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1993 ; Toth et al.,2001 ;Zhu et al.,2002;Zhu,2005) ,
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v B BURT PR S 110387 58 PP %o B 24 T 4T A S
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A A T A AT 4R 1 (Shukla, 1998) % 4T T %
AWFIE . B F ik, fe 7 2008 T AR B 1 P9 7 AR
A8 71 B W R i — 25 0 58 RO K AR [R] e 2 RUBE
B3 B RE LR B I8 B2 ORI B K 5 I ( Ying and
Zhang,2017) (38 76 ) TR M. IR BS, B2 F 2k K
REAZ(UHZEGTMALE) MAMHAREEE
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al.,2019) DA K R K AUE S A Pl 21 37 (Zhu et
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TR . AR S R BRI S A R
S 58 1Y, LA A TR GE i ) 1R e 3B L B — A~
B B BAR BE O AR SE T R B R R SN 1, OB
BRI AR B TN G A L O HLBE 9% L IE il iR TR AN T
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20 24k, NCEP 42 3R 4R & T4l & 4¢ (GEFS) —
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I [R) 35 75 . A T A 1 CRPSS £ 15 43 2% ( CRPSS
435k 0.25.0.35.0.45.0.55.0.65.0.75) , 1K 2 4,
AR TR RN IR TE RIS 43 G RE 01 R T 52 A
KRB, MR IR H 27 B (BT nd i ik 18] ) 371, i
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Fig.1 Schematic diagram of an ensemble forecast starting
from initial analyses/perturbations with full analysis
uncertainty at = 0, growing ( increasing ensemble
spread or uncertainty) with time evolution to ¢, and
t,.Solid green is for unperturbed( ensemble control)
forecast; solid blue represents ensemble mean; and
dash blacks are perturbed ensemble forecasts. The
shaded areas represent uncertainties of initial and

forecasts at ¢, and 1,
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PR RE 1T AT AL (HPC) (W1 2 20 3%, B Hi ) NCEP
SRS B & 58 (GEFS) , JUH & SubX (W 5
T Z BRI ) A, A RSB ET A R
FE E#GEE T P EEAF R (Zhu et al., 2017,
2018 ; Pegion et al.,2019) . FEM A H T
NCEP GEFS 1) ¥ A fi i A, Hovr — 4~ & GEFS
SubX Jifi A (Zhu et al.,2018 ;Guan et al.,2019;Li et
al.,2019; Zhu et al.,2019a,2019b) , % — /& FV3
GEFS i 4 ( Zhou et al.,2019) , {if Jii Hr i 2 J1 HE 4L
(FV3) ,# @& ( B¥5)) #K 43 HE% , GFDL 9 1
Y (R T Zhao-Carr Y HL 72 ) FiF 2 H
B IE % B2, 5 GEFS SubX A EE,
FV3-GEFS A< £ fit 7 1 &5 H 35 59 i 7K 7 43 3 %

(#9725 km) ( GEFS SubX iz 7 i1 7K - fif #7 i 2 33
km(0~8 d) .55 km (8~35d)), LI 2017 4F
41 HE 201844 7 6 HIEAM, i fi 48 & WAR#P
£33 20 DS BUAR A — D46 B gh) FHidhk, M
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5 4 4R W
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TTR2GEEB A (Zhu et al.,2018; Guan et al.,
2019; Li et al., 2019; Pegion et al., 2019), fE N
NOAA SubX i [ (1§ — % 4>, GEFS 42 fit T 18 a
(1999—2016 4F ) ) #i i & ( reforecast or
hindcast) . A< SCH2E o 9 98 B 35 % GEFS SubX 4
REHIEM R B FET FV3 1 GEFS (F — 40l 55 8
) 4 R FAT IR, Ko a4 3 IR KP4 B
B By S0 H A HE S ik O ) R AR R i
Tho A FPEAG TR AR AT T PRG54 R G0 0 TR B R
FIR] TR | 229 9K A 08 D1 Al 155 BE AT AN [ 1
25 JUBE AN [) B T4 XS R0 AS () ) T4 B2 38 5 .
X b, i L2 BR 500 hPa {7 #5455 B i IR 7
A (AC) P43 2k VA R A T4 5 /B F R S V8 7E
TR BE Sy (o FR Al Wik M) o [RIB, f5 58 09 SR &
75 ( RMM ) MJO ( Madden-Julian $z 7% ) 15 %% (WH
index ; Wheeler and Hendon, 2004 ; Lin et al., 2008;
Gottschalack et al.,2010) th i T 3E Ak #4H KS FF 85
T fiE 7 A AE B HL Be (AT B ) .
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13
THORPEX(2005-2014) project goal: to accelerate improvements in
12+ the accuracy and the social.economic, and environmental benefits
11 of 1-day to 2-week high-impact weather forecasts
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2 g2 20 a(1999—2018 4 ) NCEP Ml 55 32 17 (19 2 B4R 5 Bl R 48 (GEFS) iy db2f 5k
(NH) 500 hPa {3 ##% FZ () CRPSS £ Y53 5p o Hmh ] /7 51 73 53] & 7% CRPSS 2 0. 25
(A1) ,0.35(£0() ,0.45( 4k (1) ,0.55 (15 (1) ,0.65( 5 (1) ,0. 75 (B 4) iy A F14

B (M) A 13 AT B 37 2 (L)

Fig.2 Northern Hemisphere( NH) 500 hPa geopotential height CRPSS for NCEP operational
Global Ensemble Forecast System ( GEFS) of past 19+years (1999—2018).The time

series displays the monthly average scores ( thin lines) for CRPSS =0.25 (black),
0.35 (red),0.45 (green),0.55 (blue) ,0.65 (purple),0.75 (orange) respectively,

and 13 months running mean scores ( thick lines).The horizontal axis is for years from

1999 to 2018;and vertical axis is for forecast days of presented CRPSSs
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FAMRAE (23 7)) Z 18 B9 RMS 22 A7 T (4% (0 4L 1R
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22 W AT, FL U AE LR AR I i AR K (292 14 d L
b)) o AIEERYJE IR & : 1) SubX GEFS ) i iz 25 # FE
e [R# f) FV3 GEFS % /s (under-dispersion, [§] 3
TR X RERECE Em i AC W4r;2) HETHY
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Fig.3 Northern Hemisphere (NH) 500 hPa geopotential
height RMS error ( solid) and ensemble spread
(dash) of 35 days forecasts from one year experi-
ments based on two ensemble systems ( SubX
version ( black ) and FV3 version (red)). The

RMS difference between analysis and

climatological mean shows in green dash line (90
m).The climatological variance around mean has

been drawn on the right
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KA AE 24 (Y S5 B T4 68 77 R0 7 AL 19 T4 g
Jio BERFW 1) AR REE Z 8] 19 Pl 4 RE ) 22 H 1R
K;2) HRAKPE(10.5 d) FIERIREHHR (7 d) #1
W, RAAT R A TR Wi g Jy (12.5 d);3)
55 MR 14 52 bR TR B REAH L, X =R R ) 4 AR
TR EA K% 1~2.5d WHHmMBiREE . 1178
W1~3 ) Al e A 15 d LU (> 2 J8) iy 787 1
RAEST s KW (4~9 PO W B A 12 d Wy Bidi BE,
M4 T R SEPR IR BE 1 X 10.5 d; RARE RS
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—— Subx
08k — FV3GEFS
’ Potential skills
fo 0.6~ User skill line 12—14 days
o
= 04f / S
02k Real skills
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FHud

B4 —4E KA (2017 4 4 A % 2018 4 4 A ), 21
A TR AR, TR 35 d, 424 TR HME L
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B, 23 B SubX fRAS (ZL4%) Fl FV3 jiiAC (R ,
25 0T H T A TR B I CHLER) TS 75 B9 T4 4 15
(L) R4 HpRie o 12 d(FL52) f 14 A7)
Fig.4 Northern Hemisphere (NH) 500 hPa geopotential
height Pattern Anomaly Correlation (PAC) of the
ensemble mean for 35 days forecast from one year
experiments ( April 2017—April 2018 ). There are
two experiments which are SubX version(red) and
FV3 version ( black ). The real forecast skills
(thick) and potential prediction skills ( thin) are
presented ,and marked as 12 days (real) and 14

days( potential )
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JER T M MJO WidkfE h (B, %520 d,50%
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= Potential skills
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Wave 1-3 (length scale>10 000 km)
Wave 4-9(10 000 km>length scale>3 000 km)
Wave 10-20(3 000 km>length scale>1 500 km)

— AR B ] (2017 4R 4 J]—2018 4 4 J]),21
ARG BRR B, TR 35 do BRI R R 1
~3 AP (R 4~ 9 D P (Z0E) il 10
~20 A2 (i) B i R T AR Bk
AL B (NH) 500 hPa B4R 6 (AC) o
WA SE 85 23 5] SubX RAS (Z14R%) M1 FV3 R A
(PRZR) . WoR T Sbr 00 Ak Jy CHLLR ) R 7
Y T EE RE (4H%)

Northern Hemisphere (NH) 500 hPa geopotential
height Pattern Anomaly Correlation ( PAC) of re-
grouped ensemble mean ( zonal 1—3
(black) ,4—9(red) and 10—20 ( blue)) for 35

days forecast from one year experiments ( April

wave

2017—April 2018 ). There are two experiments
which are SubX version (red) and FV3 version
('black ) .The real forecast skills( thick) and poten-

tial prediction skills ( thin) are presented for

each group
B Potential MJO skill
r for ensemble mean
[ User skill line \

MJO skill for ensemble mean
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1 1 1 1 1 1

5 10 15 20 25 30 35
K/

5 3—5 A A — AR R g BB BT FV3
GEFS JfiA . JLE L MIO Hil4f it 1 (R @, ]
WA S 25 ) A ) MIO TR AE J1 (41
&, S MR S BRI RS %)

The same 1-year experiment as figure 3—35, but for
FV3 GEFS version only.A real MJO skill (black,

i.e.analysis as reference) and potential MJO skill

(red, i. e. control member as reference ) of

ensemble mean are presented
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An assessment of predictability through state-of-the-art global ensemble
forecast system

ZHU Yuejian

Environmental Modeling Center ,National Oceanic and Atmospheric Administration ( NOAA ) /National Weather Service( NWS)/National Centers for
Environmental Prediction( NCEP) ,College Park,Maryland 20740, USA

In order to provide valuable and reliable numerical guidance include probabilistic forecast, state-of-the-art
global ensemble forecast system has been implemented into National Centers for Environmental Prediction daily
operation to service the general public. The forecast skills for various elements through statistical verification are
offering the levels of confidence to general users when they apply these guidance.However,the skills are all dif-
ferents rely on the forecast elements, spatial and temporal resolutions,and special events or the forecast extremes.
As an example of large scale pattern prediction, the global ensemble forecast system ( global ensemble mean )
could provide about 10 days skillful forecast on average based on 60% Northern Hemisphere 500 hPa geopotential
height anomaly correlation.The predictability or limit of prediction we will discuss in this article could be a good
reference for model developers, stakeholders and general users in terms of their requirements from various forecast
elements to the different spatial-temporal scales.Especially, the investigation of sources predictability are very im-
portant to advance our numerical system in terms of science and technowledge. When we understand the source of
predictability , the scientists will know where to work on,and how to improve the system.To combine the tradi-
tional predictability study and recently developed global ensemble forecast system with full representation of un-
certainty , the predictability and limit of prediction through state-of-art global ensemble forecast system could be
another valuable reference. As a summary of predictability investigation, there could be about 15-,12-, 10-days
forecast skills for planetary wave, large scale and synoptic scale patterns respectively. For tropical prediction, a
skill of Madden-Julian Oscillation could be extended to 32.5 days if we could reduce model bias and improve

others.
ensemble forecast;forecast uncertainty ; predictability
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