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Abstract: Based on the rain gauge of summer daily precipitation over Huang-Huai Region from 1961 to
2010, the REOF method and z-test are employed to divide the Huang-Huai Region into five areas. The -
test of the five areas shows that the five areas have the significant differences, which illustrates the correct-
ness of the division. Based on this, the summer probability regression prediction equations of the five rep-
resentative sites in the five areas are established using the daily rain gauge data and the daily precipitation

reforecast products of CFSv2 numerical model from June to August during 1999 — 2007, and related
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verification was carried out by the deterministic and probabilistic way. The deterministic verification of
precipitation probability forecast equations established by five representative stations shows that the
Threat Score of logistic regression precipitation probability equations is higher than that of the CFSv2 mod-
el and the ensemble average of T213 ensemble prediction, the false alarms rate is lower than that of the
CFSv2 model and the average of T213 ensemble forecast, but the missing rate of logistic regression is
slightly higher. In this paper, the probabilistic forecast verification of precipitation probability forecast e-
quations shows that the Brier Score of logistic regression is lower than 0. 2, which is much lower than that
of the probability of forecast of T213 ensemble forecast. This implies that the logistic regression has higher
reliability. The Brier Score Skills of the logistic regression precipitation probability forecast equations for
five stations are bigger than 0.0, which means the prediction skills of precipitation probability forecast for
the five representative stations are higher than those of climatical probability, higher than those of the
T213 ensemble forecast. Therefore, logistic regression precipitation probability equation based on the par-
tition is an effective and feasible method.

Key words: logistic regression, probabilistic prediction of precipitation, statistics downscaling, REOF
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Spatial patterns of the first to the ninth characteristic vectors of REOF
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Fig. 2 Regional precipitation division over Huang-Huai Region in summer
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Table 1 The t-test of significance of summer rainfall regional difference

in eight areas of Huang-Huai Region during 1961 —2010

DI — X 2 ] {8 2 PR X — X 4 2 fi] tfH 23 KT
A—B —3.196 0.002 A—C —5.504 <£0. 0001
A—D —5.510 <0. 0001 A—E —1.003 0.321
A—F 4. 089 <20. 0001 A—G —3.156 0.003
A—H —1.286 0.004 B—C —1.966 0.055
B—D —4.470 <0. 0001 B—E 2.871 0. 006
B—F 7.348 <0. 0001 B—G 1. 154 0. 254
B—H 3.465 0.001 C—D —2.382 0.021
C—E 4. 407 <0. 0001 C—F 8.779 <0. 0001
C—G 3.745 <20.0001 C—H 4.178 <0. 0001
D—E 5.324 <20. 0001 D—F 8.736 <C0. 0001
D—G 4. 064 <20. 0001 D—H 7.148 <20. 0001
E—F 4. 821 <20. 0001 E—G —2.038 0. 047
E—H —0.497 0.022 F—G —6.795 <0. 0001
F—H —5.414 <20. 0001 G—H 1.179 0. 244

F2 19612010 FHEMRENEKIREZREEEN ( 0IE
Table 2 The t-test of summer rainfall significant difference in five
main areas of Huang-Huai Region during 1961 —2010

X gl — DX 3 2 (8] 8 e G X gl — X 3 2 (8] (e 3 KT
I—1 —3.006 0.004 I —1I —5.353 <20. 0001
=N —5.606 <<0. 0001 =V 5.388 0.321
T—1 —4.005 <0. 0001 n—N —5.465 0.003
n—v 8.721 <20. 0001 n—N —2.382 0.021
m—Vv 8.779 <0. 0001 N—V 8.736 <20. 0001

2 Sk B I K A XA e
B 41 2

2.1 BEAH

FERR T B A T sk R . B AR e
B 1999—2009 4y 6—8 JJ NCEP B i 19 % 43
R A B R R R G5 CFSv2 95 — MY 5 T4t o¢
o ZER TS A T AR RS T
2011 4F 3 H# NCEP # AL 553817, R ILF
JIT A B0HE () A T ek R 4R A B, e 1 AR B R
X 19712011 4E3% 32 4 (00 4R A5 A RB A R A T
AT T BRI 19822011 4R 3L 29 4F 1 Fi 4z 72 K

ARUEZE . BRI B 1999—2009 4 6—8 H
H R K SR SR BUAT H 20 BY 225 H 20 B A 24 h 2
TR R RAE N Y HREK R, Hoh 1999—2007 4 1Y
ORI, ] 20082009 45 fif it 37 A A R i 7 4R

L

2.2 BEWMMATE

T 32 37 [ 7K AL 23 T4 A58 8 T B0 g K 9
F7 0.1 Al A B, 253l 3 S A K I B A AE O 1
Rz 0o HA B N 1 BEAT hn MEAL AL BE .y T
TR BT -5 3k 2 00 3 7K Bk 23 18] 37 AN ] [
SH RS SR Hh 2% B 2K ) B g A 4 L 4
AR L ol o P T g Sl b Y e KA R TR
o AE BT T AT B 9k M X 5 2 [ K 7 DX o3 A Y 2 il
b AEEEASFE AR 3 DX 2) BRI 1 A 3 R X 2 3
3 ) 2 DX T L v SRy L DX T A 9T g 1 - L X3
[T #1910 2 5 P 60 D3IV ) 90 g o B 2L R X3V g o
PUFRIR . X TN A O A DX AR i 2R
Logistic [0 77 3% 2 37 B K B2 i A

Logistic [al 45515 1 BF 5 P 0 20 2 Wi 1 48
YW Z AL RBIRAEEICER . N TR KA
FRE QSR H AT BIURE P OC 2> 2 A Y iE
LR BER R AE O 0.0 o 1 U WTZ TS v A R
e AR SCLAA TG ik 7K AR 230 AT R 106 T 3 b 77 325 1 3
N7 AL 0 25 % B0 B K AR AR TR AT LS AT ik



1508 A

% ERNEC

S XTFWN AR Y ARG p MHZEIEHN
Xio Xy, oon X0 AE p AN AR T BUA
WA AERICH p=P(Y=1[X,, Xo» = X,).
A8 4 Logistic [ K% F R H .

_ EXP(,BO +B1X1 +BZXZ + - +[3,)X,,)
1 +exp(ﬁo +,81X1 +B2X2 + .- +[3po)

(D
KB FRA BT EBEE . B . B s B RN Lo-
gistic [AIHELRL P A R, XD P el LIE .
Logistic [A] 945 AU 2 — A~ 4 Ze Pk i [l 9 A B0, 5 A8
w X, (=1, 2, -, pAlPRELSD &, W] D&
SR RSN E, X HZAR X AEERE, R+
B X X+ +8,X, MIEHE(—co, +oo)h, [/
DR E . B p BFBUE , B7E 0~1 Z A28 4k,
Ik Logistic ] 19455 8 i & ¥ Fr 76 Qi 5 A,
2013),

2.3 TR EFHIEE

DATE 0 DF 5% 22 36 32 W1 6k K ARE 58 041 350 2R 19 47
W AL TR 7 24 % V)G 3R 1 PR 63 1 AR ()
TN B, WA ) 6 20 B TR
FHOC HA YA SO R R fias . AR R Y
MAAR 22 PR 7 v 2 00 M 36 3 A 1) DXL T DA 4R v T
BCR GIRIUE , 2001) o 5 )t AR B3 K% 1 = A~
A2 5 Ay e B CFSv2 B & b IR = A
JER R R B 17 AN T TR T
X8 R S B 3k 5 R 850,700 1 250 hPa 5 Ji
R B CHLRE A e B L IR R .
FHIX 17 AN 490 38 T A 57 A L Ol 3 i 2B el e
D5 V5 S i R v 0 3 ek S A 5 A R, A
AU 7 ST R . AR A5 X A [l U i A 3 Y
T B o B 2R B et IR - 0 N 45 il i B R
K2 5 AR R 3 (D 78 FAS ol 5 ST B R F K 10
HME AT

3 WHRECR A P Sk

2.3 & FIH 1999—2007 4F i W8 I Fn AL =X %E
REEE ST 1 T A Sl s 1 B K OARE 6 T HR O R L AT
20082009 4F- fity LI 5 7K ik 7 A AR Ak R AT A 56
R T IR A SCAE AT B R K R R4 X Rl b vy
1) Logistic [a] I HE 58 T 42 455 AL 7 A4S il 11 T 41
IR o A OB TR K A 25 SR R AT T A R Mk AR A 58

FIRE A AR A 30 5 LA . B Mk TR A 30 2 5 55
CFSv2 B 58 P PR 45 R K IR L RS
PR T213 19 48 4 1 3 B 45 R HE47 1 X B
ABE 23 T 41 ARG 58 2 SR FH AR S S 14 MR 38 941 A5 2 0 [
KA DG PR T213 A4 32 5 K B i
Frxb ey g L 2 X Oy T213 4k & Bl ok F 73 Ht
#4(0.5625°X0. 5625°) 53 [E CFSv2 B0 7 B %
BRI .

3.1 HmEMEMBEBRER

XA EN N 5 ANk H B K TR 45 R 61T e
PER I DAE 1 i PR RCR 1 KRB B0 . ¥ 5 Al
H R 7K 0 BE 258 93 4 25 SR 8 A oy i o ME LA . 40 50 5
CFSv2 #5220 1 o PR il 45 2R L T213 (E 2y CMA
A THO MG T B WA 5 5 AL, X T4 3
BN 0~1 Z [ LS8 T, XU HE 22 0.5 A
JCRE K ) i S 4 PR A A5/ T 0.5 1d TR
KR ZAC KA BEK . 3 RE BRI X A5 AR i1 e K 4
HEAT TS PE4Y .

i TS #F4r (%) 7] LA . 48 3C Logistic 1]
U R KM R TR S B TS PE43 22 F CFSv2 48k
T A5 20 CMA & A T4l - 35X 136 B A8 3C Logistic
[ 11 B2 7K AR 25 T 2 A5 T8 (9% 190 4 %0 SR AH L T CFSv2
R TR FOR A i = . A 3C Logistic [A] 94557
125 /D TR, CESv2 #iUF CMA %4
Tl 9 25 4 2 R T I 3 Ho U e 28K L A 3C Lo-
gistic [a] I 7K AL 48 90 41 455 B 1 (IR, Horp CFSv2 42
Bk A A XY U R LT o Ak 4 S Lo-
gistic [] - B 7K HBE 22 1 41 455 1Y 1) U R 2% 08 A e B0
TS PFI-7E— 5 B E X R K & AR I 38 A — i K
I L 3K 22 0 b DXCPE S iR s R 7K D 1) i DX PP 23 A X
PRAEG > 3 A I AN ] b XA [] A48 A 2R 0040 119 L
B CET ,2004) o /N [R) M XA TG B K A REUR =2 1
SIor AT R EL 0.5 1 S AT WK A TG R K B b 1 T
AN 0524 B LTS T AT AR S TR SORAG 5 s DAAEE
IR IR R RE .

3.2 MEEBIRURVIE

K Brier ¥E4> 1 Brier $£ 353 43 3 VE i #f %
ARCR . Brier P43 & f1 Brier T 1950 4F 42 H (9
B T K R BRI T L R A b
B UL R B K A F 3T 48 O3 5 (Murphy, 1973),
Brier PE43 8 LT — R MR 22 . R T 556 %



1z

7O S 25 3 9 i DX B 2 R K 23 DX ABE SR AR 5 ik T 1509

& T Al AR A HERE I AIARH 2 . Brier ¥E4 B 1E
FE T [ KARE SR TR B A A5 2 T2 N GRX B R
45,2010;2015) , HFE XXM F .

1<, - ,
BS = NZ{(“ — )’ (2)

A N R TR B KA 20 R TR 20 H
FEO P AL S BC o 1. )z id i 0. BS
=1 FOR TR 58 245 1%, BS=0 £R Wi 58 4 15 7.
BS BUARIAE 0, 1), HAH BN R AT FE

BSS 35> Fl FIEAE A0 T — 2% R LG T
R G WA ERE AKX

BS
BS ref

BS.=s(1—s) s J& #8080 3 1 & A 1 S %
Ml BS AN—F£1% &, BSS RIEZ M K. BSS K 1 0
FER T8 A WERR i o PR T, BSS O 0 B ROR R G
R ERE 5 2% R G AHI], BSS /N T 0 B FoR &
SR E 2 T S% R %, X B BRI 2 1)
SRR IR N 2% &R, ] BSS £ 15 743 K 56 4 Al
TR B KA S TR PERE . AT LUOKE BSS Ak an
TIEA

BSS =1— 3

BS.. — BS.a
BS..
KBS SRR ARG/ B, BS. &R R 4w
FEME L BS,SETR R G A E . BSS J& ¥ & Al L

4 BSS 193 e Al SRR SRR BRIk

W5 A3 Logistic 1] 7 [ 7K HE =5 T 1% 455 780 15 21 1Y
24 h Bk MEZR TR 5 T213 B4 Wik 24 h %
REK AT LS. 3% 3 A T BS 343 LA B BSS ¥
Iy, I 3 FLIFE M, CMA £4 Hi4 Y BS $F4>
#AE 0.3 L E,CMA S5 HR A BS ¥4 55 ik L
A3 Logistic MEZ [T BS $F40 Ml & 38 CMA
85 TR 0 W] §E 1 AR ST Logistic B2 8] 5 (4 7] 5
PEAR T 4% S 57 A HE 236 [] U5 B Y 1) T 4R BS 143
HAE 0. 20 LAF o 16 B ME 2% [l U9 A4 T90 4 AT S PR
CMA 4G i & . Mok, N BSS PF 3 AT LLE
A% SCABE R A1 E T Y BSS P43 15 1E AR . 5 B A T
A5, 1 CMA 5 iR BSS PF 433 0 7 fH
Ui AE A YR 3 rfr CMA AR5 TR 0 TR 5 25 IR T
96 A AR 1 AR % . B R I, AR S Logistic ]
U A 7K ABE 58 T 4l R AL 7 B VE M IX Y T AR 0OR [
T213 4 Wk 24 h (1 B3 TR o] 58 v o HL 100
i E S ELTRUN =N

BSS = 9]

®3 AMKRRGEMEDIFMCMAES
iR BS i 5 5 BSS 4
Table 3 The Brier score and Brier score skill of
prediction of Logistic regression and T213-EPS

at the five representative stations in the five areas
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£ 0.1848 0.3186 0. 2456 —0. 3008
i 0.1987 0.3239 0. 2405 —0.5072
75 M 0.1302 0.3609 0.4303 —0.5794
1EH 0. 1649 0. 3101 0.3199 —0.2793
FIR 0.1438 0.3351 0. 2896 —0.3678
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Fig. 3 Attributes diagrams for probabilistic prediction of precipitation at Fanshi (a),
Xiping (b), Yanzhou (¢), Zhengyang (d) and Yicheng (e), respectively
(x—coordinate represents prediction probability, y— coordinate represents observation conditional probability,
the dash line represents no resolution line, slanting dash line represents scoreless BSS,
diagonal represents perfect prediction, and the histogram represents the frequency. resperctively)
0. 4 A1 0. 8 M T4 i T » He A 25 408 3 (L P41 Al F4 20122013 £HEANRKREHRE T
1 CMA £ & %1 BS 4 5 BSS if 4
3.4 ﬁtﬁﬁ §ﬁ%*ﬁ3ﬁ Table 4 The Brier score and Brier score skill of
.. " N icti f Logisti i T213-EP
}{% Logistic [#] e\ %7k1%$fﬁ?&*%@@ﬁﬁ§”ﬁﬁz prediction of Logistic regression and 3 S
. at the five representative stations over the
(2012—2013 4 6—8 H , 1 T 2014 4 8 A A F+ ) _ _
five main areas during 2012—2013
4 P A I 4 i AR B
e HOEAT K B0 2014 46 00 45 S Fh L 7810 24 b — —
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s | A M
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OOTAEAE 0. 19 LT, Ui BH AR SCARE 6 1] 15 (1% T 41z 7T 5 EM 0.1863 0. 2380 0.3945 —0.6132
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Fig. 4 Same as Fig. 3, but for 2012—2013
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