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(EPS), the forecasting performance of each individual member determines the capability of the entire EPS and the
ensemble mean is also an important reference index for the actual forecasting application. Therefore, using the EPS
precipitation forecast data from 2013 to 2015 (from May to October every year) from the European Centre for Medium
Range Weather Forecast (ECMWF) and hourly precipitation data from CMORPH (NOAA Climate Prediction Center
Morphing Method) in combination with observations collected at more than thirty thousands of automatic weather
stations in China, the performance of control forecast, member forecast, and ensemble mean of ECMWF ensemble
prediction system on daily precipitation in the surrounding areas of Qinling Mountains are analyzed. The effective
method to improve the performance of the ensemble mean of precipitation forecast is explored. Major conclusions are as
follows. (1) The spatial pattern of precipitation in the surrounding areas of Qinling Mountains is well described by the
ensemble mean and the control forecast. Comparatively, the control forecast can better represent the variance of
precipitation. (2) Taylor analysis shows that the precipitation variance of the ensemble mean decreases monotonously
with increases in the valid period of forecast, while the variance of control forecast shows less oscillations than that of the
ensemble mean and the correlation coefficient improves slightly. (3) The forecast skill scores indicate that the ensemble
mean yields significantly large bias (precipitation frequency) in light rain forecast, which indicates large false alarm rate for
light precipitation; meanwhile, ensemble mean decreases the bias (precipitation frequency) in heavy rain forecast, suggesting
that the missing rate for heavy precipitation forecast is high. As a result, TS and ETS scores of the ensemble mean tend to be
lower than those of the control forecast and disturbed member prediction, which is attributed to the skewness distribution of
precipitation. (4) The significant contribution of the ensemble mean lies in its ability to well predict the spatial location of
possible precipitation. By limiting the threshold, adjusting the forecast bias, decreasing (increasing) the forecast frequency on
light (heavy) rain, TS, and ETS scores of the ensemble mean can be improved obviously and the ensemble forecast skill

would be superior to that of the member forecast and control forecast. At present, the forecast bias correction method has

been successfully applied to the fine-resolution forecast system in Shaanxi.

Keywords

1 3§

MR —1iff 5 10 B 22 (1 ME 2 10 1) 4R & TR 4 AR
RIS R E = kR, 3 T2 U AR R
i B A BT A £ i AN i PR 3R R e R ) R
A R A TR B AN 0 ME CRE B8 R AR 4E %
2014) . SEA THRAA AT LLHCAS EL B 2 1 TR
AR AR, i HoAT A 2 i D i A it
CaysEestiling VR S Uk - S NIk Uk EACIE R i)
TR E CEBESE, 20105 BeHRERAE, 2012), EMX
Nk, FAE 20 20 90 AR, K. SEEL ng
REEEF A TSR RS (EPS) (Toth and
Kalnay, 1993; Houtekamer et al., 1996; Molteni et
al., 1996), BEJGHE. HASEE K MAHGR AL T
HETIMARGE (EHEE, 2002). EHFFITIH,
TERC T VIAHE AT EPE BECAN e P DL S S5 T
=B =4 Tk (BRI, 2013), (B
AR E R A FUR TR B4R, s ik
Fe R R RE T A i v R AT K P () S B
P CEMESE, 2014; WA, 2014).

JVE G E VETIAR AN S AR A TR RSN F 2 H

ECMWEF, Ensemble forecasting, Certain forecasting, Skill score, Taylor diagram

RIS FH 7 1m), (RS b, J@ i inylandhsh e i
P PR S R A PR A PR — I PESE . SRS
THR G Ab B 2R 407 A (1 G VT A 2R PR RN 0 437
. A PHAE e TR, SLPERR R AR K
T REAS A P HARTIARE I . T4, s br R
TR 2% F5 SRR, AN AT B LU (R 2 T
FE, AR E PR TR g e, DRI, T
EPS [ 8 Pk PR R I IR b T S B RE A,
AAETISE L. DG T 8A TR i —
LAY, EEAENERAN I, — IR R
(PIPERE AT B PN T, 4Bk (2007) i+ i8 T ENSO
AL TR 22 200 (1O 2 TRUAR IR 28 FUHRAS 56 v 5
XK FAE (2013 F) H 4> 2k 2 805 & T
(TIGGE) FERMFAL TR AEIT RIS 6 h [
KR EERE: M (2012) X E A% 0 X
LA TR RGN 2 m iR EHEREE RIFRE T — M i 2
B B R PR HERT ST, A I T IL TR AR 5
BBRAIRAS (20100 I 2008 4E 7 H 1 HAE 8 H 6
H TIGGE £ iRk ZERHTAL T BRI IR S FR
tty (ECMWE) . 36 [H [H R B fiifl 0 (NCEP)
AP EAG R (CMA) = G A0 k] sk i
19 A B A G Dk (1 B K Tt A . ok T ok



5 1] 9K T7 55 . ECMWE S5 PR 3R G0N 2 0 J] 300 3 X B A o e 1 T (R 1k e 20 A

No.5 ZHANG Hongfang et al. Performance Analysis on Deterministic Precipitation Forecasting in Surrounding Areas of ... 553

a0 T E TR PR AR, LSS R R A
B AE N IAME RS ORERIAE, 2013). 9] )7
o RER T (RS, 20100 255 TR 7 K=
AR ER . EERERA Y, BEPLRIE X PR
BRI . RGBT AN R DX R B TR R
BLAE 5 T PRI S AR T R B o W R (R R S
2013; XZKA1ZE, 2013), MAME RS RS
f)— N EESZUAE, Wi EPS B4 b
T2 N TS HRAG GRS SS . {HFRK
A5 BT, HENHEG S RERE
TIREAG, AN SCH ] 50 Bk i 22 1T 1E 7%,
TEE AP RSO, 7850 R LR K
A E AL A, ORI T KB A3 v
ik

ECMWF S5 T2 B AET 12 N T & 90X

G IR . EPS BRAK IS HI TR . 51
GO TR IR R S m g, MR TIIRE
A P A T B K R AR TTREPE IR RN e
PG, A H B RS T AR .
AH— 5 T EH T I FH S TR AE R, A e 1
AtoriE#E, 5 —J7TH ECMWF 47l %Rk
WP, R G i TRRE H A7 fifi F 15 20.4 GB,
Ab PR R A2 TR [RIE,  H A AR B R
1 ECMWF [k 8245 P v R 16 % P AL o A SC A
H %% 45 B0 ) CMORPH (NOAA Climate
Prediction Center Morphing Method) T A5 Bz
GOULI Sl (1328 /NI B /K R A 7 o S, ROy

Ht ECMWF 4545 THUR 2R GEff o PR T (1 Tl fig
I 25 3R v B K 1 34 AR RE 1) ] S AT RS
ESRNVS PSR IS e

2 H#EMERIE

R I N E e W e v TR S W
CMORPH (NOAA Climate Prediction Center Morphing
Method) T 54 [ 3 X 10* A 13 20 0000 3 1932 I
% 7K & @ & 7~ & C http://www.escience.gov.cn/
metdata/page/index.html [2014-12-01] ), B Bt 4
2013~2015 4F 5~10 H, 3 #% 0.1° (4iff)
x0.1° (Z05), WHns (2012). WS (2013)
WY, CMORPH TR 5 H 3k oKl & vtk
FEFRIE 2= 24 h Rl K30 22 4—0.035 mm,
I FRBOE 0.908, A FLL BRI SEBR K 341,
AL 2 JEA) R VP Al RS LR IR 2 E

R Qs S R 334 H 12:00 CHIp A TH: SR
AR ECMWE [ AR T ™ i, 245 B 51 2 51
A, R A EE T g5 0~50, JLH 0 5 kb
RIS HERE R 0.5° (4iJE) X0.5° (&
FED, AT ITAEALEE, A RS W30 0.1° (4
JE) X0.1° (ZJE) . WX Ik F 1 i Z2 U
WX (28°N~41°N, 100°E~118°E), ik
w1 PR,

K ZE BB 7 VL VAL B K TR I 25 & 3R, 7E
REE PRI 3 AR B R

50°N —

aoN-

30°N

20°N —

| [ |
105°E 120°E 135°E

BT ARSI CREANZ7HED
Fig. 1 Research area of this study (solid black box)



R
554

H

Climatic and Environmental Research

Bowto 22 %

Vol. 22

(Acc)~ YRR ZE (Ruse)~ THARAH X 550000 1)
FRfEZ A & (Taylor, 2001; WEEIAZE, 2013).
HARFE AR

PRCTD ST

Acc = 1  —. [ — @)
N\/NZ(Yi _yi) \/NZ(yi _yi)
Ruse :,lﬁZ(yiP _yio)2 > 2

o Jé;wﬁwW/Végw%vW,<w
o, N RIRE RS s PR R, Y] R TR 55
iimﬁﬁ@,w%ﬁﬁ@%ﬁimﬁﬁ@,f‘
fﬁ%%ﬂ%i%%ﬁLﬁﬁﬁﬁﬁ%%ﬁﬁ,
Y'Y S B BRSSPI, (3D
HAr T BRI IR TR RO I bR A 22

TR B PR T PP B HE s R PR - U
HA R A REL AR ) TR A 22 Bias (Brier, 1950);
LR IEMH TR R B 5 A e A2 B IR ELE 1 TS
(Threat Score) 314 Ts (Schaefer, 1990); [&2:p
WUBSRFHE G, itk k28 B PR ER B8 S e
KAERIEH L ) ETS (Equitable Threat Score)
P4 Ers (Black, 1994). Axh

A+C
ias: b (4)
A+B
A
T, = R 5
S A+B+C (5
A-H
E — random
® A+B+C-H ’ (6)

random

Horr, A Dy B TR B K BB B IR IR
H, CONERIIREL Hrandom RZSBEHLIE L F 7T RE
IERTIAR I AR ETS VEAM IR 2R PRI T
TS PEAKMET UM, XPRAEBARA 50% 247
NG JL 10 ETS W S AR U B A
PEAN, RS B 50% e LR S
AT B (G I

3 HZRHM

31 EfkERM
FE2E B AR B K SR B T V0 2 0, 1 5650

B EPS # TR . G T 1B KA B AR R, th ]

2a 0] WL, BEEE, WIFSTDCIE0PY R A AR B K B R AE
X, BEpRgEs PP H K A 5.0 mm DL F.
B AR AR Lo 23 AL T 7 B AL ) A S R
e IWRIAZ AL, HHFEKE/NT 0.5 mm. %
TR (& 2b) RGP (& 20) BAr sl |
SEBR HA BRI A TR, P AN L 2230k e 38
BEK PR, 7 B ALK iR i, Jerh Py 11855
P A K TR A K 2.0 mm DL b SR
(26> MLk, A1 (Bl 2¢) Xk, R,
2R =28 AT AR IR B AR A AR PO 21 ) 45855 o

LI o K A 22 T AR A KA v O H BILAE B 7
FH, HEEXGHEE 12.0 mm, PR O H
SR K AR UEZE N T 4.0 mm I TR ANAE &)
(1) H P38 B 7K S 2 5 0 SR TE A R A — 3,
{HARACRE W /), Horh ARG P 38 (B 2D i/
SR, HHFRAEZE R RN 9.0 mm. 64k, 4
HilTidR (B 2b) fERRPE R, H AR ra i A v
RAE 038 B UM N, B IR AC R
Zm H H KPR ZE S A O R, HAE Bk
PRAS KAE oA I S (A 2 (1] 200, 7EF%
IKARAEL Lol 55 2 R PR AT AE — 2 () i 22

N T 0 A R AR I, A 2R
25 200 W TR B A I (R AH ¢ R B A 2 LU A
M TR ZE o NI 3 5K, BEAG PO s 230 38
KK BB R s, IR (& 3a). 4
34 (B 3b) SR ER 7K R AH D% R o3 A e [l 4y
WA 0.728~0.572 F1 0.681~0.543, IR m& AL
THREPY . NIk EEERE, BRE 11, 15
KA BTSN R P42 PR AR 4 513
(IpRHEZE LU /N T 1.0, 3R B TR B 7K IR 0 D /)~
KT 11 RIEZAM, 8T RIS H T EPS
BTEREW AR R, fEbAiihe. 4k
WA RIS, VI I 23 R A A 1 AR
22 OB LA el , B A ORI R R 3 i 2 S0
TR SO AR A, TR bR U 2E LR R,
ARG bRHEZE LU DN o BI5E 15 R I TR
PRUEZELCAE N 111, Bl TEUAME, MiEa Tk
0.315, AR T, T LeAHE S WS BB /K i P
A TR -SRI () 22K, HITIRAEHT 6
REJTTHRZENT RGP, BT RZEHEEG S
RO UT

Bl 4 45 7 ECMWF £X 50 AT 7t (He3)
D) SR R PR AR B P S AR TR N



5 1 KI5 4. ECMWF S5 TR R Gn] Zei il 1 b XA /A 1 s P 0 AR P E 20 W
No.5 ZHANG Hongfang et al. Performance Analysis on Deterministic Precipitation Forecasting in Surrounding Areas of ... 555
(a)
40°N
36°N

T
106°E

28°N
100°E 106°E 112°E 118°E 100°E
[ I I I I —
0.5 1.5 25 3.5

I

L /Q .
— ; —— .
112°E 118°E 100°E 106°E 112°E 118°E
T T T
45 55 6.5 75 8.5 mm

K2 2013~20154F 5~10 A HPRKE GEED RIhREZE (HE, 4 mm): (@) WK (o) &6k (o) 461

Fig. 2 Daily mean precipitation (colored) and its standard deviation (contours, units: mm) from May to October during 2013—-2015: (a) Observations; (b)

control forecast; (c) ensemble mean
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Fig. 7 Forecast skill scores of ensemble mean forecast after adjusting the thresholds: (a) Forecast bias of light rain; (b) forecast bias of heavy rain; (c) TS of

light rain; (d) TS of heavy rain; (e) ETS of light rain; (f) ETS of heavy rain
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Fig. 8 Difference in the 24-h forecast skill scores for light rain between adjusting thresholds using simulated 24-h precipitation F>0.6 mm, observed 24-h
precipitation O>0.0 mm and F>0.0 mm, O>0.0 mm: (a) Forecast bias; (b) TS; (c) ETS
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