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ABSTRACT

A fuzzy logic algorithm for convection initiation (CI) forecast utilizing 11-year surface
observation data in July, August, and September in Taiwan is developed and investigated. The
location and time of 10-year (2011-2020) weak-synoptic CI and non-CI events were identified by
the tracking results of convective thunderstorms by Storm Motion Analysis by Radar Tracking
(SMART). The surface characteristics from 191-232 automatic weather stations, namely
temperature, relative humidity, water vapor mixing ratio (mixing ratio), equivalent potential
temperature (6, ), U-wind, V-wind, wind speed and wind direction, for CI and non-CI events were
investigated.

The statistical results show that the CI event, under the weak-synoptic condition, mainly
occurred during the afternoon hours (13-17 LST) with a peak occurrence between 14-16 LST with
the highest occurrence frequency in the central Taiwan regions in Chiayi, Yunlin, and Changhua.
The surface environment analysis revealed significant differences in moisture-related variables
and the zonal wind component (U-wind). In north Taiwan, CI events have higher moisture
propagated inland with the sea breeze, resulting in higher equivalent potential temperature (8,).
Both CI and non-CI events have evident boundaries of the U-wind, indicating the confinement of
sea breeze to the southern region during null events. Sounding data show that during CI events,
the lower to mid-level winds were southwest winds, the water vapor mixing ratio was ~0.5-1.5
g/kg higher and the equivalent potential temperature was ~1.5-3.4 K higher. These indicate a more
humid environment with higher energy that favors convection initiations.

The probability density functions (PDFs) of all variables were calculated for CI and non-CI
events. The normalized PDFs of each variable are derived as membership functions. The weighting
of each membership function is determined by the reciprocal of the overlapping area of PDF. The
self-check results from the fuzzy logic algorithm show high value of probability of detection

(POD), success ratio (SR), and critical success ratio (CSI), as well as low probability of false



detection (POFD). An independent year (2021) of CI and non-CI events was applied to examine
the applicability of the fuzzy logic algorithm. The results indicate that the scores gradually increase
as the time approaching to afternoon (CSI: 0.60~0.70, POD: 0.76~0.84, FAR: 0.25~0.18). The
results suggest the potential of utilizing the fuzzy logic algorithm for the CI forecast.
Additionally, the usage frequency of each station of each variable demonstrated that water
vapor the mixing ratio and the 6, in central and northern Taiwan were the primary variables for
the fuzzy logic algorithm to determine CI events. This suggests that moisture-related variables in
central and northern Taiwan have a significant influence on CI events. Other variables played
auxiliary roles, with wind-related variables such as the U-wind component, V-wind component,

wind speed, and wind direction.
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2. HEZEE LY -BCIIRHET: Fwrkai FFHL
FARAR G CCIE 2 p (T Null ¢ p ) d 28 FRIFAL G L2 vk o PliE» 92
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3. - | EOBEBTRITES BEFRACIEKE > FFCIEEEREF 2 S o 85
- BEREAAHES EF A2 FRETE 2 CIAR G 7 B CLEE(CCD -+ % - BApEt
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PDF(x) = (2.5)

FEBREFEMEEE S o BT PDF & 0 TP HiE > £255(2.6)i8 (T % » FB- NPDF

PDFEF (x)
PDFiCjC’ ) +PDFiI\}u”(x)

XHBBBE ISR R R A BAF 0 AT EIERF]F LGP S CCLE 2

(2.6)

FALPARS S F 2 A AR ] B CCLE T AR )

2.4.2 1 € (weight > w)

—

FRIFEF)FLELAERR AR I M B ER S BMEITFR T 2 S 4ol 211
57 0 % CCI % 22 Null ¥ %2 PDF € o 4% » 2 7 R ARE > TPEE PRL o

23527 d Choetal (2006)3#% 2. £ fpa fF2 F bk & 5 3 3 4o 4258 (2.7)22 (2.8) %77

A =Y min(PDFC¢‘!, ppFNull) (2.7)
1 1/Ai,'
S = Z?Z?;J_, wij = (2.8)
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PR FRELIBRPE S AR EBREGESEZERA ) FRET MG
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itz BB L Ap RS > T F 30 B4R 2 7 4 (fuzzy score » FS) 0 3+
3 E4eS AZNQR9)TT o FlAESIEREE T A 0-1 2B 0 BA STz A 0 &
TR RS 0.5 A 0 IHE e i p @A ANER 054 BIALE CCIEE S R 2
FEAL 054 0 Bl AR S Null i o

FS = ¥iz1 Xj=1 Wi - MFy (2.9)

2.5 IRFHKE

FEMHOPBIEZZ GRS E LIRS FEE B EF A2 R H
B 5 (probability of detection > POD) ~ 4% % i iP| 5 (probability of false detection > POFD) ~ 3%
3R % (false alarm ratio * FAR) ~ = # 3 (success ratio » SR) ~ # % {¥ 4 (bias score » BS) » 11 %
Schaefer (1990)# 1 2. B 4% = #* 4y dc(critical success ratio » CSI)£r = 1t 7 ¥ {7 4 (equitable
threat score » ETS) ¥ g {2 {7 & i « FFR G % BRI BEZ 2 FL LI RER LR A 5
TR B PR TRdod 22 977 0 BB R ARACT AToT L
e &7 it - H):3%p 5 CCIFEP AP JEZESANENO0S A -
e A¥FE(miss M) : P F CCIE#p > L B2 FA 2054 o
e FR(falsealarm > FA) 1 3% p 5 Null ¥ 2 p > #op B2 @4 < 30X 054
e Hgrau(correctreject » CR) : 2% P % Null F % p ¥ B2 @4 [ 205 4~ o
KPR S MR TP R LR LA B R Al T L iRl ARG
238210 2 2178 2 &g @ Rz R0 A 23 407

e 1|3 (POD) :
pop = (2.10)

H+M

POD 5 ﬁ‘ﬁ@ﬁéﬂ FEIRIF CCIE Z 2 a0 4 » 2B A>T 0-1 20 B » ARERT 1 A & TLARST o

13



* &% F(POFD) :

POFD = 2 (2.11)
FA+CR

#7123 POD » POFD % 4 #of 482 4R 2 A2 & > T Null ¥ #3225 CCI % 22 424 -
POFD 2 4 #c /2% 0-1 22 [ > ARJ235 0 4 & AR o

©  FFF(FAR):

FA

FAR = (2.12)
H+FA

FAR Fr R & ik BB 2 8472 2B » R FEXITEHRL S 5 CCIE B pFaiZdf /2 8 - 4 I
30 0-1 22 fF > A%diT 0 A % IRARSF o

. 2 7 % (SR)

SR=1—FAR = — (2.13)
H+FA

SR £ WA B4EZ 4R 5 CCIE 20 » A5 hd 2 LT A A 0-1 2 > 484237 1 4
FAR4F o SR 2 FAR 5 3 4B % > SR A & # it B Bl(dc W] 5.4) -

o B4 4 H(CSD)

cs] = —1 (2.14)
H+M+FA

CSI» % 7« 17 4 (threatscore » TS) » 3 & 4 E W BiBZ 2 & ¢ ~ RIFEERE 2 0
FES o A B A AT 0-1 22 FF > AR$R3T 1 A & AR -
o 7A@ A(BS):

Bs = 1*F4 (2.15)
H+M

BS R ks BB ERTEIR AR 0 AR 0T &2 > B EAH: 14 - § BS 30
1 AP 27dFEE S s BS > 1 AP &7 KEIRR S -

N A :}’E b 'if,»' A (ETS) :

ETS = —1R% (2.16)
H+M+FA—-R

R = {0 2.17)
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Skill Performance of N1 (All Stations) for CCl Perspective
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Fuzzy Score of CCl of 2021 in N1 (All Stations) for CCl Perspective

20210703
20210708
20210712
20210716

§
:

20210718

CIE 8§ 8§ § 8
g 2 g & g 8
i K E 8 § 8

; 20210827
20210917
20210919
20210923

020210826

0.2 0.3 0.4 0.5 0.6 o7 0.8

Bl 55 4B 5.1 e 2§52 CCIE 2 B4E2 8L -

74
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Top 50*" Element of TT for Null in S1
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Top 50" Element of MR for Null in S3

Top 50" Element of EPT for Null in S3
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Top 50" Element of TT for Null in C1W

Top 50" Element of RH for Null in C1W
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Top 50" Element of TT for Null in C1E

Top 50" Element of RH for Null in C1E

Top 50" Element of MR for Null in C1E

Top 50" Element of EPT for Null in C1E
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Top 50" Element of TT for Null in CC

Top 50" Element of RH for Null in CC
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Top 50" Element of TT for Null in C2E

Top 50" Element of RH for Null in C2E

Top 50" Element of MR for Null in C2E

Top 50" Element of EPT for Null in C2E
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Top 50" Element of TT for Null in C2W

Top 50" Element of RH for Null in C2W

Top 50" Element of MR for Null in C2W

Top 50" Element of EPT for Null in C2W
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Top 50" Element of WD for Null in C2W
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Top 50" Element of TT for Null in N1

Top 50" Element of RH for Null in N1

Top 50" Element of MR for Null in N1
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Top 50" Element of TT for Null in N2
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