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Abstract

The 24-hour cumulative precipitation data from April to June in Fujian Province and its surrounding
areas from 2019 to 2020 simulated by six models provided by TIGGE are used as precipitation
forecast data. The grid precipitation observation data are provided by CMPA. After the precipita-
tion forecast data were revised by Bayesian model averaging, the results of BMA were revised us-
ing quantile-mapping. The results show as follows: 1) After BMA revision, the forecasting skills of
models in clear-rainy and light rain have been improved, but there is no improvement in mod-
erate rain and heavy rain. 2) After BMA-QM revision, the forecasting skill of light rain, especially
heavy rain, are improved while maintaining the forecasting skill of clear-rainy. 3) After BMA-QM
revision, Thereat Score (0.163) and Equitable Threat Score (0.147) in rainstorm increased by
98.30% and 108.16% respectively. The correction of BMA-QM can improve the prediction skills of
heavy precipitation, which is of great significance to make more accurate rainstorm warning.
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1. 518

REARGE—MNMBEH RS, RATIRITCIEIA RN E 7 2 B e S, S u g A =Bl o A7
TEBEAHENE[L]. XA & VAR T IR UERA B K gl . BR& PR i B, AR BOR S Tl A B — 1)
BB TRGE M M2 PE T . Raftery S8[2]7E 2005 444 Ui A 41135 (Bayesian model averaging, BMA)75|
NG RT3 68 B MRS P IR AN e 1 o B TGS B B — P PR TR LA 5
BN, (HR SR AR AR S AN TR AP IR 22, 46 & TR G 5 I B R AR A(E R 1 A2 [3] . 7R
Leamer [4]45 i BMA JVEIIHESE 2 Ji5 o [ N 4235 IR IR R ks BMA 7558 2 2 A5 U G TR T IE

JE 25 B A5 [ 510 F 565 LR A A 2 LB o K] A BB T SRR 388V 5 UL IRt P B K A<
BT EBATIE, SRRWE BMA LT IR, #$EE 1Bl R SR K R, <R
VT IE R ) S 35 75 P 0 U e K B v o RARES SR [6] I T 43R4 B AR 4R & TR R 4t(THORPEX Interactive
Grand Global Ensemble, TIGGE){C 4RI TR BURE, B FEAIL UMK BER TR, BRI, BMA JiikfE
Bk EHNTE LT, 50 T AN T AN B TR AR . AR EEAE[7]H BMA J5iERLH TS
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H

WG, T8 50% 7 AL TR T — MR K I TR SR L, TR SRR K . R K, B e MR )
S RITE 50%~90%:% B ¥ HUR B 4F . Javanshiri 25 [8]5%F Lo A2 A AR AL 4 1 G v Hi2 A0 DL SR P 25375 (13T
IERCR, AT LR B 5 o A HR 4 A TR bl R AL BE 2 BT A TR &5 SR SE Er s, H BMA 5y sE #ERf
AJ%E. Sloughter Z[91iEH], BMA J7iZ s fe K AT IER R IAL T2 B F ) . A 55[10]48 H BMA J7
AR PR K S TR AL, E X R K B TR 1 e A BR -

IR EULRZ (Quantile-Mapping, QM) Dy —FiR AR A 0 A RAT IE TR (77, /e % F I 4i it
JEAEFREIAR . TR QM il fE B A T B R XS FEKIR ZE T I, R RS B Pk
AR ARSI [ /K B P A B R T IE AR o A0 R A [ 1 2] AR VL B2 R 78 48 I o U R T o
(European Centre for Medium-Range Weather Forecasts, ECMWF) 1 [ /K TR 54T 22 17 1E Ja B A 1 R 7
NI RE, DARCR AR E R P RIS, BT IEJEX T3 FE K R 25 18] 23 A TS A A B 41
ESCR BT o B AR [13])5E TR /R 2Rk ik AR VT VA AT M ZE 3T 1B 548t T & PRk E I ETS,
X /INT B Z KR T 15 2K 1 Bk S A (0 AR B P9 S TH o R . Hamill 2514136 F QM 77 k47w 22
WEEAER S T RETS, WO T K ATEAS . S IS5 LA T QM 720 LU B 45 i
%, R QM AT IEJG PP 40 B 4 R ZE R BN 2.31%, @ L LE B4Rt/ . Bk 755 [16]
XFECHT AIBETL, F5H QM J7 i Re A R i B & TR =X r ) AU R B K PR TR 775

B WER, [ARKFIR, R RRKTERANZ X IR EE, AR SO EUE #E L
Hb DX AR FE I, A2 X I A4 P 2 B RV Dy 1400 %8 2000 22K 2 [A][17]. SCHESEFIH BMA J572:
Xt TIGGE %# 4 /< A2l H F/K B AT IT IE, 54 AT IE S PR K IR EE S, 438 BMA J5iEfEAR
Al 7K 70 2 BT IERSCR « FLk, % BMA J7ET IEJa 45 AT ] QM J57E#ET AT IE(IE 8 BMA-QM),
DU i TR AE SR B /K A B TR 05 . BMA-QM 77 3T 1E B B i 5 Ay v i 1) 32 e T .

2. BRISH%E
2.1 BN

TR B B /2 TIGGE $RHBEHI /S M AEAE 8 S LA i3 IX (23°N~29°N, 115°E~121°E) i H %
JKBHE(1°/day) . WL kL& EL CMPA (China Merged Precipitation Analysis)F& 7K fiti & %t #1(0.05°/hourly) .
BEKBORME Bnde 1 fr . BTBN 2019 4E 42 2020 4E (1) 4 A& 6 H. B THBHEESPEAG—, K
FARENEAR LG —  HE R 17 x 17,

Table 1. Precipitation data information

F 1 BKERER

BRE A WAL [ B 1] 73 e
CMPA ExRZEEHL 0.05° x 0.05° e YN}
ECCC MERIGR 1"x1 #EH

ECMWF DR H SR A TR 0 1°x1° ZH
IMA HASRIT 1°x1° B H
KMA HEART 1I'x1 #H
NCEP 5 [ [ S0 B 1t o s 1°x1° B H

UKMO HEALE I'x1 #H
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2.2. DIMEriRRY 1

DU R R 7R S 1) (Bayesian model averaging, BMA) J7 i — b3 1 DU 8 18 1 B0 5 b3 73, It
REAT R TR AE 73 21 B A T R0 AR 25 152 ek 48[ 10]

L f =1, f 20ER K DA FBEBATRG R, y ATREIIRAZE, vy OISR, K
# BMA J5HE, TRk y fEUIZRERE T RET K MR 1046 R 50 -

p(y1 o f) = 2w (v1(f.v7) ®

stte g (y1(foy")) BHRAS L y BRI SMM By« BE £, TR TR A T 1026 0
8w ARG U %, TR NBUR, E6H Y w, =1, IR
k=1

RSB T AE AR TR I 25 0 AR 2 75 A AR X5 ot R B
RN KB RN E S D, AR EE 5. Ltty|(fk,yT)E@ﬁa‘ﬁﬂuﬁﬁwﬂ\%ﬂﬁﬂéiﬁ
TR [10].

gk(y|(fk,yT)):P(y:0| f)I[y=0]+P(y>0] fk)gk(y|(fk,yT)>l[y>0] 2

Hoh, dsy, EMEKES: Py =0 FM Y ) & B E AR AR . B, A
KES: P(y>0FYY ) AR, y|F™ BRI 534

2.3, S {r¥aestsE

K B K AP A [ B ERAEL R 70 RS R OB 05, AERR RIS 20, K T 10 P A A0 3 B 81 R XL
IR — B, IR R VL HCVA13]. 205 Bk 5§92 (Quantile-Mapping, QM) J& T A IL AL 11— 2K,
FCA I A RIRSAD R K AE S0 3 A b — SRR [ 1] o 12077 V25300 a3 S A 401 7R RO ) 3 7K 22 1) PR 4% 3t
PREL, PR KIEATATIE. BRI R [18]:

1) 15 CMPA BE/K B A TIGGE HAH 173 Aot =X 1y B 7K Tl e 1) SR B 3 2 0 A

2) FEIL CMPA [ 7K S A0 45 A 2 AR B K P 80 ) 3R AR =3 3 58 70 A 2 (1] 1) A s o

3) M F A% 3dt bR HO0S BAIE T ) B a2 AT 3T I

Xcor = FOI)]S- (Fmod,train (Xmod, fut )) (3)

HAt, Foo v Frog arain 23 R YIRS Y LI ECHE A B I 230 AR ATRREG X g g FANTUESA(ER
F P, A QM J7i2AB 1 CMPA B 7K Eidl A1 & A5 1) B3 7K T B 1 SR RN 22 85 2 43 A 2 [R] P15 3k
BRATE AR AN R AEBUR) s X, NBAERI A T IEZS R .
2.4, IRHRRESE

AR IR AR AR AT IERCR AT R I AL, —FR gt ebs, MWECAI A PN AL
R BRI EBEAKPN TR AR, ML S A I6 I A SR VEAG T IEAC R 8UR . Seit-Fabs ik P
¥4 xt 1% 7 (Mean Absolute Error, MAE) AT 22 ME 22 HE {7 73 %4 (Continuous Ranked Probability Score, CRPS).
SV EB) A 0T i 22 SR TR SR AU B 2 R R ZE BE RN, SR AE MR VT 4y A2 T DL A LS AT R
Z IS RfEbR. FARRAS & MAE =0, CRPS=0. B MERRIIHE R F:

MAE = %Zn] fo, —oby| 4)
i=1
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CFePsz%ij[f(foi)—H(foi —ob,) ['dx 5)

Forpr, o, Al ob, 73 MIARER AR EE | Mg RUAL RO TR B ML B, f ((fo, ) R MR Tk R0 Al
B8 H(fo, —ob, )& Heaviside B %, fo, <ob A0, SZMA 1; n @ TR S 8

b 55 b B TR 53 20 A7 BE TR AR AT VR4, B 7K 7 g 2 4 /K & AR HE[ 10] (W€ 2). 1B 4
TR R, WA EI% 3 IIRIEHMHFE. % 3 #, NA. NB. NC. ND 4 Hl&z ML S
B ORI AN HI5 3 (Thereat Score, TS)& FH AT A 52 11 THAR PRI VHE A 22 RO 0F 20 A v 5
AFEI5VE Sy (Equitable ThreatScore, ETS)WIZE TS HI2EAl -, HRE T S AR AIEL, FXTIXHAE
BUIMCATE TS o (w2 P53 (Bias Score) & FH DA B AR U Tl 55 Sl i TR A 22, PT AR Sie A4 T e A S A 1) it
AR BAETRIRA T, TS=1, ETS=1, BIAS=1. &MEtrritsE AR F:

NA

TS=———«——
NA+NB+NC ©
ETS= NA-R @
NA+NB+NC-R
R_(NA+NB)(NA+NC) 8
~ NA+NB+NC+ND ®
BIAS — NA + NB )
NA+ NC
Table 2. Classification table of precipitation grades
2. BKFRRIDR
i H B 7K & (mm) B /K5 2R
T <0.1 /
/NF 0.1~9.9 2K
B 10~24.9 TR
N 25~49.9 SR B K
2 >50 R PEK
Table 3. Classification of predictive tests
3. R Ik
, T
;"‘{HJ 1=} 1=}
HEBLRE — R I Rk B BRI K
HEBLRE — 2 I Rk NA NC
RHIFE— BRI FEK NB ND

3. BRI
3.1. BMA 5 3EREK R ITIE

3.1.1. VIZRHERIEEL
RARSRG NI LR ERBRI RS, NI SRS s @A . A SOk BT 2 48 0657 22
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(MAE) NS HE R HEA 73 B (CRPS)IE e br ki B M K R . &1 1 AR N B AR & LR
HhIX BMA J7 1B /K [EHR ¥ MAE il CRPS #&#4&, a] WL7E 94 RN /T, B VISR K 3% 0
SRR 2 FE SRR HE 7 B AN T AR L T R RS, JRHAE 94 RZ e TP, ik,
e IZREAK LN 94 Ko

(b)
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Figure 1. Index trend chart of precipitation return by BMA method in Fujian and its surrounding areas under different train-
ing periods (imaginary line is the position of 94 days): (a) MAE, (b) CRPS

L. FEINIGEKE TREREREBHX BMA 75K EIRIEFFREHE(EEL N 94 RTLAME): (2) MAE 35
¥%, (b) CRPS i5#x

312, ENMEEEXNNNES B

FRAE BMA H & 458 2 IR AR R Bt 56 0F A P R BB A T 42 I (] 2(a)) o7 LLE B, AN AR B ][]
AR X FF & R RGUE A T8 2 H I SEAE L - B BMA A 85458 xR0 7 A (A 28 (1] 2(b))
Al )., ECMWEF i1 NCEP FURLEE i A7 800 5l & 0.526 A1 0.434, wmic s T HAb R . EpfE @it /e rh,
ECMWEF 1 NCEP Xf T 1T IERCR B3R T Dk Ko AR, it PPt &% JRUAA TR AR R TR BTG, e S
ARy ECMWE, ALK NCEP.

3.1.3. BMA FEITIERI MK TR S R4

% 4 5E BMA J5ET IERT S 17 K AR pEA FERR AT LG, o RAW BRI KSR R (ECCC).
R R S AR 0 (ECMWF) . H AR S ST (IMA) . B [H A R T (KMA) . 55 [ [H 53053 HU A0
(NCEP). #:HESZRm(UKMO) A MEXITIERTRIPEM SR . & 4 7115, &3 BMA J7EITIEfE, B
TS 151 80.75%, XLt ECMWF #7431k 21.12%; TE/NNALI TS $2F+ %4 35.49%. R FE/KEHR T,
BMA J7ikiT IEJE 45 1 ETS #itk ECMWF 52T 1, BIFE ETS HAHLH BMA BALLE % FR K &2 1k
#, 2 BMA AT IR, SZRAE/DNHEHAN BIAS W 4L T 1.

E=ANRFRE R K 1, BMA J7¥ET IE G, TS ATETS kT ECMWEF #i2(; BIAS /34T NCEP
Bt Bk rIfE, 23 BMA AT IEfE, W RIGEABHHR, 75 ARN L R &b il T
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T3 IXAE— € B T BMA T3 e /N T IERCR IR, £ rh o K o 3 e A PR -
[ I S EEAS SR AR R DU AT LUAEL, AR AR, IR AR Z S, fEZ e fr i

ZHEHK.
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Figure 2. Comparison of weight distribution of each set mode in the validation period: (a) Line chart of weight
change of set mode, (b) Boxplot of weight distribution of set mode

E 2 WFAREEARANMNESBILL: () KERAMEZNUFLE, (b) KFERANENHHELE

Table 4. Comparison of evaluation indexes of graded precipitation forecast before and after the revision of BMA method

& 4. BMA 73 AT IERTE B9 5T RFE7K TR TF N $EHm 3 EE

O W e BMA
ECCC ECMWF JMA KMA NCEP UKMO

i) 0.746 0. 667 0.739 0.718 0.638 0.715 0.808

/N 0. 357 0. 387 0.449 0.442 0.336 0. 435 0.525

T R 0.201 0.342 0. 245 0.243 0.295 0. 259 0.313

K 0.281 0. 303 0.238 0.238 0.223 0.283 0.294

/NRE 0.171 0.099 0.188 0.173 0.061 0. 162 0.315

ETS HRY 0.132 0.271 0.184 0.172 0. 209 0.190 0.235

N 0.232 0.254 0.185 0.185 0.183 0.233 0. 255

/N 0.911 2.424 1.916 2.006 2.754 2.127 1.573

BIAS R 1.109 1. 438 1.101 1.504 1.963 1.237 1. 546

K 0.884 0.916 1.013 1.013 0.626 0.903 0.645

3.2. QM A BRI IE

A NN B B K FRAEFH QM 7T IE, 850 QM J55EAN Al TR B )T IEROR 2 5,
BAIE QM J7 i3 mT ST A /N B AT KRR (PR TS, TS T P B 3T IERCR A I/ N AR IR — 4618
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372 QM JET IR G MPE - fadaxd Le . R, B ECCC AM FH/MSEETE QM J7 ik 2 J5 I
TS # L T KIEEESE T, I HAEARLE/NN TS AHEF. NCEP IR TS M AR E 214 32.15%, St
[Fiy, ECMWF TE KW TS #& R4 3.6%. 7E&F/KEHRM ETS F, &AM/ WN ETS MIT IERCR &
B8, [ ECCC AW A /MEITIEM/NE ETS I 7187, SRIEF 2l 30%, ECMWE A1/
M ETS 7£ QM iT IE /52 14 264.72%, NCEP #xU/Ni ETS $2F %0 289.70%. ECMWF #Ex{A
NCEP #3017 1E J5 1] BIAS 43 16 & 2 b R BLAIAR , BIZETT 1E 5 R L BIAS P4 230 1. 7E K BIAS
P, SR AR AT 2 ECMWE #5550, o R SR S 1 /2 NCEP #53X, ECMWF B2 ot R AR
VR AR . £ QM 7iEITIEJS, NCEP Bi=|BIAS-1|/A8 (L3 ik 26.45%, ECMWF # AR LR Ky
8.39%.

R ORI BB R A F AR A . X =Mttt ir g A% EE e H—, Xm
FPE R R 1) TARAS B AT QM AT 1E J& HOAT TERCR R 5 32 5 3 —, b Qi 4T QM kil IE S,
IIERCR I BB TR RE R KT s/ =, QM JHELE/NH AR R B4 T IERCR I T &
%K.

0s4(@) [] M E _ _
- . | | I:] 5 1-RAW
0.6 I:] i F-QM
[ ] #m-raw
CIB 0.4 D /Nil-QM
) ] -raw
B m-au
021 B riraw
B v
0.0
ECCC ECMWF JMA KMA NCEP UKMO
(b) (c)
0.3
5]
(]
(l/_) 0.2 s
w o
1]
0.14
0.0 0
ECCC  ECMWF IMA KA NCEP UKMO EccC ECMWF IMA KA NCEP UKMO

[ wmiraw [ wrs-raw [l Hm-raw
] »m-am wig-av [ som-am

Figure 3. Comparison of scoring indexes before and after QM revision: (a) TS, (b) ETS, (c) BIAS
3. QM ITIEBIEBITES $5HRXTEE: () TS, (b) ETS, (c) BIAS 34>
3.3. BMA-QM &K TR IT IE

HATSCAAS, BMA J5EIT IR AR EEE A2 T g BL BB R B T Bk 50875, QM ik B oes
R PR PR, KMIRIR” HERRE ). NIATTE LS BMA J7 30 s PR Pk 55 5 Tt
AIRIGIEDL, X BMA JHEAT IR G 4R AE /] QM J5iEHET BT IE .

3.3.1. BMA-QM J5 3T IERIPRK TR &5 R 7
K 4 & BMA A1 BMA-QM J77E1T IERT /iR fabaxt tb . XF b BMA J5751T1E, BMA-QM 51T
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H

IEJG/ERE I TS /NI TS FIEKRN TS 2T 508 3.62%. 3.08%7l1 8.63%, fE/INl ETS AW ETS 1
PRI AN 16.63%F1 4.62%. Xt ECMWF 53, BMA-QM LT IE /G E/NR TS FIKR TS #2715
53 31N 39.67%F1 5.69%, 7E/NW ETS AR ETS $27+%4) 7114 85.25%F1 4.97%. 4 BMA J7 51T IEIAI
BMA-QM J7 51T IE 4SS RAE & Bk B2 BIAS P4r, S8 BMA-QM T, X 51130 QM
JiEAE BIAS P77 N HIRCR — 2, B ECMWF BE7E & 8¢ BIAS W4 #RAAILHH 2 R AR . ECMWF #5254
FIRFN BIAS 3434 0.916, BIAFA/EJRIRIES DL, 7EHEAT BMA-QM J7¥TIEZ )5, BIAS ¥4r )\ BMA J7
LT IER) 0.645 $27+ % 1.103.

f£ BIAS P41, BMA-QM JiiEiTIENG, &7t 7R Hhon T A RS I Fk 05 . 2801, BMA
J7ETIEAT BMA-QM J7EIT IESG, 78 TS METS fRbrh, ARF I R K S 1T IER g m . 45
BRI, X R IR IR, AR T S SL R, AR T IR AR AT AS B A b SR 1

?H;c
(a) (b) (c)
0.89 -
| 0.37
”l
0.69 .
0.24 |
(2] )
(*2 0.4 | o %
_ N
] H:l m-
0.29
004 = = 0.0 = = 07 —
W5 /N 4 K /N 4 i AN 4 K
El BESTMOD D BMA . BMAQM
Figure 4. Comparison of scoring indexes before and after BMA revision and BMA-QM revision: (a) TS, (b) ETS, (c)
BIAS

4, BMA J335iTIERI BMA-QM F33EiTIERT BT RS IEFRATEE: () TS, (b) ETS, (c) BIAS 34y

3.3.2. BMA-QM T IER R AR I TS

S5 AT SC AL H BMA-QM 55T IF 5 4 X3k ) 2 AL 36 VF 45 - 72 5 & BMA J73E1T 1IEF BMA-QM
JNET IE B 5 B S A I 20 5 Ee, Heb BESTMOD. BMA. BMA-QM 43 548 % ECMWF 2 19 $8
BMA J7ET IEfG 45 5. BMA-QM J77E1T 1E J5 B 45 SR B & A 38 1773 - 4 BMA-QM J7i51T IR,
FEM TS Xt ECMWF #2032 T3k 98.30%, # il ETS KT+ % ik 108.16%. 3£ T ECMWF # (Al BMA
FET IERIZR N BIAS PE &8N T 1 B NRE, BMA-QM 70T IEJG 2/ BIAS W4 KT 1. HILX
FERISE R, S RUONAE TR /K smBE B AR b, 98D 1 IR R [ It 38 7 2, 1 2 A 4 ) i 5 S {1
TIRHRIR D PR B2, [RIEE, FRHR A v i 0 21 2 T BMA-QM AT I 45 5. ECMWE it
. BMA kT ER LR . XS T BMA-QM [ & 48 BAEZE MBS TS Al ETS K R i,

DOI: 10.12677/aam.2022.119716 6763 I3RS


https://doi.org/10.12677/aam.2022.119716

H BIAS W RIAH: . AT S, BMA-QM J7iE LT 1IEX 5 MY I TR 4 15 42 T B 2 .

Table 5. Comparison of rainstorm test scores before and after BMA revision and BMA-QM rerevision

%2 5. BMA 773AiTIEA BMA-QM J3351T EERIE R M4 XTIt

LS vE Ll

AT BESTMOD BMA BMA-QM
TS 0.081 0.070 0.163
ETS 0.071 0.065 0.147
BIAS 0.784 0.243 1514
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Figure 5. Comparison of cumulative precipitation in 24 hours on June 5, 2020 (unit: mm): (a) Observation,
(b) Original optimal forecast model, (c) Deterministic precipitation forecast after BMA correction, (d) De-

terministic precipitation forecast after BMA-QM revision
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Figure 6. Comparison of precipitation forecast indicators for June 5, 2020: (a) TS, (b) ETS, (c) BIAS
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