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Impact of cumulus parameterization schemes on the high-
resolution numerical simulation of heavy Meiyu front
rainfall events

WANG Dan!, YU Zhenshou!

1 Zhejiang Institute of Meteorological Sciences, Hangzhou 310008

Abstract This study used the WRF V4.0.2 (Weather Research and Forecasting Model, Version
4.0.2) to simulate two Meiyu front precipitation processes in Zhejiang Province. Two
microphysics schemes (WSM6 and Thompson), two boundary layer schemes (YSU and MY)J),
and 11 cumulus convective parameterization schemes were selected for comparative analyses
to explore the influence of different cumulus convective parameterization schemes on Meiyu
front precipitation forecast. The results show that: (1) In the process of precipitation forecast
evaluation for each experiment, both traditional methods (P2P and G2G) and the neighborhood
method (FSS) can objectively show the prediction level of each experiment. However, the FSS
method performs more objectively evaluation of the prediction level of small-scale heavy
precipitation. (2) Three types of cumulus convection solutions (no cumulus convection,
traditional cumulus convection, and the scale-aware cumulus convection) can better simulate
the light precipitation, but with the intensification of precipitation to rainstorm and heavy
rainstorm, the scale-aware cumulus convection schemes improve the forecast results
significantly. (3) The scale-aware cumulus convection scheme is more sensitive to
microphysics and planetary boundary layer schemes, and the simulation results of the scale-
aware cumulus convection schemes are more significant under different microphysics and
boundary layer combination schemes, while the simulation results of the traditional cumulus
convection scheme are not obvious. (4) In the "gray zone" range of 1-10 km, the scale-aware
cumulus convection scheme can significantly improve the prediction results of model compared
with the traditional cumulus convection scheme when the grid resolution is increased to 1 km.
To some extent, results of this study can provide a reference for the application of scale-aware
convective parameterization schemes in high-precision operational forecasting.

Keywords: WRF model, 1-km resolution, Scale-aware, Verification methods for high-

resolution grid
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H Y B R 2 R AR XU R B AR R F L —, PEBME IZIBX AT K R
AR A F= 22 4. oAb, MEREEREKIB T Z 2 M REN RS ARG Em, Y
AL AR B4 (RS 5, 2004) o T LUMERT BRI 10 TR — B2 A G0l 55
AR IS, BUE TR SO R AR S5 %0 38, BREE Mtk Re v HALH
R R, BEIKE 3R A5 DOR T, CRBIA B AT LA HERR 2 XH iR i 3 AR
TR 200 14 DX 3 e 23 % e A 0 S DL TR A ) S 2 B R (R A4S, 2004
B, 2015; ZHEAE, 20200 o SUREN, w0 PR BUR AR REE R B) JTHE SR
MY T7 ZWAR T 2R, A 0B B 7 AT R AR 7T (R
WFNSAEAG, 2017; TKABSE, 2017; XIAFURSE, 2018; FRIKMSE, 2019) .

HAT, A BUE R A TR O 1 R B UKT 7 # © 42 BRik 2 10 km LA
N (Schwartz et al., 2017; 5KJB%%, 2017; Zhangetal., 2021) . ZRiMiERERER > HER
[PIfemmr, A n] G Hh 2B 3] “ I ta X 387 R 1) @ (Wyngaard, 2004; Gerard, 2007) ,
P E G IR RS BT BAFE M . “REXIR” RIFEEAN S PERIXE, XA
X P, BEEAEAREp B ) ) G50 78 M B 72 . SXAFERE X TovE g 2 &
BBk 7 KL IE BT FE (Arakawa and Wu, 2013; Suhas and Zhang, 2015; 7K
JBEE, 2017) o AR RO o] A — e FERE BRI 18U R AR A 4
PR TR IE R, B EEG TREH IS PRI =T IR Z ISR (Deng and
Stauffer, 2006; #X/RFHAEE T, 20200 o 76 “KEXIL” R P& R S5
Jr% VARANfTAERR A X380 ROBE RS R AT 2 (E AR PR 11 10

AT TR — A, — e REER AU 42t T R A &R (scale-aware) )25
B Ti %, Hrb, REEBEM M 20T R o SH8d 8 & 2R et 58
Or PR AR B, A I REAE RS 2 R AR A I RS G R A . IA: Zheng
etal. (2016) jHidiff% Kain-Fritsch (KF) (Kainand Fritsch, 1993) 77 %+ B R
fR B i AR AR RIS K e 25 S A B R OB SR S oy MR 9645, R
TRJEHIER) MKF /7%, Grell and Freitas (2014) {E GD (Grell and Dévényi, 2002)
J7 SRR B R T T o MR B RUBE & B Grell-Freitas 77 %

a4, RBE EE M7 %8 C O BUE R A TTHRAE UK e 1 2277 [7] (Han etal., 2017;
Song and Zhang, 2018; Majumdaretal., 2021) o B4, FHG&E (2021) XF— KRk %
KIS FEEAT IR AT, &5 B4R W 240K A9 10 002 8728 IO A% 14 &7 D s v 8 P R 3 9 1)
R 7 SR0T S RS TSI HASEADL H PAY P s 239 23 X Ak AR i P /K A B TR/ g H AR TS 10
R FHARE R (20200 B LR . TREE BIE R KFeta J7 S HIBIIAE R, A
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BN R B G R RE T R EE T R A R . 3% (2021) 3 HIH
PR RUBE [ 77 S8 = it 4 75 S0t B R /K AT RO, R BLRUE B i 7 SR e AE —
SE R P b GBIV B K ) S R AR B K TR AR %

R OCT FRUBE [ 38 S (R AR 22 PR 75 S8 o R X F 82 FH AT 9838 L e/ (Sun et all,
2014; XG4, 2019; Zhangetal., 2021) , —SHFFRINN, SR MIEIE/NT 5 km
I, A R SR AT DO A i P K SR 3R 4T B S B I Fid. (Hanetal., 2016; 4R GRAN
IRIEY], 2017) 5 (HWAARIFRRY, &0 PG e SRR, IR ER 2
RGP ZE o B RIRS 2 R T B 1 km, SHAE S EUL T R TR SS SR Ah 2 22 R [F) e
MR (Lee etal., 2011) o BMIHZ, AP BH0E 5 IE XA S
W7 ZAEA — 451 (Gerard, 2007) , KT R EIEN WX T REA R
JEE T 0T DX A5 e 7R 94 3 FH A8 A

BTV, AR WRE A REERAE, 0 HUA 8] (1 ey 28 2 K 07 %2/
FETTE DL 1T MRS EATT %) 2019 42 6 H 6 HZE 6 H 7 H 2020 4F
7H7HETH 8 HAEWNTA B JE X R A 5 UOHE I 5 7 i FE AT B E AL, B
K23 HE%08 Tkm, BFFEAE “IREXIE” N, ANFEIXHR ST G0N Y e 5
AR, DUSA A DX Al A 0 e 2 ) 80 20 R TR R R R i — e AR P IR K
AR .

2 MRS

AMgil— (CASE 1) : 201946 H 6 H 08 It & 7 H 08 i, PO KEI& P INGE, &
TRMAR, REMRIRKEARY, BAR R MRS —SCPi it L vl p X
T — KRR . X2 2019 FILH RN E IR ERE, HahmK. 4
M ZA 2 BB 150 mm, WL 24 /N BRRTEA 2 5540 9V L L
310.6 mm. LI TAHEA 303.8 mm, 24 50 mm KR EEGIE 176 4> R K
SEM R R, WLV R S X T 7 T LA N AT

AMF| = (CASE 2) : 202047 H 7 H 08 IFF 2 8 [ 08 I, 32 P4 ARl i PH A i
R RN AR VIR, N DAL e 2R s, KSR
P B R A EERZIA R E Y, S8 2020 AEHERIA— VRS 1 VT e M I A R I
WHLPEHBHIL 72, RS ARN, CHEF. E2HE 24 NEF S5 97.2 mm
H189.2mm, Wil i BN S R I oE 2 7 IR (175.1mm) , 24 50
mm IRV E L 360 AN. HEAh, KRR KGE FR IS IS R 2V LK K B i, #%s 7 H 22
I 15 73, B2 lLKEEKAL 108.42 m, FRFRIKAZ 1.75 m, fECIFE 7 FLMB LT



119 JKALIETERREE Bk, HredL/RKEASALE 8 H 09 B HF 5 43 9 ANk vttt , 1X &K
120 JFEERIEE 61 kg IRAm I .
121 3 FEAER SRR

122 * 1 A iitinig

123 Table 1 Summary of numerical experiments
R . T
3 T % TEBRIET %

Gl Thompson (Thompson et al., 2008)  YSU (Hong et al., 2006)

QG2 Thompson MY (Janji¢, 1994)
G3 WSM6 (Hong and Lim, 2006) YSU
G4 WSM6 MYJ
124 2 MBXRIT Rk
125 Table 2 Summary of cumulus convection schemes
N T % T3 SR
None NONE
Kain-Fritsch (Kain, 2004) KF
Betts-Miller-Janjic (Janji¢, 1994) BMIJ
Grell-Freitas (Grell and Freitas, 2014) GF
Grell-3 (Grell, 1993) Grell
Tiedtke (Tiedtke, 1989) TK
Zhang-McFarlane (Zhang and McFarlane, 1995) M
KF-CuP (Berg et al., 2013) KF-C
Multi-scale KF (Zheng et al., 2016) MKF
KIAPS SAS (Kwon and Hong, 2017) KSAS
New Tiedtke (Zhang et al., 2011) NTK
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Fig. 1 Model domain of numerical simulations

ACF A WRF V4.0.2 B, BiF s = HEiRE, BOUXEmE 1 s, EETm
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BMD) . B2 ZHEBREXIEF, ACEFEMN NPT R (WSM6 Al Thompson) F1H
MTEBRZESHN TR (YSU R MYD #7 XA, B4 BT % (G1-G4, W&
D, HRAEAFHZERZSE TR (£ 2) , HEAFRKN TSRS, K,
NONE FRANFEXHI SR, GF. MKF il KSAS =21 HA R HEMNAE IR =
SR T E, HRYNERNZ TSR ah, B R S0 B IR
M )& | Monin-Obukhov /7%, Ml ## KA Unified Noah Ffi I, K. 5
5543731 H RRTM 1 RRTMG 77 % - B ) U 3 A0 121 574735 % - NCEP GFS % £},
LRI F] 4370 2019 4E 6 H 6 H 08 B A12020 457 A 7 H 08 B (ALEIH) , Rk 49
FN 0.25°%0.25°,

4 KB IPAL 7

ARAEFHHHTA SR G B MO B O S iR HI1 2961 AN R0 (L
H A IR B N 24 /NI BB K o B Ie E Al . BARRSEiHfiabr
KRR (Corr) . F#FE (FAR) | JF#E (FOM) . JuFlW #1745 (FBIAS) |
TS 143 (Threat Score) 1 FSS 14} (Fractions Skill Score) % (Roberts and Lean, 2008;
Weusthoff et al., 20100 , HEEGALGRIE R-ui (P2P) | M A4 (G2G) MILRI
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25 (FSS) = FhiTAl 77 2 56 43 AL DL 6 1) Bee /K it P8 A0 B /K 4 A 5 S B e /K I 222 5
SE B RS AN R AR 2 5 S Mg e /K R AR AT

I 26 B [ 28 KA 78 H 0 (National Center for Atmospheric Research, NCAR) %[
{E TR % 56 0 ( Developmental Tested Center, DTCORF A [ A6 5603 Ef T 2 MET
V8.1.2 (Model Evaluation Tools V8.1.2, Newman et al., 2018) X TS ¥F4r. FAR ¥4
FOM V¥/4r FBIAS 45 LK FSS VAT 5, HpkRiEwn T

TS = NA/(NA + NB + NC) (D

FAR = NB/(NA + NB) (2)

FOM = NC/(NA+ NC) (3)

FBIAS = (NA + NB)/(NA + NC) (4)
1 - 1 . N N, N

FSS=1-— mzyzl ji,l(Pmi + Poi)z/m [Z?’:l Z]-Zl Py + Yict Zjill Pgi] (5)

EAN (D - (4 1, NA ZoRIEFHRA S, NB FoRE MRy, B b K
MTEREK, NC RIS, B FURTE K TIIA Bk TS %78 TS Py, efA
£ 0-1 Z 6], PPMBEEE 1| JoRTkEm i, BT 0 MY FIRACR M FAR
FORFRE, FOM FoREFARE, ENREH T 0-1 ZH, BHEGE 0 RoR ik 4 Rk
o, 5T 0 FORTREMEN: FBIAS BNV B M2, CRBUEENE 1, R
RBCRILF, 24 FBIAS™>1 I, Ut BT B /K S R R T SeBr oK, e 2 7R
WK N T S2BRR; AR (5) 1, FSS FIR FSS1¥45, N Ny 23 MR os i FE X 3k
W xv y BT IRV EOAS J550 Py 1P 70 BRI AR A2 P ) T ABE 5 AL AL AR A
FSS PP ITEEIARE A 0-1, BRIk ES RAN LR R LR A E RIS, 24 FSS
BT 1 ISR RS S SRR 8 T 0 YN BRI -

LR W K AT 0 LM T 2 T X0 P2P A, AN S e A R AT A LV
AL 28 SR (E B0 LA 5, T G2G A, I e R S B 8 AL Fr 4
VEA R 5 BORH (B 0T RIS e LA, AR ST R K BB R 7K 5 A AN ]
KA (K3,

R 3 AFEREKSEA R 5y
Table 3 Threshold division of different precipitation types

RE =0.1lmm =10.0mm =25.0mm =>50.0mm  =100.0mm
R 7K 7Y /N FH RN KW e KEEN

FIERIA S LA BRWIA . AR RSB TT S0 70 B2 R PRk TR 45
RIFEM, LU R BIERN IR SRS EA T ST 1 km 5720 55 B K AR BE 7T
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Fig. 2 The TS (blue histogram) and FBIAS (red line) of 24 hours precipitation forecast of
G1_NONE for different threshold precipitation by different test methods, where the red
dotted line is the reference line with FBIAS=1. In X-axis, “P2P” indicates the traditional site-
site verification; “G2G” indicates the traditional grid-grid verification; and the neighborhood
(FSS) test method for different neighborhood windows (unit: km). The left column (a, ¢, ¢, g,
1) are results of CASE 1, and the right column (b, d, f, h, j) are results of CASE 2
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Fig. 3 The FSS of 24 hours precipitation forecast by G1_NONE for different thresholds of
precipitation and spatial scales. The Y-axis represents the radius (unit: km); the X-axis
represents the threshold of precipitation (unit: mm)
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Fig. 5 3 hours variations of observed (Obs) and precipitation forecast over Zhejiang province
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