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Abstract In order to better understand the impacts of different stochastic physics perturbation schemes on global medium ensemble
forecasts, this research conducts a comparative analysis of the features of perturbations yielded by the Stochastically Perturbed
Parameterization Tendencies (SPPT) scheme, the Stochastic Kinetic Energy Backscatter (SKEB) scheme, and the combination of the
SPPT and SKEB schemes as well as the impacts of these three model perturbation methods on ensemble forecasts based on the
GRAPES Global Ensemble Prediction System (GRAPES-GEPS). To avoid the impacts from initial perturbations, initial perturbations
are disabled when the features of perturbations produced by the above stochastic physics schemes are explored. Via the perturbation
versus error correlation analysis (PECA), it is found that perturbations yielded by different stochastic physics perturbation schemes
have the capability to capture forecast errors. Furthermore, when the combination of the SPPT and SKEB schemes is applied, the
produced perturbations best simulate forecast errors. For all stochastic perturbation schemes, the total energy of perturbations is
initially concentrated in the middle and upper troposphere and the lower stratosphere of the tropics. In addition, the total energy of
perturbations increases with the forecast lead time, for which the maxima keep propagating towards the extratropical regions. From
the spectra of total energy of perturbations, it is observed that the perturbation energy evolves upscale. In the GRAPES-GEPS built on
the initial perturbations derived from singular vectors, the applications of stochastic physics perturbation schemes increase the
ensemble spreads for fields at different isobaric surfaces in different regions and improve the root-mean-square errors of the ensemble
means to some extent. Due to the increased ensemble spreads, outliers are significantly decreased. The continuous rank probability
scores are also reduced, which is more pronounced in the tropics. Furthermore, the probabilistic forecast skills of rainfall in China for
light rain, moderate rain, heavy rain, and rainstorm are also improved to some extent. The above-mentioned improvements are the
largest when the combination of the SPPT and SKEB schemes is employed. This is consistent with the results from the analyses on
total energy of perturbations and PECA.

Key words Stochastically Perturbed Parameterization Tendencies (SPPT) scheme, Stochastic Kinetic Energy Backscatter (SKEB)

scheme, Model perturbation, Features of perturbations, Ensemble prediction

* PR [ R T AR H (2018YFC1506703 ., 2017YFA0604502) | [E5 HARFHE L4 10 H (41905090, 41875181)
TEB I 2%, EENFBE R TR S BHRAFS . E-mail: pengf@cma.gov.cn
TRAFIER: 220, EEMNFRUE R IBHRAE S TRAFSY . E-mail: lixl@cma.gov.cn


https://doi.org/10.11676/qxxb2020.074

% K% : GRAPES &ERIES TR R GiA R BEHLY) BE L 35 Jr 22 5% W 3 Mr 973

W OE T TAF b AR R[] BE ALY B AR B Jr 480 A Bk vh 1 4R A TR 9 5 W 25 5, AN 9T B T GRAPES 2R A TR R 4t
( GRAPES-GEPS) X} L 43 #fr 1 Bfi HL 4 B2 {5 1] $t 3 ( Stochastically Perturbed Parameterization Tendencies, SPPT) . Bfi ¥l 3 fig #b £
(Stochastic Kinetic Energy Backscatter, SKEB) M % & fiff 1] SPPT Y5 SKEB = R Bt 3 5 22 BT 7= A B B0 Bl Ak S %o 4 5 T4 1 5%
Wil o Ay ik SR (Bl T, 25 5 A ML B0 7 58 BT AR R AR Bl RRAE B, R IR AR Bl o 8 HE Bl 5 1R 25 AH JC A 43 BT (PECA) &
B, AR BEVLY BRI 3 07 58 7 7 A B U0 Sl o0 A e 22 1 BT — E IR AR, T ELBR 5 001 SPPT 5 SKEB J7 &I, $E sl i 2
W R AR IS i o 0 T A 403 Jr 28k U, Pt 3l B RE et de k) 3 T AR P e B M KOG U2 PR 2 DU IR R AR E . B TR R
RYE A, PE 3l A BE 1 A W O, JHE A DO I ) vt S i X 4% 8% . AR Bl BB fE IS 2500k &, L3l 19 2 I T R R e iy
TR 7EHE T A 5 ) & W) {E 41 1 (19 GRAPES-GEPS H, Ffi L4 #1412y 77 48 (¥ {1 ) 45 6B 6% W0 35 189 0 R[] b IX 25 R T B2 R (0 A2 B
WO, IFE— R GRS PR 2 . TG BB A K, B e BRoR B W o 3% 8203 LT 3 A e/,
HORAE AT Hh X, Sl o B A, [ XOR A N RS L R AR T ) B OK A S R B IS 7 — R RS B

o LRSI TR A T SPPT 5 SKEB J5 S N i i, X 51 8h B RE i | 3 5 R E M4 R — 5
XA RV IR ST %, BEMLShRERMEE DT 5, RIS, PUSRRAE, SEA PR

FEESES  P456

1 5 5

FH T A T okt A b A FE WD (B 1R 25 SRR 25,
— B PR TR A NI E R . T A T X R AR
1) AT 5E Pk, Epstein(1969) Fl Leith(1974) 5% 56 4%
TS TRMEMR ST, B 20 #4290 FFE4CL
K, A PR P kR, TERL . TR R IR DL M 2
AT AT A A Bz N A, TR A R R RS
FO P, BB R T EEMEM

FE—DEETMAGE T, BT WMEA S E M,
B XA P RAE WL A E L, O T I M AR
FERE AN M, WO P R S SR o (ECMWF)
S5 5 RS W58 114 (the World Weather Research
Programme, WWRP)BX 525 Jp T £ BIMFT &5, B4
A 1 DL SE R A 1) — R 9488 O ff 1 3R AR
77 2 (ECMWF, 2016) o JH T R AR A ) 1 1 fY
IEMERAREZ . Tk, MEBEXR KRS
PERB AW =, BEHLS B R AE KRR H AR
KL i EZAEA H £51™ i (Palmer, 2012; Berner,
et al, 2017) o LA B Py Lt 7 2 M fb J7 248
— A d5 AT e 0 R B 2 AR s R I Bl
KX AL 433 R B S R 520, 2086 T R A% RS
iz 8l K 5 0] 43 W RO 32 B AH BAE A oL AR i AR A
HIBERLE . P, A DR RN S BT %, 8
IR 3 AR SR T R b g AR AIL R R AR R
R s S B B TR AR TR OB 2 M . T, AL
SR T 5 O T L R R R
JERE TR (Berner, et al, 2009; Charron, et al, 2010;
Tennant, et al, 2011; Weisheimer, et al, 2014 ),

Kifi 1L 47 B A 7] P8 31 ( Stochastically Perturbed
Parameterization Tendencies, SPPT) 7 & 5kt shEE
#MZ(Stochastic Kinetic Energy Backscatter, SKEB)
Jr & HET I A T2 A AL S B T & .
SPPT J5 % 1 St Hi Buizza % (1999) #2 H, #4404
PRI R ) 5 B — e L 2SS A OCHREE Y B AL
HEAT AR 3R, P 3 BUME S A B IS Y W 3 AR 0
], DA 90 B0 2 5504k 7 58 v Ok I A 40 BT[] A7
(4 AR 52 . Buizza % (1999) # SPPT Jy % 3 ]
T ECMWF &35 Wik R4 . 45 R LV, SPPT
J7 SE et A A0 0 4 G B OB, B v ME R T A
I, L HOEAEHGF M X . SPPT Jy 58 AR Wy o, (H 2
IERCRBH 2 (Palmer, et al, 2009; Charron, et al, 2010;
Yonehara, et al, 2011; Z2BEF[4E, 2019b) o, 7F X 38
HhORUEE MRS O RUBE 4 45 TRAR WSS v, SPPT J5 % [F]
FEN 32 o 0, Bouttier % (2012) f#i | SPPT
Ty G 1 R RS A A T R G Y AR M RE
Qiao 5 (2017) & T 54 1A KHy SPPT J5 &, ¥
ORI 0k i RUBE R TR 5 v, Bl 1R 4R
TR A BR AR . 5 SPPT 7 & KR [A], SKEB J7
FAEHRA —E W 25 HH SRR R BEAL AL DL R A 55
1) Jy Hbu 1) R AR T 23 4 A AT o 455 20 D I
I8, X5 T EUE Y. Tk DL TR R S B
FY) 8 B FE AT AIMES , 2 177 RIS 2 Bk S A Tk IR
R BE R T R B e id #2 ( Shutts, 2005) o
Shutts(2005) 45 i, %7 & 19t I REAE 23 ECMWE
EHREG TR ARG W BRGES . WAEANDHEE
247 SKEB J5 %8 0 X B4 & WUl i 82 iy . 49 4,
Duda % (2016) &/~ T SKEB J7 20 4 i R4 A



974

T A e

e A IR AN A 0 1k B, AN TR) Bt AL 2 01k 7 6
B A {7 R SRR A AR 35, RE A8 7 AR T AF i 4R
A WHRAE . Jankov %:(2017, 2019) X L 20 T A
[ A5 AN 0 2 Pk R AE 7 8 5% X S 4 B T4 1) 2
i AL T BENL S 8 3 7 22 (SPP) I P AR I AR &
EBE NN Z Y I %, A& SPP 5 SPPT., SKEB
J7 WA A B, w8 25 A8 i (5] 40 500 hPa {7 35w
JE ) RIS 43 b T L (B0 10 m KL 1 A G AR
52y FHMEEE R, KR (2017) 3
177 SPPT il SKEB J7 275 X2 RUEE £ 45 Fi 4l o Y
XF A E, 25 R IR 7 R 4L A R g SR AL L
A FH AT o] — P 7 2 B BE R A 4 G B O, O HL ek
ANT IR, B T BRI . Qiao %(2018)
5 Wang 55 (2019) XF 4y B o A2 {6 [m) A1 B 4 PR
J7 L W S B AT BENLAE S 5T, 158 T N [ Bl
BLY B 20 J7 58 W9 45 6 08 FH T 5806 I R AR A il
s . Xu 4%(2020) 4387 T SPP. SKEB 5 SPPT
77 % R [F 44 77 % GRAPES X I 4E 4 Hi4Rk &
GLryRZ ), FREER Gl 2 A ALY B B S ik
i T4 b SR AR AN o P, RS T Y TR T
1M L, AR BEHL S ik 7 28 0 Bl 2R AR 2 St itk
BOE P o0 AR S TR 5 R TR 2] T ]
(Palmer, et al, 2009; Tennant, et al, 2011; Charron,
et al, 2010) .

H AT, 1 E ST AR BELY) FEE 2h )y
TR i (% Ee A o A, IF B R A TP AR BRIX
S L TR =2 1 S W s I N i KB L
JrEX AR WIS WM Em, TERLRD
57 GRAPES 23k I8 & il %5 24 (GRAPES-
GEPS). 7f GRAPES-GEPS H{#i i} SPPT 7 & K%
TR W 3k 72 2 80 T 28 P AT B AN i P (2
e ] %5, 2019b) . A 1A B GRAPES #5220k 9 4% R
JE RE i ROBE e 4t o A8 AR TE AN B 8 Pk, 32 /AR
(2019) ¥ SKEB Jr % i 1 T* GRAPES-GEPS %
o ARE, LR TAENOSCH 4 A 7 S8 s i i i)
SR, JF EL 8 X AR A TR SOR K5 b . 7E
GRAPES £ k5 . i, SPPT Hl SKEB 77 % 77 = 1)
Pesh ey A & 2 AN Rl 7 58 B 7 A B AR B RR AR 2 A
SRR 2= HE—% 2 SPPT 55 SKEB )7 & (A
fii FHXF GRAPES-GEPS £ 4t [ 5% i Wi fi] 2 55 F gl
fii 1] SPPT 5 SKEB J5 8 I 19 5% W) 25 5 M J2 B K

Acta Meteorologica Sinica S5 4R  2020,78(6)

17 XS TAERT L — Lot fbtse . ik, h
T dE— A GRAPES 2Bk h ML R Wi £ 14, A%
WS NSRRI | AR5 ARG T4 50 55 A JE R A%
8T N [R)B X B AL B4 3 7 € (SPPT. SKEB.,
SPPT 5 SKEB BK & fifi 1) 7 4 () 41 3l R ik LA S &
iT%F GRAPES-GEPS RS LMY 2% 5F .

2 ARtk

2.1 GRAPES-GEPS &%

GRAPES-GEPS #4t T 2018 4F 12 A 1EU#%
AV 55 ia 47, B RIEAT 00 A1 12 BF (PR, R TE]) &
A SE AT TR . SOl R R GEAH O S BN R 1
Jr o, Xk BSR4 O KO 2 B 0.5°, A
60 )2 (%) 3 hPa) . T4 I &4 h 15 d i) GRAPES 4=
BRAR S (B 2035 45, 2008), il 45 5 1) 4 7 ik 77 A=
1A P Bh (X 7k B2, 20135 25 B8 A1 %5, 2019a,
2019b), ffi FHFE AL Z %01k I %2 SPPT 5 SKEB {A 3
O 5 P (2R e AT 45, 2019b; 32 K4, 2019), —
AL 31 A A RO (1A IR 5 30 N4k 3h
AR o

# 1 GRAPES-GEPS &4 &l &

Table 1 The configuration of the GRAPES global
ensemble prediction system (GRAPES-GEPS)
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Table 2 Ensemble forecast experiments designed to analyze the characteristics of perturbations caused by different

stochastic physics perturbation schemes ("Off" indicates that the corresponding perturbation scheme is not used,

and "On" indicates that the corresponding perturbation scheme is used)

IR R [UERIRI WS SPPT 7 % SKEBJ %
SPPT Off On Off
SKEB Off Off On

SPPT_SKEB Off On On

*£ 3 AR IR S) 7 2% GRAPES-GEPS & 45 1Y 5 i), 454 TRk 56 O 2%t
(“Off” Fn ANE AN YL sh 7 %, “On” Fon AN s 7 %)

Table 3

Ensemble forecast experiments designed to investigate the impacts of different stochastic physics

perturbation schemes on the GRAPES-GEPS ("Off" indicates that the corresponding perturbation scheme is not used,

and "On" indicates that the corresponding perturbation scheme is used)

R4 R (IR RZIE S SPPTH R SKEB %
INI On off off
INI_SPPT On On Off
INI_SKEB On Off On
INI SPPT SKEB On On On
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Fig. 1

The PECA values over the global domain for 500 hPa (a) zonal wind , (b) meridional wind , (c¢) temperature,

and (d) potential height averaged over a 10 d period in the three ensemble forecast experiments
without initial perturbations: SPPT, SKEB, SPPT_SKEB (12: 00 UTC 7—16 August 2017)
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Fig. 2 Latitude-height cross sections of area-weighted total energy of perturbations averaged over
a 10 d period in the three ensemble forecast experiments without initial perturbations
(SPPT: a, d, g, j; SKEB: b, ¢, h, k; SPPT_SKEB: ¢, f, i, 1) at different lead times (unit: J/kg)
(a—c. day 1, d—f. day 4, g—i. day 7, j—1. day 10; 12:00 UTC 7—16 August 2017)
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forecasts in the four ensemble forecast
experiments of INI (b), INI_SPPT (¢), INI SKEB (d)
and INI_SPPT_SKEB (e) initialized at
12:00 UTC 12 August 2017 (unit: mm)
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