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(B LR TR FIRAYIEIE - A& continuously ranked probability skill score (CRPSS), reliability
diagram, calibration score (CS) 1 informativeness score (I1S) » DAL 4K BPE #IE18 K G461 =0 TH
o' o FHHAEREUR > &8 BPE K 1E1&2 2 CRPS (B RMEE » AT HY 5717 #1(5%,10%,90%,95%)
FOREFIE(T_min<10°C,T_max>36C)EA RIFAYFISER o Hf - FHHRS FAME R 2 TR

TR PO R 2R Y 1 iy o

RRiEY: A ARSmEE - B RIHERTR - S - SatigmE

— AE

AT AR RSB AR SR IREKETREH
B AR A EORAYHRER « (RIL - SIRREEL
FEULY B R AR THER (W 2L _B) 2 FR SR Bty
h0 e 2RI - FETEERIS RS TR R DB - RURYEE
AR SERE ~ A I e IR AR M AR 2 il PR A e 1
HIBEAN » SEE M THER S E VIR - R - T2{LTH
HAHEENE - PR THE SRR TRE 3 4 2 18 1E
B REES - ERIFRATHR HERRERZAIE -
B2 > BRI R AR 2 1E 25
NEX25 NEDE > REDEFEREEE S b %
T - HAFF & A TH#H R 7= (Forecasting Bias) ~ #iH
& EE TR R = A FEIRVRIRE - (Rt - R AE L
2 EIARRTRER AT MR E B A RS (S HeRET
% BEHH - Statistical Post-Processing, SPP) » % FyaEElE
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AIR& THEREEARVE T - FRAL T SRR THEL - Chu
etal. (2021) RAZE#EFIF 3 4 ~ 5 4 ~ 10 FFHYERE
BEEEMFL-2RAEHEASE 12 it (NCEP-
GEFSV12){& THE & R TS B g AT =R
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Eq.(1)

B &, EFRSTHEROGI R t 28819 0 Mwe
15 THHR B AR R + IVEDHNE - AU EHER XY
R T - BUHME Fywe . AV 12 B (Posterion) @ » [fi{E
— (B & IR T4 E R 2wy, > Al F—
i EFEA R AT B ET (Cumulative Distribution Function,
CDF) - M#fSH® » AR MR = =8

() EEHER L (X | we ) AEBDHE we HIERAE T

THER e AR
(2) FeBRtR BB G (We. ) U E e SURTEEE 21
(=) TEHIEHR R EK () TN (E X o piT 8% 4 2 %
i'?j

FEEE A EYRERE L e BT - R SRR A TR
{E (Standardization) - DL fr 5 21 75 & P 18 &%
(Stationarity):
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Eq.(2)

Hepo my F sy S3Al Bsaz BB —F 5 kKR
W S R AR © FE T2 B HBEse i it 55 s
TE 4=t oh iR {E B 5 (Extreme Value Theory, EVT)
Type Il 534:

e =2(52) o[- (5] m00

73 Al B (xp wi) BT FE 7 7Y 48 B o3 AT ek B
(Empirical Cumulative Distribution Function, ECDF)[L
Eq.(3)iErTih&REE S - f5 I ERY CDF (K, G') - HHI
BPE 1 1y fE (0L oy 85 M 55 e )2 1 i oT 1 2 (Meta-
Gaussian Model) » HRFK ', G H#ETT & 70 fir B
(Normal Quantile Transform, NQT):

V=06 Wp), Z=Q "(K'(x)) Eq.(4)

Hep Q7)) BIEEE R Lk T (V, Z2)IRARSS
e

L(Z|V = v)~N(av + b,c?) Eq.(5)

RIIBGMALEZIV = v) 2 —[E8Z=F av + b S5
B 0% - Z2%(a, b, o®)AIEF R AU A (Maximum
Likelihood Estimation, MLE) {55t -

fliztti(a, b, o) R AIH 7 AfRSRSH

a _ ab 2 _ o?

a2+g2’” T aZtg2’ T a?+0? Eq.(6)
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(—) Continuously Ranked Probability Score (CRPS,



Hersbach, 2000):
CRPS = [ [F() — F,(»)]*dy Eq.(8)

HepF(y) RTH#ERZ CDF Fy (y) Ryiie Eq.(9).Z BRfiiE
EIREL 8

_ (0, y < Ground Truth
kG = {1, vy = Ground Truth Ea.(9)

CRPS IR s AR A bR R 2 FE 1S - E T
Ry e VETHRIEE - CRPS I A Fy 48 ¥ 3% 7 (Absolute
Error) - R B iR A R -5 CRPS o] B By A A8
(Baseline) Y5 (%5745 CRPS L » 54 Continuous
Ranked Probability Skill Score (CRPSS):

CRPSS = 1 — Sforecast gq (10)
CRPS limate
Hrfi—oo < CRPSS < 1 » #CRPSS < Of% » AEHAS,
534728 THR Bl > 171°& CRPSS = 1H§HI fy5E 3578
e

FHIE P& > «€H BPE M2 1% CRPSS » A
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PR EIRRR F R AL - (LBt nTE H
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KBRS I hR T e e i PR B i B TRER BT > HH
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(=) Reliability Diagram & Brier Score

B T 5FE BPE TR ARV SEE - bR T 8AS
CDF 1ygr7= 2 4h > BEFRE A o nl TR et
B o E5: » (g FH Brier Score :

BS = rll Z Ni(y; — 0,)* —ZNi(5i - 5)zl
7@ 7w
+5(1 — 6) Eq.(11)
©

BS ®[orpk=3H: (a) A[SE[E (Reliability) (b)f#HT &
(Resolution)f1 (c) “REEEME (Uncertainty) - ifif BS >~
BB 0-1 2 [ (EAYRTEH I RE - BSS AlE

BSS = Resolution—Reliability Eq.(lZ)

Uncertainty

8 = EyTin < 10°C 27 Reliability Diagram » o] LL3$FR
1E BPE fRIEZ & il RHR THER B L P A %

SEEIVIFERE © M ey = 36°C ARSIV SEE (18]
) - EEFTEHE= - WEEA T REEERAHEAZ
Jg% B8 {7 (under-forecasting) -
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SHAr -~ 55 90 HAL KSR 95 B i B AE By MR
o P B S Hofir ~ 55 10 5 fr k38 15 5
Sy EAE Fyaz HIh iR (EOR 2 PR » Ry TRERFRES
(B ] R PR THEIR YRR » A B
fizAY Reliability Diagram Ll Brier Score jz Brier Skill
Score 7 1 FrofEl (7 (B 1) -

(=) Calibration Score

5% Reliability Diagram J; BS A DL§t ¥ —1{H
BB S 5 B o L FIE T RCE SR A - (H2
AR MBI AR - HAESHE A [ETH
HASHYREY - FISETERVERHERE - BTN
— RIS AT AN — By R (1) ORI R
55 85 Hr AP EZEL 6-9 HF A REERIEST
HUEHE e € E—F I - BREREA—EFE - o
A& st AN E Brier Score) o LA o A ST E i
Krzysztofowicz & Sigrest (1999) #¢ H #Y Calibration
Score (CS) » $£H! Extended Calibration Score(ECS):

FCS = [ [E1 (0 — 0.10)7] Eq13)

o1 POTEPTAREA N > BEUAEE® ¢ 550.1i
B n BEL{E > A5t ECS HE L ER K
1£[0.1,1.0] &[5 5 0.1 AyfE8 - B2 BS t Reliability 75
AL > Eroqi 2 EEBPENT0.10 > (CROIEILEE 7
fir % B4 15 1F (well-calibrated) - [T KF B A B 73 fiz B
RMSE - H[IfZ & 2 (E & RAFFLIERVRERE < B Eq.(13)
H[EH > ECSHAEAT 0 HEBEET RAFRAE - HE S
B NamERenie e ndfof - 8828 BPE REIE 2 1%
H ECS AKRIRERVES > HTT 5 FE IE (perfect-
calibrated) -

(F9)  Informativeness Score

HEZR A FS AT O] DUGE SR AR TR AT -
HEHNIEREEAERZERENS > BEEE
Z N A AR o T 48 0% {2 {E (Chang et al., 2015;
Richardson, 2000) » o] E FI| I LRI ~ pliARTES
S e SO M R AR UGS © IR e
R AETTEOREE T A —(EIEE S EE -
AR — R S B4 ST (Chou et al., 2021) » A FEAHHSE
PESTHY 08 - R IR L Informativeness Score (1S,
Krzysztofowicz, 1992, 7&4ERETE K92) » AZ(L#: BPE
R[S LB W DY SRy I (Y=
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Testing Bayesian Processor of Ensemble on Extended-Range
Extreme Temperature Probabilistic Forecasts
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Abstract

Bayesian Processor of Ensemble (BPE) is demonstrated in this study to generate extended-range
extreme temperature probabilistic forecast at given weather stations in Taiwan. BPE is a statistical post-
processing method that utilize Bayes’ Theorem, consists of procedure generating a likelihood and a prior
distribution through reforecast and observational data, a fusion of the two distributions to generate a
posterior (the predictive distribution) once obtaining the latest ensemble forecasts. The fully Bayesian
nature allows BPE to produce calibrated probability distributions when the availability of reforecasts data
are limited, through utilizing the full observation set to construct an informative prior.

The structure of BPE developed in this research is based on the progress made last year in generating
probabilistic forecast of weekly mean temperature for a leadtime up to 3 weeks. However, Weibull
distribution is used instead of Yeo-Johnson transform to process data before transforming to normal
quantiles due to the extremity characteristics of the predictand. Additionally, we now use the latest version
of Ensemble Model developed by NCEP-EMC, NCEP-GEFSv12 as the base model, with the 6-hourly
maximum or minimum temperature aggregated to daily maximum or minimum temperature as the predictor.

In this study, we validate the probabilistic forecasts in daily extremes between leadtimes of day 8 to
day 14, and weekly extremes of leadtimes up to 3 and 4 weeks over the past 20 years. We use various
benchmarks, such as continuously ranked probability skill score (CRPSS), reliability diagram, calibration
score (CS) and informativeness score (IS) to assess the quality of probabilistic forecasts generated by BPE
against the raw ensemble. According to our validation results, ensemble model post-processed by BPE is
skilled in terms of CRPS compared to climatology at extended ranges, and exhibits good reliability under
extreme quantiles (5%,10%,90%,95%) and temperature thresholds (T, < 10°C, Tax = 36°C). The
performance in cold-season low extremes is better compared to warm-season high extremes.

Keywords: Bayesian Processor of Ensemble, Ensemble Model, Extended Range Probabilistic

Forecasting, Extreme Temperature, Statistical Post-processing,



