Karimian, M. 2019. Investigation of Sub-
seasonal to Seasonal (S2S) forecast during
March-April, 2019 heavy precipitation over Iran,
Final technical report, No: C100C103R, 37p.

Babaeian, 1., Modirian, R., Karimian, Maryam.
2007.  Sensitivity analysis of different
convection schemes and domain centers for
numerical simulation of winter precipitation
over lIran. Journal of Aerospace Science and
Technology, 2(4), 33-42.

Babaeian, I., Modirian, R., Karimian, M. 2004.
Implemenation and evaluation of RegCM3
regional climate model over Iran, cae study:
winters 1997 and 2000, Final project report,
Climate Researvh Institute. 102pp.

Sa9bS (owlidlgn 4 5

Vol. 9, No. 2, Autumn & Winter 2021, pp. 48-60

FA-Fe. a0 AFee Hlino) g jml F ojlods A ul>


http://ccr.gu.ac.ir/news?newsCode=1284&lang=en
http://ccr.gu.ac.ir/news?newsCode=1284&lang=en

DOI: 10.22125/agmj.2021.287482.1115

s ol Jro ey S

Masodian, A., Karsaz, S. 2015. Synoptic analysis of
thickness patterns producing heavy precipitation
over southern Zagros, Journal of Geography and
development, 37, 15-28.

Mohammadi, F., Zarrin, A., Babaeian, |. 2014.
Ability of RegCM4 climate model to simulate
precipitation in cold period of Fars. case study:
1990-2010 period, Journal of Earth and space
physics, 41(3), 511-524, doi: 10.22059/jesphys
.2015.53332.

Omidvar K., Torki, M. 2012. Detection of weather
patterns of heavy precipitation over Charmahal-
Bakhtiari. Journal of Spatial Planning, 4(16),
135-170.

Pal, J., Small, E. ; Eltahir, E. 2000. Simulation of
regional-scale water and energy budgets:
Representation  of  subgrid cloud and
precipitation processes within regcm, Journal of
Geophysical Research  Atmospheres, 105,
29579-29594.

Saeidabadi, R., Abkharabat, S., Najafi, M. S. 2016.
Location of polare front Jetstream in
realationship with heavt precipitation and
humidity flux in lower atmosphere over west of
Iran. Journal of Environment, 4(41), 783-798.

Journal of Agricultural Meteorology

Scientific Tech Note. NCAR/TN-398+STR.
138pp. 10.5065/D60Z716B.

Holtslag, A. A. M., Bruijn, E. I, Pan, H-L. 1990. A
high-resolution air mass transformation model
for short-range weather forecasting, Monthly
Weather Review, 118, 1561-1575. Doi:
10.1175/1520-493(1990)118. 2.0.co;2

Hsie, E.-Y., Anthes, R. A., Keyser, D. 1984.
Numerical simulation of frontogenesis in a
moist atmosphere. Journal of Atmospheric
Science, 41, 2581-2594.

Jahanbakhsh, S., Tadayoni, M., Asadi, M., Dadashi
rudbari, A. A. 2017. Modeling and projection of
spatialchanges in seasonal temperature of Iran
based on RegCM4 regional climate model,
Journal of Geographycal space, 19(67), 79-98.

Khorshiddoust, M., Mofidi, A., Rasuly, A. A,
Azarm, K. 2016. A Synoptic analysis for the
occurrence of springtime heavy rainfall in the
Northwest of Iran, Journal of Natural
Environmental Hazards, 5(8), 53-82.

Kiehl, J., James, H., Bonan, G., Boville, B.,
Briegleb, B., Williamson, D., Rasch, P. 1996.
Description of the NCAR community climate
model (CCM3). NCAR Technical Note.

Sa9bS (owlidlgn 4 5

Vol. 9, No. 2, Autumn & Winter 2021, pp. 48-60

FA-Fe. a0 AFee Hlino) g jml F ojlods A ul>



= 329U (liblan & pis
Journal of Agricultural Meteorology = (ol T ”u ‘5‘“ yo2xil 43 diangly)
(Iranian Soc. of Water and Irrig. Eng.) .O OIS Sl e Lozl & ey
Vol. 9, No. 2, Autumn & Winter 2021, pp. 48-60 ‘ FA-Fo. o AP luuo) g 5mly ¥ o)l A aler
DOI: 10.22125/agmj.2021.287482.1115 Gl g} soke allio

Optimum configuration of RegCM4.7 model in prediction of weekly
cumulative precipitation during extreme precipitation of March-April 2019

I. Babaeian®", M. Karimian?, R. Modirian?

Received: 03/04/2021
Accepted: 22/08/2021

Abstract

From March 1 to April 4, 2019, three flash-flood weather systems penetrated over different areas of Iran. The
purpose of this study is to select the optimum configuration of RegCM4.7 regional climate model for weekly
precipittion prediction leading to each of the above mentioned three extreme precipitation events. For this purpose,
the RegCM4.7 climate model was performed using the CFSv.2 general circulation model boundary condition data
under cumulus convection and boundary layer schemes. The results were compared with the ERA5 reanalysis
data. Each of the three target weeks was predicted in 6 different lead times. Then, the model results for each
configuration were compared against the verifying ERA reanalysis dataset. To this end, Taylor diagram were
drawn and and Kling Gupta (KGE) index were computed. To select the more reliable cumulus convection
schemes, six schemes of Tiedtke, Emanuel, Grell, Kian, Kou and MM5 shallow watter schemes were evaluated
under three selected extreme precipitation cases. In the first stage, we found that the capabilities of Tiedtke,
Emanuel and Grell schemes were appropriate compared to other schemes. In the second stage, the effect of
different boundary layer schemas was investigated. We found that Tiedtke -Holtslag, Tiedtke -UW and Grell-UW
are the most appropriate optimum configuration of RegCM4.7 model in predicting heavy rainfall in the study
period, respectively. The results also showed that, even though there is good KGE values only for first week lead
time, but, the correlation values showed relatively good skill for 2-4 week lead times. Low KGE values for the
weeks beyond second week, may be due to the inadequate ability of the RegCM4.7 model to estimate RMSE and
standard deviation, which requires further investigation; At the same time, acceptable correlations show that the
RegCM4.7 model under the Tiedtke -Holtlag configuration capable in prediction of the overall weekly cumulative
precipitation trend for the for four weeks in advance, although it has a relative weakness in predicting spatial
precipitation (RMSE).
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