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3 REL SN RALER S MG NSRRI
& JF R tX0R TR AR

ROT TREF*

R AGY
CPEERE 11147 F 26 HUHs © HEERE 11147 12 H 6 HERR)
mW OE

ZBigat ki (statistical post-processing, SPP)JTARHFAGIAHEI TIRAEZLE - AnFE REE]
TSR ECR E R - TR M EAE E RS HEENTHRER - ARECEEEREREN
ISR A LSRR (R - BB R E T (reforecast) Te A ST HE I MISHEAGNZ %
ETHM A ARERR Z e ¥ 2 (1R AR E R LU TR 22 MR - ATt S G 2B B HIRASE
Ji% B 25 (Multi-Variate Bayesian Processor of Ensemble, BPE)Ei Ik [ 38 A1 ot UK B2 7 fi# (spherical
harmonics decomposition, SHD).Z Jcife SPP £iffy » HEYER BRG] AR — AR AU A R T ET T
SPP Z mI{TE - DU LAl TR AR = REFISREEA - RRE T RARIEZ RS -

RFEHRE IR 6 2 BRASCHI PR 5LEEE(Control Run)#E1T SHD » DUYJFE{R AT [E] 5 EXE & BPE 8
AT (T SPP LIS EEENERS b2 f S (EOR AR TR - BPE JEEUAF TR T K
B E RS E LB G AR 1 R DLk E(likelihood) - i LUBTAIME AR AR {F Ry SuBRek
i (prior) - FRE BT HITHER BT LA G & Saet #(posterior, RIRTHARNED + NHE R
HERAYAME - BPE fEE PSS RHB DRI T - (IR AT PATE o I USRI b L e et
IR E R ER T AT NS -

AT BIBI SRR T LS 12 fReBR R ETHHR(NCEP GEFS v12).Z (1)2 AR
i TR RS2 R BPE TN T (Fh& SP_BPE) ~ (2)FZff5H#(Control Run) Z (L 2 24
R IR AF AR AR B F Ry %5 & BPE THERA (BB MP_BPE_SH) - #17 8 & 14 K Hffilii
{EOR THER AR R = ~ VU R i PR IE - 2 THAE R0 + SP_BPE i MP_BPE_SH Rifé
P IE 5 2 B B FR R A U TEER S {H SP_BPE FXIEASURAS (87 MP_BPE_SH » 5 5I/2AE
F= ~ DU BRI EORTHER o Al R e TEER A T n TR AR - PIEAR AR A AT 7
RS < R R EFEIR R % & BPE INTHIIN T - DRI = ~ DU FHER Z A IERG -
BEsE Y HIRAFRIEES « EREFANRE - MmERE - RINHER - fieHREHE

EEEE SRE L b ZIEN R EEAER 64 5% PR RRFERERFEME L - ETE
{:lingo@cwb.gov.tw
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Ho=
—~ BI&

AR SR oK &R BB RS EL

UL IR AR TH R (BB 2SR
S2S » WAL b FHERH SR < R SRA
BT (RS > 2021) - 2871 - R R R p A
RoEEE ~ RIS R I RS A i R T
HEE MR N » ARG TR A —E 2
&2 2R - 590 HNEIH B
KA 2 F1E 25 AEx25 AH
PLE > N E BRI S b i
THR - It St R A I RS (ST
40 a5t 1% e 1
SPP)» i Ryt FH R 2 i B B A o
HIRN RIS ES S E - AT FNE
EERF SR 5 R RIS e R

» Statistical Post-Processing,

SEY SPP U5k A BB EEA SRR
B EEMEAQ2D)Z B RN

JAELARE
=11% 2 ¥ (Analog Post-Processing) & [ 55
AN (2021) 2 Z 5% el B = L e T
77 7% (Ensemble Kernel Density Model

(Bayesian Model Averaging, BMA) -

Output Statistics, EKDMOS) « ZAffii » %2
SPP J5 A2 ST M EA R R R R st
£ S28 ] KB » & IR A 7R
[ K B 2B TR (Reforecast) 5 A K FHIY R 46
15 = i TH i 1 00 25 208 [ it & (Over-
fitting) 1Y ERE - 285 A (2021) % Chu et al.
(2020,2021) >

24 Krzysztofowicz & Evans

(2008, 1%fEfHE KEOS) - I GIEHT

2 ———4 A

BRI K (OR 2 RS B H R A SR L s
(Single-Predictor Bayesian Processor of

Ensemble, Single-Predictor BPE) » EAff5¢4%
7o B BPE W EH 5 KE08 FlamZR il N 2 (8
EEEAIRGEA N EILASERY SPP 15
A~ FHE S H(Predictors) fiE7AHTHY H
Hi(Predictand) 5 je ) i FHHEERT - FEaEH
ER MR R St PR A o T R AT 7 S M
g3l - B B R AR TR T 7 LR
R B B TR A 5 m] TR S S EE TR (75
BHRRITTE - I Ab7RiE— SRR
SR HRAEREMES - 2 m] B
KA T 2 % 8 8 2% R M 45 (Multi-
» K] FH NCEP-GEFSv12
Control Run & {EE— e M » WHETT
TR ETETHER N U R B2 > BFAE DA
et &R BT A EPR I A THERAY AR -
A3 ] AR 2 S I A EIRYSCR. - DU
—DEREESERRE TR REN A
REHEBE M EEFER -

* B SRR  EBREET

(—) BERERLSBE HRAHEEESS
fiEse A NIETHH# E B (predictor) - £

Predictor BPE)

TR 4TS A T &R > 40K
N X T Z[E5X, » FHEREICIFEI ~ THERA)
JEIFRE Fot ~ H IS E (predictand) Fywy
A% EE HIREM AR
D(Wypy| Xy, Xoy ooy X)) =
F (X1 Xp,o X |Wes )G Weat) Eq.(1)

K(XIIXZ""IX‘H.)
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D, F,G K& Ry — AR o
(Probability Density Function, PDF)° £ | 15
B dWenilX1, Xp, 0, X)) 0 R AT R
(analytical solution) » /e EFEE - 1
HESHRAERESWN =1)HE -
Eq.(1) AIER7RAL

_ FEelwer )G Wes )
P(wey|Fy) = ELEED EqQ)

X, A Ry DR E VTR B BT iwey
By VR HAZR e + IBDHNE - A0k
FEFRER A BRI T o BUANE Fowey HYTR
Bt (Posterion)® ;5 [l —{JE A E 72
S TG TE SRR S E ey, o IO S—(E 2
& 14 2 43 477 bk # (Cumulative Distribution
Function, CDF) ° £y | SK OHIEHTE » WAH
i AR AR RA T =
(—) MERADLAR 3 ol B F O | we ) < A I 2]
W IIREE T - THER G AR -
(2) BRI G (wer ) HIEEE B w,
JeRE R R
(=) TERME AR EK (o) - TR B o
GlEA . =S

Hit BPE fEsctit Ol 8o e m#t
fEi7 (Meta-Gaussian Model) » DhZE 5t 6%
BOETT H R& 7o 7 BiE A (Normal Quantile
Transform, NQT) » NQT Ry (&% 8
x 2 By B 1% R 73 A7 A 8 (Empirical
Cumulative Distribution Function, Empirical
CDF) i E Bc YA BRI AT F (4) » DR
A BRI B Q T LA B BB S AT 22 ]
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HTHTE - BT LR T R, R,
sy
V=07 (6¢'wp), Z = Q7 (K'(x)
Eq.(3)
{EF NQT HYESAER - BMEEA
PR > B TR AR (V, 2) R RRRES
e
F(Z|V =v)~N(av + b,0?) Eq.(4)
SRR S LU BRI M HI AT AR TS
4% A ek B (Marginal Distribution
Function)F(Z|V = v) 2 —[&87#E & av +
b - SBEYTy o? - 2% (a,b,a®)AIIATFIH
Bz AL A (Maximum Likelihood
Estimation, MLE) {5zt - fhigftH (a, b, 0?)
EEICIERWNES 2 g

a ab 2 _ a2

A= B =~ T = atad)
B2 FIFH(A B, T?) sTEH&E TR R
TR (w|xy):

W) = Q ([0 W) -
AQH(K'(x)) — B]) Eq.(6)
%% & BPE HYER Y > SufieeN = 2> HiH
HSEEU(X,, X,) Z [E¥877 (independent) » HI]
Eq.(1)A[ZRIRAL

CD(WtH 1X1,X5) =

F(X1,X2|We))G(Wetp)
koo La(D)

FFRIFER AT UKy, Xalwer ) TR
Ny

F(X1,X5, )
F(Xy, Xalweyy) = ﬁ -

F(X11X2,We ) Q(Xo,Wey )
G(Werp)

Eq.(8-1)
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Q(Xo Wear) = F(XoIWes))G (We DE.(8-2)
Xy, X 2 TITHE » BUF (X, |Xa Wer) =
F(Xylwerr) o 6 Ba. (8- Eq.(3-2)FA
Eq.(7) > ATHERS -

F(X JF(X )GWet1)
D (wylXy, Xy) = 1|Wt+ll<(xl)21<l‘g(t:)l e

Eq.(9)
WE—2 > F(X1wer), F(Xalwer) FH
JREE & BPE FVIHDLRES - 5F ()T &
=T AE R (Meta-Gaussian Model) » HIJZE
fHEEEN = n:

F(Xp|Wet) = Norm(ayWeyy + by, 0,) =

1 (Xn—anWes1—bn)?
Toron exp [— 202 ] Eq.(10-1)
[T F(x GWeip)
q)(Wtf+l|X1'X2! "'an) == (ﬁlllv‘;;z}l(i) e
Eq.(10-2)

Norm(u, o) F & 5& o3 fii 1% 52 % & ol 84
(Normal Probability Density Function) - 4
Eq.(10-1) f A Eq.(10-2) > % G(wey) K
K (Xp) 55 & Meta-Gaussian {iz% » Fl 5
SR I HAS— R BRI R - BEEK
HH R T i I Y R AR o7 B e B
G(Weyr) R THER B BT RO 2RISRy
O RS, () ~ THER BB TH R B B [
Ay S SRR IRE - THER S B B
2 R R A B oo ~ THERE A —
P f —PEEh 2= [ & (M, O ) ~ RAGET AT —
P 52 P& (1o, 00) KIS OHY RAR AT

b4 % (Cumulative Distribution Function,

2 ———4 A

CDF) @ fY fi# #7 fi# (Krzysztofowicz and
Maranzano, 2006) :
DWWyl X1, Xoy o, X)) =

Q (7l (6werp) -

N1 Q  (Kn(x)) —co])  Eq(11)
Hoop o Q() By RE B AR R 4 A 0 B

(Normal Cumulative Distribution Function,
Normal CDF) » JIQ™*(-) &y #& R 3 fir
%> THQHY Scaling 28 > (cn, o) 1A
e AT HYRE B SR © (Cq) o, T) AT
(Z, o, By Oy o, O ) HEH HIZR - 8 &
BPE ZEBRALAIE— -

(=) BRERMREIER T4

H A £ 2R SR A U i S
2 o AR > SRR T R B
ZEfEBER LR - TR ST SE AR IRE (1)
BZEfE] o fEN 22 fE B E s LUK SR
ML - R BB R (DA (Rf e -
2ma

A=

- Eq.(12)
a = Acos(¢)

B> ARHERERE EZHE - A=
6371km > a HIERAEEE O Z-F1E > EME:
o g zE ] EIR R NCRORYRE - HO
BRI » ARAT MG [P ER 22 [y 7 8
i/ N R AR RO YT R - o1l
ZE1-LLZ(Rossby Wave) ~ SLE Sk (Kelvin
Wave) % » (1187 BUBOR B AR RN
R SRR Bl - InAE o RUBER o 4 st
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STHEMEFN = nRNEARF D HllRE
ENESERBAREARIS - SEEESH
K, 2 B8

A

BRERNTRNES - SRR HZE
o

W' my, P} =1 PI(

=

Kn(X'n, @, i) = 1= exp [—(I "‘; r'"J”"l
1
WESIHSH
¥,2,) = (Q(60), 7 (Kalwi)}),n = 1,00 N
Glaw Bw )
(K1, Kz, .. K} ‘

SRE, O g, tn, O, o, O

|

1
1
1
1
1
;
B $U R R A R 0 R AR :
1
1
1
1
1
1
1
1

Jshared/clim.py
= /shared/shared.py
» /shared/bpemathutils.py

* likelihood_GEFSv12_T2M_sh.py

1

i RIGEBEESHRY :
DXy, Xa, o, Xp) = Q(;*. lQ’I[G(WuA)) - Z e QK (x)) — o |) :
n=1 1

WO E) ~ BN AV EE 70
KPR EE - EbtsES - k125
Boer(2003)AY45 5 > A [F R R Eh
A A [ By BT 75 e iy 8] RUE (Predictability
Time Scale) » RUERAHRZHY ] TH HzikF ]

RUPERFS R IR - WEFefat - B3
ORI 10 BYRE B ] PR i ] R PR ERIE TR

n=10 FYR7 A] THERAS ] RUEEY fy 10-15 K
F'7 n=20 HA[THHIFH R EER 5 K
e MRS SRR S U]
FHBR ISR A1 R B (Spherical Harmonics
Decomposition) :

Udw =
m=—m[€" ™ o X BT ()] Eq.(13)

Horp P Ry i ) 2 TH 2 (Associated-
Legendre Polynomial) » A 548 >y fydE

559 X, R SR T

&7 bRE > X7 Rl 5B - m By &R mIRz
B0 n RfK e o BINERA RS )T ATE
PR R XT 2 K% A &5
Machenhauer(1991) & ZRELF(1991) » JIE
AT T EPRET VR -

ABFEIER Eq.(13) 55T A e B
[IEFE R K Em = w EIEEm = w,

B E— B
we = Dty Y Eq.(14)
A% Eq. (6)-PHYEE n (EFHEEE, -
Xn = Eq.(15)

Al H 3% BPE ZGiAE 2RI - (RIGA [F] TR
HRE G T A FEREAFEEE, - £
Eq.(6) T 2 1E 45 T ] TR ERURAY IR B
WRAVREE - ZERE AP RPRA AT T
HRZRR o LA ARSI TR BB AT
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5 F = 545 47 #7 (Principle Component
Analysis, PCA) » B¢ il A 5B & 1Y
WS PR R R AR AR I 1T 22 [ 0
FORERRA AT THER AV E SR - R B R
FEHY H RS -

(=) BEEEGT
LEEFRER

ARWFE S AT LI DL WA [F]47ET
BEHEEFNHEERE (1) BH
(MP_BPE_SH):F I EMETHER < dan i
AR A 3 A R SRR 1% B 87 B AR THER IR
THIAZ % E BPE & L 2 HRTEH 5 (2)
PEHISH(SP_BPE) :FI|F 2 Fa P50 T
Nt A\ 8% & BPE & H > R TEH - By
THRFEAFEHAFRERAPAVER - A
s —EEHEARE 20 FEHER A
[ B 57 B2 2% 7 .0 (National Centers for
Environmental Prediction, NCEP)Z5 12 4
B} 2 EE T 247 (Global Ensemble Forecast
System, GEFS) v12 - £ E#4H(MP_BPE_SH)
£/ NCEP GEFS v12 Control Run {5

PR EMETHR ) 0 R AR H B RO (Timin)
e Li% - R E S BT
{7 EE:(1)Level 1()7) ~ (2)Level 2 (E) ~
(3)Level 3 (h5°) (4)Level 4(¥13) ~ (5)Level
5 W) » 7% Wan et al.(2021) Z a5
T BRIV IR SRR H Level %
BN o DU TL{ELR? B8R 258 & BPE HY
THERA T - 1M 2HI4H(SP_BPE) I/ E #2ER

2 ———4 A

Fi| NCEP GEFS v12 Z 85 VH57E » T
RS PO B4R SR R} [ IS 1] FH R AR B %
BIEEE SRR » TG
WNEELRIEAL R - FHREEFDRRE
TE 2R S DAL i & A 8% & BPE HYTH
AT - BRI A BB IER Ry 4R
PR FRISH R =R S 8 O A —2 . RIS
PSRRI S S A —EUE R R
A IR [FIAFHEZU(RAW) - HEFT T4
[EHMETE - B RSN &8 A TN (E
T)AZE 814 K2 HEflom » K& =48(15-
21 K) ~ FVUHHE(22-28 K)Z MR © H
A PERIAH S B BdH 2k B B — R ETH#R A
& ISR R AN - B4 - 28
{EITEAR R G R E A VA - BET 2K
RFE 2 20 2 EFHEE R K 2000-2009
AEEE 2010-2019 SERAH - BEAH S BRI
SREE - LIS —HERETEREE(141:2000-
2009 4F B3| GHEER > 2010-2019 4EAER
B R BRa8 5E) © Tmin HYRMEST AR AL LAEZH
UhiE A 30 FEEDAE R TR W H AR
B E—EREREE - DUECRIISRE R X
Sase B e 2L (S BRI AR —-
PRI ER 4y H 82 Bl—E g A 12 4
28 - FHHEEEREMAFI(R)F
&l H (& H-+15 RWER - DUEREIES
= NEEEElsE R -

LB
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B AT () BEAEWIHEA  mpy BB, £ —F 25 k RZ R
BPE /15 7 Fij 5 B AL AR AR AL o sy R REAETE o BRFRHIERBHAYE » 1E
xh, = "n';;’:"k,w,; = WLk’”k Eq.(16) MP_BPE_SH & - wvvﬁzaéffé@%iﬁza—ﬂ
R 2R G5 A TR

26°N
255N
25°N
24 5°N ; Sy’
24°N
23.5°N
23°N
22.5°N

22°N

118.5°E 119°E 119.5°E 120°E 120.5°E 121°E 121.5°E 122°E

=~ MEBEPREERUAEERA L E - ALEORM R RIS I ARMAIE -

F— ~ BEE R R et

HhnE FERI4H e
(SP_BPE) (MP_BPE_SH)
e ER NCEP GEFSv12 NCEP GEFSv12

A R AR ORNARE R | EHREARBREOR - FEEAA S R
EERVEPE BN - S HEEE | iR BRI T - AR E
B BERNR > FHEMSE HRCR | AIRS T - o B R B R (R - AlA

HE R/ METE R BE R K08 © R B H i/ IMBE R R/ IMBAE s TH
B -
HFEEE 2000-2019 2000-2019
THHR AT %6 8 F] 14 K ~ 5 =A(5 15-21 K) ~ SEIUHE(EE 22-28 K)
THHR SR S{EZREREZ LB (B85 | Level 1 (i
14 K) Level 2 (¥8)
11 HRERE Y RETH(E= | Level 3(¥s?)
B D) Level 4 (118)
Level 5 (V)
ZEfEI AT 0.5° x 0.5°

SRt g HEEOR(EE 8 ] 14 °K)

FERREE=H - FIUHE)
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b TR A B HETIEREAL - A Ew,
AT EAIESS k RATR P9 (E
(mye ) B AR AE 2 (s0) HEATARAEAE - BB
SP_BPE tfyux; [R5t S HEHIE SR k
RHTRAEPIIE S e TR -

3EBCRBAT - R T BRI

HREIFES RS 8 - HOREZ
HRFPEAT IR B BRI i - AHH TR &4
347i(Weibull Distribution) :

r0 =8 (50 o[- (51

REFCHTA THE SRR H R B 4 Stk
oy > 15 %] Eq.(6) T HY Kn(xy,) 81
G(Weyy) R EAA 340 B A E RHY5E
& B a = V20, B = 2 A AT
RESHlii - SORTLIEE R i 14 R fmREHT
(skewed) - GHIFEERL  WIF SR {EE
7H (Extreme-Value Theory) HY Type III 43
i » RIS A AR R ER - BT
LURsJE BPE WHFE(KE08) R b7 5 e it
A v RN N K a b=t S i 8
Ui FE ARSI DLSAE TR LA B B
& U — T i B Rl & - AR T
VAR i

BT MAHMEES D
(Informativeness Score, IS, Krzysztofowicz,

1992 > 1% fEfH K92)

) |ga.07)

1

IS = (1 + (%)2)_2

Eq.(18)

2 ———4 A

G A7 5 18 Rz B 3RS - 5 3R EE { (Signal to
Noise ratio) » i £y THER A e EEAYAER]] - IS
TrIs 0-1 Zf - 18=0 REHHAF+FEA
5l i (Informativeness) » [fj 1S=1 % By52
ETHEHA T - T Bq.(18) FrisETHERE

#1J(a,0) > E%%E BPE Fa[H TNFIA

oK
a= Z—'g’,az = 02— aoy,,S =0, Eq.(19)
B =Ry 508 29 Mk - 11-3 HRrEE

BESEETE LN IS FETHEH IS E
2 ERIE - TE 95%(Z 0 /KAE TN #ETT Welch’s

WIEIR S > Level 2 1R85 B B TR
HRENEE - (EREEHr RMmAER - il

TE=EBEEDUE Level 1 22 IS A Level 2
(A s R i A5 T) - BUR AR RER?
AR RAR SR E &M - LR AR
NI - /NREHTRHE Level 5 » FESB =
VU FEHATLE Level 3 B Level 4 5 »
B NRE it R e o B RS
TeHR_EFREAVERE A R R - £F
o IR 22 AN LAY SR B - BIAIP B AR T
e BEREETHEA T EEET AR EEN S
% °

K92 5t - "SR 1S 1R TH#HRA
T FHEIA S — B8R R GEEEINE
BB TR B > DR pif B 104
(Forward Selection) BEfETHEIN -  AbTFE
AR ERGES S E BPE (RKETREHIAKRZ
(0o, 07, D) ATTHE Y, » I {RIEE
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IS vs Seasons

©
o

©
U1

o
~

o

N

. .
——
S

Informativeness Score
o
w

o
=

1 wnl-4
wn5-8

0 wno-12

3 wnl13-wnl6é
wnl7-abv

o
o

08 09 10 11

RPRIRIE NMJ}
Li 0 ! .%ﬂ ! QH‘IL LBI hil

12 13

Leadtimes

& =~ R[EEE > Informativeness Score FESESCHFRTSE(E > &R BT BIRFE YT ) YE(%k)

PYI2(ED) ~ YISCE) ~ YR 1S

fOA Eq.(11) > EH @ (WelXy, Xz, o, Xn) ©

ERIIA R FTEE AR A v] U TR
I WEHREVIITHGETE - £ =K
PERSTELEN 7> - FAE(RAW)HY CDF &
Al AR EREN- S DR gy = =
AR i EE AL S TSR3 A1HY CDF HIE
ZHnhEE 30 FENERMETIF AR
R - ERCEEimmEL -

=~ ROBRGE R RS

o TR BB A G AR AR R4S
H o ARBFRIE R X e RS
A DAEEH BPE FRIERR - [EIH(5E A 2
fehafEfEAKEFEE MP_BPE_SH J; SP_BPE
ZHERTAEHRAIA - DU Rt a2
T ARGEE " B ) (hedging, Wilks,
201 D)AGRT - HEE R IR 21557 5T

IR AiTHE1E » &4 Accuracy ~ Probability
of Detection ~ False Alarm Ratio #1 Threat
Score & 1] LA hedging SKEEF1F53 ]
W17 i 38 [ FE e (Over-Forecasting) A H2
Probability of Detection (POD) -

(—) Rank Histogram/PIT Histogram

Rank Histogram(RH) 5 2222 TE# &
ZWERTTA > DRSREA TPRTEMNIE - 2
Y EFEIE R ETRIRAVEEN - tebn s
SETH B2 A G B S i P e A A
TEME © 5 Ry ST R R T - AITBR A
Probability Integral Transform Histogram
(PITH)HETT oM - — (BRSNS AR
RITH R 5 S e A UM E S 2P £ T A
TR > X AEFkS =) (Rank Uniformity) - 22

A&E - BGA 1200 (EREREA > 1l NCEP-
GEFSv12 &{Efiatedn 11 {HpE (B &
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Control Run) » Il 11 {EE SHFFFREAH 12
{E#E - AR N B E R/ NI R A
TR T EEESS 2 R AR ~ /556 2 (E
B 3 ER AR ~ FIRBUER AR %
LR S - BRI T - 1200 {EEAI(ES )
SEERERARIFTAERARYEE - FEE
A 100 {EEAREA - i 12 ERRHTEA
BRI AR R > 5 AT DMK S 12 {#8
{E4a % H J5lEl > Bl % Rank Histogram ° 75
@RV E T Bl REERIT 2 > AlA]
HTEHIRRE TSR AR -
F A LUTPURER S ¢ (1) BEAE 28 K
(Over-dispersion) (2)#fg% & A & (Under-
dispersion) (3)MBFETEH (Over-forecasting)
(4) F 2 % (Under-forecasting) °

5 8-14 RZ H i RIRMEATHE 2 RH

J PITH[[E[VY(a) ~ (b) ~ (c)]# RAW ik
HUEA e Z 1B » SP_BPE BEATRRIS A - 1M1
MP_BPE_SH ‘HAHHIH#A R HET - &
=SV R AR TEER B U() (e)]
HUR RAW H8[ETHH SP_BPE {72 EH
PETARIF A > 1 MP_BPE_SH A~ Jg TH¥HY
BV B 8-14 KALL - BT -

() Continuously Ranked Probability Skill

Score

HUERIR TR i AR FE IR
~ — K Continuously Ranked Probability
Skill Score(CRPSS) - % ##% Continuously

2 ———F+ZH
Ranked Probability Score (CRPS; Hersbach,
2000) :

CRPS = [ [F(x) — F,(x)]?dx  Eq.(20)

ST ETHH 290~ B & e EF ()
ELBUAHERY T HRE B B, COEER
ST EE R AT TIE Y © Fy () By BEA P FE ok
$(unit step function) » EFUI T :

0, y < Ground Truth

B(G) = {1, y = Ground Truth Eq.(21)

HoRTHER A7 CRPS BELJUE MEFHIRIS 7
FEMESHRIL HAEH /50 < CRPS < 0000 f
SERTHA °

TR TEH 2482 CRPS BRI > i
LUFH SR Ml o3 ffi 4500 R PR G T R H 2 2
CRPS & {E&:# (Baseline) > Rl A] 157 2]
CRPSS

CRPSS =1 _M

CRPSclimate

Eq.(22)
HAE 8, fy—o00 < CRPSS < 1; & CRPSS < 0
I o R R A A 2 A TR BT
EARKEE RS &7 E HERF
(CRPSforecast = 0) > HICRPSS =1 -

[ 71 R 73 Al E A G CRPSS 1% &5
EFCEREAN 29 {EHILAY TR B S P
4@l CRPSS PETHERSACIFMIE LAY &
AN E - w2 R aa i =0 - SP_BPE -
MP_BPE _SH > CRPSS &[5 vH R S S CHFE]
BT - AL IEUR JT 1 » 8EZR SP_BPE
7 CRPSS # MP_BPE_SH #Kf » {HE
AR R E B BA TR G > H#e
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Rank Histogram for Season:NDJFM
Var:T2M _MIN DAILY Leadtime:08 08
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ABSTRACT

To produce elaborate, location specific extended-range probabilistic forecasts, it is
required to bias-correct and downscale the raw model. If statistical methods are used, then the
two processes can be collectively phrased as “statistical post-processing (SPP)”. To infer a
representative estimate of the raw model’s systematic bias, large reforecast sets have to be
produced. However, creating reforecast for a recently operational, state-of the art ensemble that
prolongs to extended-range forecasting is very computationally extensive. In practical
operations, the size of reforecast are often limited, and far smaller than observations. In this
research, we aim to evaluate if the forecast performance of filtering non-linear noise using
ensemble mean, is achievable by wave decomposition of a single model with the best initial
condition and post-processing the wavebands using state-of-art SPP method. We hope this will
reduce the reliance on both ensemble and large reforecast in SPP, providing a solution to
aforementioned issues.

The control run from raw ensemble model are decomposed to individual wavebands using
spherical harmonics, and the wavebands are used as predictors. These predictors are then feed
into a state-of-the-art, multi-variate Bayesian Processor of Ensemble (BPE), to produce post-
processed extreme minimum temperature probabilistic forecasts located on specific
meteorological stations in Taiwan. As a full Bayesian Method, BPE utilizes the copula of the
predictors-predictand pair to generate a marginal distribution as the likelihood, and the
climatological distribution constructed by the observational data as prior. The predictive
distribution, or the posterior, are generated using fusion of likelihood and prior once receiving

the latest run from the raw model. Due to its Bayesian structure, the advantage of BPE is the
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capability to derive well-calibrated posterior under limited reforecast data, from using a larger
observation dataset to construct an informative prior.

This research uses (1) The ensemble mean of 2-meter minimum temperature (Experiment
SP BPE), and (2) The wavebands decomposed from the standardized 2-meter minimum
temperature of the control run (Experiment MP_BPE SH) of NCEP GEFSv12 as the
predictor(s) to calibrate daily minimum temperature for lead times of 8-14 days and weekly
minimum temperature for lead times of week 3 and 4. We use various performance benchmarks
to compare the different aspects of probabilistic forecast and found that both SP BPE and
MP_BPE SH could improve the quality of probability forecasts over raw ensemble model. It
is worth noting the performance of SP_BPE is better than MP_BPE_ SH, especially in the lead
times of week 3 to week 4, but we think that the cause should be related to the selection of
predictors, instead of a deficiency in the methodology. In the future, alternative variables can
be decomposed, or use large scale indices as predictors to improve the calibration of week 3

and 4.

Keywords : Bayesian Processor of Ensemble, Spherical Harmonics, Extreme

Temperature, Extended Range Forecasts, Statistical Post-Processing. doi:

10.53106/025400022022125003002



