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Abstract: Global operational numerical models have the problem of occasional occurrences of extreme large
medium-range forecast errors, and tracing these error sources could provide important references for im-
proving the model itself and data assimilation system. In this study, errors of the operational forecasts in
medium range (6 days) from the China Meteorological Administration high-resolution global assimilation
and forecast system (CMA-GFS) and global ensemble prediction system (CMA-GEPS) with a lower reso-
lution are analyzed during the period spanning from January to February 2020. The error origin for a parti-
cular case (initialized on 12 UTC 8 February 2020) with extreme large medium-range forecast errors over

East Asia is investigated by employing the method of ensemble sensitivity analysis. From the spatial-
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temporal evolution characteristics of forecast errors in CMA-GFS and results from ensemble sensitivity

analysis based on CMA-GEPS, a preliminary deduction was acquired about the key forecast error source

region, i.e., an up-stream region of East Asia located in the Atlantic Ocean and western Europe (20°—
90°N, 90°W—60°E). When the initial conditions of the control forecast of CMA-GEPS are replaced with

that of the best ensemble member but confined to the above-mentioned key error source region, the medi-

um-range forecast error of 500 hPa potential height was reduced greatly over East Asia, less than 50% of

the original control forecast error. This further confirms the effectiveness of the identified key error source

region,

Key words: medium-range forecast, the origin of forecast error, ensemble forecast, ensemble sensitivity
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EARERL A—H
2020 fF 1 H 10 H&E 2 A 26 H 12 UTC 2t 1 75 I3 [X (15°~55°N,70°~140°E)
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CHE S22k < 35 43 Wi 2 PE B HRES 9 RMSE, 41524k : CMA-GEPS 4£ &4 3 iy RMSE,
Mgk . CMA-GEPS #4il #idk () RMSE, # {4 B 5% . CMA-GEPS fr & %4 i 51 1) RMSE,
LLEAR :SPD, Hiffy B« 58 AR SURF A TR 25 21 5 /D
Time series of RMSE and SPD of 6 d forecasts for 500 hPa geopotential

[ 1

Fig. 1
height (250 ) averaged over East Asia (15°—55°N, 70°—140°E)
(initialized time; 12 UTC 10 January to 26 February 2020; blue solid line; RMSE for
the high-resolution deterministic forecast HRES, red solid line:
RMSE for the ensemble mean of the CMA-GEPS, black solid line: RMSE for
the control forecast of the CMA-GEPS. blue shaded: RMSE for all ensemble
members of the CMA-GEPS, red dashed line; SPD, purple star; highlighting

forecast result of the case investigated in this study, the same below)

O
o -
<<
0.0
] Members
—0.37 ENSMEAN
) HRES
7 CTL
_0 6 T T T T T T ‘ T T T T T T ‘ T T T T T T ‘ T T T T T T ‘ T T T T T T ‘ T T T T T T ‘ T T T T
1-10 1-17 1-24 1-31 2-17 2—14 2-21

AR/ = H

2 202041 H10HZE2H 26 H 12 UTC 4R A AR W X (15°~55°N,70°~140°E)
2500 6 d Bidlk ACC i [i] J 3]
Time series of ACC of 6 d forecasts for 500 hPa geopotential
height (z500) over East Asia (15°—55°N, 70°—140°E)
(initialized time: 12 UTC 10 January to 26 February 2020)

Fig. 2
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ARSI R U 3 2 B Bk 1 1989—2018 4F ERA-Interim 2 m i &)
Fig. 3 2 m temperature forecasts (T ,) valid on 14 February 2020
averaged over northern China (35°—42°N, 100°—110°E)

(red dot: high-resolution deterministic forecast HRES, black dot: control forecast

of the CMA-GEPS, blue box-and-whisker: probability distribution of T,

for the CMA-GEPS, red box-and-whisker: climatological distribution of T3, in

northern China on 14 February, black dashed line: climatic mean, the climatology of

T, . derived from the ERA-Interim dataset for 1989—2018)
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B4 202042 H 8 H 12 UTC #&H#H 1 HRES %% 24 h(a) .48 h(b) .72 h(c).96 h(d).120 h(e)Fl 144 h(f)
2500 PR 37 (FR2R) J HAG 56 73 B Y (L1 40D 5 Pl i i 22 GE A, R 3708 5 0 )
(JTHE :15°~55°N.70°~140°E [ %5 3 1 [X)

Fig. 4 =230 forecasts for the HRES (black line) . verifying analysis (red line) and forecast errors

(colored, forecast field minus analysis field) at different forecast lead
times of 24 h (a), 48 h (b), 72 h (¢), 96 h (d), 120 h (e), and 144 h ()
(initialized time: 12 UTC 8 February 2020; black box: the region of East Asia)
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(initialized time: 12 UTC 8 February 2020)
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Fig.8 6 d Forecast errors of 25, (colored, forecast field minus analysis field) for

(a) the high-resolution deterministic forecast HRES, (b) the control forecast of CMA-GEPS,

and (c¢) the new control forecast of CMA-GEPS with initial conditions replaced

with that of the best ensemble member but confined to the key error source region

[initialized time: 12 UTC 8 February 2020, black box: the East Asia (15°—55°N, 70°—140°E) |

B, BeAh, 38 JF e T ek A8 {8 8 46 v 1Bl Y i 5
W b A A T ) O g 5% 2 VR X VY 48 B 1l AR 60°,
TR AT — U 4 A i TR A7 T a5 2 OGS X ) (B
) BRI T 28 R AR L X34 2500 6 d
TR 15 2 5 A o) AR AR — B I B A 1R B el

25 TR SR AR S B TR O R A T L A
FAR b it b X1 I PG B RRCUH PG 5 Hl X (20° ~
90°NL90"W~60°E) j& t iy I 8 ) 1 2 I XL I %
DX 35 P 1 2% 14 19 I Xt 7 SI0 b X v 30 941 iR 25 L
HEBF W,

3 ZhgSitie

A SRR Rodwell et al(2013) 8 & 4 o 1 K R
JERA IR R ARAE 38 3 53 B CMA 4 BREE
R 55 £ 55 (it GRAPES) 2020 4F 1-—2 H 7R W #h
DX 500 (6 D) TR AE 7 - SR T — A~ 42 0 1l X

PR R RSB (2020 4F 2 8 H 12 UTC 244>
B o LABEAS 1 R W 58 X% 42, if HRES (R CMA-
GFS) 1 #ft 15 22 i} 25 6 248 ¢ 4E F1 3E T CMA-GEPS
F G0 Y A WU 53 B 45 L R AT i 38 A 5] 1 AR 5
25 W0 IR 2 W o B R IR A O A5 B R LR .

(D FEF CMA-GEPS 7l % 25 5 11 5 & UM
SRR DAAE S — S22 W B R, T X CMA
A BRSO B A% B A o R 2 (TR 2R
) FAF AT IR 2ZE WA ST . R ILIZ B IR 45
B 500 TR 22 B 25 3 A8 R AIE , A% SCIR 1 K74
e RN 7 5B M IX (20° ~90°NL90°W ~60°E) /& 2020
2 H 8 H 12 UTC EH A AR WML X =50, 6 d T4l
e it 1 25 0 S B DR X, T L 9% S B VR X PN A 0 M AR
P BT X ARSI i DX TR AR S e . Ak
XF CMA-GEPS (1) 15 412 45 2R 43 2 B, 3 45 4 & Bl
B CAn SR L4 B B D1 RE A5 70 vh S IS 0 b 5 b 34
5 BOUT I A ) A o TR R 25 Y SR B R R R G-



%64 2

TRAF CMA A BRI PR AR 8 AR W 3t IXHp 30 RUE PR 3R 22 ) 400 28 4R 5 - A 1) 23 # 675

YH AL BH ZE 21 0 3

(2) A SCHF 58 A 1) 09 AR S b IX 500 HY S0 900 417 152
2= R E 5 A YN b5 M DX 1) BH ZE A i 8 e Hi it
AEFF,XH Rodwell et al(2013) W55 Hr 45 H 1)
D s DX v 54T 2 1R A9 22 5 A R — R P
T 1l DX B ZE AR SCHR B — B, AT 4 5 A a2
Z I FE CMA-GFS #1091 H X BH 2 JE # 1
w1 4 fiE

TEARARK TAE B 4722 G 1 CMA 42 BROEU(E Bl
ol 55 2 56 2R 3 b X R RO B 3t B b 3 4 fiE
T35 VS 2 rp AR A R A Sl 5 o BT R
KO3 4 J7 0 CMA-GFS 8 28 2 48 W% 4 fE ik
1SR AR IS W o3 B s DT S 455 =X 3% 458 el itk Oy 1)
REAHZ%,

&% ik

WL TS0 L YL R HE . AF 2020, 2020 4F 2 H R SCHR R K K0 B
[J]. K% .46(5):725-732. Cao S,He L F,Shen X L, et al,2020.

Analysis of the February 2020 atmospheric circulation and
weather[ J]. Meteor Mon,46(5) :725-732(in Chinese).

Wi . 22 F0, 2020. GRAPES 2Bk /X H 4 & Bl R 4¢ 10 48 K fe Al
o M BT . R G BB 5 10(2) £ 9-18,29. Chen ], Li X L,
2020. The review of 10 years development of the GRAPES global/
regional ensemble prediction[ J]. Adv Meteor Sci Technol, 10
(2):9-18,29(in Chinese).

RV - INTE R 25, 55, 2019, 7“5 < 77 R 3t 58 K R T R Y 4
(BT AR P 3 (). 45 45(9):1199-1212. Chen T, Sun J,
Chen Y,et al,2019. Study on the numerical predictivity of local-
ized severe mesoscale rainstorm in Guangzhou on 7 May 2017
[J]. Meteor Mon,45(9) :1199-1212(in Chinese).

FR) L B g2 L AR BREE L 2018, 2016 4F 7 1 He b #) i e K 14 w3 4R
2T, Blera@ 4R, 63 (3) : 340-355. Dai K,Bi B G,Zhu Y
J,2018. Investigation of the medium-range forecast errors for
the extreme rainfall event in North China during July 19—20,
2016[J]. Chin Sci Bull,63(3) :340-355(in Chinese).

Al o B b, 2 A5 L 45, 2020. B TLAROWE 5 MK R (2015) 38 B
B A H B )], (%, 46(1):15-28. He B,Lou M Y,
Li H J, et al, 2020. Research on uncertainty of ensemble fore-
casts of the far distance torrential rainfall by Typhoon Goni
(2015)[J]. Meteor Mon,46(1) ;:15-28(in Chinese).

FERAE XK HE B, 45, 2020, #HESUIE A7 5 1) /£ GRAPES 425k
S TR AR BT G4 78(1) :48-59. Huo Z H.
Liu Y Z,Chen J,et al,2020. The preliminary appliation of tropi-
cal cyclone targeted singular vectors in the GRAPES global en-
semble forecasts[ J ]. Acta Meteor Sin, 78 (1):48-59 (in Chi-
nese).

ZERA] L B X KR - 45,2019, GRAPES 2 BREE & BB 46 4% 18 &
P B AN 5 Tk S L) ] KA 22 4. 42 (3)

348-359. Li X L,Chen J,Liu Y Z,et al,2019. Representations of
initial uncertainty and model uncertainty of GRAPES global en-
semble forecasting[ J]. Trans Atmos Sci,42(3) :348-359(in Chi-
nese).

WKL BT B . 2020. GRAPES 43Rk #: & iR R 4 A IF] BE DL
AR sh o R )], ¥R . 78(6) :972-987. Peng F, Li
X L,Chen J, 2020. Impacts of different stochastic physics per-
turbation schemes on the GRAPES global ensemble prediction
system[ J]. Acta Meteor Sin,78(6):972-987(in Chinese).

WKL AT MR 45 .2019. GRAPES 23k 4 & Bl R Soke X 4k 3
BEL SN e A 7 BB O[T ] AR, 77(2): 180-195.
Peng F,Li X L, Chen J,et al,2019. A stochastic kinetic energy
backscatter scheme for model perturbations in the GRAPES
global ensemble prediction system[]J]. Acta Meteor Sin,77(2) ;
180-195(in Chinese).

FFE3C,2010. (A FIE KR ALT ] 45 36(3): 9-18. Shou S W,
2010. Theory and application of potential vorticity[ J]. Meteor
Mon,36(3) :9-18(in Chinese).

FRI L Bhrb, 2L 5F L2019, fL R 4 A5 5 B X Megi(2010) # 3
BXRERH A FJ]. K4.45(6):791-798. Wang T J,
Zhong Z,Wang J,et al,2019. Correlation between PV T distribu-
tion and movement of Typhoon Megi (2010) and the impact fac-
tors[ J]. Meteor Mon,45(6) :791-798(in Chinese).

E AT TR 5% L 45 2020, 58 5 BIURR PR 7E TR R 22 K T AR A OF
FEHRIRL R ER IR [T ] AR R R 10(2): 58-64, 74,
Wang Y,Dai K, Zhang X M, et al, 2020. Research progress in
study of forecast errors and predictability based on ensemble
sensitivity[ ] ]. Adv Meteor Sci Technol, 10 (2); 58-64, 74 (in
Chinese).

FR TR AT, 2018, 47 « 2074 Jb 5 58 WY A A TR 9 ob 0 TR 4
P ROR B M [T, K4 . 44(1):53-64. Wang Y, Ma J, Dai
K, 2018. Ensemble-based analysis of medium-range forecast
change and uncertainty for the 20 July 2016 severe heavy rain-
fall over North China[J]. Meteor Mon, 44 (1) :53-64 (in Chi-
nese).

TRIGELT B R 2% 45,2016, — IR 2R YL UEUNETE LR B e AiE I 2
2 Wi/ H7[)]. K4 ,42(6) : 716-723. Zhang X H, Luo J, Chen
X, et al,2016. Formation and development mechanism of one cy-
clone over Changjiang Huaihe River Basin and diagnostic analy-
sis of rainstorm[ ] ]. Meteor Mon,42(6) ;716-723(in Chinese).

RN 75 WL B LR L 2014, A 9 8 4R 30 2 9 £ 16 K8 2 [0 o5t 5
PHELT]. A4 .40(5) :521-529. Zhou X G,Wang X M, Tao Z Y,
2014. Review and discussion of isentropic thinking and isentrop-
ic potential vorticity thinking[ J]. Meteor Mon,40(5):521-529
(in Chinese).

Bauer P, Thorpe A,Brunet G,2015. The quiet revolution of numeri-
cal weather prediction[J]. Nature,525(7567) ;47-55.

Chang E K M, Zheng M H,Raeder K,2013. Medium-range ensemble
sensitivity analysis of two extreme Pacific extratropical cyclones
[J]. Mon Wea Rev,141(1);211-231.

Dee D P, Uppala S M, Simmons A J,et al,2011. The ERA-Interim



676 A

% 548 %

reanalysis: configuration and performance of the data assimilation
system[ ] ]. Quart ] Roy Meteor Soc,137(656) :553-597.

Garcies L, Homar V,2009. Ensemble sensitivities of the real atmos-
phere:application to Mediterranean intense cyclones[ J]. Tellus
A:Dyn Meteor Oceanogr,61(3):394-406.

Grams C M, Magnusson L, Madonna E, 2018. An atmospheric dy-
namics perspective on the amplification and propagation of fore-
cast error in numerical weather prediction models:a case study
[J]. Quart ] Roy Meteor Soc,144(717) :2577-2591.

Hakim G J, Torn R D, 2008. Ensemble synoptic analysis| M ]//Bo-
sart L F, Bluestein H B. Synoptic-Dynamic Meteorology and
Weather Analysis and Forecasting: A Tribute to Fred Sanders.
Boston: American Meteorological Society:147-161.

Lamberson W S, Torn R D,Bosart L. F,et al,2016. Diagnosis of the
source and evolution of medium-range forecast errors for extratro-
pical cyclone Joachim[J]. Wea Forecasting,31(4) :1197-1214.

Li J,DuJ,Zhang D L,et al,2014. Ensemble-based analysis and sensi-
tivity of mesoscale forecasts of a vortex over Southwest China
[J]. Quart ] Roy Metcor Soc,140(680) ; 766-782.

Lillo S P, Parsons D B, 2017. Investigating the dynamics of error
growth in ECMWF medium-range forecast busts[ J]. Quart J
Roy Meteor Soc,143(704) :1211-1226.

Magnusson L.,2017. Diagnostic methods for understanding the origin

of forecast errors[ J]. Quart J] Roy Meteor Soc,143(706) :2129-
2142.

Quandt L A,Keller ] H,Martius O,et al,2019. Ensemble sensitivity
analysis of the blocking system over Russia in summer 2010[]].
Mon Wea Rev.,147(2) :657-675.

Rodwell M J, Magnusson L, Bauer P, et al, 2013. Characteristics of
occasional poor medium-range weather forecasts for Europe[]].
Bull Am Meteor Soc.94(9) :1393-1405.

Sanchez C,Methven J,Gray S,et al,2020. Linking rapid forecast er-
ror growth to diabatic processes[J]. Quart J] Roy Meteor Soc,
146(732) :3548-3569.

Shen X S,Wang J J.Li Z C,et al,2020. Research and operational de-
velopment of numerical weather prediction in China[]]. ] Mete-
or Res,34(4):675-698.

Torn R D, Hakim G J,2008. Ensemble-based sensitivity analysis[J].
Mon Wea Rev.136(2):663-677.

Torn R D, Whitaker J S, Pegion P, et al, 2015. Diagnosis of the
source of GFS medium-range track errors in Hurricane Sandy
(2012)[J]. Mon Wea Rev,143(1):132-152.

Zheng M H, Chang E K M, Colle B A, 2013. Ensemble sensitivity
tools for assessing extratropical cyclone intensity and track pre-

dictability[ J]. Wea Forecasting,28(5) :1133-1156.

(AR SCTT G - A BE O



