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AFHZESTHT 20052008 FEBEZR(5-10 H)T543HIBEE T 7 -4 %57 (afternoon thunderstorm, TS ,)i%22
IHFHERAFIILGE TS, S EAYETAR AT (preconvective environment) » i #¢ R L R 2 B VEEA TH
1B ER 7775 (Afternoon Thunderstorm Occurrence Potential forecast using Fuzzy LOgic, ATOPFLO) 4%
EAM TS, SEAVERER T - ETILEE TS\ iR ETHE -

WFEaE R - AE4RBERIT FAVIR S » HoP/ NFp A R (E 88 4R 7Y 1500-1600 LST i - H 5
PR AR E - FATURGE RAYRE T b - BE5h > JLEE S L HRAI R &8 P R Ry
T EP RV US BB 2V R - R RRGR > SRR s o MR EL R 2 N oy
TEUR - (AR HORAVAR SRR N - IR OK LR & B A/ K R ERE G LA tiE S
FEOE TR EIRATA MR - &€ ATOPFLO YRR S 45R - DSl HE (L 1 FARIS RN THYE S
> FEIRHEBURAEERT G EERFR T TS Y A thin i E R ay A -

FHEE R B THHE 8 (Critical Success Index, CSDEEfE ATOPFLO 75348 H i 948,52 5 (Central Weather
Bureau, CWB)TE# TS, (Y, » BURIRA CWB FEITH#R A BETERAESS > i ATOPFLO RIIF[ AR
BEHIRAERR B Rt BAECEMAITHRIE - ATOPFLO HATC 58 R E G I T4 LTI
RARAE R GI4TIR T NG BIE AR TS, BEMCRTHMER - MBS 2B IR FEHR
q: o
RASEE © PR - BERAIEREER T - 1R - ATOPFLO R EUVESATHH T A

77



78 RAFHZ

[l

—_ ﬁﬁ

K7 EZEEHN B G EARES (2005
—2008 £ 5-10 F) fEF94FEERIE THY PRI
(afternoon thunderstorm, TS )52 » 0 FI| P 5 %
i (fuzzy logic)fffas 1L GUEHIIE TS\ I EUE
EhTEE 5 /A (Afternoon Thunderstorm Occurrence
Potential forecast using Fuzzy LOgic, ATOPFLO) -

Fvw+HE— 5%

HRARRIAG » CHERRE - TP AR
(Central Weather Bureau, CWB)fY7E#; B 7E% (F
G EEN B WRTHIRETS - FUH
Hh N RURE S B 8 A R R Bt R 7 LA REER 1
el A o IR E F ALY &8 (1) -
LUARA ERE A A B ERERR » AT RE B AR RUE IR
HAE e L A2 B A R T 2R e BT 7 (Akaeda et al.
1995; Li et al. 1997) « JERER L -1 N Rim

7 G& RAKL
25.0—2{{, CWF
24.5
= 24.0-
[«
g
q) Id
< .@F
5 23.5
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-
© <+
q ¥ RCCG
23.0
Il
R2.5 >1500
>1000
> 500
22.0 % >2°§
RCKT >
\ \ \ \ \ \ \ \
119.0 1195 1200 1205 1210 1215 1220 1225
Longitude (°E)
B 1 EORESIH AR E - KO B - = AP EURYE S H R ek s S TP RS R

JHI Z.4% (Vaisala Total Lightning Detection System, TLDS)E G - TE 57 ~ IESREAE BRIy B CFREEZE ~ #HiH
JISEERR Sk o AT B (A 2 RS TR R A [ o
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REFUEHRAL » ATRHHEE A TSA VAR
{£(Johnson and Bresch 1991; Chen and Li 1995) -

It > fE R S8 & - HHP e
W Bl > ARy B L B F2 Y52 2 (Chen and
Chen 2003) °

BIZUELRU TS [REAYPTER - s8fE ~ Z2RH ~ B
EhlERKE R - FEM NS E
FYE4-(Huntrieser et al. 1997) - g1 ¥#fig s/ N &
BB > A5 B At 1w A ER R AT A 2
(Weckwerth 2000) L Rz i TR AE FTHIPRA(Lynn
et al. 2001)F - SEEEF(IERER P TSA HYHF2257
A A B E REIPREE: - B T RESTTHER TSA >
— BB U7 b Ay R AT R BT (preconvective
environment) (N7~ - {IFREE ~ B UIRIAHBRE
(Fuelberg and Biggar 1994; Huntrieser et al. 1997)
%o B ATH RS TR T A - 55k F
P& 2[Rl AP SR R AN B > TR B GE
T Z 80 I 22 FH T Y T S (Watson et al. 1994;
Shafer and Fuelberg 2006) -

Jou (1994)$t %44 A AL GBI Y $f e
TTEZE T - BB EIR R4 AT &
LR R P R YA (outflow) L 3% JEUIE R Y R
ETER - KA RN R SR RS & R I
fins&E(Wilson and Schreiber 1986) 0 H B2t F1N2 R
WS AREEARR - NIt FEBRZRAYFR - $UE
Bl 2 AR A E0E Ry L LR [ 240 e
o MAREAERSERILE (ARELF
1996 ; [H5F 2001 ; Lin etal. 2011) -

—LERFZ2(Chen and Chen 2003; Chen et al.
2007; Kemns et al. 2010)E24&8F5H, » [N A= =fiE
MriEHI-REIEUAIE L - (ERATS TSa BFZE 3 HiHYHH
S FIRA] o R AR IR P Bl it ey

AR T

A & 79

HIEBNE R ARG TS LS TS HIRF2E R
WA IR ZE Bt ETBNE R - ST e S9SN
T HEEBIR(TSA days)fIEEE 45T (non-TS,
days)HVBFATEREE 2 FFEGE R - RFEREE A
[ BRI ENEN ST B ATERIE A 70 TS A SRR
B THEESNRAVI 2 FHECETEE LA e s
Hh o S AR E BRI EN -

H ATE A2 TR R R ARSI -
LG 75 SE R S Y IE 2 [ 7K FH #iz (quantitative
precipitation forecast, QPF) » #1553 gk AT HME K
AT I (0 - 5 ¢ TH #i (analogue  forecasting;
Panziera et al. 2011) ~ fir#%EH H #ME % (Lagrangian
extrapolation; Germann et al. 2006)DL k2 45 & T 72
BERHVEUE R A TH#H (Atencia et al. 2010)% » 55—
ER AR - U@ A2 — Y
RO B AT 00 K SR A 4R BRI R (I3 4R 1A
BE Y 57 #7 £ 1i7 (Klir and Folger 1988; Kosko
1992) - HAREJTHI] 2= [ S0 R & a1 T Rl A
BEA SR A 47T (Mueller et al. 2003; Cho et al.
2006) » FT-HECHEEZ EAPN KRR L
ERERAINEEIECE=2 BN ¢ Sk =t A R kS ]
(Vivekanandan et al. 1999; Liu and Chandrasekar
2000) - = 5 g & E & | (Bianco and Wilczak
2002) ~ FERFEZK[ELREYERMN S 8RR (Berenguer et al.
2006; Cho et al. 2006; Gourley et al. 2007) ~ 35755
[ 7 & (bounded weak-echo region) FY {5 I
(Lakshmanan 2000; Pal et al. 2006)L Kz PEEHYTE
S(Kuk et al. 2012)5 - BUHEIR i E R 40H
R FRHREIZ AR RIEFESE S - AR FEE 2
4% ANC (Auto-Nowcast System; Mueller et al.
2003) - Jth 2 RSB A SRR EUIER - [
R [ PR E R B R i 7 RIS R 6 9]
A~ B REBURGT UK T H A R S P
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THH -

AT TSAFHESD » WMo tra sk
TSA FVEIRAPRE 2 R - M S
EE B S EATEH )77 ATOPFLO sKTE#H AL &S
TSa SRR - B EHRICE R TE 5 2B
=Hi G ERE TS YRR ZZ 8 LRHE S SEIUET
IIMTESISHEIERSE & AL TS, HIEDRATR
B 5 BTN ATOPFLO J7/AHEIL
Kot 5 SEoNEALRAS R

= BRESHTEE

Fo T REST S E B P U B S R
BHVEIR(EZR - ARERE e CWB RERIE -
ERRINGEARREGEE 1.5 BIIARSHE
RUEESEZEQEE - RRE) - ikt - £UF
IBEZEHAR] (2005-2008 4FEHY 5-10 H » $£ 736
K)o B 27T KRB IISHEERET -

FEAE 277 RIYSS&AREIE T FI A ENE
BT E R 22 R AR 21 E - B B
E #}ith (cloud-to-ground, CG)PAEE R (5 (E F2 1%
PRIEYEF 22 LA TSA HY%RF{E(Tapia et al. 1998;
Murphy and Konrad 2005; Steiger et al. 2007) »
FEAEE R EEE A EREAIPIEEE N
% %% (Vaisala Total Lightning Detection System,
TLDS)AHeft - M s 4= Bl a Rl - B F 5
P DB ESR (S5 RMU(—)/NET) - i
ISR 2= R A B A IS TSA 22 fEHY
[ e BB LRI RUE R > MR B AR
SRR FHEIA T (predictor) © [ 1 PR T _EAICE
BRI AR A . -

(—) BEEH

BFEERIE R CWB it 2001 FFEFEGE 52

A

g Fo+HE 5%

EBEAIVUREEHD IR L E #E—T1 53 LLI(RCWF)
163 (RCHL) ~ £ (RCCG)FIZE T (RCKT) ([
1) GAH Chang et al. (2009)Ff i 17 i FE AR H]
AR A B (hybrid scan) ST &R E
FEffll(quality control, QC) » LAJERRIERE/K[ELR » I
EEAEE 10 785 ~ RIS Ry 0.0125° LR4REHY
ZHERE SIS ) ERH(Zhang et al. 2005) » [HE
Tk A2 E BT HT TSA FYRIERE - FEZREH
B EBUIE R LB 6] 2 416 7] 2% Chang et al.
(2009) -

(D) 1EHBE T EVESITRE TSA73/E

ATOPFLO

ATOPFLO $ffe i B SR Bl (77—t b L
(membership function)— 3= %2 F {[E BT %7 Al
BRSNS - THER T E 2250 RyiiaEn Al
uh (AREEE ) « PR (UREGFBERIR) Ky
41" (persistence) T = KK ( FHEIAT-HYZEHL
B TL(—)/NE ) SR K HIEE S 5 B Critical
Success Index, CSI; Donaldson et al. 1975)ff15%%
AN THIMEEE - (HREIERS TS S84:HYMESR - CSI
Rt 54y (skill score) LT #F 2 1145 1 (Huntrieser
et al. 1997; Mitchell et al. 1998; Mueller et al. 2003;
Mazur et al. 2009)#%5 s FH A TH#E /NS
M R SRHVAERERE - LA 2RI CSI &Lt
S E Ry R E S TR THERIN TR BB R P EAR
#E o ABAHFTEH 20052008 4 5-10 HHYERIFLIE
&} o calibration dataset)zZk 717 ATOPFLO i »
2009-2010 £F 5-10 HHVE I BRaEEfL validation
dataset ) Pl AL L THEBE ) - ATOPFLO HYZ
JE AR 2 R - RSB (HAHER
SBHN S T ) -
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1. Input
Station 3. Conditional probability functions
12 predictors (see Fig. 8)
2. Frequency distribution functions lp' -
i (See Flg 7) 1ecewise linear curves

Sounding - -

16 predictors 4. Membershlp functions
(see Fig. 9)

Test weights based on max. CSI
28
> W,=1.0
i=13

5. Get sounding 16 weights
(see Table 5)

6. Persistence
if preceding day
1) was not an undisturbed day, L29= 0.5
2) was an undisturbed day without TSA, L29 = 0.0
3) was an undisturbed day with TSa, L29=1.0

Likelihood =L,

12
W, = 1.0l
i=1

5. Get station 12 weights
(see Table 4)

12 28
Likelihood ,,,, = ZLI xW, Likelihood,,,,, 4., = ZL,. xW,

i=1 =13

persistence

Take all 12 predictors
as 1 predictor, STATION

|

7. Take all 29 predictors as 3 predictors,
STATION, SOUNDING, and PERSISTENCE

Take all 16 predictors
as 1 predictor, SOUNDING

Wrimon +Wsounoma + W pprsistence = 1.0‘ Test weights based on max. CSI

8. Get 3 weights: Wsrarion, WsounninG, and WrErsiSTence
(see Fig. 10)

12 28
Likelihood = z WSTATION([‘I xW, )+ Z WSOUNDING([‘z xW, ) +Wprrsisreve X Lag

i=1 i=13

|

9. Forecasting TSa

> 0.5, ves

<0.5, no

if likelihood {

2 ATOPFLO ZHUBSATHE T ARAEE o B b L F0 w53 HI R AT sE 8 A4 iR (likelihood) FIHE HE (weight)

1. FEZRAR kL (frequency distribution function; days BYIERME » Bl & non-TS, days BRI
2 2 Step 2) —554FEIREE T 0 oAl Bl (FRI() 2/NEEE 8 ) -
TS days £2 non-TS days RIS 73 UEFaH 3. Ef/E k¥ (membership function ; 2 7 Step
E(—‘)/J\,E_ﬁ] ’ @ﬁ_’{?ﬁﬂi%ﬁij/ﬁﬁﬁ 4) —E%Eﬁﬁﬁﬁéi‘fi(piecewise linear)E]’\]jjfi

SRR AT (FE I 1N EklE 7 ) -

e {1422 R 8 ( conditional probability function;
2 2 Step 3) —$t¥#f TS, days - K —{ETH
AT BRI A R Rl 0-1 2
I ROTEERE S - 20L& 1 fFR TSa

TR L B I PR A A (AR A s e
R (55 RIL(=)/NEEE 9 -

TN T HIREEE R KRy CSTEMT S5y » 1
TE (Il 8 o B i 0 R - S o ok
JE ST e PR 22 2 TR N THYREER. ([E] 2
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Z Step 5 FERAWMII /NI 4-5) - FHR
SE IS ~ PRZE ~ RREME S = RN THIHE
E([E 2 Z Step 8- 55 RLIL(MU)2./NEf=IE 10 )
BOWEHER NGS RN THERFZ
PEE -

5. MR BUES T E-H LTRSS A
THHEE - 7[5 — TSy ATRE R AEMEE
(likelihood) - 5 FEHERIE AT 0.5 AMIRASE
B TSAHIMEE -

= FREREFE
(—) MEN
3 Rk Euh (I8 1) BUHE RS R

ELfEEE (Inverse Distance Weighting, IDW)Ff15:2
FI4TERERI NAVAE RGP 8 o [ ] AR
i 1000 mm HYEIRZAL A LHREL oL
AREIPERI (fiE 3a) - fEELEAM & E Ry 3500 mm
(& 3a HPEY“A”) » AR RIARFES - K
{ELFs 2400 mm > 735l Ry rf S LIARA e B PR AR
£ (& 3a Ey“B”) BEpRlfkadbim (& 3a
FHYC”) 3 S5 RIERTR 1800 mm (& 3a H1HY
“D”) > LR ELILAREIPE IR b - SRS
WEEE AR DAY EE - B 3(b)&ERIEE 277
KPS R HY H L - PR ERR 7T
(12002100 LST)ZEZ 1 n4h » A6 1500-1600
LST [EZ R AE » BURESEAAE TRV
BARE R RAVER RN (PRELRD 1996 5 B
2001) -

(Z) B ERPIBARET 45 1%

B DR RS O A E R R Rk 22 [ 7y
1fi(Steenburgh et al. 2000; Heinselman and Schultz
2006)HY 73 HTF S » BCATHITHIF R 2 EDE 40

0]

A

Sy

g Fo+HE 5%

dBZ 7K 7E % ¥f R & ™R M (Tapia et al. 1998;
MacGorman et al. 2008) » Livingston et al. (1996)
1 Ikt P 48 5 (threshold) & {5 35 7 [ Pl 2 £
#e > W AT AR 7 B BRI K -

D RARSARE R R R DU 10 935 1
FEHEYER R E - sHRAASEGERE (0.0125°
KR4I ) 3%4E 40 ABZ DL L [EUREAVAER 5 B4
CG PABERIMS > Hi FLs R FE A B 05
B S H4AET S SO PIERERIE R 10 05
1 BRI » ST RAEEH(E4E SR a4
CG PABEHIIAER - AL - 5 1E 10 735 3R E
1 2P > AL T 2Kt - H9sFBmE N8
Z [ ([E 4a) 81 CG F#E ([ 4b) £ 1200-2100
LST Mg AR AR ERUR - B2 R AL
AHE RN > WEFESAEEEZREE
AP AT b o LR o R B PE R L
H Lin et al. (2011750 F= HEHA R
CG PHEHRYZE4 (Krehbiel et al. 1983; Hondl and
Eilts 1994; Gremillion and Orville 1999)- s 40 dBZ
Bl CG PUEA BArHYZE M tHE(Tapia et al.
1998; Murphy and Konrad 2005; Steiger et al.
2007) - 400tL - FhlE 3 BilE 4 0 AIAFEGISHRERT
THYERSR  BORRER £ TSAFTERK

(Z) et

5 Ry 1400-1900 LST ] - §5%7EEREE ol
K AETRAR (= 40 dBZ)HYIRIF AL - LA = > Al
3 BifE 4 BYZERIATARL - FEAYER AR E
AL R AT LLIARE [ B9 PE (IR 7 B - 1400
LST B ([ 5a) > BpUGEE & ERSZ IR
LLIARAYPE fIRHS E o — /B (1500 LST »
5b) > B E SRR H S AUS B AR » T
L& 1600 LST ([E 5¢) > 1700 LST ([&] 5d)
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Precipitation of 277 days during 2005—-2008
(]

Cor

0.7

0.64 (b)

0.6
06 -

0.48

o
o
T

0.45

2
~

0.29

2
w

0.25

o
)

0.16

Hourly Average Rainfall (mm)

0.1 0.09

0.05
0.03 0-04 0.03 0.03

01

0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.02

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Local Time (hour)

3 (a)ff 2005-2008 £EBEZ (5-10 H) §94FHEER T (277 KX) Z BB EDAAE - R HIAERE 1 PEL
A YU IR Z #4R ¢ (D) RATATI R Z Pk EZ HE#1L -



P 3 =3 V=3 .5
84 RAFE Foa+HE %
12—21 LST Frequency of > 40dBZ 12—21 LST CG lightning frequency
T Tt ”3 =y :
Fot (a)
» %
10.0
I3 oo
>85
B > 8.0
% > 79
>65
> 6.0
> 55
> 5.0
> 45
> 4.0
> 35
> 3.0
> 25
> 20
> 15
- > 1.0
'!* > 05

4 GIEFEIEREET 1200-2100 LST 7 (a)[Hl{E>40 dBZ Bi(b) CG PAEE 7 3 A HHZRE (%) - Hp 25703 TLDS £

BENE R E -

& > ILEEBHVEFUSEIBHER Y - 24800 - FEEE
TR ELAIE 1800 LST ([ Se i 51) 1% > Hfiit
EENA MR o HhlE 5 AT - JLEE R AR
FYRRF L . - H o R B HY SR S B R T R
& o HlE 3-5 BUR > B S SRR RS
JEEB A -

M~ ERAIRIRESE

ff2 2005 F- 2 2008 iR ZF (S HE 10 H) Y
GISFBIREE T o IR T 77 A FRER
(TS days)FLZ A FREN(non-TS, days)fiH -
HRNEET e RGBS - BAR
[ ARSI - FLHIh 2 R AR R R Mg (T
1) BRI BERZ it fis - [FRF - 3%
IR = BACRMEATERZZ BN - A0ty
PRI > F DA M Sl i e o e 500 B A R L
AR SR AR T R R DL R A R PR A

T B HINEESRHEENE - HIE - B
REFFTE 23K ~ GILBERE SIS > B
FtEFREBIERAGETHH L e EE (5
b ~ Frdb i B AR T ) BB AR R AT -

(—) EF& TSa day

WIS = () NEfiFT - 40 dBZ DL_EHY[EIR 3
AR EL CG PABARRHVEN TSR &8 TSAHY
BR22 o3 M - PRIt - AES94F IR R THYILG &
HIIE > 74 1200-2100 LST [ » 585 2 (0] f7 2 40 dBZ
DI F H AR 10 km® > 37 H 545 30 47480 |
AR E RS Ry TSa day  DULTETS » 277 REVF4EL
RIS - A 148 KB TSA day » 127 KA non-TS,
days > HHETH 2 RIRBZ BEERTAAES ©

(Z) HIRATIRIR

AIAFE Y TS $ERATERR ARG » £ 2
&R Lin et al. (2011)AYAHF5E > Lin et al. (2011)
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& 5

1400 LST

Frequency of > 40dBZ

G

=
EJ

(a)

%
225.0
2200
215.0
2125
2100
2 9.0
2 80
> 7.0
2 6.0
2 5.0
2 45
2 40
2 35
> 3.0
225
> 20
215
> 1.0
2 05

i

1600 LST

Frequency of > 40dBZ

1700 LST
4

G

=
Elﬂ'

G
§9’

E&f

L b
v v
1800 LST 1900 LST
=
G G

z:,iif

85

SELHETR S R [A)Y > 40 dBZ 2 &84 SER(E] (%) > 43 5B (a) 1400 ~ (b) 1500 ~ (c) 1600 ~ (d) 1700 - (e) 1800 -

(f) 1900 LST -
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{5 AR EIRY DR HTAE TSA Al non-TS, days [y
HORMATERIG A28 HOIT4S SR B R 1 - daith
TEIELHIER 7K (46690) ~ 5 1E(46692) FIEL[#(46694)
FERHEUR » 1 TSa days » GILAMEHERZH
PHILEG > SEHIJE > [AE non-TS, days » AI[E%E
BEZHHREST AR » HAE TSa days HifE - 75
I FRHY R BT IR non-TS, days 5. < Hi

Fvw+HE— 5%

Jo = Ry St DR A FE B RIE (BKR
BR) - DURHRZE bR T I TR N 10 B R 22 B B
TRAE TS days HEHRBHIGRMT: - E LI =1E
ISP EUIIAY BRRE R AT, o SO AR
WEHYKREERINAEEILEAK RS E - B
BN RBUR N /KR 1 22 e R Eixs)
ERE S Ul=sha i SEIME RS € LRSI SN E §28

T 1 ALEEEAZRERT(148 TS, days) KA A ¥ (127 non-TS , days)ERIE T~ » SIS KRS 22 T 236

TRATEREA R -
P AR b
TSa non-TS,
& 3k 2 #.(46692) 2 B ) B L5 EILEANYE BEVREANE

7 3k % £ (46690) 45 & A2 45 05 P
R 3k % A (46694) i A A 15 B B

0900-1000 LST
0900-1000 LST

1000-1100 LST
0900-1000 LST

08001200 LST

® b 7 T34 £R(46690)
R A T34 RE46694)
P T34 R (46692)

Fdb s B 3 2L (K £UB)(46690)  24.7-26.2 °C (31.1-34.0 hPa)
Kb B P34 E 28 B (K AE)(46694) 23.8-24.2 °C (29.5-30.2 hPa)
24.0-24.7 °C (29.8-31.1 hPa)

P e Z T34 3 26 R R (K RUE )(46692)

28.9-31.1°C 27.8-30.8 °C
29.8-31.3°C 28.1-30.2 °C
29.2-33.5°C 28.0-32.1 °C

22.6-23.5 °C (27.4-28.9 hPa)
21.9-22.2 °C (26.3-26.8 hPa)
22.3-22.5 °C (26.9-27.2 hPa)

0800 LST 44 # %

& RE

mE A E L
BREBEEBEARE

#7°T A 4 s (CAPE)

# i %1 46 (CIN)

B 5 & B (LCL)

& E 0-3 km R BT R G AL P RR
& B 3-6 km R B AT R @ AR P RR

TSa non-TS4
27.1°C 26.1°C
3.9°C 4.9°C

850-650 hPa 850-650 hPa
584 m’s 0 m%s’
79 m’s’ 254 m’s”
951 hPa 938 hPa
FE/34ms’ RE/SOms
FA/S0ms #HE/6.3ms
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6 Fy¥&& Lin et al. (201 )FT3HTHIENAAT
HREEE B 6 A1 R L ER O % (Environmental
Protection Administration, EPA )i W {[& [ Hink

([E 1#Y EPAKL F1 EPAST 2K 4= Lin et al. (2011)
HIHTEESR » R AR ARy 722
6 RS KA o M R AR PRI AR 300
ANRZIESS © 4F TSa days ([&] 6a) » JiR/K ke
b VGERERE G LA RS EE (&
@t l) B R E L LARPE IR EHY
0O e ¥ RS B & 48— 2 - Esteban and Chen
(2008)F5 H » Lyl 40 R\ - HYBE S A T 3
B b EFRIVIERE - AR ERIVERE - B 6
i T EURAE TSa days HYMPHIEBCE L non-TSy
days HEENARES - FRHLER » RARER
MEEECE - 8 T HE K R AR B
TN PERT /KR E 2 B EFTHLE - Chen et al.
(2007) 45 DL 7y A & 2R - 8RB R AY 17
1t > Wi GlLast T1e BN A EEAT

#L o
=

FESFIEREE T > FH 148 KHY TS, days f1127
KA non-TS, days FrfSHY 0800 LST ARikE SRR
22 (% 1) FR > 1% non-TS, days - BRI (T
1F %} 7 \] FH {7 BE (convective available potential
energy, CAPE; Moncrieff and Miller 1976) - [fj H &
HEg 20 EHRN#] 85 (convective inhibition, CIN;
Colby 1984) o HH IR ~ F5 B RS FE K
H (8 6) ATLIEEHR > TSa days BAHEE H
RIEHIPREE, (% 1 HfE 6) - iR ftiEiRiRey
RIRGERIE > HAE 0-6 km ] B ARGIHVEER (=
1) o LB al A - (R R R AR Al e it
BORHYATRE » P R R AR N A [ (RER R
ZERHVEA - A AR EIREIEE %R (%
2001; Fuelberg and Biggar 1994; Zehnder et al.

AR T

A & 87

2006) H AR E/eERegga R - (ETith st
EERAINS SpIEEdEdiN ERER Iz 7 B paen
(Carleton et al. 2008) °

5 EHBEETEERRER TSA 7
7% 1 ATOPFLO

(—) FERA T

R ) 2L B 7 B ER BE R £ > Johns and
Doswell (1992)58 5 75 HAH A BESE ~ P{EZ
i T Y K SR DA S BR T #% ] > Huntrieser et al.
(1997) Al R R 22 Bk P S8 L Y AN 1 S 80k i
TTHIRAERT T » S SE AT E R A
TR AR ) A B S Fr Y AT AT ER B (Fuelberg and
Biggar 1994; Huntrieser et al. 1997; Adams and
Souza 2009) « AWFFTREE—LLSERTIIIZE (5=
2) DARETU( Y N AR AR B R R A 4 SR

(F 1 HE6) » FJFH 0800-1200 LST [HF: 29 1@
THHEA T3 A R Y 2 BB S THIR TSA U7
7A—ATOPFLO » j2e 28 a5 1) = (IS

(%7K 46690 ~ &L 46692 EAELFE 46694 ) HY/KE
JBR (vapor pressure, VPRE) ~ fH %} & & (relative
humidity, HUMD) -~ Ji||r](wind direction, WDIR) Fz
il (wind speed, WDSD)Z 4 12 {[EFHEHRIA T~ (
2 7 Step 1) : 2)ffiEPRZEFEAENRG (1000 ~ 925
850700 A1 500 hPa ) Z i & Fakh 72 (T-Ty) ~ R[] ~
JEGE L F. CAPE % 16 {EFH#HR AT (& 2 2 Step
1) 3)FFiiE (persistence, PRST) » RIEEETATAT
HYERER (R B AT — RAH M -

SIS 2O T ML EDR S AE TSA days Al
non-TS, days FIELAARM (% 1) - [HEKEF
(6] S R A B R TS B2 e BT
e - PRI AR SR S B S R
% ((RH =100-5(T~T,) : Htp T I T, 535k
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6 (QFAFINILEE TS, (148 X) #4: Z ¥RATRE N EE - S{ELRAFRAE 12002100 LST [ > 40 dBZ 2

SR - FIRER 6 % > MR 2 % o IKFERIPEE - /KRB (BEE) K 148 TS, days FIFTA 277
RYGEFB 2 P72 5 > KRB R\ [m] AT B et I B B B R R IE B R B AT A - AV NEE B
RESRINEZE B - BAMH K 0800 LST HRETRZEFTSHITHRE (B4 MHIBENRE (i) EH
B - FORRIFTA 277 ROVTIEHELZ TR > DU 148 TS, days (YA S PR A - EURRAER Sms™
JRER 2.5 ms™ < (b)41E() * {E5 non-TS, (127 K) Z¥ATIRE R EE -



—O—%=A eny  EARR AfFE 89
2 #R ATOPFLO J7 (i 2 & IETHER N FHY 25 U8k -
2 RE AR R
KRB Crook (1996) : £ RE ¥ AHARBHEAHAYBRERLLEREN -
FAHIBE Huntrieser et al. (1997) : Aa 2 R HNRARFI N H R AT HEATEARLSF
RAE °
)R] Fuelberg and Biggar (1994) : &2 R G THE KA T THEAZTAHRE
BHRAEBEZLE -
Rk Tucker and Crook (2005) : 55 Bk 7T 1% % 5 A B & 05 F R & P Aot A A5
R BE -
AR AR R
AT A4 fE(CAPE) Adams and Souza (2009) : &% CAPE =] f&3t % B E 8k & K/ B ey F
AR R EFTARAT A B AR £ T REME -
BEERE FRF(2001) : + & BORBYRILE T FRELERBRARK P HEZHE -
)R] Fuelberg and Biggar (1994) : &3 64 $ R 7E 8@ RN BH A -
JAik Carleton et al. (2008) : #3564 ¥ 1&/8 Bk > L@ A AR IR R 945 82

PHBEETZHE

JEFEBIFEEE(CC) » RH R fHENRE (%) ; Lawrence
2005 5 WMO 2008 ] - [th5h » HREEREFI/K SRR

B AT RoR S S 7K R (water vapor) & & - £ 1L
R Se T By m] A ) 55 5 B ] [ bl & (Richardson
et al. 2003) > 7~ A] 1% By Hb (] @Y % PR & (WMO
1986) - fEZERRIEIL T » BEREAI/KSRUBE o] v 55 &
52 11 5E 75 2 (Clausius—Clapeyron equation;
Marvin 1909; Washburn 1924)Fr#E2E > 37D
G e, = 6.112exp[17.67T, (T, +243.5)]  H:
§1 0 ey BB FR/KRIBE(hPa)} - 0L - i FEERE /K
REERTHEA T - HEFMEE - 550 BREER
W THER T T-T VB T 2R B SRR T
AR EEIEARE RS - IR A A
T Z,, =125(T-T;) (Hh Z BElE (AR
Lawrence 2005 ) F£or 28I 545 & 5 E (lifting

condensation level, LCL)3K 2 3 #EF & - 40 Pt
A - A/ NEH RT3 HTEY TSA days 1 non-TS,
days $PUMAERIGE 25 (R 1 BiE 6) - FRTIEHE
JEVH AR RT3 (B DA Rz CIN FREFR AR AR FE4M A R THER
Wb » HERRFCHREAL#ERE ATOPFLO J57%
EF! o

HIE L B34 TS, AHRHRVFTA HRATEREE
PRI E 2R E & - TERREE(2009)HYZEH E
fath o S9%REIERET NN TSARYSEA - Z2H%
BIRIGRE 2 SEESERATE > mIFHE AT
FREERIE © TEAIHFTHEVFTA 148 TS days H
U 24 K(16.2%) 5550 FIHJ TSa day § Ti7E 127
non-TS, days H > ZHi4E B 554 BRI NS 22 110
K(86.6%) = MMFRF(2009)FTHFEHT 177 KGE T
AEERHY TSA(EZEF » TREAHATHY G TS, days



90 K3

SAAILEN(82.5%) o INIL » FPEMER AT -
AT FHAR R R TR ED R A R e DU
PRETHEN T-H TSA THERHTAHEEM: - DAL
HETHERAVAEMERE -

(Z) SRR ok B R ER K B

ATOPFLO #r + % HHY K FllF 0800-1200
LST [EIFTEHIFY R 28 (AT - R
FyEERIAN TR P Re 88 AERBERE - Bl > = &
40800 LST #2250kl CAPE J 500 m*s” [ »
H2 VISR N T84 TSA ? (A ET—TH#H
R B HT > MRS E HARR Y TR
BRI R EY -

RO EHE— TSR T & (0K
UK ~ I CAPE...55) » 2 KB (E X = x B »
A7 s (TSA B non-TS o day)HIFHEE fi (x) » 7]
Z7 By(Berenguer et al. 2006) :

n(X, =xnday type=s)

Jis(3)= n(day type=ys)

Hdr s n(day type = s)ky TS, day B¢ non-TS,
day HYRHL -

7 BURES () THER 723 BIAE TSa
non-TS, days » {i£ 0800-1200 LST HIYFEZR TR
Bl o AR PE LY /KEETE TSA days FYZKER
JBE (i 7a) BEE RS A 220 BT F » AT non-TSA
days » B IS SN0 R 82 < SR /KRR EUA] ([ 7b)
1F TS 1 non-TS, days » JE[A] &5 FHES FE B R Y
PEALE o (EJE A A S DLAE TSa days 8%
non-TS, days B - MH 5 2 HUEEEILHIEH
B e A sRIE SRR EREREE A (E 7c) HIlE
Wi [ 10 7 o LR BRI R > [RIBRHE AR TSa

0]

A

Sy

g Fo+HE 5%

days 5. FIEEEYEETT > 1f B 8% non-TS, days 8
F o BRI EREEAE TSA days | » )i
SR K] 2 BEEL )] 2R R EVE & JE 2t e
& (B 6a) - By TSA 554 BB -

T(~H) B R AR G ALk T #E
R E - KRB (B 7d) SEREREE
TS, days B3 KJA non-TS, days - FHERERE (& 7e)
HEFEEORIE (EAOR ) SO  {E4F TSA days
{5#5 non-TS  days Fyk - Jl[E] ([& 76) 405 1 K
6 AR > BUREILIETE TSA days FERPEIL
JE» 7F: non-TS days FIl 52 Ry sRALERJE > HLAE TS,
days (R ([ 7g) KREHEVINA 3ms™ > KEH
#Z non-TS, days SFEHHFER Ry )N » S ARG R
A BT ZE R IIENT 3% 1% 47 (Tucker and
Crook 2005)

7(h)—(j) 5 0800 LST Hiuf&#r2E < THHIAN T
B IATIE - & 7(h)BERIE TSA days » CAPE 4
R £ 1000 m*s” 5 &7 non-TS, days fJ 250
m’ s’ > HLAEREIE 1 FR2 non-TS, days i
CAPE BRI PFHATZER » FERERRBER 1 207
WréE R EFTA 127 non-TS, days HIFE &
» TARER AT E AR 4R R
ZEffat R CAPE {# - (MR ER0HY » RIE4ER
B 231 CAPE #8842 TSAHVEEM: - PRZZEHR]
WHUR » 1 TSa days » fEMHE 2 ERAREH
A PE R Ll 71) A NAYR E FR RG22 52 (
7)) o HERFREEAEEHEBARET  HY
BRI R RIR A AR 4R 5225 RV 1% A ME
o RIAEBIA TSABFHEZRE -

(composite)FEzE

2. EHEHERERE
TRAFPER B RS EHE —(ETHERAN T £ &
HEUE X = x I > 5TRZEA TSy 2R pro(x) > AT

Bk
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Y1 N R (Berenguer et al. 2006) :

n(X, =xnday type=s)
n(X, =x)

Dy s (x)=

Hdr o n(Xy = x) Fy Xo=x HVEREL > L n(X,
=) IEAFERFHEBA T LA FEEE - GIEEE
1l = 5350 > N RAEAMFE PRI R B 31
TSA days > [NIL ° 1 — pry(x)RI 5 non-TS, days HY
PRI AE -

By St AR B PR 2 G > TR R TR PR
RN BB AE 8 Fror e pro(x) > 0.5 FrRA A TSA
HIME - DUSROKIE/K SRR (fE 8a) Kyl » 1E pro(x)

0 12 14 16 18 20

1
T-Td (°C)

= 0.5 BF > 0] RHE/KRERERERF [ 29 hPa 540
% 31 hPa - Jj_EJEA) (fiE 8b ) FEHSH T HH R R R
EAPEILE - MIEEUR TSR IR KES - HE
A FEEN TR (R PR R e B B B T Bf] 7
HREIFIRSAIRIRHE - HHPEZE CAPE {R{IFHRMK
% ([ 8h) - AL CAPE 2ZMrsg bt - FHEH -
TS SRRV ZMIE N - H & CAPE > 1750
m’ s* B > TSA #A4AREET] 1 > JREI TSA—
SEGEE - [FIRERY » I DA - 25 P R L
8i) S HLPTFERERVE AR BRI ([E &) #D
BB TSA SRRV AIREER: -



~O—%=A

(a)

Probability

N

Probability

~
D
~

Probability

(9)

Probability

(i)

Probability

1

k
T

=3
=1=

| Danshui
0.8
0.6
04 —
0.2
0 YYYYTYYYYTYI\\‘\\\\|\\\\J
15 20 25 30 35 40
Vapor Pressure (hPa)
1
Keelung
0.8
0.6
0.4 LsT
—— (08
—_—0
0.2 ——10
—_—
— 12
L e I
20 180 270 360

0.8 —

o
®
|

S
IS
|

0.8

o
o

(4
IS

0.2

] Taipei

Wind Direction (degree)

40 50 60 70

Relative Humidity (%)

80

Taipei

——e—— 08
—— 09
— 10
|

—_—12

bR ¢ *

T
8

| Panchiao 08LST
0.8 —
0.6 —
04—
hPa
= ——— 500
——— 700
0.2 —— 850
i — 925
——e—— 1000
o!\I\!1\\!\Yll\!1[1\\!\!1\|!1!1\I\1\
90 180 270 360
Wind Direction (degree)

& 8

(d)

Probability

(f)

Probability

(h)

Probability

Probability

"] Danshui
o rrrrrrr[yrrrrrrrrrrrrrrrrprrrrrrri]
20 180 270 360
Wind Direction (degree)
7 Taipei
0.8 —|
0.6
04—
0.2 —
0 LA SR A N G B G B ONE T T 1 T ‘ T T I | ‘ L T ‘
15 20 25 30 35 40
Vapor Pressure (hPa)
17 Taipei
0.8 —
0.6 —
04— LST
- ——— 08
—— 09
0.2 — 10
il —_— 11
—_—12
0 LIS O B O
90 180 270 360
Wind Direction (degree)
7] Panchiao 08LST
0.8 —
0.6
04—
0.2
o T T T 1 T T T T T T T 1
0 500 1000 1500 2000 2500 3000 3500 4000
CAPE (m®s%)
1 Panchiao 08LST
0.8
0.6 —
04— iFa
- ———e— 500
—— 700
0.2 —| —— 850
= —_— 925
—t——— 1000
L W B N £ A EDAS RS A R0 ED AR A A LA RE LA
] 2 4 6 8 10 12 14 16 18 20
T-Td (°C)

HIEELPRZE TN T TS A days Z fFR{FHRIRE ] -

93



94 K3

3 MR RS (16 8) HYSIHT - 48
&S R THERIN T E R AT AT BARVAR] TSA
SEHIRF(pes(x) > 0.5) » FELETHEIN T A S (E
AR T PHE G ER TSy SIS - (HEHE
— T AHE - SFEERTRARRYATEE Y - it
ARSI R T AR B A N E 2 B S h =R
Fitk > WEBILEBIAY TS, BT 74—
ATOPFLO -

(Z) BEXE

TR LNEIE ATOPFLO J5A 2 fi B HHYHT
o1 > EEIERRAERR R (8 8) FEHHER

0]

A

Sy

e o+ —

SR Y FHE2KES(Lakshmanan 2000; Shao 2000;
Mueller et al. 2003; Berenguer et al. 2006)fE By
EF IS 0-1 HY TSx A fE % 4 % % [likelihood,
Ly (X0 » HerBIE ZERH U RS el S it
& RECEREE e By E 2 AREH =1 - B
77 B% 4% M 1 48 K = Hir 93 A1 (Lakshmanan  2000;
Berenguer et al. 2006)55 » {£ ABF5E IR
A E B KL - 18 9 sty IR R
B (18 8) &LH 7y ERaR IR A te ~ FHEA 1Y
TR R o HHFY R E A B A YRR AR R
FHE RHINEERE - L ORE R HI R PR kg

®3 R (B 8) s Z A M TSy B (py(x) > 0.5)HYIZHFHEEN: -

B %5 Hour (LST) 08 09 10 11 12
VPRE (hPa) 29 30.5 31 31.5 31

. HUMD (%) 74 70.5 69 67.5 67

A WDIR (degree)  160-190 250-310 240-310 270-310 280-320
WDSD (m s™) <15 <2.0 <2.0 <35 <45
VPRE (hPa) 28.5 28 28.5 28.5 28.5
HUMD (%) 68 61 61.5 59 62

EY 3
WDIR (degree)  170-240 30-50 10-50 20-50 0-50
WDSD (m s™) <3.0 <25 <35 <4.0 <45
VPRE (hPa) 28 29 29.5 28.5 28.5

- HUMD (%) 70.5 65.5 59 56 54
WDIR (degree)  140-200 180-210 230-280 230-330 260-350
WDSD (m s™) <15 <15 <2.0 <2.0 <25

0800 LST £ ¢ hPa 1000 925 850 700 500

CAPE (m’s?) > 500
T-T4 (°C) <4.0 <4.0 <6.0 <9.5 <11.0

ik WDIR (degree) 210 230-280 220-280 200-270 200-250
WDSD (m s™) <15 <4.0 <45 <6.5 <6.5
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(W) #=E
EAES—E TR TR R (Li (X -

9] > KHHEANEED,,) - BINHLERE

BLRFTE Z ATRE S AR - ()15 E KT AE

A TSABERIE(Y,) » AR Ay
Z Lk s (xk )X I/Vk s

Y= “sw.

TEABHZEH » 28 (& FHHER AT R A R4S
EAETRAR ISR AV E— K > H TS, 7JAE
AR E Y>> 0.5 BTHEE A TSA %4 -
MR E RS —ETEEA T &H 0-1 - R
B 0.1 #EfT CSIffufssr (EATH#E &y threat score,
TS; Bermowitz and Zurndorfer 1979) HYE1EL »
A CSI 1@%2%@%%@%@@%?9@%
& IHAEHE ATOPFLO TR ZAETT © 559 MRg
&l 5 FH By B 75 93 ¢ PRI 1% 2 (probability  of
detection, POD)EzR#; R (false alarm rate, FAR)
(Panofsky and Brier 1965) » BLK CSI AL FHI=;
TR

h ; FAR = f ;
(h+m) (h+ 1)

~ h
C(h+m+f)

Hrp o hosm Hf 7RI Ry T 6 HR 2 (hits)
R FHE R (misses) % 57 K (false alarms) ©

L. HEAILE R ZEFRR A F RO E

FHAEAIZE S - JEEA T 29 [ETESA T
W R - REEA R E RS ETEEA T S
0-1 - [EIF 0.1 ZEATETE » ALRFEERGETEER
FEREA(I1™) » (R > BR THEEMES - ST
ph 12 EFESHAT - 117) fiEze (16 {EFEHA

Sy

g Fo+HE 5%

T 11'0) AURESR AT 53 B (18 2 22 Step 5) -
F 4 Fy 0800-1200 LST St HInbisst o ol Sy i
H o ERIFHIREE S LA RACUKR B G L
JER B = HIAHRE » 75 1000 LST B » PRIFESFZEDS
JE\[FI REEE Y ZEZRBG 10 » TSI 7K /K SR R B 5 T
728 7 A {18 R R EE A S S PR TET( )
/NEfiFTETER 0 A8 ATRE R B A i AL S O
a6 L& AT » [FEF(1000 LST) »
BALRRIERTRZEAM N - L IERRE R R
mﬂmﬂz%&mﬁﬁﬁﬁgﬁﬁﬁw
1000 LST #7% » & /AR /K FIELFER -
JERIR 7K b 7K SR BRI B BRGS0 éR%T)ﬂ
PEREE R ZLHIKR » FREREAL Y () /NEfiFat
amHY - NEETE TSa days fT ARV S/KR SR -
TR R AR B E P o A
e LAY R - AT EEYT A S SRR 22 5R,
ELA o R IR B 0 24T B 0 #8 /% (Tucker and
Crook 2005) » Al fs&ER4E & AL L@ RIBEHY
B PR RCE RIS TSA 25 ERRER] -

25 HIIE 0800 LST 75 F1 8 el S ME 2 - 1
EHEE R EPZEENRET & 1000 hPa 1y
T-Tq » MIETAIAHHY CAPE - iR 1 HERERE
ER R AR 8NN T-Ty ERIE 7R
850-650 hPa Jig » [HL R EHY 7= 52 A HE /AT non-TS
days H - ER SRR E R B T SRR
Hk (R 1) R -

2. BBAMEAILA
MEE

FEBERE B > 29 (B PRI T S R s R 1

A =TT+ 12 (IS PR A AR R — (1

TR T STATION ~ 16 {EFRZETHHIA T A R—
{EFEHEIA T SOUNDING 51548 PERSISTENCE >

- RZEEFHHEMFTAmREA T



~O—#=A s

KRR

o AR E 97

T4 HECKRH CSIRTE) AT Z BRI DAL TN T # 5 Tl TS = A Fr B ARVHEE - MRHGERR R

HE IR -
A 2k Hour (LST) 08 09 10 1 12
VPRE (hPa) 0.171 0.136 0.020 0.143 0.171
. HUMD (%) 0.026 0.0 0.0 0.0 0.082
A WDIR (degree) 0.051 0.097 0.097 0.196 0.140
WDSD (m s™) 0.188 0.113 0.099 0.041 0.110
VPRE (hPa) 0.034 0.030 0.044 0.013 0.038
HUMD (%) 0.004 0.0 0.0 0.0 0.057
A WDIR (degree) 0.008 0.111 0.226 0.0 0.0
WDSD (m s™) 0.047 0.075 0.127 0.136 0.099
VPRE (hPa) 0.088 0.083 0.097 0.157 0.093
s HUMD (%) 0.059 0.167 0.097 0.137 0.047
WDIR (degree) 0.059 0.042 0.161 0.020 0.023
WDSD (m s™) 0.265 0.146 0.032 0.157 0.140
CSI 0.682 0.690 0.703 0.722 0.726
x5 [FER4 (HERETHERTHIESE -
0800 LST &% hPa 1000 925 850 700 500
CAPE (m’s?) 0.210
T-T, (°C) 0.291 0.036 0.036 0.036 0.073
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ABSTRACT

The spatial and temporal characteristics and distributions of afternoon thunderstorms (TS,s) in Taiwan
during the warm season (May—October) from 2005-2008 and under weak synoptic-scale forcing are
documented, and a approach, Afternoon Thunderstorm Occurrence Potential forecast using Fuzzy LOgic
(ATOPFLO), is developed to provide objective guidance for the prediction of afternoon thunderstorm (TSyA)

in northern Taiwan using preconvective predictors.

Under weak synoptic-scale forcing, average hourly rainfall amounts peaked in mid-afternoon
(1500-1600 LST). The maximum frequency of rain was located in a narrow strip, parallel to the orientation of
the mountains, along the lower western slopes of the mountains. Although TS4s occurred earlier in northern
Taiwan, the duration of thunderstorm activity and its intensity in central to southern Taiwan was longer and
stronger respectively than in the north. The Analyses from surface stations and sounding observations show
that a local trigger for initiating thunderstorms under a favorable large scale environment appears to be the
convergence of moist sea breeze air into the Taipei Basin from two separate valleys that open towards the sea.
Relationships between observations from three surface stations and a sounding established the following
scenario favorable for TS,s in northern Taiwan. The most important predictors revealed from ATOPFLO
approach illustrate that under relatively warm and moist synoptic conditions, sea breeze transport of moisture
into the Taipei Basin along with weak winds inland provide favorable conditions for the occurrence of

afternoon convective storms.

Skill score CSI (Critical Success Index) comparison between the ATOPFLO approach and forecasters
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from the Taiwan Central Weather Bureau showed that for forecasting TS, the ATOPFLO approach
outperformed the operational forecasters. This was the case for both the calibration and independent datasets.
There was a tendency for the forecasters to over-forecast the number of TS, days. The ATOPFLO approach
of objective prediction is able to integrate the preconvective predictors and provide probability guidance for
the prediction of TS, under weak synoptic-scale conditions, and therefore there is the forecasting ability with
more accurate predictand. Currently, the ATOPFLO approach has been implemented and put into a real-time
test-bed’s operation. It is expected that the ATOPFLO can provide the hourly information of objectively

potential prediction of TS, in northern Taiwan and a practical application as a forecaster aid.

Key Words: Afternoon Thunderstorm Characteristics, Preconvective Predictors, Fuzzy Logic,

ATOPFLO Approach
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