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Abstract: Following the “frequency matching” concept, two approaches have been tested to improve en-
semble-based precipitation forecasts for the case of Beijing “7. 21” (21 July 2012) severe rainstorm and the
period of rainy season from 1 May to 31 July 2010 in China. One approach is “probability-matched ensem-
ble mean (PM)”, which uses ensemble member-based precipitation frequency to calibrate the frequency of
simple ensemble mean to correct smoothing effect caused by ensemble averaging; another is “bias correc-
tion”, which uses observed precipitation frequency to calibrate the precipitation frequency of each ensemble
member to remove systematic forecast bias caused by model deficiency. The results show that (1) PM can
effectively correct the problem of “too-wide-spread light precipitation and too-much-reduced heavy precipi-
tation” in a simple ensemble mean, especially so for extremely heavy rains. The larger ensemble spread is,
the more improvement will be achieved. However, PM can barely improve total precipitation amount fore-
casts and has no ability to correct the systematic bias of the model. (2) Although bias correction is not ef-

fective in correcting precipitation position errors, it can effectively remove systematic bias in precipitation
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amount forecasts and, consequently, improve ensemble spread and probabilistic forecasts significantly. Bi-

as correction of ensemble mean forecast needs to be done independently rather than through bias-corrected

ensemble members via simple averaging. (3) PM approach also works well even after each ensemble mem-

ber’s bias has been removed in advance. Therefore, both PM and bias correction need to be done jointly to

maximize benefit through model forecast post-processing in an operational environment.,

Key words: precipitation forecast, ensemble prediction, frequency or probability matching, ensemble

mean, bias correction
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Fig. 1

(a) Threat Scores (TS) and (b) area biases of the control member (ctl) and

simple ensemble mean (multi_sm) over various rainfall thresholds for 24 h accumlated

precipitation from 48 h forecasts, the result is based on the multi_physics ensemble in

the Beijing 21 July 2012 torrential rain case in China (2510 stations)
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Fig. 2 The same experiment as in Fig. 1, 24 h accumlated precipitation from the 48 h forecasts

of (a) control member (ctl) and (b) simple ensemble mean (multi_sm) (unit; mm)
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Fig. 5 The same experiment as in Fig. 1, 24 h accumulated precipitation from the 48 h forecasts

of (a) simple ensemble mean (multi_sm) and (b) probability-matched mean (multi_pm)

(Figs. 5c and 5d are the same as Figs. 5a and 5b but for the stochastic physics ensemble kften, unit: mm)
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2.2 BREXHELETHERI

HE 2 D e - 2 35 A 5 0L 1 B KA DR T
HAEMM ZREATIRASE M ERER L. ¥ES
B HRE A ST 2 00 6 T Rk A L R Y 2
5 R AR TR AR % 11 22 S A A, DU T I KR I
PR G5 S22 AR AN S B B S R A 1T
EAER . 7EZERS% QOIS WIRE . BENLILsh ) 3
75 % (kften) 48 & B HUE B /N i i /N F Z W 3 0
FELH A5 % (mult) (B 7), DUR 8 5 X 4 5 1)
BUASE L R 0 AT B 80 XoF E 23 DG B SF- 249 485 R 1 5
8 B4R 56 V- B B K BT IR/ S TS #4531
LA AN 2 1 2200 L kften 24 110 TS iF
43 (B 8a) 1 [ /K 1 B A 22 (Il 8b) 7 FH 48 =5 U i
05 20T IR R A AT 4B AR, 7 5 R 7K it A 56 DT
T - 149 A T RSP 149 0 e a0 AR O N T muld SR
ARG . B KIS cMSdd vl B A 2 kiten ik 55

0.35¢

(@) omulti  mkften
0.25¢
g o.15
4 L
0.05F
‘ ‘ A L
—0.05"

=0.1 =10 =25 =50 =100 =150 =200 mm

H T IE AR (9 F B R K R 22 A AR (X[ ] Sa %)
5b Ay W] AR AR D) o JE o — A RS TR
R GUAT BRI B R DR T S A A 8 AR A DL i

60
omulti mkften

B
(=]

B /%

553
(=}

2 4 6 8 10 12 14 16 18 20 22

B 7 R REE 1, 2P muald #
BEML ) B F2 kften B2 G Bl IAT 24~48 h
I B R /K B4R ) Talagrand 431
Fig. 7 The same experiment as in Fig. 1,
Talagrand distributions of the multi-physics
(multi) and stochastic physics (kften)
ensembles for 24 h accumulated precipitation

from the 48 h forecasts

T®)  omulti skften

—0.3"
=0.1 =10 =25 =50 =100 =150 =200 mm

B8 IR 1, multi Al kften £ 4 W HE H , MR D Bie - 1 R[] 2k 2% B3 /K 3941
AR X R B O 2 1 e
() TS PB4 2211, (b) TE AW 22 1Y 2211

Fig. 8 The same experiment as in Fig. 1, forecast improvements of probability-matched

mean over simple ensemble mean over various rainfall thresholds in terms of the

differences in (a) Threat Score (TS) and (b) areal bias for the multi-physics (multi)

and stochastic physics (kften) ensembles



680 A

% ERNEC

TrEAAE IE K 4R 5 O X B4 OB 5a 3T 15 21 [
5b),

3 kg Rget iR

FEA BB A JERE b DUF A 55 TR &R gt
Fiftt i . — oy 1 At i 56 0k — 25 50 UF M R 1T
Be V- 24 B RCR I — J7 T 43 BT TR A 25 11 1E X AR
T 3R G0 S 0 36 T4 B T 1 o i RO DA R
Pl A A M EEA AR . IR 5L T R
U AREM J ] 4 & Wik & 48 (AREM_EPS)

(FR55,2010a) . iX R SR Al AREM 585 (5= 0 i
85,2000 FATRRAS . 2 1 T A w0 A A0 32 A 1 A
B 2 M W0 L B 3l >R 1 4 A5 28 1 BGM (Breed-
ing of Growing Mode) (Toth et al,1993;1997; 2=
R4 .2009) i1 SR FBE ALY 2 7 48, % ¥ 1l 4
TENIE 1T A0, AR FEHE 2 5°~60°N,65°~145°
E. B 7r BF3H 37 km,

HERVC Lt 3T IE 3 A 2010 42 5 A 1 H &
TH31LHO2D=ANHBEHERS, HYH2ERES
LG AR A3 AT AT I L B ST 1 . B K TR D
ZEVTIE I BE S AR VE L 50 — B0 (HAE JT 4R 1 B 3
T4 7 1130 HIBRL et 220 dig g F- 21
SR T TR 014 B AR A 2R . P R 1) S B R R 4598 A
1, R UL i g 24~48 h B EE TR HT

3.1 #ERIEFEY

SRS 15 1, %% H i &) e A 1 3 %
K AT RSV LT 1E , ST 55 A 238 D L T 4 41
RIS R 55 2 WA R —8. |9 =4
A BEK I TS 43, % F 55 B 7K (Z=0. 1mm) Fl 5

Bk BT 1iR 2 , 22 /mm

oCTL mSIM_raw

BpM_raw

total [0.1,10) [10,25) [25,50) [50,100) =100 mm

7K (=100 mm) ¥ i {9 5 7K 7% X, A U B SF- 34 (pm

_raw) $ A HLOF- 35 (sm_raw) # A 2, U HE R W

AR 2 T I 7K i 5 T 10 SRS o ABE 38 DG I 1 24 X 4% 4
% A A 7K TS AT 8 T PP 3% 01 3 o AR 194
B AR R R T b V- 4 DR 22 i e /s T ] PRSP 2
I o 2 %08 R 2 A T RACR  (E T A AR /N R K R 2 L
ATl T R AT 1% 22 0 A Pl o (L 2 0 4 3o 4% 22
WA SN o BT A BRI A 80 T AR AT
TE TP 20 VR AT 2 B DX I AR A A
I 7K ik T BT 2 e 14 ) AL 1H7J5ﬂ%?£ﬂﬁlil?1‘ﬁiﬁ/%
GuinZe Pl R I A I R IR 22, A R A A —
PR TS 2 (U A 22 3T 1) » 1 3 25 A9 UL 3 7K
KITIE PRI RG22 . 1o 12 00 B — AR A9 9T 1E 2L

0.7¢
octl ssm_raw spm_raw

=25 =50 >100 mm

K9 201045 H1&E7H 31 H AREM [X &
B A WU A 5 6 PR CetD) | fR7 B 2 (sm_rsw) |
HE# PC L -3 (pm_raw) 24~48 h I BE A [H]
i KRR BRI TS W43
Fig. 9 Threat Scores (TS) of the control member (ctl),
simple ensemble meam (sm_raw) and
probability-matched mean (pm_raw) over rainfall
thresholds for 24 h accumulated precipitation from
the 48 h forecasts. The result is based on the
precipitation forecasts of a regional ensemble

prediction system based on AREM during
the period from May 1 to July 31 2010
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Fig. 10 The same experiment as in Fig. 9, (a) mean errors and (b) absolute errors of the control

members (ctl), simple ensemble mean (sm_raw) and probability-matched mean (pm_raw) over

the total and various categories of precipitation amount for 24 h accumulated precipitation

from the 48 h forecasts (unit; mm)
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(The four mean forecasts are the same as that described in Fig. 12)
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