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Fig. 1. The distribution of 25 surface stations
and 265 automatic rain gauge stations of

Central Weather Bureau.
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Fig. 2. The best tracks of typhoons in the
domain of 118-126 degrees East and
19-28 degrees North in Jul. and Aug.
during the period of 1998 through
2008.
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Table 1 Contingency table of categorical

statistics.
Prediction
Yes No
Observation
Yes Nx Ny
No Nz Nw
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Table 2. Numbers of typhoons occurred in the selected domain of this paper in Jul. and Oct. during

the period of 1998 through 2008.
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= 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008
4
H
7-8 2 0 3 3 2 2 3 3 4 3 2
9-10 2 1 3 3 1 1 3 3 1 2 1
7-10 4 1 6 6 3 3 6 6 5 5 3
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Fig. 4. The mean skill scores(vertical axis) of extremely heavy rain caused by typhoon in three

periods of Jul. through Aug., and Sep. through Oct., and Jul. through Oct. during the period
of 1998 through 2008 by using the best percentile rank of 1-hr, and 3-hr, and 6-hr, and 12-hr

accumulated rainfall amount(horizontal axis)selected from the data of hourly rainfall amount of

1998 through 2008.
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Fig. 5. The mean skill scores(spots, left axis) ,and the summation of skill scores(line, right axis) of

extremely heavy rain forecasts at 290 stations in Jul. through Oct. during the period of 2007

through 2008 by using the best percentile rank of 3-hr accumulated rainfall amount selected

from different data sets (horizontal axis)in Jul. through Oct..
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Fig. 6. The mean skill scores of extremely heavy rain forecasts of 290 stations in Jul. through Oct.

of 3 different data sets by using the best percentile rank of 3-hr accumulated rainfall amount

selected from 4 different data sets.
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Fig. 7. The threat scores (left axis)of extremely
heavy rain forecasts at 25 surface
observation stations of Central Weather
Bureau in Jul. through Oct. during the
period of 2007 through 2008 by using the
best percentile rank of 3-hr accumulated
rainfall amount selected from 5 different
data sets. The case numbers (right axis) of

extremely heavy rain shown in solid line.
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Fig. 8. The tracks of typhoons in the domain of
118-126 degrees East and 19-28 degrees
North in Jul. and Aug. during the period
of 2007 through 2008.
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Fig. 9. The distribution of extremely heavy
rain cases at each station in Jul. and Aug.
during the period of 2007 through 2008.
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Fig. 10. The skill scores of extremely heavy
rain forecasts in Jul. and Aug. during the
period of 2007 through 2008 by using the
best percentile rank of 3-hr accumulated
rainfall amount selected from the data
during the period of 1998 through 2006.
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Fig. 11. Same as Fig. 8., but in Sep. and Oct..
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Oct..
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Fig. 13. Same as Fig. 10., except in Sep. and
Oct..
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Fig. 14. The best percentile ranks of 3-hr
accumulated rainfall amount for every
station in Jul. and Aug. selected from the
data during the period of 1998 through
2006.
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Fig. 15. The minimum values of the best
percentile of 3-hr accumulated rainfall
amount for every station in Jul. and Aug.
selected from the data during the period
of 1998 through 2006.
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Table 3. The numbers of extremely heavy rain events, hits, false alarms, misses, and skill scores
values of lower and higher skill scores of extremely heavy rain forecast at weather stations in
Jul. and Aug. during the period of 1998 through 2008.

sx ol SENARE S i AR R Bl s
gl 21 8 32 13 0.15
Wil 21 6 39 15 0.1
=0 24 7 48 17 0.1
Kk 33 7 23 26 0.13
k=3 24 6 28 18 0.12
=rh 33 23 19 10 0.44
Eil 95 39 2 56 0.4
R 33 23 20 10 0.43
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Table 4. Same as Table 3, except for Sep. and Oct.

sa i SENARE S i AR AR Behrts s
kIR 46 15 33 31 0.19
NS 17 17 198 0 0.08
ST 36 8 21 28 0.14
(uple 44 18 53 26 0.19
L7 108 75 32 33 0.54
Wit 105 71 27 34 0.54
FEIR 89 67 43 22 0.51
=rh 71 40 20 31 0.44
B ERL L 125 75 14 50 0.54
Eil 119 69 17 50 0.51
HH & 85 70 33 15 0.59
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A Study on Applying Rainfall Amount Percentile
Rank to Typhoon-Related Extremely Heavy Rain
Forecast

Huei-Min Wang and Tien-Chiang Yeh
Central Weather Bureau, Taiwan, R. O. C.

ABSTRACT

This paper analyzes hourly rainfall data of 265 automatic raingauge stations and 25 surface
weather stations from the Central Weather Bureau and best track data of tropical cyclones at 6-h
intervals from the Joint Typhoon Warning Center during 1998-2008 and attempts, through percentile
rank statistics, to forecast the potential of extremely heavy rain in the next 24 hours over Taiwan as
surface centers of tropical storms/typhoons enter the domain of 118° to 126°E and 19° to 28°N. The
accumulated rainfall amount in certain period at a station will serve as the indicator of its extremely
heavy rain occurrences for the next 24 hours when the figure equals or exceeds some percentile rank.
In addition, the best percentile rank of accumulated rainfall amount in certain period for a station is
identified as the highest equitable threat score is achieved.

The results reveal that, based on analyses of four-year data, the best percentile rank of 3-h
accumulated rainfall is the optimal indicator for the potential forecast on typhoon-related extremely
heavy rain. And instability tests indicate that this method performs stably. Threat scores of extremely
heavy rain forecasts for all stations over the period of July through October during 2007-2008 by
using the best percentile rank of 3-h accumulated rainfall amount of the same months over 1998-
2006 exceed 0.4 in regions with relatively more extremely heavy rain events, and the scores are even
greater than 0.6 in some of which. This approach apparently has application potential for extremely

heavy rain forecasts in Taiwan during typhoon invasion.

Key words: typhoon-related extremely heavy rain, potential forecast, percentile rank






REBWEA9EHE 1Y

AR R T35 8 A 75

BHERERERAR

ST  SREERE ~ LA

REHER

EL RN

e ER)

wW =

HERHY H 2 &
AR DL AT BERY 3 BCHE[R] - F5RE
e BE AN E P o

REEERRBRAHEENE - FHRER
%E[@‘%’:& AR I3 - FITHE SR e sth il

AWFEE e AR MEET /715 H IR (Bayesian model averaging »
fEFEBMA ) K Z AR R THHGETT IR BE B - IR A KRR A E RN TE

HR

K8 (probability density function » f§fPDF) -
H 2% K BM A JfE R 1E == 185 1t 1 300 s th 1 L 5 Y T o I
BMARTHHIPDF{E TH R 8 HRBEEAR -

i 2 1 o PR R ol 5 Y TR i B

FEARS) - [HBMAEZREH 20 BB LA E R AR EE T -

WS UG R R

s

1

il

e fMxE LG R KA IEN KR
ARRE » KSR A TS G 5 2 N E Y
KR - 215 2] — {52 & HEME Ry TR 2 M TH
o NMEARZEE - AEEM BN
O By o K TSR B R TR
f RFE R EN T EFTREERRK K
R AMEENE - SR+ A0{A] 52 38 FH e 1Y
s SR TR A T G M 2R R - — e TR
A X AR RE o o RE IE B TH R
R A A T O A THE TR R R B
(probability density function » fEfH

LT

PDF) - ZERICAMEE MR8y —18 S5
I 0 EEPDF ] DURIE 283 1 fif 2R 2
W E P A P RE 38 A2 A9 i [ e Hop R - 3
T HE 2 3 H BRSSP
EAR AR R - HRRNE LM
AR R A — R SR TH UK B DL
HIME S 2 H AR R B SR o0 A - ek kR
aFEF - MEAMEHENERE - 5
158 2 By o W o ] ] AT SR R R (B Y
AN E M - T DL B A A 3 A (A B SR
SETHEE M o Bl > BRI 2 1 5
TR SR L PUE TR > KRZ A
¥R B E 5 A A 2



fo = 7 g B B A O THHI RS SR 4 A 0 Al
¥ F AndersonfA 19964 Hbinned
probability ensemble ( fFEBPE ) 3k
T e

BPEJG AR THEIBE R 31 S « TR
R E K HHEERKE - KEL A E
HIEY K e TERR AR ER /N » 7R — oo E| +
oo Y BAR B A€/ INEI KRR HE 51+ AT A K
(K+ 1)l b e - FUTER T & G A [RT O B =R
HALE(K+ D& R - BIVEAE i — 16 &
R ERE Ry 1/(K+1) ©

B IATRE Ry B TR 3 %
ANREHLTT - BIAN R e 2 LA
FABPES 2 4% =R 73 A7 11 11 Bl B (R IR L 2
FARK » H B K2 TH el 5 H A
FHBEEEAHE R  ZREEt
A IR — (1 TH ek B B A A E Y
HERERE o T BE KA P RE 2 (A T vk A
AT H S BRI FHMIPDF - SEIER A i T
SRR AT RE

KN FHHoetingZ A (Hoeting
et al. » 1999) #2 Hify H AR RIS £ 7%
(Bayesian model averaging > f§f#
BMA) - gt ¥ LA FHAETT R R )R
B - A A AR THHEIPDE - ARl
I TIEAN BT -

BMA £ /2 # J& 72 FE S 48 o5 22
VR DA B EE TS
i o R S A SR S T A R
% LBk B K o Reftery et al. (2005) ¥
FAMMS5 (The PSU / NCAR meso-scale
model ) 37 i AN [F] 41 4 15 14 F1HD 35 570

R THERE R - BMAJEHE L E
7Y T 50 3 TSR L 4 8/ NRF R FE R - AR E AR
Ba BEOR BM A 7 H 2k B FH 8% >R 5 A
Pe iR T R R B S A HOE H AR IR S T
KRR ZFE LI A B - Sloughter et al.
(2007 ~ 2010) 7REFBMA 53 51l FH At
W& S B TE R b RBIAR A8 -
MAEMET H HIKEER - BMAR B EMA]
it A (Fraley et al. 2007) - & RBMA
(1 JEE FH B e e 1 % -

A SCEE S HBMAHET A Y
I o 23 FEBMAE F R A &) W i =
AE 2 15 St 0 T 340 7 38 RS 1 24/ NI TH SR A
Bl @R BRI PDF G 1 TR B o A
BITFEBMAZE B PDFAE H R THE L1y
FEM -

— - BMATY#A

(—) BRI

BM A & AU 2 | F 76 15 K TH H i B
BYTEBL R - FH T S 8 E By 1 1
e
density function - f&§f# conditional
PDF) -

G2y R MR S THE Y R R R
M fr s fos s fx REFIN K HTHERKL S
HITE¥R(E - HIBMARI TR FHHIPDF &R

FK¥% (conditional probability

PO fornfi) = T 01 (D)

Horfrw, o 2R k8 % B AR BE R (posteriori
probability) » RFAE K HEHHKLET



%kmwéﬁﬁﬁﬁmﬁ$’ﬁﬁﬁéw=

TR AE « g, (v | f) R FPDF » RRAE
5k EE B TR H AR £, 1Y
&t~ y KIPDF -

BMAR)FHHIPDF /] il Ky % PDF 1y
INRES-ES > DUEN LT3R - BRIt
HIEFHEBmKE - B—RERIIEET—
e FEH R BB FEEIM g, (v | fo) © %5 DU
Ji B 1 B R w Ry BE B AT IIRESE S
R4S 20 [ A R B AR 0 R Ry BM A8 Al
THFEHEPDF » HghE Azl (1) F iy
PO S o)

04
1

BMA Predictive PDF

Temperature
1. AR R B - BRAIBMATG i FRYTH
HIPDF/REE - BEHHrRESR AR
HRCE ERIROBR(TPDF » i = BRER AR
IREIt% » 192109 B RN BHHME
HIFEHIPDF -
Figure 1. Schematic diagram shows the BMA

predictive PDF for temperature forecast.
The dotted lines are the conditional PDFs
for each model. The solid line is the BMA
predictive PDF, which is a weighted

average of the conditional PDFs.

i~ R HEE T
FHE B - IR BB rAn (normal
Rt A R g, (0 | ) T
RESTMIHIPDF » HHEEAE Fya,+bf, ~ BEHERS
Fyo » H a, f1 b, 2 FEHREET R
AR BRI Y 2 8 - T B SR FF IR ROR
RlIP
Y1fi ~ N(ag + bifis0”) ©

EFIHIBMAKH, y BYTHHEIPDF (L&
R &y I ER

distribution )

EQ/fy forrfi) = Zwi(atbf) (@)

Hr] ARy y BODREVE T -

FHR AR SRR Y 2 i FE TH SR » Rl R
ME B THIBMA » #E ¥
B EUE AGHEE —HHIE ARV BUE - oL
MHEENE > fldlgammal} A » LT
» B gammady 7 3% FHYBMA
iRl » T[22 Sloughter et al. (2007 »
2010) SCEE PRI -

() W

fEH R B RER T - BMARALHE
a, > by~ wy (=1, ... K} o 52628 > &
AP0 3% P S 288 M B BT N R s AR
A FH B A 1 S 9 2R A B 22 B - AR
HY RS nI Y - B N APk R R
JREB VBT ARG - SR E AR N &
% Z2HIMEEHTEASUKEL Reftery et
al. (2005) Ayl - H56E FREET J5 40
E/NE 3 (least squares method )
B AMELfE ST % (maximum likelihood
estimation) FETTAEH - LUNERBIMLE

H

ﬁnl



B -
B4+ RAPRLD AR P B B L
BT AT R AREE - 4 5 LB KL ¢ 0
FIF - IR v, BUE K (BT
1EL fi BOBRAR TR F AU T -
Vo= @t bufi e

oo e, R o IR AR P IR
AT @ B by » FEHIITEEIR AR/
Jitk » 135

S i~ 0 - 7)

b, = —
Z[U/‘mt_fk)

a,=y - bify

Hrp

o 1

y :;;yxt’fk:;;}(k.st’

{1

n Rl R0 A Fr A B (8 8 -

B BN we koo B9EEHRIEE F i
RBEAME EF 2 - AR A N1 HATT 7] 15 2 4
L Lk 8L (log-likelihood function)

I(Wse o) = zlog(éwkgkmtm”» ’

HiEMEM (Expectation-Maximization )
R AR = o R LS EHE -

EMEFIRRI RN T

W EHBERY 2, & 2, FRI
REAE s MBS ¢ BT £, R ETHHR
B » RZR 2z, B0 o BRAAGET Y22 8
w, B oo FeREE —EPI I HIE - AR
7 30 B A B A B B 2 U - 5
J RHPBAGER A

j-1
A() — Wkg(y.vt |ﬁrst70-(] ))
Z kst K G-
Zwig(yst |f;'st’o- )
i=1

Hg(yy, | frno!™) R BESIARIIPDF » H
ARy atbfi, o BEHEE Ry oV (9 < EF
B 20 2% B2 KEHE w Koo
(EFal

|
0 — )
wi= > 2],
8,
. 1 K 2
20) = S50 -
o = ; Et : lz(lis)r(y” ﬁ(xt) °
s,t k=

DA BRI R AR S » BM AR 22 81
SEEAL GRS
(=) k5 EBMAKAL

{EReftery et al. (2005) Fy~ = »
S TR) — {8 TH i BRp R - % 18] 3E0 G B Y
BMARARIFRZ 6 A (A — /2% (a, > by >
w, K oo) o HEGEIATHY L - B H
R A — 1 3 B 53 B KA B AR Y BM AR
B2 gFEFRRE - B2 KA
SR ay, by~ w0, PEE s [RER
ENGILOR: CE RN S Sk (it AR P I
Wb BB R AR AT 2 8 - 1Rl - K
SR 58 WA AR T i 53 A s A BM AR AU
DA 5y @EBMARE AL » 2 1% K & ELE /i
TEBMAJERH -

= REBTIENA

DRI AR EHR 1T - B —
1B 7% » TR AP € 9 BM A B /5
FEHEAT HE - 0 R SR TR YL AE T T
5 L L (55 1 0 B 3 A
BT T B A - B8 B4 — (T



R EARIRIIREEE - HF TR B9 43
EEERSERE AR EGOEINE £
(—)Rank HistogramJzProbability

Integral Transform

B R ik o 2 H A EE
AR B T B R o A o F R T 1k
T AR B TH A SR o> A Ry Bl AR - 1T
BM A 75 2 48 37 HH 2 Y T A SR 03 A7 By 3
R - K] AR A B b R B B v
B LAY -

B 7 325 B P B P E 2R 8 07 T M B =R
grAn e R RS R T E & A A R A B
RYEAE K el 78 e ol B0 A (K1) {1 &
g - M #EAnderson (1996 ) ~ = p#E
FIBPER Kz EE - n]#EHrank histogram
(RH) ZERZE AR AT 2 A5 MERE - RH
RS AT B (B vE A 5E (K+ 1)l B i Y
el Fr e B EL T - ANE2 AR o [
AR E B RR - KB HE%
A o — el W P O B R st By 1/(K+ 1)
Fit DATg — {18 SR AU B9 B8 85 o 1/(K+1) » 1
T — 1A i Y 1 A R 3 AR SR L ¥ A
18 (K+ 1) &R LR B - 2 BOHE A AR
B SRV A8 (K+ D E & e - IS E 5
RH[E K & 1R SER 500 T — e Bt
TR o AR T e 2 U B AR

R T3 1% B TR 2R S A R o A ]
FEHRHAETREE - 2t HIBMAR A
Y EAE R FH I B R 3 47 0 Gneiting et
al. (2005) f A ERHEE LA probability
integral transform (PIT) H HEEITHK
Be - PITH] R Fy RHAYH AR - H AL

T
& p(x) AERBMA TN FHMPDF -
P(x) Ry HEE R MK E (cumu-
lative distribution function » f& ¥
CDF) - P(x) Bl p(x) BIBATR
P(x) = [Lp(y)dy «
1R AT A BEME x, HEEIRY P(x,) EK
BHI7E - BURPITH JilE - 20E2f7 7R -
PR THHIPDF IR HERE - R REE]

histogram

12

10

Density
04 08 08

02

00

T T T T 1
oo 02 04 06 08 10

B2, RHLAR PIT R R o fl vk il fy S
HeR - g — AR AYRRE R B (E VR AE
% [T A B G A R Al - T DR Y AR A
REBHEVE AL WA E RS -
FERRARAEZ RO T - BB
o

Figure 2. Schematic diagram of RH and
PIT histogram. The horizontal axis is
cumulative probability. The width of the
rectangle is the theoretical probability
for the interval to coverage observation,
and the area of the rectangle is the actual
frequency for the interval to coverage
observation. The dotted line is the perfect

height for the histogram.



FIPITE /7 [ & 2 1R P H Y - HBE =R 5y
X R EERER S X - T ERRY
ZHEBRP(OG EHIZ 54 (uniform
distribution) - 4 » PITH e FAYBE
o8 TR R E - AN A Y RH Y B AU
BEE Ry (K+1) e

fifE SR PIT B R H g {16 EL 5 8 B9 & 5505
AR - EREHFIERMEEEE
B9 > 22 U R RHOZ P 20 i B R 2 vy
PR IMAT - T PTT S 2k i B e 2 )
oA o KILRHELPIT E 77 [ i i B 7
EAHIE - W A DUE R T EE -
(=) Continuous ranked probability

score

Continuous ranked probability score
(CRPS) (Hersbash » 2000) 25 HE
E IR BE FHHICDF -

CRPSHyEHH 5 i 2 (5 Fl A #8 i 3F
7> (Brier score) ¥ A FIMEER D -
CRPSHIAZ Fy
CRPS = [%[P(x) - O(x)]’dx » (3)
Hrr P(x) R JHHEICDF - i
O0r) = {0, x < xo} ,

1, x>x,

x, RHEHME - CRPSH] Ry FHHI CDF HE R
Tt s » HETEAEREACDE &%
TE

i FHCRP S BEBM A JT ik I > 2%
X (3) Y P(x) ZRBMAZNT H KA
FHHIPDFE L CDFR A - ZNE 3
Fy b [ P o BB R T IR P(x)
QI i P ok B T s i P S B 2 2 A1 1K

# (empirical cumulative distribution
function » f§fEECDF) - @3y &
Fiow - [ R —E RS LR AL B AR
H—l B THERME - BT R
T — 18 75 i B B B R 2K B AH [ Y A
oAt - KL HFHHEICDF f HHECDF -
(=) TR [ w6 7 EE 91 R B
MABMATJ; & T3 2 THHIPDF
AT LAGH R AR E o e R TR & - B
WL HPDF | 5%F195 % 43 K7 $5AT i Ky
90%THHNE ] - $23& ] HET R B H{EE A
90% FHMI & M E & L] - B S HEas
AP y90% o R BMAR] L2 17 5 4 7Y
FITEEIPDEF » [K & @ BMA A] L5 2T
BEE R THEER - mEEsS Y BPETS

Predictive COF

00 02 04 06 08 10

i 27 g ] 30
Temperature
o
o
o
&
g 3
&
g 3
@
o
o
o
o
i n ) ) 30
Temperature

3. FHHICDF RERE - _bEEREHEBMA
BRI FHMICDF » AR 5
{5 Y THHICDF -

Figure 3. Schematic diagrams show the
predictive CDF. The upper plot shows the
BMA predictive CDF, and the lower plot
shows the traditional predictive CDF.



ERIATT - RO L BRITER T - &
#ft i1 A BPE R BOHIME A HH R Y B =R
AT THERAE AT R Ry 7 & A - [RIE AT
LAHS 6116 T8 % 4B HR Y f3e A 8 A e/ ME AH0ORy
T14%THEER] (5/7=71.4%) - R
e LT o ] e 7 R+ 5 TR T T
W P B T RS - 5 A W e T i R Y W
1590 78 FL B Y KRB 22 R K - @R
oy I S 1 R Y R R AR AT 0 TR R T
AR SRS TR i A AN E 1 st s -
(1Y) V- =

Vg fm e # (mean absolute
error > fFEMAE ) 2 I 2k 1% B v € 1
TH g B E 2 R 3R 2 AR Bl
B 7 1k B Gl TH MBS SR 04T -
MAEM ARy

1 n
— > Wu-vil>
ni-i

Hp f, RyE EER - 1y REHIE
HAEBERAT - B ERRTE - — iR
TR R B RV S {E B R T T > T
BM AR P TE T FH R AE L2 $F ] TR =R
AR E (RA2) - k) > BMA
Rl o (7 BORCR R EPEFH R -

+ RSB RER

(—) BRI

AR ST BB R s 2 M 17
A B T ks g St 2 JEE R AL B AR ) T 3
1 3P 3l 22 R A B 24 /)N IRF TH
B - bSOk~ Bd6 - Tl
B~ RR > fESE ~ W 5 =

N

FeFe o~ FTEI > Rl T B8
g~ HHME -~ GR - ERARR 2010
FI0H20HF2011F6 H7H » MY
P E R B 2#INFS (Non-hydrostatic
Forecast System) > 1fHiWRF ( Weather
Research & Forecast model ) AYTFEER »
R AR50 B & AT S A L R 150 B
TSR E R » LG oRE A THIE R -
15 L6 % BEE R P e 2 0 1% B TH Y
B -
() BM AU I ok A 31 54

TEAE V. BMAR R - 78 5 3% @ B AU
BRI N - R N BIEE - Reftery
et al. (2005) HyMFZEHRIRA FBATET
SEHERI] P A A 0 A 2 i A (3R] 1R
THRAIRRBGEE N H - HIER R Ry
20108212 H22H#F20114E6H7H -

S 2 2 1 BM AR HY 1 1ok 3 )
i HIEAYEI B R B 10 ~ 15~ 20
25~3035~40~ 45~ 50501 - HiS
Ran@E 4R - EH O REBCRPS
MAE ~ 66.7%F19 0% 78 I & [ & B &
FE 52 66.7%F19 0% TH I & Y B - 1
[l 4 (a)rh » w] DU B D2 0 K ey 31l ok 40
CRPSHyFRHBL i » 1M [E 4(b) 1 A #H/R20
RKH25 RAFIFR A B ENMAE (H#
PRSI - EHSX107) o [@4(c)RE
4(d) 53 Al 2 F L 66.7 % F119 0 o TH HI 1 F 3
HEIE R LR - B 4(c)#66.7 % FHH &
I 72 66.7% » Horf DL20 K By Bk Y
W LB LB AR % 72.9%  {HE4(d)
AP Lt TP 72 L B BT A 1239 0% -



CRPS
= (-]
™
£ 7
2 &4 /
o T 4° o
o=
HN\_
A o
g D.._‘_‘__-o/
T T T T T
T 10 20 30 40 50
Days in Training Period
(<)
Coverage of BMA 66.7% Prediction Interval
'8-. = /o"“"no..——-"‘-—-o o
(=] o____.-o
o -
o
g g o
§g
e -
g
L]
o
I Ll Ll L I
10 20 30 40 50
Days in Training Period
(e
Average Width of BMA 66.7% Prediction Interval
]
§ T _'_,__n,/of
- 0"
§e
| /°
§ T /o
™
5
B8]
L] T T T T T
10 20 30 40 50
Days in Training Period

MAE

Coverage

Average Width

(b)
MAE of BMA Determinstic Forecast

AN

g /
=

o o

_ \o o/

§ | \‘o—o-—“‘/
- T T T T T

10 20 30 40 50

Days in Training Period
(d)
Coverage of BMA 90% Prediction Interval
o_._.—-o\
/ S
E 1 - °
— o

gl /
= /
21
= T T T T T

10 20 30 40 50

Days in Training Period

)
Average Width of BMA 90% Prediction Interval

w
= °
o =
o o
= o=
w o
3 o
w
8 -
D‘ D/
sl /
w
o
T T T T T
10 20 30 40 50
Days in Training Period

4. ZEBMARRFIBRIHIE - (a) RPS > (b) MAE > (c) 66.7% HHIE I #7E LLA - (d) 90%
TR A7 LLBT - (e) 66.7% RN IR I TIRE » () 0% FHHIE I PR - 1

T AT T AT R B

Figure 4. Test of training period lengths for global BMA model. (a) CRPS, (b) MAE, (c) coverage of
66.7% prediction interval, (d) coverage of 90% prediction interval, (e) average width of 66.7%

prediction interval, (f) average width of 90% prediction interval, the horizontal axises are the

days in training period.

Horr DTS R Ry B HA A 5 SR B i B30T
FHZEEH0.2% » 17 LL20 K K FI R 3 1 &
RALEAA20.3% - [&4(e)FIE4(H) 53712
66.7%F190 % FH M & R F R » 35 i iR E
RIS U EN e

BT - RS s MRS B OR e B TR I
W] - RIS BEAF AR AL 15 K - 8
A SR BT TR R B B AR A 1
AR R 20K

e _E e 9 AR B - M R



TSR B R - HEHE R E90% THH
W [ P Y BB 5 R R FHIIAY 10% - 35 2
W% 5 L0305 B R 1% T A 0 1 6 {1 S
Bl LAY 2 EBMARBIA 15 2 B 5 5 40 ]
SHR o o [l S Bl i 4 Fhs - w] 33 2 K
& RHR LAY BMARERUR BG4
N ECRPSERMAE# W B 3 [ K - 17 HL
66.7 %19 0% TH JHI 1k [ Y ek 757 L 491 1 B 2
REE IR R 250 - TH M A B9 5 R thise e

CRPS
0945 0950 0955 0980
1 L 1
. /o
]
o

e
\
\
\

T T T
10 20 30 40 50

Days in Training Period

(<)
Coverage of BMA 66.7% Prediction Interval

§ Dd_'_,_h,__---a-____.ﬂ
G— 0/
i L]
& e
g g .
§ ° y
§ o
el /
-]
I T I T Ll
10 20 30 40 S0
Days in Training Period

{e)
Average Width of BMA 66.7% Prediction Interval

]

8 4 —
L] _'_'_"o/o
0"
§ o
™ o/
g g //
10 20 30 40 50

Days in Training Period

[ES. [FIfE4 > {520 T LS ER

MAE

Coverage

Ayerage Width

B R T o KT IEG B AM A 2 K Ly B NI A
B B AR VT 055 B R AT H R &
EBMA AR » K [IE R R EEZBMA
Fo R P FEL O o B ME A o DR SR IR R 2R AT
SRS 1A [F] M & 43 B EE AN (R RY
BM A& R & b 4> 1 & R} A A9 AR Y
KRG 2

A Reftery et al. (2005) fEHHY
BMAMRII AT ik (KX &

(b)
MAE of BMA Determinstic Forecast

/
e
™~

i ° /
L]
;g-' } \o——‘°/
T 1 T T
10 20 30 40 50
Days in Training Period
(d)
Coverage of BMA 90% Prediction Interval
g
B e
g | c/ o O —o
= /
g i
o
T L Ll 1 I
10 20 30 40 50
Days in Training Period
)
Average Width of BMA 90% Prediction Interval
o °
:ﬂ_ - o/
w o —
o
0/
2 o
w
— 0/’
8 /
w o
T T
10 20 30 40 50
Days in Training Period

Figure 5. Same as Figure 4, but exclude data from Yushan station.
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Table 1. Comparison of CRPS.

THER 51 CRPS
Raw forecasts 1.578

Bias-corrected (global) forecasts 1.379

Bias-corrected (local) forecasts 0.879
Global BMA 1.061
Local BMA 0.754
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Table 2. Comparison of MAE.

THERTiE MAE
Raw forecasts 1.900

Bias-corrected (global) forecasts 1.735

Bias-corrected (local) forecasts 1.075
Global BMA 1.475
Local BMA 1.057
Superensemble 1.146
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Table 3. Coverage of prediction intervals.
. Coverage
THEITE
66.7% 71.4% 90%
Raw forecasts NA 46.2% NA
Bias-corrected (global) forecasts NA 48.5% NA
Bias-corrected (local) forecasts NA 43.8% NA
Global BMA 69.6% 74.3% 90.3%
Local BMA 61.6% 66.2% 86.1%
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Table 4. Average width of prediction intervals.
. Width
T
66.7% 71.4% 90%
Raw forecasts NA 2.949 NA
Bias-corrected (global) forecasts NA 2.880 NA
Bias-corrected (local) forecasts NA 1.612 NA
Global BMA 3.736 4.120 6.317
Local BMA 2.350 2.589 3.940
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Figure 8. Predictive PDFs for the 24-h temperature at Taipei station, initialized at 00UTC on 31 May
2011. (a) Global BMA predictive PDF, and (b) local BMA predictive PDF. The thick curve
is BMA predictive PDF, and the thin curves are forecast PDFs multiply by weights base on

each model. For the vertical lines, the solid thin line is expectation, the dotted lines are 90%

prediction interval, and the solid thick line is observation. The upper dots represent the member

forecasts.
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Figure 9. Same as Figure 8, but at Yushan station.
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Applying Bayesian Model Averaging to Temperature
Probability Forecasts over Taiwan

Yu-Hsiuan Chang, Ting-Huai Chang, Huey-Ru Wu
Meteorological Information Center,

Central Weather Bureau

ABSTRACT

Ensemble forecasts aim at addressing the uncertainty of weather scenarios to the best extent
possible so as to seek the probable diverse range of future weather. If probability distributions of
actual weather are available for reference, this uncertainty can be more accurately described.

First, this research applies Bayesian model averaging (BMA), a statistical method, to the post-
processing on multi-sets of model predictions in order to set up a probability density function (PDF)
conforming to real weather conditions.

Subsequently, BMA is employed on surface temperature forecasts of the weather stations
around Taiwan area. Verification results indicate that PDFs by BMA perform ideally on the forecasts,
and even though the dispersion of the predictions of multi-model forecast members is limited, BMA

can still effectively capture the uncertainty of temperature variations to a certain degree.

Key words: Bayesian model averaging, probability density function, ensemble forecast
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Fig. 1. Seismic distribution of the big earthquakes whose magnitude was larger than 8 in the world

since 1900.
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Fig. 2. The seismic frequency-magnitude law during the period between 1900 and 2011. The X axis

is the seismic magnitude, M. The Y axis is the log(N). N is the cumulative number of seismic

magnitude lower than M.
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Fig 5. The diagram of seismic cumulative strain energy. X axis is the time (year). Y axis is the
cumulative strain energy (Ergs). Open circles indicate the seismic original time in our seismic
catalog and the status of cumulative seismic energy. The cumulative seismic energy diagram is
showed by the solid curve that is connected by the open circles. Line A is directly plotted by the
start and the end points of the cumulative seismic energy. Line B (upper bound) and line C (lower
bound) must pass through cumulative energy diagram and have respectively the maximum and
minimum energy-intercept with the same slope (3.209E+24 Ergs/year) of line A. Line D is the
rate of the seismic cumulative strain energy since 2004. The intersection point between lines
B and D is located at 2017/02/20 ( 1.165E+25Ergs/year) . If seismic energy is released now
by a large earthquake, its seismic magnitude will be about 9.27. But, if seismic energy is still
accumulated, the maximum capacity of energy storage can extend the silence period of seismic
activity until 2042/07/27. Bedsides, in this diagram, the theoretical maximum magnitude is also

found about 9.58 (E2).
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Table 1. The seismic catalog of magnitude larger than 8 in the world

BRI ] M () | A8EE (ED) AU [CIWUN:

1902/06/11 05:00 50.0000 148.0000 8.0

1903/01/04 05:07 -20.0000 -175.0000 8.0

1903/08/11 04:32 36.3600 22.9700 8.3

1905/07/09 09:40 49.0000 99.0000 8.4

1905/07/23 02:46 49.0000 98.0000 8.4

1906/01/31 15:36 1.0000 -81.5000 8.8 1000
1906/08/17 00:40 -33.0000 -72.0000 8.2 3882
1907/10/21 04:23 38.0000 69.0000 8.0

1908/12/12 12:08 -14.0000 -78.0000 8.2

1911/06/15 14:26 28.0000 130.0000 8.1 12
1914/05/26 14:22 -2.0000 137.0000 8.0

1915/05/01 05:00 47.0000 155.0000 8.0

1917/05/01 18:26 -29.0000 -177.0000 8.0

1917/06/26 05:49 -15.0000 -173.0000 8.4

1918/08/15 12:18 5.6530 123.5630 8.0 50
1918/09/07 17:16 45.5000 151.5000 8.2

1919/04/30 07:17 -19.8230 -172.2150 8.2

1920/06/05 04:21 23.5000 122.0000 8.0

1920/09/20 14:39 -20.0000 168.0000 8.0

1922/11/11 04:32 -28.5530 -70.7550 8.5

1923/02/03 16:01 54.0000 161.0000 8.5

1924/04/14 16:20 7.0230 125.9540 8.3

1928/06/17 03:19 16.3300 -96.7000 8.0

1931/08/10 21:18 47.1000 89.8000 8.0 5
1932/06/03 10:36 19.8400 -103.9900 8.1

1933/03/02 17:31 39.2200 144.6200 8.4 2990
1934/01/15 08:43 27.5500 87.0900 8.1 10700
1938/02/01 19:04 -5.0500 131.6200 8.5

1938/11/10 20:18 55.3300 -158.3700 8.2
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Table 1. The seismic catalog of magnitude larger than 8 in the world (Continued)

BRI e () | R () R BEAB

1939/04/30 02:55 -10.5000 158.5000 8.0

1940/05/24 16:33 -10.5000 -77.0000 8.2

1941/11/25 18:03 37.1710 -18.9600 8.2

1942/08/24 22:50 -15.0000 -76.0000 8.2 30
1943/04/06 16:07 -30.7500 -72.0000 8.2 18
1944/12/07 04:35 33.7500 136.0000 8.1 1223
1945/11/27 21:57 24.5000 63.0000 8.0 4000
1946/04/01 12:28 52.7500 -163.5000 8.1 165
1946/08/04 17:51 19.2500 -69.0000 8.0 100
1946/12/20 19:19 32.5000 134.5000 8.1 1330
1948/01/24 17:46 10.5000 122.0000 8.2 72
1949/08/22 04:01 53.6200 -133.2700 8.1

1950/08/15 14:09 28.5000 96.5000 8.6 1526
1952/03/04 01:22 42.5000 143.0000 8.1 31
1952/11/04 16:58 52.7600 160.0600 9.0

1957/03/09 14:22 51.5600 -175.3900 8.6

1957/12/04 03:37 45.1500 99.2100 8.1

1958/11/06 22:58 44.3290 148.6230 8.3

1959/05/04 07:15 53.3510 159.6450 8.2 1
1960/05/22 19:11 -38.2900 -73.0500 9.5 1655
1963/10/13 05:17 44.9000 149.6000 8.5

1964/03/28 03:36 61.0200 -147.6500 9.2 125
1965/02/04 05:01 51.2100 -178.5000 8.7

1966/10/17 21:41 -10.8070 -78.6840 8.1 125
1968/05/16 00:49 40.9030 143.3460 8.2 47
1969/08/11 21:27 43.4780 147.8150 8.2

1970/07/31 17:08 -1.4900 -72.5600 8.0

1971/01/10 07:17 -3.1320 139.6970 8.1

1974/10/03 14:21 -12.2540 -77.5240 8.1 78
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Table 1. The seismic catalog of magnitude larger than 8 in the world (Continued)

BRI e () | R () R BEAB
1976/08/16 16:11 6.2920 124.0900 8.0 8000
1977/06/22 12:08 -22.8780 -175.9000 8.1
1977/08/19 06:08 -11.0850 118.4640 8.3 100
1979/12/12 07:59 1.5980 -79.3580 8.1 600
1985/03/03 22:47 -33.1350 -71.8710 8.0 177
1985/09/19 13:17 18.1900 -102.5330 8.0 9500
1986/05/07 22:47 51.5200 -174.7760 8.0
1989/05/23 10:54 -52.3410 160.5680 8.1
1994/06/09 00:33 -13.8410 -67.5530 8.2 5
1994/10/04 13:22 43.7730 147.3210 8.3 11
1995/07/30 05:11 -23.3400 -70.2940 8.0 3
1995/10/09 15:35 19.0550 -104.2050 8.0 49
1996/02/17 05:59 -0.8910 136.9520 8.2 166
1998/03/25 03:12 -62.8770 149.5270 8.1
2000/11/16 04:54 -3.9800 152.1690 8.0 2
2001/06/23 20:33 -16.2640 -73.6410 8.4 75
2003/09/25 19:50 41.8150 143.9100 8.3
2004/12/23 14:59 -49.3120 161.3450 8.1
2004/12/26 00:58 3.2950 95.9820 9.1 227898
2005/03/28 16:09 2.0740 97.0130 8.6 1313
2006/05/03 15:26 -20.1870 -174.1230 8.0
2006/11/15 11:14 46.5920 153.2260 8.3
2007/01/13 04:23 46.2430 154.5240 8.1
2007/04/01 20:39 -8.4660 157.0430 8.1 34
2007/08/15 23:40 -13.3860 -76.6030 8.0 650
2007/09/12 11:10 -4.4380 101.3670 8.5 25
2009/09/29 17:48 -15.4890 -172.0950 8.1 192
2010/02/27 06:34 -35.8460 -72.7190 8.8 577
2011/03/11 05:46 38.322 142.369 9.0 28050




Investigation on Characteristics of Devastating
Earthquakes Worldwide by the Cumulative Strain
Energy Diagram

Hsin-Chieh Pu', Kai-Wen Kuo', Mei-Yi Ho', Cheng-Horn Lin’, Peih-Lin Leu'
'Seismological Center, Central Weather Bureau, Taiwan

*Institute of Earth Sciences, Academia Sinica, Taipei, Taiwan

ABSTRACT

This research collected the occurrence information of destructive earthquakes whose
magnitude exceeded eight since 1900 and assessed the occurrence probability of hazardous
earthquakes globally for the years to come through the cumulative strain energy diagram, which
heavily relies on credible seismic catalog. Therefore, we have acquired seismic data from the U.S.
Geological Survey (USGS ), which is one of the most prominent organizations conducting seismic
observation and which supplies comprehensive seismic data. Analysis on the calculated cumulative
energy from this catalog indicates that since 2004, the seismic activity has entered a more active
period from a steady one. This active period is likely to continue until early 2017 all over the world,
and the unreleased seismic energy approximately equals to that of an earthquake with a magnitude of
9.36.

Key words: cumulative strain energy diagram, seismic activity
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Table 1. Parameters of Meteorological stations of Central Weather Bureau.

SIHES LS N =0 N R 3 N[Z 44 -1
Wk | w8 | BEes %%(i)@’g ”ﬁffg " iﬁfﬁ yﬁiﬁ?s
SRR | 466950 | 1910 7.2 101.7 | 0.110 7.996 -0.288
BEER | 466910 | 1937 7.3 825.8 | 0.150 3.709 -0.217
PrT-| 466930 | 1937 11.0 607.1 | 0.150 2.311 -0.386
HA®| 467650 | 1940 8.0 1017.5 | 0.150 1.092 0.035
” FKT | 467610 | 1940 12.8 335 | 0.150 3.387 -0.061
o |FTELLI| 467530 | 1933 15.1 24134 | 0.150 | 1.266 -0.104
G| El | 467550 | 1943 9.2 3844.8 | 0.150 5.061 0.368
= Kk | 467540 | 1939 12.7 8.1 | 0.244 2.728 -0.299
TIEL | 467620 | 1941 125 324.0 |0.110 8.501 -0.458
HEE| 467300 | 1962 9.1 43.0 |0.125 8.212 -0.137
FERE | 467770 | 1976 332 317 |0.130 4.544 -0.382
BRI | 467060 | 1981 34.0 249 ]0.150 2.264 -0.015
Bk | 466920 | 1896 34.9 53 0250 2.311 -0.198
L3 | 466990 | 1910 12.0 160 | 0.173 2.458 0.017
Wi | 467571 | 1991 15.6 269 |0.194 2.445 -0.006
Grh | 467490 | 1896 17.2 84.0 |0.250 1.444 -0.082
FF | 467480 | 1968 14.5 269 | 0.167 2.275 -0.282
an T# | 467590 | 1896 143 221 |0.194 3.347 -0.062
HEE | 467660 | 1901 11.4 9.0 |0.150 2.150 -0.298
S | o | 467080 | 1935 26.0 72 ]0.150 1.540 0.001
il | 466940 | 1946 34.6 26.7 | 0.250 2.603 -0.354
B | 467350 | 1896 14.6 107 | 0.150 4.552 -0.361
EF | 467410 | 1897 53.7 408 | 0218 2.364 0.060
Wk | 466900 | 1942 12.2 19.0 | 0.150 2.447 -0.316
e | 467440 | 1931 14.0 23 [0.150 2.537 -0.174
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Table 2. Height changes of anemometers at the meteorological stations.

1961 ~ 1975 1976 ~ 2008
Hil
11.0 m 34.6m
1970 ~ 1987 1988 ~ 2008
(Ut
9.0 m 11.0 m
1961 ~ 1986 1987 ~ 1992.1 1992.2~1997.8 1997.9~2008
="
234m 33.8m 23.7m 349m
1961 ~ 1987 1988 ~ 1998 1999~2008
‘ELRE
94 m 14.8 m 26.0 m
1961 ~ 1991 1991 ~ 2008
Hr
132 m 15.6m
1961~1962 1963~1987 1988 1989 1990~2008
B
12.5m 16.6 m 16.85m 17.4 m 172 m
1961 ~ 1984 1985 ~ 2008
TBEE
10.5 m 332 m
1961 ~ 1988 1989 ~ 1997 1998~2001 2002~2006 2007~2008
=1E7]
16.3 m 36.6 m 37.6 m 36.6 m 53.7m
1961 ~ 1975 1976 ~ 2008
[y
12.8 m 140 m
1961~1987 1988~1995 1996~2008
L
8.3 m 7.4 m 73 m
1961~1975 1976~1987 1988~2008
59|
12.8 m 123 m 12.8 m
1970~1975 1976~1987 1988~1990 1991~2008
W
10.5m 8.7m 8.8 m 9.1 m
1961~1987 1988~2008
CAL]
142 m 14.6 m
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Figure 1. Distribution of the mean wind speed at 10 m height above the ground.
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Figure 2. Trends of spatial-average wind speed and air temperature in Taiwan.
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Figure 3. Mean wind speeds of the meteorological stations in Taiwan.
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Table 3. Declining trends of surface wind speed in Taiwan.

— R R B A SR A G TP R
(m s decade™) (m s decade™) (m s decade™)
=184t -0.138 -0.082 -1.272
#R eyl -0.158 -0.208 -1.745
A -0.117 -0.147 -1.371
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Figure 4. Long-term trends of mean wind speed and winter wind speed. (a) Rural area; and (b) Urban

area.
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Figure 5. Long-term trends of air temperature of rural and urban stations.
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Figure 6. Long-term trends of wind speed and air temperature of Yu-Shan station.
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Figure 7. Long-term trends of maximum wind speed during the typhoon warming period.
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Long-Term Surface Wind Speed Trends over
Taiwan between 1961-2008

Chia-Ren Chu, Yu-Feng Chang

Department of Civil Engineering, National Central University

ABSTRACT

This study uses the Mann-Kendall test to analyze long-term trends of near-surface wind speeds
in Taiwan during the period of 1961-2008. The meteorological stations of the Central Weather Bureau
were divided into urban and rural stations. The results show that the annual average wind speeds after
1974, at most weather stations, have a decreasing trend, regardless of urbanization. Nonetheless, the
decline rate of urban stations (6.30% decade™) is larger than that of rural stations (3.21% decade™).
The average wind speeds during winter months (November — February) also demonstrate a negative
trend in most stations. In addition, the maximum surface wind speeds during the typhoon warning
periods show a steady decreasing trend. This wind speed decline in Taiwan is similar to what has been

observed in other countries and is related to the change of East Asia Monsoon.

Key words: surface wind speed, long-term trend, urbanization, Mann-Kendall test



REBWEA9EHE 1Y

£ B L IR H R R B
"R ERAAHERE > "HATAGERE, &
"SR B T RARE

MEH
R GRR ST

wW =
B AR R H BRI W R G K FN A - HFRER - ERE
AN e RS~ BRI JT5ROK - FHERE JTANEAR - JCH BB S5 H AR R
TS » B R o KA AT 450y B 5 A @ ry 2 B ~ Bl FE e 20
BAREOY B BEIRAE o DU B P S 7 S A 2 o SR M R 1 e W B 2 B D SR
PEZG3AT - BRI 2 BUR S B A0 ¢ AE S E R IR AR (SRH) ~ By el H
i1 RE(CAPE) e E B - 1R fig B fe B (EHD FAHBAME = - 2 TESR B AE1FSE LAn
W BRRTHAML RN E R LE RIF TR - HHATR AR
BB RN ER - FEN I - AR BB E R
ToBifE » EITHTER R MR - DIHSGEE IR RS W8 » FELUES]
B~ B HEY -
AT RILE N AR R REREE T - PR B FAH B B2 1€ (SRH) ~ ¥R
I HALRE(CAPE) ~ BE&-IRERE 5 BU(EHD) SE B 2 MR i e 1 2 5T - 3
DI AR R REREE T » 15 Se Wy 22 B H S 2298 6 40 & B i = o
ASCE Se gt ¥ E B R B A A B AT - AT BB TR A B
G G - T TS BB R 22 SRHW A0 & R AR B DL
6hr ~ 12hr FEHIEORIAR BE < RS2 SR 2% B e AH S R 2 (SRH) ~ #3i mT
fBE(CAPE) J HE & -1F fig K 15 B (BEHD) 35 2 800 Mt 7 A AE 228 AL A it 1 B R
EGh - MITESR T WA A Rz B EE B R U R R A RE [ R
PREY] - HEMER -
BRG] - [ FRAHBIRfE R (SRH) - H AT FAZRE(CAPE) - RER-IRfER 45
B(EHD) » @AM (supercell) - HyFi(streamwise) » HE E 1Y [A]I7
(crosswise) » JEf& Bl (hodograph) » & &5 [E(box-and-whisker plot)



jll[

_\'ﬁ‘fj‘

BARRAHEGTEEFRH R —1fi
B E SN EERM " EP H®
WmiE A% 1 (Graphical Forecast Editor;
GFE)RIBE R - 0% 1 fif B e A = rp |
AP EERE Je 3R 22 AR - ELE B
ABAHEAZ B BB E R A - A
T2 b1 36 6 0 L 2 & BE B2 W) P R AT 4R
o TRV E 2 B - B R
12 5E R (Storm-Relative Helicity ; H55T k
SRH) ~ ¥ 7] I AE(CAPE) J fE & -1
fré 45 B (EHT) - BRI LI R &R TH
HrpoL o HIERE R R R - T T &
FHESE ~ WE > 8~ R e E -
B 7 S 0 PR 22 i R 2 A 3 I e
VAT IR E R R FHIHE B A -

AN LR R ol B L g AH IR G AR
(SRH) 2T A 51 A K H 53 H1 Fl 7 e
MEEYHEE  REANFHRIOUERLZ
— Bl A AR A R A g AR SRR Y
SR 55 B IS AR T T B RS o B K /Ny 22
B BT B JIRME o 19614 Betch
ettt 7R e R R - I AC 80 AR
B2 35 7 B 2 T 52 052 fie A K SR Bl P Y
BRK - A B H AR K S 53 A TH e A
H o &2 19894F Brandes g H1 Jil Z& FH ¥ 2
Jig B A (RE A U » 2003) » TR
Woodall(1990)38 Fs A T AH B 2 12
PR, A B IEHEEMER R RA TR
BEENE - RBKEER - e 8 £ R
H U7 [l o3 8 B R 5 1) Y G SR R

MBI - EX5 G SR T K RIYEEEE)
ERER AL ~ WO AVIE DL - R H Ko A
R BRI A 5 EES T E
A R i B TRy T L (B0 R S e =i JEE Wk )
B R e G (BRI R B e =i 5 &)
IRF - A RIS 2 9 2 AR MR FF (R M 55
2007) o K g B2 fE BE K B 0 il R B Y
R AT 5t T 8 5 R R — B B R e
B2 S A B o e R S T R R
FOE - R ARERWNABAEMMERREME TH
BB I & > MESE - KWKRELE
A - AER-ER e L R B i B

B 2 A 22 SR 2 B E Y B
s BRI o JE A R e B
I 2% 455 41K g T L A U7 o 5 A 1) RS
B R #BRNEE > ENA/NUR T
o 18 B 9 g o oy 5 e S B Y SR S AR
IR BITHS R 7 3 B A 73 1) B 3 JEE R R S T
BRUTAGRE - TR LR, 2 HE
ZRVR O AR B IR R —E 2
o - 1l o7 R P S S O K R R
RAHE A A B & - B AR R % 4k
BRI BR 1R R A e Ja\ o BE AL B TR AR 52 -

JE\ R AH B R 5 L B B AR AE SR
B E 2 A T SeRE #E L - R R Rz i K
(3% e - FE FR P B 2 B 2 B v] DUS 2
JE\ % — S EH AR o SRR KR 2
SCRRFHERBIFSE 5 2R i A A R
(SRH) ~ #f¥i 7] FHZBE(CAPE) e HE & -1
fié FE fa # (EHT) 32 HI R s A R M (A0« 3t
Tl ROBE ARG~ s R AR A SRBE
@ E YRR - Bl E g e Y e s D



RRGEEFN - B BB KE - K
JB - DEERF)NRZ B ENTE L - R
R =HHRBENNBREFRERITD
fERMER - EHi AT FfZBE(CAPE)FESE R
WRAERMPEESH IR > EANB
Erf o BERTVE BRI - ATRERE B E W
PGS o T A A R R R Y R
o o R R A B B
BN FERNRAERREY - B
e PR A AE I A B IR L FR BOR Y st
73 o M5 KR KR 3 A Al e & - 1R 2 45
B B ORE - B R AR - ¥
T ] FH AL BE B BE B - R e B FR B = TR
AR R AR AR RES -
KRN R R A - Rt
PRIAE B BB - RS 22 18 R A
) H B R K i B R R - IOHT S 4R
FIRNZ @M@ GRIZL - KEFEER
KBIRE - P REABHAE T T
RN R A o (TCERFE) ~ "M =
fRESE  (SW-SHE) ~ "IEiH ERE
J& 5 (FESW-SH) ~ " #EmEmEE, Kk T
BEMEN , FHA - PFREREEEE
AL - BOREH 0 R DAY H E
AT R - e ER AR
ik B R SR R T 9 St W 3 O L
PIH 2 E(SRH ~ CAPEAIEHI ) Z Rk -

= HRE R R IERE

HUUER TR KR TR E RE BRI
FEY) > E RS B E R A R EBR BRI
A EYIEFR » AR BB R 1 R

il 7 A I R MR R A B AR R o T AL
AR B R AR A A R
SEENAIRH AR B - BREG R T BT
FRER ) Bl T HEERY] ) KR EE o B
JIANRE T B ] P E R B
[MEENERUEIE €5 N DR Py ¥
B SR 2 AU A R K I (o
2001) o 58 JE Fe FF 5 2 o B 48 — i T
HARER BRI - w5 A FR R
Fe A an WIHERT » T R 2 A 3 e )
o 2 3 AR S R —EM TR - 5
Hh - MLERA(1990) G FE HY » 7 HE st fELH B
HROK SR AR e B 2 ST Y
(—) B < B E)
FAE1963 G- Newton R 15 7H i #% &
BRER Y - B FUAY R St R 2 1 B R FiE
e FE VI BR -+ th 32 R B = R T o
g8 iR — R /S
3% e R T R Y 51 3 A 3= E B ) B
(hydrodynamic pressure)f & » EEH
AT A B A 2 52 45 0 72 A2 — Y B TR
RS - K o R g m G E) -
ByerflBraham®§ 23 - /NAYE &
B ES — Bl okm DL R Ay & —
B 8 R E E YRR - 8RR
MR R B B S8 (T - 2005 ) -
Browning(1964) % 2 Hi B A H B 74 Ja
FRZ T THEAM  (supercel)IEE %
= (multicellular) - fifFEFERIUE Ty
SR storm -+ JHL PRI A i S B8 WY — e 3 A Jit
JRZ B A2 IR - ELAE A b A 3 R
R #EA BRI RIS B -



B E TR AN BT &2l — K FE S
FEME R (v B R BR AN - B3R B 3 5 JE Y |7y
R E B R E D 6 2 B R R L RE RS
Blr S Rl -t R A B RS
YR AL E B S S A 1B
Fujita(1965)HILL T B #& R T JJ |
(Magnus force)f# B R R 2 » i)
A o BR B 1R I LR — SRR
A+ ANER IR 2 R AE TR - TR R BR R
R - AIER IR 2 R BE R R A
M o MiNewton(1967) 1 KEM 1 ERHL
JB\ I E R ) R T R A ER - R
3 i JE A AE A1 A AT DU 5 B A R R B
M4 Gy (Newton, 1967 5 17, 2005 ) -
1E$ R R A Te - AR 53 H7 IR
WS By R U] BR B A R 1 A 2 AH
W A i — i 5B H 55 SR A I RE R
i E R BN ENRI AR E
R |EEYIN MR 8B R
FEam o~ N KRR dy B BE Ry R 2% -
EAFE A 2 B KM (supercel ) AHRBH Y
W EE R FERBEREA
HiryRY] - HAKRE 89\ & b §eh G 5
Oy Hh =R - & H MR o R g R Y g
WERIE) S5 T J1(FAE S » 2003) - ik
Gh - JRA i S T DL 2K A B EE R Y R
RS EE o 7K S BT 32 2 el K S R B
HELPTEE RS KSE A
R FE A JR T e A 7 S B L R 9 0
(2 HE14) - KRR/ N g
S35 BB K /N IE B - AR 98 R 2% e )
I B R\ U RE fR - 040 7K V- i JEE RE 4

A JE 5 1 B T SR R T 2E R e i RE
EIZE A& 3 Hm B (FEAE 05 » 2009) -

MRS L B R R R Fe B B (UCAR)
B SE IR I 52 SR B Jm) & TR B 3 1 AL B 2G5
B ZH (Cooperative Program for
Operational Meteorology, Education and
Training; COMET)# M Z 8 » & &
FMHE AW " EE ) BREKEIEE R
B ARy T E N A
(crosswise) » [Hh[RF HE F 39 5 Bl 2 B 3
IEAHRA T R A AR T OPT ) B’
S5 B K S B e o bR A T U FE T Ry
"HSEYE L (streamwise) o b IRFE L
B = 3 5 TR AH B o AF — {18 A S L
B AR SR TR A JEL 2R YA 22 ST 2 7K
S B 1) R 7 ) T B I SR T ) Y
T Y5 E IS | (streamwise vorticity )i &
J\ S b 1SR B AR AR R L B A T o
FoEE WA - ok e EER - el L
foliy 0 AR S ARSI AE Y R AT R R 0 8
el i S IZ s/ o [RIL - L 2% FH A
R i 5 EISCR 7 30 A T T D R A
JB\ e RURHY 58 + T 38 L8 K] - SRR A
1K g = B R YR SR BT ~ U 1) e JE 2% Y SE
g -

fR#EHolton(2004)# A K ik H
Klemp(1987)f5H » 7 B H A Y] 517
b = B B N AR - TERYIRY S~
WA 25 A — B e = (1 2288 ) B S i =X (1)
G R R e (& 1.z a) -

@ 1 R HEE LY 7K SE SRR B S
TR RG] 5 17 CEAR ) » BEIRESTIEAOR



(a)

i 1. SRR ) 5 [ 2 b T SR R BR 5 L 1)
AR GAER » 15 (a) B YIBE & A e
I (b) VST = M (25 L Klemp
[1987].)

Fig.1. Pressure perturbations arising as an
updraft interacts with an environmental
wind shear that (a)does not change with
height and (b)turns clockwise with height
(Adapted from Klemp [1987].)
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tornado super cell, under extreme wind
patterns EHI (EHI - Davies, 1993), the
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1994).
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Fig. 6. SRH-CAPE diagram of various weather patterns (during the survey period from 2008 to

2010).
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Fig. 7. SRH of the box-and-whisker plot of various weather patterns ( during the survey period from

2008 to 2010).
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Fig. 8. Same as Fig.7, except for CAPE.
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Fig. 10. SRH mean absolute error (MAE) between various models objective data sounding and Ban-
giao sounding. (during the survey period : from March 28, 2011 to April 2011, 26, a total of 60

cases).
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Fig. 11. SHR 6 hour forecast of mean absolute error (MAE) between various models objective data
sounding and Bangiao sounding. (during the survey period : from March 28, 2011 to April
2011, 27, a total of 60 cases).
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Fig. 12. Same as Fig 11, except for SHR 6 hour forecast of MAE. (during the survey period : from
March 28, 2011 to April 2011, 27, a total of 60 cases).
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Fig. 13. The SRH physical mechanism process map.
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Table 1. Weather patterns qualitative relationship between SRH, CAPE and EHI.
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An Applied Study on SRH, CAPE, and EHI to
Convective Storm Forecast over Northern Taiwan

Ding-Yi Lin
Central Weather Bureau, Taiwan, R.O.C.

ABSTRACT

Convective storms (CSs), characterized by limited spatial and temporal scales, are among
the weather systems that primarily cause meteorological disasters in Taiwan. Despite CSs’ profound
impact, weather forecasters have restricted ability to issue early warnings of them. As a result, to fully
understand how CSs are triggered and how they can be correctly forecasted in advance is definitely a
very important issue. Storm Relative Helicity (SRH), Convective Available Potential Energy (CAPE),
and Energy-Helicity Index (EHI) are significant parameters that are commonly utilized by weather
forecasters as tools in prediction and scientific research on torrential rain events; but few studies
have proceeded about systematically analyzing and applying these parameters in connection with the
characteristics of CSs. Accordingly, this investigation employs the routinely operational information
from the Weather Forecast Center at the Central Weather Bureau as a basis for CS forecast research,
so as to improve the short-term forecast ability and thus to prevent and mitigate related disasters.

In this study, SRH, CAPE, and EHI are utilized to investigate the climatological characteristics
of CSs to attempt to construct a conceptual model for CS prediction under certain synoptic
meteorological conditions over northern Taiwan. The associated essential concepts and theories are
reviewed first, and then, after quality control being conducted, statistical techniques are applied to the
collected data. Verifications on the initial condition and 6-hr and 12-hr forecasts are also made for the
SRH based on the sounding data by major numerical models. The primary results indicate that SRH,
CAPE, and EHI have great potential in the short-term prediction for CSs over northern Taiwan and

can be further promoted in the operational forecast.

Key words: Storm Relative Helicity (SRH), Convective Available Potential Energy (CAPE), Energy-

Helicity Index (EHI), supercell, streamwise, crosswise, hodograph, box-and-whisker plot.
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