ISSN 0255-5778

¥

4845 F 34
EREI100%FE9H

Vol. 48 NO. 3 September 2011

&

| REFPEFRE

CENTRAL WEATHER BUREAU



£ o2,
A % 1
Z il
% 48 & % 3 4
B X
H5iem
P51 S o G R I o S o R A0 BT R BERE (D
DA BRAE 5 R Yy gl e S B e S BREEE =s (15)
19984 5 # i LR Fe 41 R 1] Gisyetiit
Jik o 5 165 B i L 4 B JE RS TEREE FIHP (43)
TEHE BT 2RI SE20094F B 2R B 58
wRRSE e
T PR HEA 2218 IR G TR R T e & IERiN (59)
JRZL H BB S 2 A B K R FE B L WK e ZN BERZ (73)
R 2
HHYfE
R 0 SRR AR 100484 36 77 o 5. [ 2 [E] 75.645%
BT AIFE A9 Wik B ¢ (02)2349-1091
%o
£ ® 2 R P
% B =2 E F 7 M i
) ok B &;
# & b 36 48 B -f]
ROE % B & B JEIJE
5O B & W
# F w E & # o M




REEH 48B3

£ 18 Wb [ B RUAE 3% B R R ZAF B AT

FHR  ERR
RS

W =

ARSCHERI19982008 4R [ » r IS8 52 Ry 26 5 118 MY =& H B I b A1 2 5 41 3t
T B T o IR 9 B R o SRR 5 G JA T ¥ 0 (Joint Typhoon Warning
Center)6/]NRF 1 X2 WG JEL B HE R A€ (best track) Ry S AT 08}  SEIUE e sth i o
OERFEII8- 126/ ~ JbiR19-28 LA - RS 5= 29018 Ry E#IHIuL
E—HIEIRF RY B (2) LSRRI - [Rl— IR A sk 2 RF R Rl 22 - AU
B - BRI E  HE A 20 L — R/ NRFRT AR R R 25 g
Ao S PR 2 Y o PO M (L © 5 T s A i e 9 50 328 A st T e JR\ 3t [ 0 o AH A3
B B s AR ARAE AN [ R ST B2 18 3 Wt o0 A7 o JR A

i R il . PR ] B g\ P 52 B Ok 1 2 M 2 19965 A i ol Al i e [
FIFIME(E 2 E 28 B R 199658 IRF Y 8 AT /N 7 1% o B3 T T 26 2 O {1 flE] 2
LIRFRI AR o o AT A R BEUR - e JEURS: i R [ 9 7 9 0 96 12 38 2 1 B G J 3t [
L2 SHEHE A8 Y HorfrS -6 ) v PRy ek 9 28 A A SFSRGE AR 7- 10 H -
7-8 3 A Il i e e 9 288 2 0 S v 9 St 8 v S 11 S L ) R A i 22
BRI G AL FE 5828 ~ e e B B ROt e+ S8 T 20 A7 R B RE Bl BT 2 P e 2
AR o 9-10 F SR i ey ek 19 208 A2 SER = O st Wt KR 3 AR YT AT > AE38E L
b - SERE R T REEL AT AL T IR © S350 7-10 FH 25 ith 3% A i i e
I Y 2R R ABL AR A 1Ny 28 A M i R [k R O B & s > (LB RS IRF RIS -~ 3%
A A i R [ 9 e oy P B AL
BB : WEJR ~ PIRE ~ i rfER o

RERY o RIBL - " MG SR > T MGG K

R THEEREK o (BESF 0 2007)  (BREE
EE A NEFELE - HARE S I > 2007) 55 {5 Bl R 3T 5 BT 92 0 A A SR B

e SR AR T8 o TR AR AT ~ ESE - Bk BREIRRE

2 BUBA - ST~ REGE - BRI I 17 Al g 20 (9 5 2R LT 52 - Manton

AN R e SR AE 25 st 7 I 22 L S 1 et al.(2001)73 47196119984 ] A ¥ i

a2

— Al

il

—1—



P AP o Wi I RN SR BE IR - &
BHE 7 HEFFRTE 202 — /5 VI 5 2 R
A Ry i W 6 4 W B PR () B + 1T Zhai
et al. (2005) Al R H 73 TLEYEE LIE H
I3 R AB A oo i I 19 9 B o0 AR PIREAEL
S3 AT HREI 1951-200 04 [ ff i H 95 RN &
HAEER « BREE(2007)78 Ko Ibk 125 18 1B Ky 5§ B
Dyl ABASTE PR VRS B SR A s
PR (B 75 2 S L BE S N &R R A
UK, -

LB R Z MR o AT i E R T A
W K i =R 4 B BH B B (recurrence period)
SR E S AR EHITESE - Ao
TEAE S R SR E 3 LR R XA
SyERfE o IR - B PR IRAEE R
Mt b2 JE R A 32 R B PR B2 W
i 92 BT P B S fik B o2 o R (BRSEE
2007) o [RIL » A3 F E K OE 5 i TR A
i Py 9 B2 0 (PR A B S L i 8 A 3t T Ml
JoR\ S T O o AE 7 B B AR AR 2 7
Je FLARFRAE A [RI IR SR 2208 Bl W 3 A1 o
BEEM BT » DU B e J 5 S AR SR
Rz 2% -

= BRRAHE

ASCBEFR19982008 4] » HHIRE SR
JR32 6 5118 [ 5 Bl A 9800 3 R 2 S [ i 465 )
uh(fE 1) & EF2905R I RN R &R+ e e
ZE o SR Ry 5 G R T v 7R SRR 118
1265 ~ Jbf# 19-28 FE [ A - Ho b jig [
3l T Hh O R BR S8 B S G LB R RO
(Joint Typhoon Warning Center)6/NEF 12X
G B B R 1% (best track) R A

BN R /N 2 e R RO AL
[ 2 oy A4 s Ja 3t v v 00 B 1R EE At 43 T
FREAEER - 435-6H ~ 7-8 A &9-10H =
EAR - P {5 e R 18 e+ HorRs-6
7-8 H k9-10H 53 RIAET ~ 27 K2 1{ERE A -

-9
. Yo
. .
’. .II.....-
«te ® ° ..o
e % o..-
® e
M g S
.
...o..t = .lo-
- .
°
L) . L
. ®
= ... -
°
. s .
. H - .
i . -‘o..
s = L% 2
....:.o'n' $* *leer
.
U :’I ..‘
™ 00. ) L3
., .5 :c
L] e J
e £
.
T e @® *s® a3y :..
®
* .o". iy
.
- .ooo...... .
LI . - °
' .-'. ... - . -
- ..-". L °
o:..- °
o * &S o ** .
e o° ¢
L . " .
. >
“y ses’® . .
. .
RS, o
0 o
.

1. SR G 2 S8 st T A G () B
2651l [ Bl Y = # ] E (SR B A7 B
Al

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

stations of Central Weather Bureau.
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Fig. 2. The best tracks when the surface centers of typhoons in the domain of 118-126 degrees of

longitude and 19-28 degrees of latitude during the period of (a) May and Jun.,(b) Jul. and
Aug.,(c) Sep. and Oct. during the period of 1998 through 2008.
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Fig. 3. The distribution of threshold values of
extreme hourly rainfall of typhoons of

290 observation stations. (unit: mm/hr).
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Fig. 4. The distribution of the heights and threshold values of extreme hourly rainfall of typhoons of

290 rain gauge stations of Central Weather Bureau.
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Fig. 5. The locations opposite to the surface centers of typhoons when the extreme hourly rainfall
occurred in (a) May and Jun. (b) Jul. and Aug. (c) Sep. and Oct.The circles with 2.5 degrees

of longitudes and latitude stand for the distance between the surface center of typhoon and the

locations where extreme hourly rainfall occurred.
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Table 1. The statistical analysis table of extreme hourly rainfall of typhoons.
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Fig. 6. The distribution of occurrence frequency of extreme hourly rainfall over Taiwan in(a) May and
Jun. (b) Jul. and Aug. (c) Sep. and Oct.

17
27 17 . e
26.5 2.5 [N, . 259 | jeae
26 26 | ., " FL
255 255 L, 255
25 25 25
245 15 | 245
B % 24 24
& 235 = 135 o3
2 e £
= 225 2 |
2.5 :
n 53
22 ot 15 | 3
215 71 PR T T PR ' 1.5
L ———— S 5120120,5121121.5122122 5123 =
119119.5120020.5121121.5122122 51
119119.5120120.5121121.5122122.5123 1191195120120 5121121 5122122 5123
e -
ficlicy e
(a) (b) (c)

7. () 5-6H (b) 7-8 H(c) 9-10 F il e Ry 2% A= b 77 e RSt T 2. SEGHEEEE AR SN » G L
HrpE oA B

Fig. 7. The locations of surface centers of typhoons when the occurrence locations of extreme hourly
rainfall were out of the region with 2.5 degrees of radius of longitude and latitude opposite to

the surface centers of typhoons in (a) May and Jun. (b) Jul. and Aug. (c) Sep. and Oct.

121.0-122.03 il £ #826.0-27. O IRy th i 4E 471 1B 2 A A i R e 9 P St 6 2 A AE B S
e R 02 S EE AN 2 R i A L B AR SRALHE R R AR I - Horr DUER R i — 71
i B IRF IR R o [ 8 (b) B - e JBL O AE FIFEE L& AR - TEE8(c) I E i
A120.5-121. 5 B #821.0-22. 5 1 - G B P AR 119.0-121.0 2 B J g

—7—



5.0

4.0

3.0

2.0

1.0

(b)

5.0

4.0

3.0

2.0

1.0

- = .

(c)
5.0
40
° 3.0
_ . 2.0
X 10
v
(d)

8. e i f of 9 3% 2 4t A G J 3 1 b2 5 BEAS AR O o LG R st i o0 A2 S () 121.0-
122.0E » 26.0-27.0N ~ (b)120.5-121.5E » 21.0-22.5N ~ (c) 119.0-121.0E » 24.5-26.0NEi(d)

119.0-121.0E » 26.0-27.0NZ Z$4: A =8 -

Fig. 8. The cases of extreme hourly rainfall occurred out of the region with 2.5 degrees o f radius

of longitude and latitude and the surface centers of typhoons were in (a)121.0-122.0E -
26.0-27.0N(b)120.5-121.5E » 21.0-22.5N(c) 119.0-121.0E » 24.5-26.0N and (d) 119.0-121.0E -

26.0.-27.0N.

24.5-26.03E/F » HMEH 8 A Al i ey [k MY 1 32
B AGER M ~ R~ IR~ REURER
— o Hp DUEA » KRR -
17 e 8 (d) & g J AR R AE 119.0-121. 0
B JB#%26.0-27. OFEIRF » AR 28 2 il b R [
MRSt > A EEM IR B i1 > 5
rh DLEE ST AR I -

i 9 (a) 2 (c) 73 A1 Ky 7-8 FI 2% $th 288 2L i
SRR TR - R — ~ TR /N
i Ui R o RS o B SR 0 A [ o BESRET S
TR I 0 il % T Ak 20 A A i R R RS 7R
A — ~ e /N o 3 2 O R R RS
[EESEE ESPR SRENEES L €2 SV TIUL
[ 9 (a) s - 5 b 20 A Al i P [ R 4% R 2K 5

—8—



1IN 5 H08 208 A il Ui oy e e SR v ) it
(BSR40 96 ) 7 A1 % P 1 i 5 LT et DU
EFERIIE - BB E A R T
Sl s SRESAR R L DA R R L - B
St~ AETE R o B KR

My o [E9(b) BN » % H 3 A A i g e R 4%
IR AR B /N IR 288 A B e e B SR e D 3
U 128 P S e 2R Lt e B2 P R ER L 5 3R
S k1R Je S 1L o 22 SRS A7r 1 LTt o {9 ()
SRR > 25 Mt 308 A i B e R AR R 2 EE =/

()

o (BEAL © Ho7EE)

60.0 60.0 / 60.0
/ i .
50.0 50.0 50.0
/ d
40.0 40.0 & 40.0
Ly
- /
30.0 30.0 \ iy 30.0
\
20.0 20.0 \, 20.0

(b)

(©)

extreme hourly rainfall occurred in Jul. and Aug. (unit: percentage).

[9. 7-8 H £ tth e A MR IE 7k B AR A 2R (a) 1/ NRF(b) 2/ NRF (0) 3/ N 3 A Ml R ek 7k i AR A1

Fig. 9. The occurrence probability of extreme hourly rainfall in the next (a)l-hr(b)2-hr(c)3-hr after

60.0 60.0 60.0
50.0 50.0 50.0
40.0 . f 40.0 40.0
- /
¥ 4/
30.0 \ )/ 30.0 30.0
200 N 20.0 200
\/
v
(a) (b) (©)

[ 10. [A][E9 » {HE9-10H
Fig. 10. Same as Fig. 9., but in Sep. and. Oct.



P 27 A S R I = g ot L 28 R G
SR © [ 10(a) 2 ()73 7l Fs9-10 %%
ML MR R 1R > R — » R =
7N 2 2 i i R [ Y o SR 00 A [
10(a)BE7R » 5 31288 A bl i g o Y PR AR 2R 26
/NP R A 2 2 U R R A SR v ot
SHATRAPEERHTT ~ H A RS L -
Prevpsth Dl B2 ~ FBEE—77 - 2RV
E Rl 5 SRR B GE L - L)
JRIFR L pe SRR U ] 10(b)BEUR - 453l
0 74 e U R ol 9 7 R I B /g o A i
FRF I 6 s vy Y it Mt 28 R P 800 11 D L) 0
T fe SRR R Bl LI o [ 10(c) B
7 bt 25 2 A i R I RS B R 228 — /R 2
Ao i R o A S o e 1 et e 3 5 H =50
e - #RELL B HT 8 - 7-10 F %33
A 8 S PR o 9 AR SR AR R 2 B8 — /R 2
A i e 52 PO A ol = > (LS 3 R Pl 9
2 A A R [ S 4 o W BRI - RS
5-6 it i 1R [k Y B9 SR AR Y 7-10 1
ARSCR AR 2 A i R B R AR R 2 Fr A 8 2
i i e g PR B SR 0 AR 3T

RN EPSE v

TELE S5 (a) 2 (c) ~ FK1KIE6(a) ()7
BT REUR  ti b RERERY AT 90 9% 72 45 3
A 7 B R B 3 T 0 2. S AR AR A
1717 2 . 5 468 e 68 24 458 Y o 2] S B — it M JL 7
B LR AE100-3008 B AA G A - 7
Jis JE\ A it B R T B R 2 B AR B fE R 143
MTEEUR » b S R R R S 2 5- 6 H 38 AR A
HEERZ H 5 k50 - HAh7-8 5 B
9-10 H 2 A R 5 4= 7> H 2 B & 3R

50% -

F 282 M e A~ F2 € (Conditional
Instability of the Second Kind ; f&§f§
CISK)BHER AT A » 3T i1 [ B FH R P #24F H
B - EARGIEN - HBUKREREG -
J& b SE Bl v O B T A T R R iR
OB EERE S - HERLRET
et » {58 e PR3 S JRE AR 5 104 A T 44 i 1K e SR fie
B - MR EEKSES - X
58 b THSE ) » A0 A BR 0 R PO SRR
BT REAL - GG R oR - ATLL - e R\ 2% Ry
AE 5 AU 2 ER IR 7K SRV A FRF i R AL v
B B REHER e B - BRI
Rl /KRB - KREARBAY/KISE
AZETR 5350 5 2 FE R R N AR 1 {6 i L 1Y
58 o FRRY - MU IRF IR RS A 90 96 7 5 B AR A
IS L 3 T 0 2 SRR SR AR Y - EE
JRTRRGRIE AR o B2 JE R E I
e Ui 5 I 9 258 24 S B il o, 34 1] 00 O A
LB HER » KR BLE JE S e =Cry 5 8L 7T AE
- T B Ui R o N ) B BRI 3R

7-8 FJ [ 58 ZU 0 K K i B g 1
FELE TR R /K RAE A ZZ R » PR LI B
7Y e 2 JEL L AR B 7 SRR IR 7K SR, » KR
EARE Fo 0 - 38 He 7K A FE HH e JEL 7 4% 2
JREAR R SRS SR R - T A G A it
ARG E A BIZUR AR » S R R R 2
BIZUIEEK » 9-10 H ] » (RIS AL = il 2 520 i
AT RACS R = LA R A T 2Ry
UK - B R SR e BRI - TR SR
EAREERRKR - B S EEILE - Rk
FIOAH S - T AR B ZU R B o R I
N BIZURE 7K o @6 » 57-8 H & i



U PR o2 9 2% 2R SR S S @ A TR H
VB LT [ i Z2E e 22 v B L L@ G LR 5 2%
T I e B AR » PE R A RS 5 9-10
J3 SO e s A i I 1 2% A R i Y 3
AR # AR ~ fEs# LG - JEE R
FALEBAL AR BB 43 o FHY » 38 F 43 A6 R
FIE ZR A VG R 28 Bl Bl & 2= 2 R 2R AL
3 R K SRR 43 A BL (19705 Lin et
al. 2001) o [KI[HL » 3 5 e A i R g R Y
K% - BT REEERGRAN - FRERR T RE
EHEERFZ— - f£7-8HREEREE RN
TERR » KRRGRAEE S - 9-10 H R
7 R\ BLRG EBR VR A A AE RIS UL - AR
TREEE PR BT - ATLL - H ARG InEAP:
B AN Z KRR IR R ME — (K13 - 534h
FH AV K LK » At AR ZAER B B4 G - 7E
7-10 H R R AY H & 8L e A B EE - )
TRR BRI H R A= R EARK KL > 7-10
JF T I o\ i s P o RIS 17 A HR B B 2R AR H
i o HZ > fE5-6 H R » HIA P e 2= SRl
Fts - #k7-8 HEISS » H 74 e 3 JR A8 1K A
FE R AR R WA K RIEAH S 59 7-8 HIH -
Rt - 5-6 H R - H AR INEAE S
F o R EEE AR KR o SERAEES-6
JF I A i PR o2 R 2% 2B 1A H R 2 1 43
FEE A SO SRR -

RN 5-6 HHGR AR - KRR
BRI RHEEAR YL - MR SR IHI R LR HZZE R,
HkREMmE 2 —HANWKFE - 57
AE e A 2 A AR 7-10 5 5 B L
7K S8 TSl B A A (7- 8 F [T v e 2 R '
TFOFIZKGABC B (9-10 H [ 5 2 B Jig 2l
BIMAZ BAERBEI)AMT-10H - ELEH

F o R Ui P R N A A Y A R E AR

7-10 -
534h » 7-10 H 2 A7 H R Rt

A (£)200 28 RDL | B 88 3 K B S R = -

[ 4 53 AT TR EE R B % G LA i R

R Y PR 1 R e P L 1 G A B st e /=

R IO R AT 5 o RIS

T MRS T RE T 25 KRG R i R R RN

HY F A
FILL B4y AT al A - SRR/ SRR

JiEs JRL I 08 e 271 ) S e =X B O R 2 A B B

i R BRI Y 22 B F K3 - ATREE

55075 g ] PR i o 7 P B 2 R[]
FRAGIN S » A5 HT199820084E ] »

it JEL M i D (E BRAR 1181261 ~ JbA&E 19—

28 P A A A A M R e 2

P A s JRR: B R e R o R AR B

(—) M J A S B e 9 228 2 1 i B £ 9.0 96
B T G JB 3t 1A P02 5 R AR S AR
W Hdrs-6 H Al RE R H YK SR
FRIH RIS - KRR
T RHIER SR P00 55 (AT 3+ 3 50 Al 2 AH
HAONRT- 10 HERFE » 15 o RF R
M AR BEERER R 7-10H -

() 7-8 3079 il s R\ i s R [ 9 2% 2 4 R
o v A St T 1 22 H H T L 1A B AE
RSB L& AFEREE - SRS
I - GRS AR O RE B E Y
e 2= JE AT A -

(=)9-10 J A R Js o\ Ao s P o 2% 24 4 3%
W8 e P 3 Tk A 43 AR AR T ~ S L
b AEEB B R ALES 5 KER 4y - GBS
R REE AR AR -



(V) T8 5 s At i e e 9 28 2 19 = B[R
AIRERE MBI A 2 B 1
ARBEEATRER » Fi i T
DEFUR B E S B I BeE) - A4
SRR 7K SR A TS -

(F1) 7-10 7 25 1 28 A= Al U PR ok 9 22 15 AL IS
R A 17N IRE 2% A i B FF I R 1) B o
e o AELE R IR P - 2% A A O R [
S A8 & W B -

FaEL

A EEBER B EEN RS
NSC 98-2625-M-052-008 & BBl 1585

JRISCFF F5ERL ©
7N BEYRR

TR - 1970 @ B8 ik A - 45 il —
BARES KR - REEH -
16 » 18-31 o

BRAEIE ~ BIE R - 2007 © SR IGRERE
RARFAHIET L - RERIER - 35
105-118 -

FEREE - 2008 @ = 26 A 1 B8 & [N 78
b 2 -1 AT EEWRF
i s e T TH i 7F 2 E ] 2 BiF 5R
(D) - THREBEEXHMEZEGH
W FEET HR R B - NSC96-
2625-Z-052-003 -

BEE W BEELE - PREgEE - 2007 ¢
1951-2005 4 52 8 bl Ui o B9 55 1 ¢
R AL - KGR - 35
87-104 -

Lin, Y.-L., S. Chiao, T.-N. Wang, M.-L.,

Kaplan, R. P. Weglarz, 2001:
Somecommon ingredients for heavy
orographicrainfall. Weather and
Forecasting, 16, 633-660.

Manton, M.J., P.M. Della-Marta, M.R.
Haylock, K.J. Hennessy, N. Nicholls,
L.E. Chambers, D.A. Collins, G. Daw,
A. Finet, D. Gunawan, KInape, H. Isobe,
T.S. Kestin, P. Lefale, C.H. Leyu, T.
Lwin, L. Maitrepierre, N. Ouprasitwong,
C.M. Page, J. Pahalad, N. Plummer,
M.J. Salinger, R. Suppiah, V.L. Tran, B.
Trewin, 1. Tibig, and D. Yee, 2001: Trends
in extreme daily rainfall and temperature
in southeast Asia and the south Pacific:
1961-1998. Int.J.Climatol. 21, 269-284.

Zhai, P., X. Zhang, H. Wan, and X. Pan,
2005: Trends in total precipitation and
frequency of daily precipitation extremes

over China. J. Climate, 18, 1096-1108.



An Analysis on the Characteristics of Extreme
Hourly Rainfall of Typhoon over Taiwan

Huei-Min Wang and Tien-Chiang Yeh
Central Weather Bureau, Taiwan, ROC

ABSTRACT

In this paper, the data of hourly rainfall amount of 265 automatic raingauge stations and 25 surface
weather stations of the Central Weather Bureau and the best tracks of typhoons in every 6 hours of Joint
Typhoon Warning Center during the period of 1998 through 2008 were used as the analysis data. All
the hourly rainfall data at all stations would be selected at the same time when the hourly rainfall value
exceeded or equaled to 15 mm at one of the 290 observation stations of Central Weather Bureau, when
the surface centers of typhoon were in the domain of 118-126 degrees of longitude and 19-28 degrees of
latitude. After ranking all the selected cases and then taking the first value above 99" percentile of each
station to be the threshold value of extreme hourly rainfall for every station, the occurrence locations of
extreme hourly rainfall relative to surface centers of typhoons and the characteristics of its distribution of

occurrence frequency over Taiwan can be analyzed.

There were 1996 cases satisfying the conditions of time and locations of typhoon centers
mentioned above. According to the previous definition of threshold value of extreme hourly rainfall,
it was the 20" highest value of hourly rainfall case after ranking the 1996 cases from high to low.
The results revealed that 90% occurrence locations of extreme hourly rainfall were in the region with
radius of 2.5 degrees from typhoon centers, and the occurrence frequency of extreme hourly rainfall
in May and June was much lower than in July through October. In July and August, the regions with
higher occurrence frequency of extreme hourly rainfall extended southward from the central mountain
area around SunMoon lake to the mountain areas in Kaohsiung and Pingtung including Chiayi, Kaoh-
siung, and Pingtung. The characteristics of distribution might be associated with the summer south-
westerly monsoon. In September and October, most of the regions with higher occurrence frequency
of extreme hourly rainfall were in the northern regions in Hsinchu and Hualien. The characteristics of
distribution might be associated with the winter northeasterly monsoon. In addition, the occurrence
probability of extreme hourly rainfall in the next hour after extreme hourly rainfall occurred was high
during the period of July through October. But it decreased obviously as time increased.

Key words: typhoon, threshold, extreme hourly rainfall
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Fig.1. The flow chart shows how to identify rupture plane of earthquake by Finite Dimension Source
Method.
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Fig.2. Schematic diagram shows the geometry between an earthquake rupture plane and a seismic

recorder. (A) When the hypocentral distance and the range of rupture plane are considerable, it

is highly possible to identify the rupture plane by the waveforms from the source to the recorder.

(B) When the recorder is far away from the source or the earthquake magnitude is small, it is

difficult to identify the rupture plane from the waveforms.
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Fig.3. Schematic diagram shows the sub-events on a rupture plane. The sub-events are all point
sources distributed apart on the equidistant lattice on the rupture plane to regard the focus as the
center of the earthquake hypocenter. They rupture in an order that follows circular wave-front
transmission, supposing that the rupture velocity (¥¥) is constant. The rupture area of earthquake
is represented by the rectangle shade, ¢ represents the azimuth of rupture plane on the surface, 6

represents the dip angle of rupture plane.
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Fig.4. The relationship between M, and M, obtained from the historical earthquakes occurred in the
Taiwan region. The earthquake data include 154 data of M, from the Harvard CMT solutions
and 811 data of Mw from BATS during 1995 and 2004. The data of M, are taken from Central

Weather Bureau. There are 965 data in total and make the result analyzed in linear regression.
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Fig.7. The star symbol represents the epicenter of the Ruili main shock (M,6.2) occurred on July

17, 1998. The solid and hollow triangles show the locations of 247 strong-motion stations

established from TSMIP. Each of them recorded the seismic waveforms of the main shock. It is

altogether 24 of the solid triangles for epicentral distance shorter than 30 km and the waveforms

recorded by these stations are applied to identify the source rupture plane by FDSM. The focal

mechanism is obtained by the CMT solutions from BATS.
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1998 717 451 14.96 Plane : Fault  Nodal
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Fig.8. Recorded (solid lines) and synthetic (dotted lines) waveforms calculated from two double-

couple fault planes can be used to identify the rupture plane by minimum misfit and can be
recognized. Upper left: The resulted focal mechanism of this study event used the FDSM
method which shown by equal-area projection of the lower focal hemisphere. The solid line
shown the rupture plane determined by this study. The top of the middle: Rupture velocity from
2.0 to 3.25 km/sec response to misfit. The lowest misfit is 0.165 and rupture fault determined.
Upper right: The best data of Misfit is 0.165, which has strike 340.0°, dip 32.0°, and slip
36.0° of the fault plane solution. Below: The synthetic waveforms of rupture and nodal plane
comparison with observation in R, T, Z components. TSMIP station: CHY074. Vr (km/sec): the
velocity of the rupture plane. This is especially obvious after band-pass filtering the waveforms
between 0.05 and 0.2 Hz.
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Tablel. Comparison of the minimum misfits between recorded and synthetic waveforms for the Ruili
main shock on July 17, 1998. The synthetic waveforms are calculated from the two double-
couple fault planes by FDSM, assuming the rupture velocity is between 2.0 and 3.25 km/sec.
The two fault planes are taken from the CMT solutions of BATS. The epicentral distances of the
24 stations are shorter than 30 km. AMisfit=(Misfit B)-(Misfit A).

HIEE Ui FififA Misfit A Misfit B AMisfit
1 CHY003 330 0.778742 0.808039 0.029297
2 CHY006 308 0.703169 0.714193 0.011024
3 CHY009 263 0.534559 0.891446 0.356887
4 CHY024 349 0.580650 0.934810 0.354160
5 CHY028 338 0.363622 0.394798 0.031176
6 CHY029 312 0.674895 0.668632 -0.006263
7 CHY034 280 0.703686 0.805525 0.101839
8 CHY037 284 0.602557 0.922757 0.320200
9 CHY042 207 0.537139 0.876679 0.339540
10 CHY046 262 0.505860 0.988660 0.482800
11 CHY 047 268 0.444725 0.959806 0.515081
12 CHY048 262 0.478903 0.846718 0.367815
13 CHY052 214 0.852537 0.657850 -0.194687
14 CHY073 269 0.674300 0.988727 0.314427
15 CHYO074 87 0.164666 0.771259 0.606593
16 CHY080 9 0.468391 0.560246 0.091855
17 CHY083 341 0.778852 0.921291 0.142439
18 CHY086 175 0.719813 1.019080 0.299267
19 CHY088 234 0.611224 0.597836 -0.013388
20 CHY102 190 0.583401 0.805545 0.222144
21 CHY103 329 0.853226 0.853406 0.000180
22 CHY106 255 0.585022 0.754875 0.169853
23 KAU054 168 0.388247 0.959423 0.571176
24 TCUI126 3 0.524364 0.836205 0.311841
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Fig.9. Recorded (solid lines) and synthetic (dotted lines) waveforms calculated from two double-

couple fault planes can consult the rupture plane by higher misfit but can be recognized and for

reference. The contents explain the same as in Fig.§.
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Fig.10. Recorded (solid lines) and synthetic (dotted lines) waveforms calculated from two double-

couple fault planes cannot be used to identify the rupture plane by minimum misfit and both

cannot be recognized. The contents explain the same as in Fig.8.
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Fig. 11. Recorded (solid lines) and synthetic (dotted lines) waveforms calculated from two double-

couple fault planes cannot be used to identify the rupture plane by higher misfit and cannot be

recognized. The contents explain the same as in Fig.8.
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Table2. Comparison of the minimum misfits between recorded and synthetic waveforms for the Ruili
main shock on July 17, 1998. The synthetic waveforms are calculated from the two double-
couple fault planes by FDSM, assuming the rupture velocity is 2.75 km/sec. The two fault planes
are taken from the CMT solutions of BATS. The epicentral distances of the 24 stations are
shorter than 30 km. AMisfit=(Misfit B)-(Misfit A).

DA uh Jikifg Misfit A Misfit B AMisfit
1 CHY003 330 0.781700 0.812033 0.030333
2 CHY006 308 0.703736 0.714645 0.010909
3 CHY009 263 0.540250 0.930633 0.390383
4 CHY024 349 0.582632 0.971409 0.388777
5 CHY028 338 0.364093 0.395472 0.031379
6 CHY029 312 0.674895 0.668632 -0.006263
7 CHY034 280 0.703686 0.813100 0.109414
8 CHY037 284 0.607163 0.943641 0.336478
9 CHY042 207 0.563136 1.030900 0.467764
10 CHY046 262 0.507155 1.035440 0.528285
11 CHY 047 268 0.444794 0.994442 0.549648
12 CHY048 262 0.506612 0.894262 0.387650
13 CHY052 214 0.889611 0.759901 -0.129710
14 CHY073 269 0.684842 1.042320 0.357478
15 CHY074 87 0.174055 0.792305 0.618250
16 CHY080 9 0.506863 0.609698 0.102835
17 CHY083 341 0.784607 0.926079 0.141472
18 CHY086 175 0.733440 1.134080 0.400640
19 CHY088 234 0.626287 0.606672 -0.019615
20 CHY102 190 0.583401 0.849865 0.266464
21 CHY103 329 0.854259 0.854458 0.000199
22 CHY106 255 0.605089 0.773962 0.168873
23 KAU054 168 0.400599 0.999489 0.598890
24 TCU126 3 0.539769 0.873869 0.334100
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Fig.12. The misfits between recorded (solid lines) and synthetic (dotted lines) waveforms calculated

with epicentral distance shorter than 30 km.



CHY034

Dist.: 12.5
Az.:280.3
Bp.:0.05~0.20Hz

CHY(O37

Dist.: 254
Az.:285.2
Bp.:0.08~0.20H7

CHY042

Dist.: 17.5
Az:207.8
Bp.:0.08~0.20H-

CHY046
Dist.: 20.5
Az.:263.9
Bp.:0.05~0.15Hz

CHYO47

Dist.: 21.5
Az.:267.1
Bp.:0.08~0.15Hz

CHY048

Dist.: 22.7
Az.:261.6
Bp.:0.08~0.20Hz

CHY052

Dist.: 28.4
Az:215.1
Bp.:0.05~0.15Hz

0 Time(sec)

Timefsec)

S

Tl
|_N

Misfir=0.5055

Misfit=0.5969 ~ -
]

Misfit=0.9228
0

Tl__“_,_r_';;-“/—-.

[ e

I Migfir=0.5371
0

RI_—_-f.—.\___/K}
Tl_'d"’_','—‘\“/'ﬁ

I — ]
I Misfii=0.8767
0

Misfit=0.9598

Misfir=0.478Y

R W
T }——\-_-.,/-\-/
Z Ar.'i.gﬁf:(‘).&!é; Teav

R~

| aa Lol
TH Frod

Misfit=0.8525

RI""‘"‘"‘"\F

ThH—=

Misfir=0.6579

12 (##)
Fig.12. (continued)
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Fig.12. (continued)
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Fig.13. The relationship between minimum misfit and azimuth is obtained from the 24 stations whose
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The Determination of Earthquake’s Rupture Plane
by Finite Dimension Source Method: Examination by
using Ruili, Chiayi Earthquake Sequence
in 1998 as the example

Rong-Yuh Chen',  Honn Kao’,  Chien-Hsin Chang'

]Seismological Center, Central Weather Bureau, Taiwan, R. O. C.

*Geological Survey of Canada, Pacific Geoscience Centre, Sidney, British Columbia, Canada

The purpose of this study uses near-field strong motion earthquake waveforms to determinate
earthquake’s rupture plane from double couple source parameters. By differences in the space
geometry distributions between sub-sources and recorders, we compared the observation data with
two synthetic waveforms in order to identify the rupture plane which has the minimum misfit and the
other is nodal plane. Structure with the geometry of seismogenic is expected to be found through this
research method and also more concreted information of source parameters can be provided. The main
shock for the example of earthquake sequence in this study occurred in Ruili, Chiayi on July 17, 1998.
The focal mechanisms are obtained from CMT by Broadband Array in Taiwan for Seismology(BATS)
of Institute of Earth Sciences, Academia Sinica. We obtained the source parameters of rupture plane
as strike 340°, dip 32°, slip 36°. The trends of our result and the aftershocks distribution of earthquake
sequence and geological structure characteristics were quite identical, which has proved the accuracy
of this research approach, and it can be applied to other earthquakes research with relevant focus

characteristics.

Key words: rupture plane, focal mechanism, Centroid Moment Tensor
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Figurel. The dual Doppler radar wind analyses for Typhoon Morakot near Taiwan at 0614 UTC (left)
and 1020 UTC (right) on 8 August 2009. The wind filed shown at 0614 UTC was obtained from
Chigu and Kenting radars where the wind field at 1020 UTC was obtained from 7 sets of dual
Doppler radar wind analysis of Wufengshan-Hualien, Wufengshan-CCK, CCK-Markung, CCC-
Chigu, Chigu-Markung, Chigu-Kenting, and Kenting-Hualien. Wind speeds indicate by wind
bars with full/half bars 10/5 m/s. Different patterns indicate winds on different levels of height

as shown at the lower-right corner of the figures.
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Figure 2. The impact of parameterizations in planetary boundary layer and cumulus precipitation

on the performance of CWBGFS tropical circulation and typhoon track forecasts. On left, the

root mean square errors of the zonal wind for day5 forecasts (horizontal axis, in m/s) from old

(solid line) and new (dash line) versions of model. On right, mean typhoon track forecast errors

of different forecast times from two versions of forecast model. The cases were selected from 7

typhoons in 2008.
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Rainfall Scatter Plot - More
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Figure 3. Left panel shows the 24-hour accumulated rainfall verification of the independent cases in
2007 by using three different rainfall models. Solid line represents the threat score (right axis)
on three thresholds (horizontal axis) of the original model (all), dashed line the northeasterly
monsoon model (NE), dashed-point line the customized model (NE_98). The bars (left axis)
are, in sequence, the bias scores, probabilities of detection, and the false alarm rates o the
three models on different thresholds. Right panel shows the scatter plot of observation rainfall
and model forecast rainfall. The solid symbols represent forecast model with SSMI data. The
hollow symbols represent forecast model without SSMI data. Different shape symbols represent

different typhoons.
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Figure 4. Rainfall rate (on left) and discharge (on right) comparisons of the ensemble average

Discharge Comparison

discharge(m'/hr]

1 L0100 1040171 W12 T0AGHY OV 100400

A0 10K
tima{mmddhh)

estimation using four radar polarimetric parameters at three CAPPI heights (3 km, 3.5 km, and

4 km) and the corresponding observations (OBS) over the Hsia-Yun watershed for Typhoon

Longwong (2005) case.
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Figure 5. The composite CAPPI in reflectivity (dBZ) (left panel) and Doppler velocity (m/s) (right

panel) at 2 km level with surface flow pattern analysis for the Severe Typhoon Bilis (2000)

over Taiwan area at 1100 UTC on 22 August 2000. Symbol “X” represents the typhoon center

and symbol “+” stands for the radar site about 33 km away from the Taiwan coastal line. The

dash lines are the streamlines and the solid contours are the isotaches.
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Figure 6. The 28 cases of relative positions (left panel, units in kilometer) of the model analyzed
centers (hollow typhoon symbols) to the observed typhoon centers (solid typhoon symbol). The
improvement of the vortex relocation process on typhoon track forecast (right panel). Horizontal
axis is the forecast time (unit of hour). Bars are track position errors (left axis, unit of km) of
forecasts with (hollow) and without (solid) relocation process. Curve is the percentage of the

error reductions (right axis, unit of %).
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Figure 7. The mean forecasting errors (vertical axis, units in kilometer) of NFS, WRF, and EN models
and the Central Weather Bureau official forecast (CWB) for typhoons in years 2008 (up panel)
and 2009 (down panel). Horizontal axis is the time range, from 24 hours to 72 hours, of the track
forecasts. EN represents the ensemble forecast from NFS and WRF models. In year 2008, the
Central Weather Bureau used NFS_Kuo and WRF_MO02 as operational models those be changed

to NFS_NCEP and WRF_MO1. Details refer to Yeh (2009).
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T ANFICAPPIE (3 ~ 3508~ Jed
NH) Z AT E 2 MR R IR
BB LR n] DUA R R HEAG S R A
R - e A 2K SO R &
EAREMETE -

"B S T g e R 7 st S R
REEREHE AT 5 71 > 20094 B 3 ZHELL
ok F=5 7 33 70 AT e JE A S M T e 7K 7 o
ittt o Wroehs REUR - He R B i =
R - #fP Ut R - B
HIR S A P A 20 2 50T ¥ RO R S P e
HUIEEL - 281~ 25 [RAT 2V R
A IR B - A I FH £ S B T R
JERITFAE - [F]IRFAE 22 188 i 1 i B BT ML )
BB KU AE B G & -

T3 WRF 5L 2% i i, 7 i 1F 2 e
FZBgE ) T - E R AR A B
V.WRFH4DVAR ~ Frg UG i et &
B S e Jo % AR TH R M SEE A - [ BRp
A S5 B O3 AT o SR SE B2 R F R D e B AR
(NFS) » WRFE 2 #2008 4 Hil 200 94T Jig
PR TR L B A - A DA [F] )45 B 3 5 ek
PR R SR TR © G SR B L e T B %
SETHIRAEER LIRS W TR
YRR o RERIESEIER] - 5941 - SETTLL
SRR o3 T G B T ST P o S = o0 A1 o R
M DS WRHER T -

FRET S » 20094F FE b 72 14 i il i 15
B G ~ BEESERY ~ gtk B I
TR ML ~ FEFIHR N BhEE E B
FORE ~ T NG R R R EOR - AT
IR SERG - AT I E AR - AL
WFFe R G 2 27 SO L A 1T B EE

R A e s -

R
B

I=

|

R TTE R R B R T BB AR S
WroeatE & o B —EE S BRR# fR
REJMIRE ~ RIS » SR T AR
L2 E -

A~ 2B

UG 0 2009 » G RS R B 2 G L
I J\ Y P e il o e e — -t ¢ g
Ja\ rp R S B e N TH R i & O
(ID) - TP R B Z B & i st
4NSC97-2625-M-002-002 » 172PP -

Al 5 HE - 2009 » G B PK 1€ B4 22 G AL PF
b R\ RS T Bl B — -3t - =
8 o T ST e R 2 B I B B R
ftEo  TBREBERER2EZES
W28 25 NSC97-2625-M-262-001 >
30PP o

FRERSE » 2009 » oG R iK% 158 B =2 e Ja 1 o
JR\ RS FH e Bl o 38 B -- -3 ¢ e
15 I~ B R 3 B 3 i R g B AR o2 B
FT R HR 8 R B AE A (D) -
TEFEBI R R E S Gl
NSC 97-2625-M-052-005 » 48] -

HHERIE) » 2009 - G B 1R Bl 45 22 G R P Bl
JERN T B il R -T 31 & 2K
S5 A A P s % A% T o ) B 2
(D) » TEBEER R EZ B iftse
W NSC97-2625-M-052-003 » 47
H o

==



ZERIEE - 2009 - Jig B 158 B4 22 e L (i
JEVRE R B il o B I - 1T R B
WREF 5 2 fi% e JB F5 e 1F 5 2 Bt
Fe(1D) - fTEkBE S B2 B &5
s - NSC97-2625-M-052-002 - 108
H-

B > 2009 - g B % 158 Bl 45 52 e B,
W58 JE\ Y TR Tl o 3 - 1Rt e
JESE R R /KRG TR Bl 2 BF5E -
TR R R E S g sl s
NSC97-2625-M-008-003 - 53K -



The Study on Forecast Technique Development of the
Typhoon Track, Rainfall and Winds over Taiwan Area
in Year 2009

'T-C.Yeh, ’C.-S.Lee, °M.-J.Yang, 'C.-T.Fong, 'P-L.Chang, ‘T.-H.Hor
'Central Weather Bureau
*National Taiwan University
*National Central University

“Lunghwa University of Science and Technology

ABSTRACT

To improve the capability of typhoon forecasting and thus to reduce the damage loss induced
by destructive typhoons are top priority research topics of the National Science and Technology
Program for Hazards Mitigation supported by the National Science Council. “The Forecast Technique
Development Studies on Typhoon Track, Rainfall and Winds over Taiwan Area” is one of the
integrated research themes under this Program and aimed to improve forecasts of the track, heavy
rainfall and strong winds for a typhoon striking Taiwan. This paper summarizes the outcomes of the
integrated study in year 20009.

Tasks of the study include: Doppler radar wind analysis and implementation of the wind
analysis scheme into the Central Weather Bureau (CWB) operational environment, development
and application of a global numerical model for typhoon track forecast, improvement of the typhoon
mesoscale quantitative precipitation forecast, study of the forecasting technique for typhoon-
associated heavy rainfall and severe flooding, study on the implementation of WRF typhoon
forecasting component in the operational environment of CWB, study on the Taiwan terrain effect on
structures of the invading typhoons.

The results of the studies are fruitful, which include a Doppler radar data control procedure
and the dual Doppler radars wind analysis algorithm which have been successfully implemented
in CWB operational environment. The physical packages of the planetary boundary layer and the
cumulus parameterization of the CWB global numerical model and the vortex relocation procedure
of CWB WRF model have been refined. A WRF 4Dvar system also has been implanted in CWB. For
improving typhoon rainfall forecast, typhoon rainfall climatological model for typhoons coupling with
the northeasterly monsoon has been developed. The typhoon rainfall climatological model also has
been improved by using the satellite data-derived typhoon rainfall climatology. A scheme to integrate
rainfall estimated by using improved radar analysis algorithm, into the water flow simulation has been
developed.

Key words: typhoon, typhoon rainfall forecast, typhoon track forecast, data assimilation, vortex relocation,
dual Doppler radars analysis, typhoons coupling with the northeasterly monsoon, water flow

simulation
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Fig. 1. The domain of the grid data used in this study (60°E~160°W, 0°N~60°N).
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Fig. 2. The flow chart of establishing predictors and regression model building.
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Fig. 3. The cross validation result of Taipei station in January and June.
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Table 1 ~ The average of root mean square errors of four stations in summer and winter.
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Table 2 ~ The average of skill scores with four methods of establishing predictors in summer and

winter.
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A Downscaling Method Applied to Taiwan Daily
Temperature Forecasting

Po-Hung Lee

Weather Forecast Center, Central Weather Bureau, Taiwan, R.O.C.

ABSTRACT

Among all the statistical downscaling methods, the multiple regression model is applied to
weather forecast most extensively. How to use huge grids data is the most important issue in multiple
regression model. In this study, correlation map and principle component analysis method are
combined to create the predictors which contains the advantages of the two methods and avoids their

shortcomings.

To verify whether the new method is able to apply, I compare it with four other methods for
daily temperature forecasting of Taipei, Taichung, Kaohsiung, and Hualien stations in Taiwan in
winter and summer. The result shows that the root mean square errors are all between 1 and 1.36,
and which for Kaohsiung and Hualien stations are more stable, less affected by seasonal effects.
Correlation coefficients for forecast values and daily temperatures are all about 88% in winter, 35%
to 50% in summer. Skill scores are all positive in winter and summer, but the skill scores are better in
winter.

Key words: statistical downscaling, principle components, data reduction, multiple regression model,

forecast temperatures
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Table 1. Effects of various mitigation treatments to the percentage and severity of sun-burn damage

experienced by pineapples (var. Cayenne).

Damage Rate (%)
Treatments 2009/7/1 2009/7/8 2009/7/15 2009/7/22 2009/7/29

Yellow  Necrosis  Yellow Necrosis Yellow Necrosis  Yellow  Necrosis  Yellow  Necrosis

UV-cut cloth 0 0 16.7 0 16.7 8.3 16.7 83 25 83
PE cloth 0 0 8.3 8.3 25 8.3 25 8.3 25 8.3
Hat 0 0 8.3 0 8.3 0 8.3 0 8.3 0
Check 25 83 333 25 25 41.7 25 41.7 333 50

Yellow : fruit skin were slightly yellowed but the appearance were not affected when matured.

Necrosis : fruit skin showed burned spots and the market value were depreciated when matured.
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Figure 1. Typical changes of air temperature (a) on July 2nd,2009,incident solar and UV radiation,

and skin temperature of pineapples that had different sun-burn damages (b).
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Figure 2. Regressions between maximum fruit skin temperature of various mitigation treatments and

daily maximum air temperatures in the period between June 11 and July 31, 2009.
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Table 2. Effects of various mitigation treatments to fruit quality of pineapples (var. Cayenne).

. Fruit weight Total soluble solids Titratable acidity (%)
Treatment Maturity . . .
(2) (°Brix) (as citric acid)
UV cut cloth 4.7 2077.2° 13.8° 0.25°
PE cloth 5.0° 2783.9* 13.1° 0.30°
Hat 4.3* 2730.7* 13.5° 0.26"
Check 4.7* 2826.8" 13.1° 0.29*

% : Means in each column with the same letter are not significantly different at 5% level.
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Figure 3. Changes of micrometeorological environments in the pineapple field.
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Table 3. Effects of various treatments to mitigate cold damages of pineapples leaves (var. TN-20).

Damage rate (%)

Treatment 2009/12/30 2010/1/20 2010/1/28 2010/2/24
PE house 0.0" 2.5° 0.0° 0.0"
After the 1* windbreak net 0.0 2.5 0.0° 0.0
After the 2" windbreak net 0.0 2.5° 0.0 0.0
After the 3" windbreak net 0.0 2.5° 2.5° 0.0
Tie leaves 0.0 5.0° 2.5° 0.0
Check 0.0° 10.0° 5.0° 0.0°

% : Means in each column with the same letter were not significantly different at 5% level.
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Studies on Mechanisms of Sun burn and Cold
Damage to Pineapples and Mitigation Techniques

Ping-Ho Lee
Chiayi Weather Station, Central Weather Bureau
Ching-San Kuan Chia-Hui Tang Hun-Wen Tsai
Department of Horticulture, Chiayi Agricultural Research Institute, COA
Yuan Shen

Department of Soil and Environmental Sciences, National Chung Hsing University

ABSTRACT

Market values of pineapples are affected by the sun burn damage during summer and the
abnormal shape during winter. In this study, climatic conditions and possible mechanisms that might
induce sun burn or abnormal shape were discussed based on micrometeorological data and fruit
damage survey with various mitigation treatments. Results indicated that more than 50% of the fruits
would be sun burned without any protection. The skin temperatures of severely sun burned fruits
were higher than 50°C and lasted for at least 3 hrs under air temperatures exceeding 36°C longer than
Shrs. With the “yellow hat” mitigation treatment it had only minor damage, and the skin temperatures
seldom exceeded 45°C. Simple greenhouse covered by UV-cut or regular PE films both reduced
the percentage of severely damaged fruits to 8.3%. However , there was no difference in protection
against sun burn damage by UV-cut or regular PE films. Therefore, it is expected that the overly
high skin temperature may be the determining factor in occurring sun burn. Air temperatures lower
than 10°C lasting for 10 hrs, which caused <5°C at bud growth region, were experienced during the
winter in this study. However, no abnormal shaped fruits were observed. Therefore, it is expected that
low temperature may not be the only factor for producing abnormal shaped fruits. Buds and young
fruits were likely to be damaged under low temperature accompanying with rain as a result of severe
evaporation cooling.

Key words: pineapple, sun burn, UV, cold damage, abnormal shaped fruit
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