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FEFUER AR - ZRIMRER T HY ZREETH
WAL 2R HEBUE R -
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TREEE L RERBEAIR - A

ETHEGEE P RTA R HEE AR - HEL
LS A R o I B R TER

HYRIERE o AN - HRTRERER 2 49t
MrREATs A Sga - DASS B SR EREE TH R
> (National Centers for Environmental
Prediction , NCEP) H Fiify/FFEMB 56 12
F 22 BK 21 85 FH ) 2 45 (Global Ensemble
Forecast System version 12, GEFS v12) %
Bl - HEREFEMTELT Sy 25 km (Zhou et al,
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Terrain (Units:m)
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4=t (Model Output Statistics, MOS ; Glahn
and Lowry 1972) ~ % it &% 49 p& £ fiy

(Artificial Neural Network techniques,

ANN ; Yuan et al. 2007 ; Chu et al. 2007 ;
T 2018) ~ &R MR R U7 045 (Linear
Regression method, LR : Yuan et al. 2008) -
Decaying Average(Cui et al. 2012) ~ SEXEC
¥t ¢ 1F (Frequency Matching Method -

FMM ; Zhu and Luo 2015 ) - Quantile
Mapping (Zhao et al. 2017) %5 - Hrft MOS
ERER VR 77—k - S S R
SRERAER] > I THEA T (predictor) B TH
HNE (predictand)HYEA (T - A AR AL &
o RUJEE B 21 450 PR R 72 12 IR AU D A (Glahn

and Lowry 1972) - MOS T B2 #{EH K
4 FE# (numerical weather prediction, NWP)
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JE& 12K Ensemble MOS LI Kz 2844 3
15 20 tH ¢ 51 (Ensemble Kernel Density
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al. 2009) - 37 J& FH 7 i HA O TH #He -
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M H P A B RO R e YR E -
EKDMOS I/ #E—25K MOS -V
a2 i I HIZ L (T (Kernel Density

Estimation, KDE)EZ| MOS FiH A28

B DISEIEA RV RIeR AT

S
<]d

FRZF(2018)FR GEFS v1l ZEHTHHE
Fh(reforecast) %% EKDMOS [ R £ Z
EME > SRS B H RS -~ RERZ
TH T > FE BT R ek Bh 4R
T ZEREEEFHRER
TR R - IS REOR ¢
EKDMOS - o] DABHRAN 2 [5G S R T
w14 KRR EEYRE S et A2
FREENERRSBFHERTHE - ZRME R
AR TH IR 2GR > A RIE L

&H10° C

PRESYE  SREEES 242

] AR TR 1 A 245K - Richardson
(2000) FRHECHEE T » BR T
TEAESCRHEESD - A B A o b
ESEEE I FIEPS
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e RRSEIE NI e

fiig < HRFEEEATEREA R
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(National Centers for Environmental
Prediction , NCEP)ZE 12 iR &k 25 THE £
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Taipei Error Histogram & PDF (Lead Time : 8days)
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(Probability Density Function, PDF) » %]
YR SRR -
4. KEZREREGE DNTEZHEERE B

(=) MR TR I77%
ARBTFEMRIR LA D BT B BRI SR %
% 510 B2 15 o ir B e IR EAE - 505

A EIREE 2 M EO R I -

1 > 1351 Ensemble MOS (EMOS)

5. Jif4RFEH PDF fF 25 EMOS FAH

[ 2 H)ZFATA H s B0 E &R
REIEETHE -

B2 Tkernel j» 1551k B Z THE
PDF - liRRIHERET T2 BEREZ
THERRE JIAHE » INEEAWTSTRIFT A A

C EFERPER | BB 5 5 10 81

15 HrIREE - SR FRREE Z
Ui (B P A -

2 7H#k PDF FEfEE &Rk E— PDF > It
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(=) WRFHRERTTA

ABH 5 St S5 A $7 22 R0 )
(RAW) -
EKDMOS (YA FHE TRV LD » R THER
FYEESRL T A4 : EKDMOS 72 BUTE iR
Y7758 3 Fis - 515 PDF HOR (R
fli SR I R TR AR (R AL P2 52 8 73) - Bl
AR E i B AR THE - B RAW
PR EMOS RIHEUA 285k B FHER Y H
BRI B IH - FEFRDASERCE
8 BV S S TR -

DL b REA PR BB DR - A - BB
s P B AR USRI PR 2 B B R AR

1 o

Ensemble MOS(EMOS) DA &

(P9) BBaTTA
ASGEE BT AR 2 S8 TR
AU Z S EVE AR R TR Z B (SE ~ &
WHRE T EL TR -

Uniformity Underdispersion

Overdispersion

2 ———4 A

1. PIT(Probability integral transform) i
RH(Rank Histogram)

BB B BLAY A B TH ) RAW K
EMOS) » AHF574%F rank histogram (RH;
Anderson 1996)f% B H A R HEEUE R G &
H 7 MR AN RREE M o TS Y 2
% 7y A ¥ #H (EKDMOS) H] £ H
PIT(Gneiting et al.,2005) - RH 7 f 5 55
YN Tl UL K 2Bk 2 THR
BUHIRTEAE K+1 (&R BA RS
FETWMARY - BRFARATHELEUNTE
TEEEMEREHEE - RIILERAERE
NG FTABUABEA S S @RS E
RN @RI PIT & 2335557
ANE 4a FR - [E 4b 2 [E de AILE 2 HHE
HUEARJE ~ R ~ i (under-forecast)
LA K 15 %t (over-forecast) [y 73 #i 15 &/
(Statistical Methods in the Atmospheric

Sciences, figure 8.26; Wilks 2011)

Underforecasting Bias Overforecasting Blas

4 ~ Rank Histogram LAz Probability Integral Transform(PIT) & © (a)-(c)7T HME R EEIE B
% ~ A € (under-dispersion) B 78 & BB (over-dispersion) 5 (d)B2(E) U7 £ 88 FH R {EHz (under-

forecasting) % =¥k (over-forecasting) °
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2. Reliability Diagram

Reliability Diagram 3= %8 FH Ak 5 B i
*RYH 2 A5 A {5 (Hsu and Murphy, 1986;
Hamill, 1997) - 5 {EHER0 SR AT E A8 -
RIAMPERENE BN B - R
5e5% H] {Z (perfectly reliable) ; 5 {Z HH 5%
AR NG - RIBETHE © TS EH A
& TR -

NP

@ B reliability diagram @ £ i
sharpness diagram — [&] 5 H7 ; sharpness
diagram HHR7& (S THERE A Z B
8o n]DARIACHIET— (&P S A S f
HAE LT - 5280 U 8oh - R
AR TR R 20T 0 20 1 BB
HRANIE DHBTERE%E - HRE
B A BT R AR - RS
HRAE VHE BT AgRE - HFR
BRI TR R PRAFHYTHER -
3. Relative Operating Characteristics (ROC)
ROC {43 Ry4a E 25 1A [ BRI -
WETEAEHEEFTE T 2 hit rate B false
alarm rate » H.f1
Hit rate = hit / (hit + miss) (1)
False alarm rate = false alarm / (false alarm +

correct negative) 2)

BB R AT 2 (hit rate, false alarm

PRESYE  SREEES 248

rate) 7 > BIAT4& H ROC #h4% - 4R T
f#(Area under the Curve of ROC, AUC) £y¥
e & B ABEIFRE DS & AUC
N 1 B Ry 5e R EBERE ) - AUC Kt 0.7
RFAARTHEEAEYEE S - & AUC K
0.5 BHURTHEERI A AIFEHE 7H R (Buizza
etal.,1999) -
4. Brier Skill Score ( BSS)
Brier Skill Score EFE41
BSS =(BS.; - BSi.)/(BSq; —0.) 3)
BSS Kit 0 (RFEEATHEF - HrBSy,
Ry TS Brier Score(BS) > (MBS AFR5R
figE FE R (LA SR M5 38 AR ARR A Ry PR RY
Brier Score ° f&%7HH5R 7= Brier Score &
FAT
BS= YN (P,—Y)? /N (4)
Hh N BBARE - P BTHENEE - Y R
FEAVEBUIHERE » BB AR Y TR 1
FfFAREEL - AT Y Y 0 - fR§E(Mason,
2004) » BSS A[HFf#K
BSS = (Reliability — Resolution) / Uncertainty
)
Hrfr Reliability fy— S FEIFEEE  {HlPET
0 A THERE AR A T](S - Resolution AEE
(PR THER P B 2 BRI R B R (23 AR
BHERHEERE - Resolution A UFREIE Z 1
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HFHARA BN R f5:38 ZE M - Uncertainty
AR RSN - AHTFE[EIRF P aE
et e E VIR TR Il f2 71 (BSS 42
5) > FEKH Reliability 5 Resolution [
B > TSR A P SRR S A AR
AR - WA EEREEETARTGE -

I ~ FRERRCERASR

Ry 1 SIS LATE ) PR B SR A
Flat UM LRI ARSRE S 0F 25 1
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i 8053 R P B R P IR 2 LU E /Y
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Ui AT it T G 2 L 0 R g 0 Ak
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PIT LUk RH(E 5) SHESEFRER (1)
A em TR SR R R AATH A
SRR RARH 2380 L AY) HAHREA

2 ———4 A

TERIIEN 5 (2)EMOS Bl i imzE - (=
[FIREIE I TSR AREA - R RH 231
U BI4347 » {£35 EMOS ;275 fiE e B R
BRI 5 (3)EKDMOS 2 E 54
HHEY RH 7347 - REHAERREE S
i S B TEER YN B E PE(THEGER ) - 172
K% EKDMOS 2148 MOS ‘&% &Y
TR YA BTE > BB H R ER
PDF » At HERHE R MR e S TR
TR AHEE M -

(=) HERRHEE

HA TR H SR EOR N ORISR i
55~ 10 f1 15 E 53 {irfY reliability diagram
BAHEIERY sharpness diagram ;5 FH7A =1
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B 10 i Hy4E IR (8 6) - (KA AbTZE
TSGR - R TR
S 0 BT O HYRRAN (G R 28 - 4@IEn
TEB SRR KD
Diagram [ 267 AL AT EE 4R B LT -
RIEER T IRAEREA 2 5 S3HMEFHEL log
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(1) EATERIGEEE A2 S - RAW B
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TMIN PIT & RH

(a) Tua=1day Tua=1day

Tua=1day

EMOS

01 02 03 04 05 06 07 08 09 10 11 12
Probability intergral transform (*1/12)

(b) Tua=8day EKD Tua=8day

01 02 03 04 05 08 07 08 09 10 11 12
Rank of OBS

01 02 03 04 05 06 07 08 09 10
Rank of OBS

1 12

EMOS Tua=8day BAW

01 02 03 04 05 06 07 08 09 10 11 12
Probability intergral transform (*1/12)

(c) Tua=14day EKD Tua=14day
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Rank of OBS

01 02 03 04 05 06 07 08 09 10 11 12
Rank of OBS
Tua=14day

EMOS BAW
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Probability intergral transform ( * 1/12)
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Rank of OBS
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Rank of OBS

5~ EKDMOS(/4#) ~ EMOS(Hfiif)E2 RAW(£51#).~ PIT/RH ° BEHCAAHRTHHR(RAW B2 EMOS)£%
F RH > T G A R TR (EKDMOS)BR A PIT 2Rl 22 SEBERUERY S HEME: - () 2(0) 7 Al R

THERES 1~ 8 B 14 RZ&ER -

ALRIMIEE ;{5 EKDMOS JjRATA H 7L
DUR iR R (SRR Hh SR AT T A 4 - 32
Ar5E3RAE < (2) [5] Glahn etal. (2009)y%5
5 > sharpness diagram #7x EKDMOS FE#;
PeREEE TR TR - B R RA5%
AR (RFHER R AR ) © 2
it SR S Mg A iR T i i = PRl e T L
0 TH #i BE 7 (skill) ¢ 70 % &R 2 &

(informativeness)iZH 1K

(=) FEHEPHED

TR H R/ NI BUIR RS 10 5
SriLHy ROC [& 7 BUR * fEATA A [E TR
REO AHER RAW L K EMOS> EKDMOS
iy AUC EEEHEEREETT > {7k EKDMOS
LSS RAW E2 EMOS ¥l 2 2512
ERFFRE ST » THEREE 5 DLKGE 15 Horfuth
BURHITHIERVEE R CRIHE]) - EMOS Bk
FEA RRAVERGAEIE 3 7 R —3E © EERUEA
i DR SR NGRS ERl LITE S G
73 EKDMOS SR%E 2 EREUE - (EHEAE

GRS IR AN ETR A RET B R
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TMIN10 Reliability Daigram
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1-14-day Probabilistic Cold Extreme Forecasts over Taiwan
Using the Ensemble Kernel Density Model Output Statistics

(EKDMOS)

Yun-Jing Chen and Hui-Ling Chang
Research and Development Center, Central Weather Bureau, Taipei, Taiwan
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Abstract

This study applies the Ensemble Kernel Density Model Output Statistics (EKDMOS) in
the 20-year reforecasts of the National Centers for Environmental Prediction (NCEP) Global
Ensemble Forecast System version 12 (GEFS v12) to perform bias correction and downscaling.
The purpose is to produce 1-14-day probabilistic cold extreme forecasts with good quality and
value at specific stations over Taiwan.

Forecast evaluation shows that the raw ensemble forecast is under-dispersive with an
obvious bias. In contrast, the EKDMOS has a much more reasonable ensemble spread with
most of the bias removed. The EKDMOS has more reliable and higher discrimination than the
raw ensemble forecast. The EKDMOS increases the Brier skill score (BrSS) of the raw
ensemble forecast relative to the sample frequency by both improving the reliability and
resolution. Users with a much wider spectrum of cost/loss ratio can obtain more benefit from
the EKDMOS as compared to the raw ensemble forecast. Furthermore, users with cost-loss
ratio close to 1 and 0 can benefit more than other users. Even with improved forecast quality
and value, the forecast distribution of the EKDMOS unavoidably approaches the climatology
of the training sample when the forecast informativeness is lost beyond 10 days.
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