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Effect of Physical Parameterization Scheme Combined with Perturbation on Ensemble
Prediction Quality
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Abstract There are many parameters in the cloud microphysics scheme and the constraint relationship
between the parameters is complex, so it has not been decided what parameters should be selected and
how to carry out the parameter combination disturbance in the ensemble forecast. Based on WRFv4.2
model, this paper selects eight parameters of WSM6 scheme to conduct the ensemble prediction
experiment of parameter disturbance for the heavy rainfall event of Meiyu front in 2020. Contrast and
analyze the influence of different parameters and different disturbance range combinations on
prediction, and try to jointly disturb the sensitive parameters of cloud microphysical scheme and
boundary layer scheme. The results show that the combined disturbance of the 4 sensitive parameters
of the cloud microphysics schemes has the best performance in the prediction test, which reduces the
False Alarm Rate of torrential rain probability forecast, and improves the spread skills of humidity field,
zonal wind, temperature field in low level and meridional wind in middle troposphere. The combined
disturbance of the raindrop truncation parameter and the maximum of the cloud ice diameter presents a
synergistic resonance effect, which can effectively improve the ensemble prediction effect. However,
combined perturbations between graupel truncation parameters, graupel density and truncation
parameters show that disturbance energy does not increase with the increase of disturbance parameters,
and the antagonism between parameters will restrict the improvement of ensemble forecasting skills.
The disturbance of three parameters in the MRF boundary layer scheme has significantly improved the
ensemble prediction skill of low layer humidity field, and the combined disturbance of three parameters
is better than that of a single disturbance; At the same time, joint perturbation of the cloud
microphysical parameter perturbation scheme and boundary layer parameter perturbation scheme can
achieve the best effect. It shows that the selection of parameter and the range of the disturbance can
affect the effect of the ensemble forecast, a collaborative relationship between the parameters of the
combination is easy to obtain a better forecast effect, while parameter combinations with antagonistic
effect show negative skills. Multi parameter disturbance considering the dependency relationship
between parameters and the range of disturbance is more conducive to the improvement of ensemble
prediction effect, which provides a valuable reference for the selection of parameters in parameter

disturbance in the future.

Keywords Ensemble Forecast, Physical Disturbance, Multi-parameter, Cloud Microphysics Scheme,

Boundary layer scheme



1515

SEARER AR R S B N RMEAMR RN, BEEEEE R (R
FR PRI [X BRI R SR, 18 B ) B R 9 5 T BRI R0l AT AR A
Q) B RE T, BN R A dr I = 22 4, PTG RS 2R sk
PRI JEE I |« 58 i TE B A TR AR L 2k %% TAE i3 s (Fu et al., 2013; Fu et
al., 2019; JAGEEE, 20210, BUAM AT M F oA AP B 75 55 0 A i
58 A AR TRAEAEIR R A E M, SR & TR BE A R B B3 R ST £
TR AN 8 M 0 —Fio R0 B (RS, 2002) , AR LASR AL b 5 —Aff s 1 T
B 1 PR B TG VF 43, 34 ) LA TR AN i e PR REAT o B A v AT Al 25 Tl 4
HEFE T, $E R = R R A TR TV R T, A EUE TRl 55 A% 0 R 45 Bk
FFIZEIR AT, 202000 BRI Ana] = T TR AN i 1 vt B ARt R SR & 480
T, REETERMAZ ],

SR 9 SE B m] iR 1 2 B R S B s (IRINAE, 2022), By
e TR B TR SR M B R 3R — (BR5E, 20200, BB R
(R iEr, PpEr i R AR ARDORT X0 IR0 RUBE it B /K PR B AR 1 2, R e 2
PRI AR & IR 7R JE B o AT AR A A B P AN P P 4 & TRAR 77 92
REUT R FIBVBREAE T BATE R 28 2B, RRSEAH
TN ZSH7, BRI S 7%, BN E M s (SPPT)
FNBEAL)G [ B 7% (SKEBD & E R HIBEN LA BRI 5 7 i

EETHR ARG T & A BRI 5, B0 G TRk e A2 5+
MR ZE 5 AR 1) B2 R 14 B TR AR B 5 4R O S AR S A B e R P R 5 %
F(HMEEE, 2021) o LEEFXS X BESR G TR T, A2 8 5 A [F 2
AR FE 51 S 3% 2 34748 7T (Raynaud and Bouttier, 2016; Bouttier et al., 2012) ,
Horb Z s 240 75 52 0] DL BRI 2R = A A B R, e A BRI
R4 S B AR R AR 2 R R AR R R Sk A, BT R B K R T . TR
W90 R B = Y B S B0 7 BRIk B TR K R K R L 2 R
(Rajeevan et al., 2010; LA T2, 2009; E%, 2014), x4k EHHIA
2T %, BV (F4aT755, 2014; KRS, 2014; T3CHEZ, 2018;



FRIEFRSE, 2018; BU/NEFZEET, 2019) AR B —ANE A /Mo #R DL
RIS E o AT B MRAYELRE, 2=555% (2019), TH% (2014)
NS EANTT AT T S0k, BN IS TR RCR, EARE S E N G2
J65E, 2015; mIOCHESE, 2012; FHEU7, 2013; DERE, 2018) . mEEAE
SHIIE R TTIH, RS (2018) R FUI AR = A B S 504 7 2 oK B RL
T FE U s T A B 5T 3R B RO R AN B S TE S E00 TR B IRIE IR, &
BEKAFAE RS (XIBRFTSE, 2018); Morales A 25 (2018) Wi KIS Ny #E
FHEESHON Z Y K AATE R W B UE AN X400 (20200 $2 24 LY
Be 7K FAH DA B T30 = A B 5 b SN AU, S HUE R R BK B
KL oAty B, ANTTSZ M B K ORI SRAUBFST (White et al., 2017;
FHAHSE, 2018) RS HIMANEBA TR BRA KT FRME. HATS%
PR FLLL SPP kN, REHMRTHEYMEISL. Mk Pesh bl H A
A ITERIR L 5456, S SE R CERCD, B2 ENES
SR A ELAE FH BT s SR (0 T4 5% 22 AN ] 240, R S HORSITE ST S 33
5T o1 WA L= 7 N4 0/ i Ve S B o= K 712) BEN i U1 7 W o 7 Wil e s i
WP R T

ARSE M TE BB K TR B BB RS 1 = T R T S S EU U H R
fEB) 110 RE S ER S 3Rt b, SR Z S HEME), WS
MH G S X A S, #25HARRS MBS, VAR S 7772 1 TR i
fto S EBUERIL. BURIEM T, W AR ZREGIBINE, TR A
PR e B WU IR B R B TR FRUE MR S EAR BN 7, PHZ B oR) s A
[P0 B 7E A Pt 3 b B EURE (0 DTRR RIS JS R LA, 6 T4 o sk i R S
TR AL T -
2 MR A B
2.1 MO R 2 e B T SR i B

2020 R IMEREEE 62 R, MERZRIEX I P-4 FK & 759.2mm, 1K1
60 4 5o P HL M M I 3 ] — 2 Y 5 B /KR R RS, R IR 1) WSM6
T RATSEIR SR A . 2020 4 7 A 18-19 HWsRFEKERE (B 1) &—
B

DR 26 AF T M R B W, MM I 2 M I R TR AN E R 2, (R =



Ui A G AN R K B R R AR B AR IE R 2 2 BUR R G B K IR AF AL UK i 22
(FRP5, 20200, BEK AL TS50 75 R HHIX R L8 S W Fa R &l R
EIRAE-vaR AR, ZERE . BAEAE Y 2 3 B X, K AR X
24h R 250mm, ERRFRRNE . W4 (M 1la) £ “PiF—
&7, A2 R E 4Ry, AR SRR, PR X SRR SRR B I
234 X 1) 7K PIE FETUE, JKIRER &5 KR ETHE BN A 3 B B KAV
XA B ZERF, & e AR TV R SIE S o R4 3h J1 261 . el 3t
ST X (K ETHEsE A, KRR AL IRIEINR, RT3
BN, SRR RS S R, sm bR K A R R BRSNS A

\ VPR
= ,\ 9 T N ' B | )
60°N bz < \:“ ) ( ’ { |
T B = o : .
™ bm,\/\ : I :
° é ?2 :§"‘\“\7°> N 4= 150
45°N Y 0 e TN :
B = .{f,_ A ;
P RGN 0 g
30°NP At e ol L~ 40 B
¥ =7 30
G \/ | P T REST N
15°N .&“’ o NS % il :
gy A ) -m
AR DT N TEF0 S | il
v SN RS E e 115°E 120°E 5
60°E 90°E i

Bl 1 (a)2020.7.18 H 500hPa {35 mifEdg (FEEZR, $40: dagpm). IEY (BFEZ, HA7: °C) 5 700hPa
W7 (&, KGEFAL: m/s) (b) 2020.7.18 H 00 If-19 H 00 i (UTC) 24h St BAEAK CAAZ: mm)
Fig.1 (a) 500hPa geopotential height field (contour, unit: dagpm), temperature field (contour, unit: °C) and 700hPa

wind field (vector, wind speed unit: m/s) on July 18, 2020 ( b) 24h actual accumulated precipitation (unit: mm)
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Fig.2 WRF mode nesting area (color map: terrain height, unit: m)

3 Z U
3.1 KEESH IR SRR vt

i I 2 R ) T AN 2 12k T BRI O R A 8 A0 P 7K ) A A 22
R K0 SRR LA /K FATRT AR B AR IE S Bt e BB R 2 — (R348 20200,
111 25 T ) B 7 3 e A R R 0 1 18 28 AR RO TR 5 7T USRS I AR 2 X i A AR
JERIZRAE, MK S RAARGN AR GEFEMBERL, 2022). MY



HE7 MW S HUE 7 R BN E T AE, (EAE S Bk i A1) o 2 A A e —
ANEEI AR SH R — R E AL ARSI A E T, WS EHTIE),
AT A TR 0 B B U (0 1 IR KA AT REARAS . WSMI6 7 & 1 b hE
Peo A e U, TR S8 E HE R 1K/ (Hacker etal., 2011); = H
N #E (PEAUT) . ~KBEARHIA R (DIMAX). i F = E (XNCR)
el = W 8638, 4Tk XK (Jiang et al., 2010; Baker et al., 2014); 7%
[ (DENG) 5zKhEHf &% (EACRC) HERMA B KR 7 AL 72, XF+
B /K 2R TR AT EE 52 (Johannesson et al., 2014). 2% A WA T = A EE
75 REBURSHE T RBUELE, 2018; EFHEMKEL, 2022), Ewl#ENS
H5E 8 NS HOHAT S HBURME RS, MANSHENE) 4 X, NOG 5 EACRC WA
ZHE ARG E A BE LR, SO AT Sm sl Hoh 2400 LA
BB 9 AT IE SN, RBNE NS EERIMER) 25%. 50%, F AR HUE
R 1R, FLERE R EDE B3 1 E A O SR AR E I ST & 5 E 3
(Hacker et al., 2011; Baker et al., 2014; Johannesson et al., 2014), LLIfiiidk H A%}
BURISE, IR FCAF SHON T 1E SRS 0 B2 ) )52 U
% 1| BHHURPERI SN R it

Table 1 Disturbance scheme design of parameter sensitivity test

Test Parameter Default Min Para2 Para3 Max
SR ¥ JRURE 43 ATk T 24 NOR(m™) 8x10° 4x108 6x10° 10x106 12x106
SS T RUE AR ET 2 5 NOS(m) 2x106 1x106 1.5x105  2.5x109 3%10°
SG TR A BT B 5 NOG(m ) 4x106 0.5%10° 1x106 2x10° 3x106
SP =N E 8 #R PEAUT(kg/(kg s)) 0.55 0.275 0.4125 0.6875 0.825
SX i b Z %R B2 XNCR(m?) 3x108 1x107 1.5x10%  4.5x108 1x10°
SM  ZUKEREMNARKEAME DIMAX (m)  5x10%  2.5x10%  3.75x104  6.25x10%  7.5x10*
SE . ZKKLTHES &% EACRC 1.0 0.6 0.7 0.8 0.9
SD % E DENG (kg/m?) 500 250 375 625 750
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Fig. 3 ETS score (a-d) and RMSE (e) histogram of 24h accumulated precipitation in different parameter tests
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Table 2 The disturbance range of each parameter in the parameter set disturbance test

Para NOR NOS NOG XNCR DIMAX DENG
units m* m* m™* m- m kg/m?
default 8x10° 2x10° 4x10° 3x10% 5%104 500
min 4x10° 1x10° 0.3x10° 1x107 3x10 300
max 16x10° 4x10° 4x10° 1x10° 8x10 700
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Table 3 Multi-parameter combined perturbation test settings

Test Name  Test Description Test Name Test Description

CTRL AHEATHIME S5 A F e 3) MP_RS_I NOR fi 3. NOS fitr4ka)
MP R 0 NOR 2= [ 4L 3] MP_RS 2 NOR 5. NOS IER LN
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MP R 2 NOR IE[F$E3h MP RS 4 NOR IE[M#L30. NOS IEF$EEN
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e R ESEA T E . FBH (RINOR S:NOS G:NOG D:DENG M:DIMAX X:XNCR). JFS#k, MP Exz=il
FSHUL T E, R 4SS [min, max], 1F ) A[default, max], FFHHEE) A [min, default].
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Table 4 Parameter selection and disturbance range of boundary layer scheme

Code Default Disturbance range
BRCR 0.5 [0.25,0.75]
CFAC 7.8 [3.9,15.6]
PFAC 2 [1,3]
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Table 5 combined perturbation test settings

Test Name Test Description
PBL B 1 BRCR fif#%h, BRCRE[0.25,0.5]
PBL B 2 BRCR IEM#3), BRCREJ0. 5,0.75]

PBL P 1 PFAC fi[i#lt3), PFACE[L1,2]




PBL P 2 PFAC IE[#tsh, PFACE[2,3]

PBL C 1 CFAC fi[A#tsh, CFACE[3.9,7.8]

PBL C 2 CFAC IE[A#3), CFACE([7.8,15.6]
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VE: PBL Fmill it 27 %, MPBL #R &3, IEM 30 M[default, max], 7154850 9 [min, default]. (B:BRCR P:PFAC C:CFAC)
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Fig. 13 Hour-by-hour precipitation evolution of the heavy precipitation center (31-32.5°N, 114-118°E)

L RUBE B B B DR 11 35 T 2~ o s 8 P A i 155 L, A4 TR RIOR A
KB RZZIR/AN, AR T AR S I A G, B TR AR R R RS
FEHRAE — 8 BUE T FE P9 H IR BT I TR, i KRR B A 2 S B KRR T
R AE IR B PG 0, ARG SERRL AR o BT SR AS [R50 DR 2% R e 7K PR ABE 3 T4
( 14) JEITor#r, AMHLEL CTRL Ml = B 53 F4 =07 R 2 83h3), Bk
BRBNRIAG RGN T IR X, 15 RS EA S AT AR A R R A A,
SRS, AR PG 0 ORI AT B A, 5 T RORI A R & F, X —
mMFE PBL_BPC_0 A1 MPBL_1 4 #CA 43 HAHEL CTRL 3%, BE&ZEHL
HIRINEE TRV B bR X, 454 RMSE K7, MPBL_1 1] RMSE f#{k %
27mm, =TT RS H I E 1 RMSE AR 27.5mm, BRI H S HR3h 7
ZEAEREIK IR 7 T (R AL BR T

FRBE SRR IR E VIR BT ZREASHERE NG B,
BRCR f1#t3)5 PFAC IEHEIX THCE IR A 1 Pl & 1 4, CFAC IEHU3IIY
HCE R E YR TR DR E A S MR LR, SRS



JTHER IR, SENI A RERTHEEE, Rk RSO TT RS
S50 . BREPBNTT FZX T KA S B K R W3 THY A Eovik, 45a
[EROWIE £ = &7 rl iRy PR LSk 7B Wi S DRI

CTR / ’ MP_R X 1 / MP_F
34°N - . R .
32N 7
30°N =5 gg
28°N ¥ 55 .
I 50 D)
34°N 1 0
32°N - gg
30°N = 158 7=
o Gadd .ﬁ) At o At

N < . . . . 5 . . :
110°E  115°E  120°E 110°E  115°E  120°E110°E  115°E  120°E
Kl 14 %2077 % 24h RARBEK KR MR TR CBREOS(EZ: 24h FE/KiL 100mm (¥ [X )
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(the black contour line is the area where the actual rainstorm level up to 100mm)
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