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Research on Medium Range Weather Forecasting in
Taiwan by Weather Types and Its Analog
Selection with Computer

(% =M B 3 AP B

(Third Phase: Spring & Autumn Types)

R & BB B G 3 IR R
Tsung-Yao Wu, Ke-Hsun Chi, Chung-Ying Hu, Hsia Cheng
ABSTRACT

The research project, sponsored by National Science Council, is
maiuly concerned with the general and comprehensive surface weather
charts of the Eurasia area to classify into several main types and
sub-types which especially emphasize their changes of alternate typs,
calculate their frequencies, analyze their transformation tendencies, and
grasp their characteristics of the weather over Taiwan. Then these
combine the classifications of Grosswetter types of upper air and the
objective analogue selection with a computer to serve as a base for
the medium range weather forecasting over Taiwan.

This report is the last part of the research project. It deals with
the spring and fall types. The initial classifitions between the surface
and 500mb charts are distinct-winter or summer types may appear
during the spring or fall season. Hence, there are still some difficulties
in the calculation and analysis. For this reason, we oblige to stress the
singular weather types, such as spring rain types, plum rain types,
Yellow Sea hightypes, Indian Summer types and the types of the first
outbreak of cold waves.

From the research, it is found that each period of singular weather
and the subjective classification for the Yellow Sea high, spring rain,
plum rain, and Indian Summer were in food combination with the
grosswetter types except the cold waves outbreak type. To take up
the frequency, persistance, and transformation of the main types
during both the spring and fall seasons is useful and valuable in refe-
rence to the medium range weather forecasting.



The types of cold waves arriving in Taiwan,

Indian Summer

types, the spring rain types all get adequately good credit by the
objective analogue selection with computer according to the random
selected samples comparing to the weather similarity of the following
seven successive days in Taiwan. Only the credit of plum rain is poor
because of the lack of selected samples.
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F— BERDRALFEZBITRERMEZ KHE (1960~1967, 3~5 Hi7)

Table 1. The occurrence of spring raining in Taiwan and its
weather types (Mar-May, 1960-1967)
o o@m X R/ # # moaE R A #H B
i ® B #H 7 ; : RHERK
MO OB | M B OB MR %o I | MBEM | MEG
1960, 3.11~3,14 &d 1b+3b +4e 1b+-6¢ B15 Bls8 B2l 4
1960, 3,19~3 25 tc+4a--6a 1h+4h i-6c 3c+6c B21 D2t D17 7
1960, 4,15~-4,19 4f 2a+-6¢ dct+be F10 Eiz Fl8 5
1940, 4.27~.4,30 2h+4c+7b 3c+6c 8b+gh Glz Gi8 B15 4
1961, 3,11~3,15 4f 3b+éc 4f KElz Gl8 A2l 5
1961, 3.21~-3,26 4f 6b+-7a 3b +5b G5 A2l D21 &
1961, 4,11~4,14 2ef4p 3b+-€¢ 54 Bl4 E21 G21 4
1981, 4,18~4,23 of 3b+6c 2¢--4¢ G21 Big D:4 6
1962, 3 6~.3.11 3b 1b +4a+6c 1h+4b Col Fis5 F21 6
1962, 4.28~~4,30 3e+6e 3b+-6c 6a Fi0 Fl12 B10 3
1963, 3.21~3,28 4f 3h4-6e 3b+4c GI0 G18 Bl13 a
1963, 4,18~421 2a4-4b Za +6¢c 2a +6c 3 Cl19 G2 4
1964, 4, 9~4,14 la +4c 3b L6 4f +%b D21 D19 GLl¢ [}
1964, 4,24~4.26 4c 2a4-6¢ 3b+6c D19 Gi9 G20 3
1965, 4,24~4,27 3b+4c 4b--6a 3¢+6b Gl9 (320 B21 4
1967, 4, |~4. 5 2h+4d 3b+6c éc-+7h clz2 nig B8 5
1961, 4,14~-4,17 St 3b+-6¢ Sd B2 G21 Blg 4
1963, 5 1~5, 3 5d+7a 3b+éc 8d+9b c19 G21 czi 3
1964, 4,27~4.29 2a+6¢ 3b+-6c Sc+4-6a G19 G20 F20 3
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Fig 1. Typical surface synoptic
pattern of spring raining.
3b4+6c (1200GMT, 20 Apr.
1962)
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| Fig, 2 Typical 500mb pattern of

apring raining F12 (1200
GMT, 29, Apr. 1962}
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Fig. 3 Another typical example of
spring raining surface chart
Sh4-8c  (1200GMT, 12 Apr.
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Fig. 4 Anether typical example of
500mb chart during spring

raining E21 (1200GMT 12
Anpr. 1961)
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Fig. 3 The surface weather type
during the yeliow sea high
period 3b-+4d (1200GMT 27
Mar. 1860)
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Fig. 6 The 500mb weather type
during the yellow sea period

(1200GMT 27 Mar. 1960)
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Fig. 7 Another example of Yellow

A Sea high surface weather

type 3b (I200GMT 10 Apr.

1963)
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Fig. 9 $Surface wseather type of

plum rain begioning 8a+5¢
+F¢ (120BGMT, 3 June 1858)
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Fig. 10 500mb weather type of

plum rain beginning Al2
Q206GMT, 3 June 1966)
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Fig. 11 Surface weather type of
pilum rain middle stage
8e+Ye+6c (1200GMT 6 June
1965)
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Fig, 12 500mb weather fype of
plum rain middle stage AIZ
{12666GMT 6 June 18663



#=

EFEERER RN R L AR AL R (1960~1967, 3~5 f )

Table 2. The occurrence of Yellow Sea Hipb and its weather types
{Mar-May, 1980-1957)

" B W O XK & ¥ OB mOE R oE O M
H B B T FBIR
BOR W B R H BB & HBW | 8BS MBER
1960, 4. 6~4, 8 2 -4k 3k ad 18 Az F1o 3
1962, 329~3.31 Ib++4c 1b +3b+4a 1h+5b E15 El5 B4 3
1963, 4, 9~4,12 1b+4¢ 3b 44 1-6¢ G21 Gl3 Cl13 4
1963, 425~.4 27 2a+6c Sh+ba Sd+7a G19 Cle G2t 3
1965, 4,13~4.15 3b+-4f 3b+4a 3h+4b Foz e73] GO 3
1966, 4 16~4,18 S5h+ba 3b+4a 4b +b& BO3 D15 Big 3
1967, 4.23~44,26 6¢ 3b+6a 6c G19 G16 Giz 3
F= ERIREEE RSB R AR A KRERE (1960~1%67)
Table 3, The orcurrence of Plum Rain in Taiwan and its weather
types (1960-1967)
i [iz) ) IR # P ¥ i}
g B\ R M . 1 - - ] FERK
o' W Hiiﬂﬁ%;éﬁﬁﬁ He TR OB HEH! a8 %
1960, 5176, 2 834+9h+5b | 8at+9%i+Ta | Bet%a+ic Giz AlC B3 i7
1961, H 29411 8d+%f-+7a 8a+%a -6p Ea +9f+4d Gl12 G110 Bz 13
i1962, 6, 5~ G 8bx % Ba +9f Ba1-9a All Al2 Bz n
1963, 531~6, 6 2a+5b Ba+9fr7a | 8d4%a7a G4 G119 GI10 &
1964, 5.29~-817 Bhi%¢-+-Te | Bb4+Fa-+5z | Ba+9a-+5a BI% Big G2 19
1965, 4, 4~623 8c+%a+Tc Be--9bh +éa 8a-+%a+-6c GIC Bi9 Al0 19
1966, 6, 1~613 8ax%-+-7¢ | Bc+Y%e+b6c | 8b--8d+45b Al2 Al2 B10 12
1967, 513~.614 8a-+%b+4+3h | Bel9fi-6a 8a+%a+6a €19 Fie G2 32
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Table 4, The occurrence of Indian Summer in Taiwan

and its weather types (1960-1968)

W W R K B ® moaE R R E &
BB H M - R
MB A | W R M mE % EBN | RN | ARR
1960, 9, l~v @ % 8c-+9%e-Th 8d+4+-9f+5hb 8h+Sf +6¢ A4 Al | B2 ki
1960, 925~ 230 8d+%f 8b1-55--5b Eh-+9d4+-5b B0 A AQ3 &
1961, 92t~ 926 | Bd4-9f+4b 8b+9f+4b | B34 9fiTa GOl Goz FO2 &
1961, 10,14~-1Q,19 3b+4e 2b+4b+8a | 2bh+4c+8a BG3y BaT COo31L 6
1961, 11, S~e1112 2b4-4b 3b+4b 3b+6c P4y B4y G4yl 8
196210, 7~1018 | 3bi6c-h7a 4a+5d4+7a | 3b+6ct+8a B0tV GL2E Fosy 7
1963, 10, 71015 | 6e4-7a--8a 4z +7a+5d | 2biTa18a T Gy Faoyg g
1963, 11, 3~11. 8 3p-4-de fc4a 54 1h4-6e Fiy Fw Ev 6
1964, 9,30~.10. 4 8b-+Pa4-Ja 1h+4b 4e47c+8a AT A0y AQ3Y 5
1965, 530~10. 4! 4347348k sb4-8a 4f 1-8a BT Bley BI%yL 3
1965, 10.10~.10,13 1b+8a 4a+8a 2a 44c+8a BISY GLHIID F20vt 4
1965, 11, 4~1L 7 2a-4+8a 3a 1h+5b A AT By %
1968, 10, 510,11 Izt4aiBa 3a4-dh 4a+5h Fiow Ci12w Bizwy 7
1967, 10, 710,18 | 3b+8a+Yc 4h-+Ba +of la+7h+8a Aldyy F15L Di21 7
1967, 10,2711, 2 Za--7a 3e4-4de-+Bh 258 +7h DI2T Al2T Glal 7
1968, 9, 6~ 916 | Be+9f-+-Ta--7¢|8b+9F4-Ta +7¢ 8a+73 BO5 Bal GO3 il
1968, 10, 4~10, 9| Sb-6a-+8a 2b+4b--8a a &




®RE EHMUTHRAEMBZ X EE I (19%0~1967)

Table 5 The first cold wave arrived Taiwan in each

year during 1960.1967 and its weather types

# H K RO o wE XA BN
OB A — BRI
OB oW | s BB kBB ARW | BEN | R
1960, 12, 12~~14 3b+4f 2b 3h+4a C4 C5 c2 3
19561, 10, 21~24 2h-+4e lat4b 3a+6a+7a Cc2 Cl Cb 4
1962, 11, 2~ 4 3h--5h 3a+4e 3h+7h D8 El F5 3
1963, 11, 8~ 9 1b-+5d la |-6¢ 2b4-6¢ Fl E8 E2 2
1964, 10, 2425 la--4c Ih+be 1b--4b G7 c7 B7 2
1965, 11, 8~10 3¢-6a 3a 1b+Sh A7 A4 Bé 10
1966, 11, 14~16 4¢ 3b -4 Shidel-le B3 E2 F& K]
1967, 12, 5~ 8 2a4-4c la 2a+-4b 4
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FEEREGSE
HHERBLRE » LB AR FFEHTEY
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TEBURT RRAEIRNE » DIF sl 2 2RI LG o
T F
FEREARFI (1960-1967 4 3-5) B) =

EREBHERRIEN -
EA FEESAKARFRNRZERR
(1960~-1967 3~5 )
Table. 6. The frequency of 560mb main types
in spring (1960-1967 Mar~May)

B A'B C DiE‘F{G}H
K op| 44 159 ne| es| 61 9 2000 ©
ﬁf},’e‘f{i 6.0’ 2],6‘ 15,8 88 83 124 271 0]
FHha R SRR REE LR NSRS (5271 % ;
HABEFERL 5 21.6 9% BERBHER - 5 158
EE T R SR B -
FEAEEINEE EREL o EPALE

W BELIEFRERE (B B8R BN EZE (G) B
EEfEA s SRR B Bl R AR » ZERELL
SRR 2L K272 o KR AR BE =
E #E—#EE G W, D EE—-EE B &o
G IfE B Mk 375 %o
VALY =

MEEEAKEN (1950-1957 £ 9-11 A) =
FEHBEEREN o
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Table 7.

The persistence of characteristics of 50mb main

types in spring (1960-1%967)

Mom|—%| 2% =% E?E‘Ei?i AE|BE| AR M‘f,ji s | Th% B R 2
MR [E 4y A
A 2 1 0 2 0 2 0 0 1 1 9 6 | 687
B 1 2 4 3 2 1 2 2 o 7 24 21 87.5
c 0 1 3 3 0 2 0 3 2 ] 17 16 | 941
) 0 1 0 1 2 0 1 1 0 3 9 8 | 889
E 2 2 3 2 4 1 1 2 0 0 17 13 76.5
F 0 1 2 2 ! 1 3 2 1 3 16 15 | 938
G 1 2 3 1 5 3 5 1 i 8 20 27 | 900
H 0 a 0 0 0 0 0 0 o 0 a 0 —
=Et 6 10 15 14 14 10 12 11 5 25 122 106 -
FN BEEZARFEFHHRZERE
Table 8B, The frequency of 500mb main typer in fall
(1960-1967, Sep-Nov)
Fidl = A J B C D E F J G ‘ I
x® ® 89 106 110 57 67 s | 58 12
H o4 14,4 17.1 17.7 92 ‘ 108 19.2 ' 9.3 1.9
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Fi KEASERZEEE (RRREZRE) (1960~1967, 9~117 )
Table 9. The persistence of 50mb main types in fall
(Bep-Nov 1260-1967)

. 1 N T T =, =R0 EAULE
B K| DK |ZR|ME|ER| AR | BR[| AR AR | T w1 BH 2
MR E S 88

A 3 o H 6 1 o 1 o 1 0 13 16 ] 769

B 5 0 2 7 3 2 1 1 o 2 24 19 | 792

C 1 1 1 2 2 1 2 1 1 0 14 13 | 929

D 2 o 1 1 i I 1 0 0 1 9 9 | 1000

E o 1 2 1 1 1 i o 1 1 10 10 | 1000

F 3 0 4 2 4 1 0 1 1 1 i8 15 | 838

G 2 0 3 3 1 2 t 0 0 0 13 11 | 846

q 0 o 1 0 o 0 o e 0 o 1 11000

Bt 15 2 {5 2z i3 g 7 3 4 3 102 88
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Table 10. Objective analogue selection for spring raining type

—19 —

& % [ ® = X
. !
EmaE | x| & | ¢§ w | =msE | = jﬁ} s | W
H l i
1960, 3. 11 3 1 3 E 3 l 1 1960, 3, 12 4 4 } 2
1963, §, 20 3 3 3 2 1963, 3, 2 3 ) 2
55 s 100 j 100 100 % SEELSs 75 50 50 160
7 224 L 9375 9 $ﬁﬁwﬁl 6875 %
2 = = | B om ®
t
ERASE | H E £ | Bl ERSE | XK i i %
1960, 3, i3 % § 2 ‘ 2 i 1960, 3, 14 3 3 2
1963, 3, 22 2 3 3 1963, 3, 23 4 3 3
5B AR 75 100 78 75 SEEL S 75 75 100 75
2 45 4 B A 8125 9 745 00 81.25 9
5 % | S
s@sm | ® | & | @ m lxmsE | = fﬁ wo| @
%60, 5. 15 3 3 2 1880, 3, 158 2 ; 2
1963, 3, 24 3 2 2 1963, 3, 25 3 1 2
5 I8 48 Bl 2 100 75 75 100 5B 5 1 %0 100 100
PR 875 9 2 4 78 L 8125 %
wob = | # A X
E®AHE | K %% v | 0w |Emem| % | & | % | &
i
1980, &, 17 4 2 1963, 3, 18 3 2 § 2 1
1963, 3. 26 1 2 1963, 3, 2¥ 2 2 2 2
5B D 75 50 0 100 & #E P 75 100 100 75
7 45 41 28 56.25 25 ¥ 46 L 55 875 %
ARBAZ LR BT I0IEHS
BEAE 7857 9 LRLE 7140 % IEEE 7148 9 BAME 8929 4

P 7768 %
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Table 1i. Objective analogue selection for Plum Kain (beginning) type

EE R % : A
BB A E | & | wWamE | x| & | & |
1966, 6, 1 3 4 £946, 6, 2 3 6
1960, 5, 15 3 3 1960, 4, 1& 5 5
£ A I 3 100 75 % I 48 L 5 50 CHRIR
235 1 Bl 25 8.5 % EXT L 50 %
5 = = = %
ERSE| % £ | EWAE | N £ | =
1966, 6. 3 5 s | s a | 195 s 4 5 5 1 6
1960, &, 17 4 3 5 & 1960, 6, 18 4 & [
S A 160 74 0 23 48 4 = 75 75 10
I3 4 L s 75 % | Fampm 75 %
£ i X } # K %
ERAE | R £ ow | w jEmasE| ® | & | %
1966, 6, 5 5 i 5 s 15 6 6| 4 1 5 8
1960, 6. 19 2 z |6 z | w0 6 20 | 2 ro 2
AEERS | 100 o | | mEmpEm | o | o | o
7 ¥ 48 L 38 4375 9% | PEmpEE | 125 9
TS { % A X
ERAE | R | & | ok | wm o EBAB| ® | & | @ |
1965, 6. 7 + | s 5 5 1965, 6, B \ 5 j 5
1960, 6. 21 2 3 2 2 1965, 6, 22 i 3 i 2
4B AR e 50 50 G ° | AEMEHE | 0 °
EEEr 25 9 | THELE 125 %

WRBAZ-ERSETHENER -
EEEEE 6128 9 IEWULAR 4286 9 TrfppER 4642 9 ZEEEE 1429 %
RBRTMREgE 4.9 9%
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Table 12. Ohjective analogue selection for first cold wave arrived Taiwan
% % : 5 = =
I
&5@%-@3 % ] | o B %i@ﬁ'?% # i 3 i e i
1963, 11, 8 l J 2 2 1863, 11, 9 ‘ 4 ! 2 2
1961, 11 28 1 2 2 1961, 11, 29 l 3 2 |z 2
sEmapm | 75 | i | w0 | w0 | pmeps | s | s | w0 | oo
FrEps | 5.5 9% | msmmE | 81.25 %
® =2 % ® W K
t E 3
ZmAE| w | k| 4 | W | mEWAE| = E k| ow | W
1983, 11, 10 4 3 i 2 1953, 11, 1t B 2 EE 2
1961, 11. 30 5 3 2 2 I 1961, 12, i 4 4 2 2
Sk 75 100 100 00 | AERMDE 75 50 100 100
78 2 A U 8 I 98.75 25 H B 48 {0 a 81.25 9
5 HOOR g K K
| ; ‘ E
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: : E E
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i [i
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£ R ; 78 75 l 10 F 75 ,E AEENS w7 | ;; 100
FERnE | 8125 % EXTrey %375 o
FRBA 2 ER B REE
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Table 13. Objective analogue selection for Indian Summer in Taiwan

% % J o R
%i&ﬁl@’ " ' jl:‘ " l # %ﬁ%l&‘ i ‘ " 1‘ b
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SEMOE |75 75 i 100 45 £ (S s ‘ 75 ‘ 100 100 75

]

e 81.25 9 | #amus | 8.5 %

5 = x # riz] x
RS E | ﬁ‘ :Il:l i ﬁ"%ﬁ&ﬁ}lﬁ Ek‘ :u;‘ i ‘%
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-- H X 7~ x
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A . “ A XK
T HE S = ik { i B @ o E 3 it th ]
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5 E 4 & 75 50 100 75 A E A8 2 100 50 100 100
75 43 49l o 75 9 7 s 70 ] 2 875 9
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EEAE 857 %

W 607 %
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Forecasting the Precipitalion Amount of South-western
Area of Taiwan by Means of Model Qutput Statistics

®OBE i S. Y. Chen
ABSTRACT

The Model Qutput Statistics (MOS) method was developed by the
Technigues Develepment Laboratory {(TDL) of National Qceanic and
Atmospheric Administration (NOAA), U.8.A. and has successfully bean
in operating.

The method which invelves matching observations of local preci-
pitation with raw output and derived data from 6-leve! fine mesh
limited area primitive equation model (8L-FLM) of Japan Meteorological
Agency is applied to the south-western Taiwan in predicting summer
precipitation. The derivation of forecasting models are discussed, and
the forecast equations are derived by stepwise multiple regression.
Two models are obtained, model I suits data of 12007 znd model II
suits data of (0B0Z.

Data in model I include 850 MB dew point, vertical total index,
P-velocity of 700 MB, and vorticity of 500 MB; model II are composed
of 850 MB dew point, P-velocity of 700 MB and the thickness hebween
850 MB and 500 MB. All of the above mentioned predictors of two
models are of significant physical meaning.

Verification shows that when 1974-1975 dependent data are used.
the percentage of accuracy of model I are 55.78% for light rain and
444425 for moderate rain, and those of model II are 6009 and 66.67%
respectively. When 1378 independent data are adopted, the percentage
of accuracy of model I are 36.30% for light rain and 50.0% for moderate
rain, and those of madel II are 7273% and 62504 accordingly. It is
concluded that MOS is a useful technique in objective precipitation
forecasting in south-western Talwan area and is worthy to engage in
further development.
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Investigation on the Typhoon Thelma
No. (7704 in 1977.

% F %

Tzus~Chen Lo

ABSTRACT

Typhoon Thelma was the fourth one originated in the Northorn
Pacific Ocean in 1077 and the first one invaded Taiwan in the same year.

Occuring over the seas east of Philippines at 8a.m. on July 21,
Thelma took a course moving WNW. Its intensity increased with a
center pressure of 965 mb and a max. wind speed of 33m/sec near the
center, when it approached the ocean east of Luzon on July 23.

Continuously moving WNW, at 8 p.m., the same date, it further
strengthened with center pressurc dipped to 950 mb and max. wind
speed near the center increased to 40 m/sec,” when it landed at the
northeast tip of Luzon. Then Typhoon Thelma changed moving direction
from WNW to NW. At 9 am. on the 24th, it became stationary when
located at 20.5°N, 1196°E, southern Taiwan Strait. One hour later, it
picked up a Northward course and cosequently landee in the vicinity
of Kaohsuing at 09:10 on the 25th. After skirting the west wing of the
Taiwan Central Mountain Range with its violence reduced significantly,
it swooped into Taiwan Strait from Taichung at about 2 p.m. on the
25th. Upon its arrival on Mainland China from Fu-Kien at 8 pm. on
the 25th, Thelma greatly dissipated into a tropical depression and
ended its 5-day lifespand.

Due to the devastating wind force,
disaster in the southern half of Taiwan

Thelma caused the heaviest
in the past ten vyears.
Fortunately, the remainder of Taiwan remained unharmed.
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Fig. L

The best track of Typhoan Thelma (21~26, Jul, 1977)
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Fig. 2a. View of Kaohsiung ppl radar
scope on 241800Z, Tul, 1977
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Fig. 2¢. View of Kohsiung ppl radar
geope on 242000Z Jul, 1977,
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Fig. 2b, View of Kaohsiung ppl radar
scope on 241%00Z Jul, 1977
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Fig. 2d. om. 0242107 Jul, 1977,
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Fig 2g. on 250000Z Jul 1977.
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Fig. 2h, on 25C100Z Jul, 1977
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Table 1. The fixed positions of Typhoon O8yix 19.5 120.8 300 kg
Thelma (21-25, Jul, 1977)(mb) m/s 09 19.6 120,7 310 20
A i o & gﬂ E Jﬁh & 10 19.7 120.5 300 20
A H K g B4 B )
oA B | emby | Gmgs) i 198 1204 310 09
|
7 21 08 15.0 1300 1004 15 12 19.8 1203 290 05
14 15,3 129.4 1004 15 18 19.8 120.2 290 06
20 158 1281 998 23 14 19,9 1202 350 08
22 02 158 127.6 995 25 15 20,0 1201 310 12
08 5.8 127.4 995 25 16 20,2 120.1 350 12
14 16,3 127.1 980 25 17 20,3 119.8 280 09
20 16,7 126.0 980 30 18 204 119.8 330 09
23 02 17.1 1245 975 30 19 205 1197 310 05
o8 17,5 1240 965 a3 20 20,6 119.6 300 o5
14 183 1232 960 38 21 20,5 1186 Statiomary
20 18.7 122.2 950 40 22 20.6 119.6 360 04
24 02 19,1 121,83 950 40 23 20,8 1198 040 16
@ 19.5 | 1208 %60 | 40 2 210 | 1108 350 | 08
14 19.9 1201 960 40
255010 21,2 119.8 360 08
20 20,5 1196 960 40
0z 21,4 119.8 360 14
25 02 214 | 1198 960 40
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08 223 | 1203 960 40
14 24,2 120.4 930 | 30 Ca 21.6 115.8 360 07
20 5.5 119.7 990 70 05 217 119.8 030 08
26 02 26,0 119.0 995 15 06 217 1200 050 c6
08 27.0 118,0 998 10 o7 219 120.2 020 16
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Table 2. The Comparision of Typhoon 09 225 1203 010 18
Thelma’s Eye-fized by Kachsiung
Radar Staions. 14;30 243 1203 TR TR
t
— _— 45
Todt | o |BEAE| EE S o
(6L } (B (0) ((K+8) 16 24.7 120.2 350 14
7 H 24 FO7 )% 19.6 i20.7 755 T 7 249 1202 340 15
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Table 3. Eye-fixed positions of Typhoon Theloma Obseved by aircraft

reconnaissances and weather satellite (NOAA-5)
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22 03 31 16,4 1267 V <10 50 985

22 11 55 | 165 1240 v (T4/4/D0.5[24HRS

22 10 i1 17.0 1257 v

22 15 46 17.0 1248 Nz <25 069

22 20 %0 17.3 124.3 v <20 964 |

23 03 22 1.1 123.5 v 945 f

23 1t 06 183 | 1242 v
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24 09 42 20,5 1198 v 5
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24 15 42 20,8 119.6 Vv
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Table 4. Comparison between Typhoon Thelma’s forecasted +ERA
positions based on Arkwamethod and actual positicns. —BRE
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Table 5. Comparison between Typhoon Thelma’s forecasted
on CLIPER method and actual positions
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Table 6, Comparison between Typheoon Thelma’s forecasted positions based on HURNRA and actual positioas.
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Cold Wave Analysis and Forecasting
in the Taiwan Area
z £ %
Griffith C. Y. Wang
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ABSTRACT

A cold wave is defined either as the maximum temperature at
Taipei drops 8°C or more for a 24-hour period or the minimum
temperature lowers to 10°C or less after a cold front passage.

During the winter half year a Siberian anticyclone at times builds
up its strength well above the climatological average. It becomes
quasi-stationary while it moves under the direct influence of a long
wave ridge. At the same time a developing cyclone occurs along the
coast of China to induce the cold air mass moving southward to the
area of low latitudes.

Nerthern hemisphere 500 mb space mean anomaly charis are used
to determine the positions of both long wave ridges and troughs.
which are controlling factors for the formation of Siberian antcyclones:
with extreme intensity and deep lows over the Sea of Okhotsk.
Both are conditions of the occurrence of a cold wave in Taiwan.

For short range weather forecasting wvalid for a 24-hour period
the Petterssen method is used for computing the movement of cold
fronts which are associated with cold outbreaks.

Based on thermal patterns at 850 mb the movement of Siberian
anticyclones and the associated weather in Taiwan are classified into
three categories, namely:

1. A southwestward moving anticyclone is located over Sinkiang
Province with a migratory high splitted from the main one over
Central China. In this case persistent fair weather is expected to
prevail over the Taiwan area until the migratory high moves out from
the East China Sea.

2. A stationary anticyclone is located over the area west of the
Lake Baikal with an ili-defined split migratory high over the Yellow
Sea. Cloudy condition with intermittent rain is expected over the
northern part of Taiwan with a half day or so of fair weather prior
to the approach of next cold wave.

3. A Siberian anticyclone becomes a migratory high moving
southeastward to North China and Korea. The weather over Taiwan
depends on poesition of the anticyclone’s center,

ERCREPR R AR AR
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Report on Typhoon “Vela”

— 99 —

ABSTRACT

Typhoon Vera, the fifth typhoon developed in northern Pacific
area in 1977, was the second one that swept through Taiwan.

Having been spotted on July 27th over the sea east of Okinawa,
the vicinity of Minamidaitojima, it moved slowly toward W3W and
arrived consequently at southeastern Naha in the afternoon of July
28th with center pressure of 988 mb and a maximum wind speed near
center of 20 m/s.

It drastically intensified and upgraded to a severe typhoon in the
afternoon of July 30th with a center pressure of 930 mb and a max.
wind speed near center of 51 m/s. Maintaining a NW course, it
landed in Keelung vicinity shortly after dark on July 3lst, causing
miseral damages in transportation, communications, industry, etc. in
northern Taiwan. )

The same night, typhoon Vera departed Taiwan from somewhere
between Taoyuan and Hsinchu, and then passed throtigh northeastern
Kingmen Island on the morning of Aug. lst on route to China mainland
where it ended its 5-day lifespan.

It was an interesting case that typhoon Vera, which derived from
a tropical depression inan area of rather high latitude of 25° N, could
strengthen itself to a severe typhoon with a center pressure of 930 mb.
Futhermore, its V-shape moving course was also rare in recent
history.
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Table 2. The Meteorogical Summaries of C. W, B, stations during Typhoon Vela’s Passage.
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On the Quantification of Seismicity of Taiwan

Z

bl

Fl

Ming-Tung Hsu

ABSTRACT

Seismicity at the 13 areas of Taiwan was qualitatively studied by
using of 2,886 earthquakes whose magnitudes are larger than 4.0, obtained -
by the Central Weather Bureaun from 1936 to 1973. The seismicity is
expressed by the new codes as follows:

Location/T/DDDD/EEEE/MMM/II11I/aaaa/bbbb/Remarks
where T denotes type of earthquakes; D, degth of earthquake; E, mean
energy release; M, maximum earthquake magnitude; T, maximum intensity

with its acceleration;

magnitude frequency reiation.

and a, b constanis of the Guienberg- Richter’s

By using these new codes, a general grasp of the seismicity of Taiwan

can be realized not only gqualitatively but also quantitatively, as well as

certain relations between

seismicity and geotectonics.

Moreever, the

seismicity at different places and in different time intervals could be able

to compare with each other without any difficulties.

This methed is very

aseful both in the field of seismicity and earthguake engineering.

AL

- Fl

)

WEHEE () (Seismicity) — @ fEHIEE
ERETE (Barthguake Engineering) 25
W B REAEE=STSEER » (Rie5 KN
TElyEE: o SEE RIS R R EE s
T4 » BERINAEREIEZ IR R » Ky
SRR RN B EFER TR o G40 1900 FEE
A Montessus [17 iR#EnfE 2 iAol A58 &
(Intensity) » HBEEIERE » RESR=ZE0 E

foee (Stable or aseismic) Hil » Y3

(Peneseismic) HUE FILEE (Seismic) HifE o &
REE MR REAE B - P EAES
= BRI ER IS REEE YRR
B2 MBI bE A B A > BRI - G

SIRFIMPITER o /MBS HER (Seismic
lines) BfmnBEfy/ PAMBEAZEST o
BEihEA . PRBRNEYE . A BRERLN Km® B

T

y

BEAY » AHT RS Lo BRI WS 2 IR ©

A S BRI Sieberg (1904), Knott
(1908), Byerly (1942), Gutenberg 0 Richter
(1949}, Benioff (1955), Amand (1956,
Bath (1956), Ullmann #1 Maaz (1967),
Riznichenko (1969), Terashima (1972) <
A s RIS EE T Z AR o BV EEAZ
Wae » 2 (1976) (2) DARICEEAMNIE o iR A H
FE i’Lﬁ?ﬂ‘fﬂJﬁ%ﬁ%%Kﬂlﬂ s T —BREEE A
RS » BB LR AT R A BE R 0 B
}b'éim@ﬂ(kdji‘ﬂ‘éizﬁgf GEols e s sk
(Barthguake magnitude) =57 ¢ {iEZ »
K ER AR L R R R R 2 R - R
WIS IR T RSB - etk o DUBGLEE
BAREE o BRI H L~ R WERA » HURRRER
T AR M R EE B ©

w2 (0] Bl FEF A TG B RN
» W el L b R MR TR B 2 A2 RE ¢ HERR



—_— 2 —

ZRE U ERMBIERERNESE (Geotecto-
nics) 2GR » FEHE AL R A~ B R RS
RIS E BT M L - EAER SE SER
(Seismic zoning map) » BE&UEIEEZ P
MM BT RR 2B -

BEBELNERE

HERE T WY - FEI R - B P TR AR
THREZHET AT ; 58S » feihkRe
BME TG ERERETHA o B ERERE
ERBIEEREERE S > Bl R TR SRS
BN 52 » AT ABEN » RE4ER
WREER L - BREFERTINEZ BE » #ipEs
By BToE R H T8 S T R o

RIS T 5% (2) DA - s By
T WHFRRHEIED S £E20 bR
BEERCRT « AT :

45 [ T/DDDD/EEEE/MMM/IIII/aaza/
bbbb/irs

ARFITIEEL » DA 50 AREmEMAET
w0 THRRTHE 2B, » 31/ Santd [3) 2
IR o Bl [ B HEM (Ocean ridge type) »
ETRBLETWHZEHE (Normal fault) B
HoRE » LI ft R Rl TS M (Trans-
form type) » BHEEIHEET (dislocate) 2
A WEEMRY (Fracfure zone) B4R

i}

g (Transform fault) FREFHE LI F=
#Fi o MEB THA (Underthrusting type) »
RELEMGENEREE » AEERH
(Oceanic plate) MHkEdFH  (Continental
plate) &, TETTH: 4 1 A 44 10 TO 4 2 SE IR
I (Reversal fault type) #Z s JUREFR
VHEEZIMM (Arc-island type) ¥it:yeigee
B RREIRSE FI0ER5) » B E ( SR ke
W (Marginal sea) 51 » Hipk 2% E T (Benioff
zone) WEREMERNAR » MRKENREDZ
HEFURHEST » B A FFEm o V MR
(Marginal sea type) E&pyHirR IV AR
 (HERENE > REERERERSEAEDFD A
» TN TR AE IR e (Trench) REHE »
EM72em o VIZIRM KB (Isolated con-
tinental type)s JNzaEEALAEIPEAR » BIR
TREERH 100 2 200 A o B AENHE B AT »
BEBEH (mechanism) AR KBIRE [ F£#E o
VIS4 # B ek ik (Dispersed or block
type) » SHOMEE EARREENR AN - TR
AEREA S BT ATHET R » RS540
MBS FEAERTEIEZE » MDESRER o
WIRGREL (Collision type) » FRF{HA A
MG MR » L CEdmR » KESH h#st
TER LN B ZHE » LLETER « B3
A » MFEE S R R o

- B o3 OR
s s 1w w v v w]u]w]x
Z W | HHRE J Lsizi] ‘ TEH | RE | Em !mﬁx@z@‘ vy e ‘l Tﬁﬁ%’@ﬂJ itz
IR RSN RN N
oy B OB K
’Eﬁ%@i@ﬁ#%@i@ﬁ‘dﬂ%@iﬁﬁ‘%@i&ﬁ
# B (km) 0~33 !7 34~u70 1 71300 ’ 302 Pl R
®X X ¥ ® N | s ’ I D

;

DDDD G R 2 B iEeE » TUEIE R R T o



RSB EFRER  E—BENT
» BEREDIR [—] F o ZHENERERFRER
MY EPEERERER UIE N & S 638
I o

EEEE& bR B R AR - BArRFE
WEFFBECC R - DEEETHAL M (erg)
BEIA » B erg/em® yr o SN E— BT
F|UURE 10 2078 AInGEmE T EEER
15107 erg/cm® yr s Bl 1570

MMMz i3 B R P 34 2 B IR
B s U7 ©

IIIIT S ABERFHEREREA#EEE
mRBE (Intensity) o EERESE (Scale of
seiomic intensity) SRATRHEMN 1964 5
iy MSK (Medvedev, Spenheur and
Karnik) BEMRS (4] » &5 ] =X - £
DIFRE SRR  IAE IR E » R TR
FOSREERIE » L) g (ENINEE) B 0 3
BN ERE R A -

aaaa J bbbb 4 LIPUERR A B IIE
TR BARZHRE o 3 Gutenberg # Richter
(5] » HEEHEE M 8 M+ dM B2 20 n(M)
B » BT FIRRIREE » B »

log n (M)YdM= (&~ bM)dM---eeermemeees 1)
Xt Utsu (61 B (LATH >

log N (M)==a--bM-ertersraeisnaeasanirnnns (2)
T a=4—log (b ln 10).ecoer - rmmmmeriiiianansn (3)

Estrh NOM) BERERE - bt RAEME
ForfEnBae s o Inm H S - (2 R )
TR > I b AFAER o a (BT &) RHRHM
B (B 2WERE > B ERENE R
B2 W R/ NER » W b ERE R BRERENMIE
Jedi HeEs o 3% Miyvamura (7] #1 Mogi (8]
2B HAEIUE Hhh B (geotectonics) A
G o Bk a B b FEEEGERERIEEIEE
bR EERR e a & b BERNE « B
frfrT o HAHE Hsu (9) 5 ERR/ ZHRERE
a B b BTEEEMEZ RE » A 400 % 0 S
RERE RETRES a & b BUE > BIRE
LR o

LSRR E AN 2 L AL
I o

—_ 3 —

S ERNERBREHEZEED

AP E G » FE (10, 11,12, 9,
13) BB RS » Aig e - SR
HoEt e RS I KPR 2 ZE R R R Y -1 - W R A
EFETms » ARBE ISR R EE M
o

Hisks [13) FTimE 1936 4528 1973 &%
RS MEERMAR 40 Z0EE2,88
oo THEIGLILD e R A T 2 kIR - Bl
RSB LR » R R R
EERMERE - b/E2% Hsuv and colla-
borators (14] Fiias SHEBEAE » RESH
2R REEE e m R R R E AR R MSK
FBEFEE o SERBEENELRNMAE - B
SEREAE © '

FretEZ #minE = a 50 » IEmES
4 50 AHEFEEAREERIE  FIEaryiEN
Fl— o EERAEMILEA T - NS EEAREE
EEIER o EeiiEg 2,886 BRI LER [
RZHE » KEHTREZOETESERH -

1 B EE BT R

3R R B AR R LR AT R I AR R
SSPEE » AP - p R B R - b
HEEWT HeREZ ERYE » LHEREHE
ELA R o



EZ 0 AMEZAE

#h # BmoE I #OE (B
= 4t 2590 G2/ 121° 31/
#HOOM 240 48/ 1200 58’
B rh 240 09/ 1200 417
A 23° 3 tz00 25
¥ OB 23° oo/ 1200 137
W 220 37 1200 16
B = 220 0Q* 1200 43/
2 % 220 45 125 o9/
A 280 58 1210 377
B 240 467 1210 45
BOo®m 220 o 1310 33
B ¥ 28° 3 1199; ¥

% R 250 3g 1220 o4

FIUA A FEsEET o 335 (2) BREREE
ol o BENETHENAT » [HE L 2
BRI » BRI o TR DEiEs
NRERE » Fi# E RRTHHEERT M &R
BRIERE » B a B bRXABERER a &
b 2 HfE » BRI o

I

(1) g

D

]

E= #EEDEZER

EIABTGR » Ik R L3R5 B F S BT T
BE= o 7R LA RS B ER R SRR o

FE R E A R R

## % | T | DDDD EEEE MMM 1111 azaa bbbb @ oW
- | A NSI- 295 5.8 Y[0.08 (6.22) (1.05) 1936-1973
H W | cC N-— 2.95 58 VI0.05 (5.54) (0.93) "Wk
-3 = C NS-- 1,56 62 VI0.08 (6.39) {1.00) & *
E % | cC NS~ 207 7.1 TX0.20 5.47 0.77 Bk
E K C NS-- 226 6.4 XI0.20 (6.32) (0.98) Ak
B O M NS-- 1.75 5.6 VI0.06 (9.03) (L61) Bk
7 F | M NS-- 127 7.1 IX0.25 (3.70) (0.53) B Lk
x @ | c NS-—- s21 73 XC.25 254 0.90 2k
%t % | cC NS-~ 8.87 73 X028 7.29 095 Ak
¥HEE | A NSI- 3,65 5.8 VI0.08 (3.77) (0.63) Bk
B OM C N 1.15 5.6 VIO.04 —_— —_— Bk
b W5 A NSI- 217 7.1 %0.25 5.62 0.78 il s
=] A NSI- 6.86 6.5 Wo.is 8.20 1.22 B E




5.5

wise ~
2.9%r Vi, 208
MO 58 | Bo@® 6.8)(.‘0¢$ 7

vl 208

337 /gy 254155
0.63 58
7z MsT

,6.22@5 SIS
< Les
wir =8

L2o " 165 [0 '

e

654 f gzt

.94, g 73
i
{

X pzs
562 @y 2t2s07

5700 Tkt
h2X,
u,s“s/i@\jhlo D'?Sy W
RS s
s

FFRAT R
g i
T RERR

8 EEREEAHEZHIRIEE

7@ £5x 40
48y 62
AT
vi
Vi, 0,08
@ M
N 55}_
[
i
[
| ,
{ c?&l‘x“s‘:f-(l-/
f03 vil,qod N
el ® £74ss
PGS
Ve
M~ i i3

R E I AR AR R R R - e
EEBEEE-T=HE » § 1936 €% 1973 £/
ZPERTGEIRE o AFEREEIE MM B M 0 FLERE
AR By B 2 BlLR o ST E R R
TSR S B HRE S B S  » FH IR
 REIRIRE 0 JUERTREE  IRICHEBLEE » ROk
EERHMALE » MRS ARG
a K b {H o RMMHGEGEEIRARAS R -

RIS 2 IR TS » OEUE R B
BR0hZ AT - BB FEEIEAER
» AR E A R IR B2 IR o AR A

§5%  BRENEEHNERT 2  ORE
RoE o BEESERERZER » MWK AEE
i 45 Wi 5 T 1 2% PR R ST 9 S R Bh I I » T HLIR
A RS R E » BRI S st L R AR
TR R AZE EE o

BRI IR RAH » BrEERE
At A M FHS B EE T B R TSR3 » IR
REPZAGRRUEEZZR » FRURER
ETEWRARLNEEBRTIEABESER -

BREESEEREE - EEFRFE AR
R GIE T o AR P IR Santo Z2J7
B (BRI BT IR A BRE » SERARS 2B
g o



. -

AN EERTERER BE R G - SRR -
2 £ X R

. Montesus de Ballore (1500): Introduction &

une description séismique du globe et
measure de la séismicite, Beitr. zur Geophys,,
4, 331-382,

REAE (1976) : HMERIEEEEE R TR MRS
5822458 3 5 16,

. Santg, T. (1972): Classification of earth-

quakes into seven types from the view of
plate tectonics, Bull. Intern,
Earthq. Eng., vol. 9, 1-10,

Willmore, P. L. (1970): Manual of scismol-
Scis.

Inst. Seis.

ogical observatory practice, Intern.
Centre.

Gutenberg, B. and C. F. Richter (1954):
Seismicity of the earth, 303 pp.

Utsu, T. (1961): A statirtical study on the
occurrence of aftershocks, Geophy. mag.,

vol. 30, No. 4, 52i-605,
Miyamura, S. (1962): Magnitude ifrequency

relation of earthquakes and its bearing on .

12,

13,

14,

1. Hsu, M. T. (1965):

geotectonies, Proe. Japan Acad., 38, 27-30,
Mogi, K. (1963): the fracture of a semi-
infinite body caused by an inner stress
origin and its relation to the earthquake
phenomena, Bull, Earthg. Res. Inst, Tokyo
Univ,, Vol. 41, 585-614.

Hsu, M. T. (1971): Seismicity of Taiwan
and some relnted problems, Bull. Intern.
Inst. Seis Earthg. Eng., Vol. 8, 41-16G,

Hsu, M, T. (1961): Seismicity of Taiwan
(Formesa), Bull, Earthg. Res. Inst, Tokyo
Univ,, Vol, 39, 831-847.

Seismcity of Taiwan,
Proc. 3rd Weorld Conf. Earthg., Eng., New
Zealand, 111/H/[S, 1-8,

REYE (1966): EEEMEHTEEDFRRRE » £R
23, 88 12 &8 4 §F , 3351,

Hsu, M. T. (1975) Report on regional
seismicity of Taiwan, Inst. Earth Sei,
Academia Sinica, 13lpp. E
Hsu, M. T. and collaborators (1974): Report
of regional seismicity of ‘Taiwan, Special

Rep. for Taipower.



FRBHE_THEHE=H GTFIA)

FEFAERABRERY
B R R B R

Numerical Simulation of the Development of Tropical

Cyclon through Releasing Latent Heat
of Convective Cumulus
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Si-Wang Cheng

] z

Ogura (1964) & A Charney 71 Eliassen (1963)AyEEHEBEERIER
ROVEETEN ; ZEZE XA KFERENPE » 3% HMANE (Circular vortex) By
FIE AR R B — IS o FoZEElitE Charney 1 Eliassen (1963)
BYIR » Witk Ogura (1964) PHEELMOTRIEREBRERAYEERE o

R E S R R _ RV + Th R B B B R (Quasi~gradient circular
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ABSTRACT

Ogura has utilized Charney and Eliassen’s hurricane developing
model for humerical weather prediction; in considering the influence of
friction of the boundary layer, with the effect of circular vortex, it
furnishes a simulation for the developmont of tropical cyclone, My
article is based upon the model of Charney and Eliassen, and the
method furnished by Ogura for completing the numerical simulation

of typhoon development.
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The fu,ndanj.ental struture of tropical cyclone is a combined system
of a quasi-gradient circular vortex and a slow meridional circulation.
The source of the energy comes from the latent heat released by the
condensation of ascendiig moisture in cumulus cloud convection and it
supplies the necessary energy activates the circulation, convergence,
and ascension of the boundury layer horizontal flow; that is a cooperative
reaction. This is the driving mechanism and process described in my
article.

The characteristic of this mechanism is that the small scale
convection and the cyclone scale motions are regarded as cooperating
rather than as competing. Yet in numerical prediction, we can’t
accurately obtain the small scale informations out of the large scale
motion. We must pay attention to the technique in the numerical
integration. So far, the most famous method is parameterization. I
average the physical quantities in cumulus convection between the grid
points by parameterization; then express them in large scale physical
quantities. I parameterized the thermal term by the former method in
my article in order to furnish the numerical integrating and predicting
purpose.

I also use the two-level model; in order to understand the typhoon
development, I start out with the hypothesis of the initial condition of
the tangential velocity distributions and then by a set of controlling
equations, and vertical velocity
The major disadvantage of this model is that the
developing cyclone can’'t gradually reach the static state that model can
simulate the development of typhoon, The other details of this model

are discussed.
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Report on Typhoon “Amy”

ABSTRACT

Amy was the Tth. Seventh Typhoon, which one originating in the
northern Pacific Ocean in 1977. It was classified as a small-scale typhoon
dut to its weak intensity and was dissipated no sooner than its landing
in Taiwan. A sub-center was created by this typhoon then passeb over

the sea arounb north Taiwan and finally moved away. Typhoon Amy

dign’ t cause any disaster. Becnuse its center had landed on Taiwan,
Amy was listed as one of the invading Typhoons i. e. the third one
invading Taiwan in 1977 ’
Typhaon Amy derived from a large depression on the sea, which
may be Originally a monsoon low. Though its velocity at perinriete:
was over 30 mile/hour, it had a large radius and didn’ t show any spiral
clouds in its center for the most time. Therefore it couldn’t develop
to a medium-scale typhoon. Its center moved erratically, The different
subcenters appeared four times in all its lifespan and took avery part-
icular route. Amy turned round and round over 3 days after it came

into Taiwan Strait.
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Fig 1. The best track of Typhoon Amy,
(17~25, August, 1977.)
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Table 3, The meteorogies of C. W. B, stations during Typhoon Amy Passage
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A Brief Report on Typhoons w the
Northwest Pacific in 1977

ABSTRACT

There were 19 tropical storms cccurring in the northwest Pacific
in 1977, but only 11 of them reached typhoon intensity. Statistics
indicate that the annual average number of tropical storms for the
past 30 years is 27.5, but 17.7 of them reached typhoon intensity. In
comparing the annual average with this year, we discover that the
number of tropical storms in this year was lower, the difference being
8. 5. The number of typhoons intensity in this year was also lower,
the difference being 6.7. We conclude that the aclivity typhoon in this
vear was weaker than the normal

The distribution of typhoon tracks in the northwest Pacific was
very even in 1977, but the particular tracks were getting worse. They
can be roughly classified into 4 categories; ie., 6 westward or northwe-
stward, 5 in each of the special and the northward, and 3 in parabola.

Three typhoons which are numbered as 4 (Thelma), 5 {(Vera), and
7 (Amy) landed and or invaded Taiwan. Thelmn and Vera causeP very

serious damages.
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Table 1. The Summary of Typhoon Which invaded Taiwan in 1977,
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Fig 8. Typhoon tracks in September, 1977,
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Typhon tracks in November, 1977,
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Table 4. The Summary of Typhoon Warnings issued by the
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9Table 6. The Summary of typhoon date within the area of Morth-Western parcific Ocean in 1977,

5 [ %= & = % o REERE LB EemiE 2 5 | & |

glEnl e m & ®m B oA 0 OB kot o LR %@ | & -
| F [cam e | EENE | pEHE b | R m/s‘!g%) g?:ﬁﬁ irgav # 4 =
3| 1| 77010 B ® (PATSY) 28[3 ~30/3 | 28/3 ~30/3 ENER A TEEEE | 5.3 1589 25 200 990 IB’ %
61 1| 77020 @ % (RUTH) 14/6 ~17[6 | 146 ~17/6 % W B % | 165 1165 230 2000 40| 980| 20| mEpE | R
7| 1) 7703 35 $ (SARAH) 17/7 ~22f7 | 17/7 ~22i7 120)7 ~20/7 | 36 & B 5 ¥ TH | 120 1258 38 282 80 970 27| thpE
7| 2| 704 ERIE (THELMA) | 217 ~267 | 21)7 ~26/7 | 237 ~25/7 | 9 & % 7 %% T | 15§ 1281 40 240 80| 9500 35 chigr | Wil | 2%
7| 8| 7705] @ 4 (VERA) 28/7 ~01/8 | 28/7 ~01j8 [29/7 ~OU/8 | B %% 8 J5 & i | 254 1299 55 2000 50 930 20| a7 | LRk | 2w
8| 1| 7706| ¥ & (WANDA) |0C1/8 ~05/8 |01/8 ~05/8 e WIEEE | 257 1405 20 830 985 20| 4%
8 2| 7707| B ;W (AMY) 18/8 ~24/8 | 18/8 ~24/8 o OB 5 m | 207) 127.2) 25 240 985 86 kAT | WLREE | (23
91 1| 7708 % ff (BABE) 029 ~11/9 | 029 ~11/3 (069 ~11/0 | I B H B BB T | 87 1430 63| 400 200 910 40| 2aml | W bpek
9l 21 7709 & 4 (CARLAY  [08(9 ~059 | 03(9 ~05/9 & W @ 180 1tzz 18 150 990l 22 wpE
91 3| 7710 & 4§ (DINAHD 15/9 ~24/9 | 15/9 ~24/9 | 15/5 ~21/9 | 5% B B 5 ¥ T | 200 1255 33 250 50) 965 29| chpr | WEREE
9| ¢l 7711 # I (EMMA) 15/ ~21{5 | 159 ~21{9 EFlZ B E s m | 195 1430 25 400 &0 970, 7O dmps
91 5| 77120 myE (FREDA) | 24/9 ~25/9 | 24/9 ~.25/9 B oo dt )% m | 195 1205 2¢ 300 s0| 980 a5 wmigr| ¥ .k
10 1| 7713 = 3 (GILDA) 04/10~10/10] 04/10~10/10] O5/10~08/10| 7§ 3 /& B 7 #§ 1@ | 18.1) 155.5 33| 320 80| 965 40 mhgs
10 2| 7714 15 #H (HARRIET) |17,10~21{10, 17{10~21{1Q St g B ¥ om | 17.4 1325 30 350 9750 40l egpE
10} 8 7718 % B (IVY) 22/10~27/10) 22/10~27/10| 24/10~27/10| EFIZ4% 2 & K0 | 17.3) 145.3] 45| 40| 15¢) 940 50 :pﬁil\
101 4| 7718 2= HE (JEAN) 29/10~02f11( 29/10~02/11] 30/10~8010| F§ B £ FI 5 16 | 203 1864 33 320| 120/ 970 28 s |
) 1) YNNI OB O (KIMD 0711~ 16010 0711~ 16/ 11| 08/11~~1410| i 28 %% B &5 B 1 | 11.5] 1513] 60) 400 200| 9200 30 gﬁm!
12| 1| 7718 & #% (LUCY) 01f12~009/11] 01/12~09/12 03/12~06/12 N B H B 2 B & 8.2) 1408 55 30| 1500 920/ 40 gﬁg{gl
12| 1] 7719 32 | (MARY) 21/12~08f1 | 21/12~03{1 | 23/12~.26/12 FER BB EEIREE 9.7] 179.0| 48 320| 120 945 36 g




%7

X £ R B R KB

— 49 —
mE %

Table 7. Summary of typhoon damages in 1977,
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Table 8. The fixed positions of typhoon center in the year of 1977,
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Kinetic Energy Budgets of Cyclone Systems

over Contz'nemcﬂ China :
— Case tudies for an extratropical cyclone
and Typhoon Betty, 1972 —

]

Ev- Woon Chiou

ABSTRACT

Kinetic ehergy budgets of an extratrupical cyclone and typhoon
Betty, 1972 are studied using surface and rawinsonde data from the
network over Continental China.

For the case of the extratropical eyclone, kinetic energy budget is
computed for the region bounded by lattitudes 22°N, 42°N and longitudes
100°E, 120°E (41.9x10"m?*) for a five-day period (1200 GMT 20 December
1954 to 1200 GMT 24 December 1954) spanning the pre-storm, growth
and decay stages of the intense cyclone. The case of typhoon DBetty
is investigated for the region bounded by lattitudes 22°N, 33°N and
longitudes fOS"E, 126°E (21.7x10"m?) for a four-day period {1200 GMT
16 August 1972 to 1200 GMT 19 August 1972} consisting of a 24-hour
mature stage, a 24-hour dissipating stage and a subsequent 24-hour
slowly decaying stage.

In addition to kinetic energy budgets of the entlre regiom,
computation has also been performed for the energetics of smaller
areas which contain the storms at three differeunt stages. Such storm
vicinity budgets have been compared with the budgets of the entire
region for both the extratropical cyclone and typhoon Betty.

The major results obtained in this study are: (i) Boundary fluxes
of kinetic energy are important in maintaining the energy budget of the
extratropical cyclone throughout its life cycle while the contribution
of boundary fluxes are much smaller during Betty’s life cycle except
for the dissipating stage. (ii) Generation is found positive in all layers
throughout the life cycle of the extratropical cyclone, but positive
generation appears only in the final (slowly decaying) stage for

N



typhoon Betty. During the mature and diséipating stages, generation
has been found positive only in the lower tropasphere. (iii) Dissipation,
calculated as the residual in the energy budget. represents an energy
loss during all stages for Dboth storms except in the layers above
700mb during the typhoon’s mature and dissipating stages. {(iv) The

values of various terms in the kinetic energy budget are generally
larger for the small areas.
kinetic energy content.
The results obtained in this study has been compared with earlier
studies. Furthermore, a suggestion is given about the direction along
which future investigation of energetics of storm systems such as

Such characteristic is clearly shown by

tropical and extratrépical storms should be carried out.
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Fig. 13, Horizontal extent of the small
region at 12 GMT 16 August
together with kinetic energy
content at 500mb in units of
m? sec™?, (Surface position of
typhoon is also shown)

S,
ﬂ, S-S _.______._.. [, _J‘
i 14 A7EEISER (DHUES ATR)
Fig. 14. Same as Fig, i3 except for 17
August

15, NERELSHERE (ABE S 5180)
Fig. 18, Same as Fig. 13 except for 18
August

hile]

W15, PITFRRIENL A (LN 8 A19ED
Fig. 16, Same as Fig, 13 except for 19
August
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Table 1. Boundary locations and areas of the small regions
chosen for the extratropical cyclone

: West East North South
Time stage ‘ bdry ‘ bdry bdry ‘ bdry ‘ Area
Pre-storm A:gigiH 102°R 115°E 30°N 200N 1.44x 1012m?2
Growth prEH 104°E 118°E 30°N 20°N 1.55% 1013 m?
Decay ## 114°E 130°E 420N 32°N 1,77 % 102 m?
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(i) JHusE1k (Local change): 7R58—PE ks
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BB ANE o IEREERTS - ShaBRERSERI 2 A
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FAY) o BEETRETE - RERDEMARER
MR » (B SR AR o

(DEEEER « BE—5E BiEELmEy
BB A REE R, - HMESH RS T » Biik
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BRI RE » SRERERTE » FAPEERA ©
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(ivif AL i R R A has
A HERREETIE o FH ~EABEKERRE
o MRS A REF e (Visco-
us dissipation) FEEBFAY RN DRREH
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& » Smith & Adhikary¥® (1974) €l »
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Table 2. Comparison of kinetic energy terms between large areas and
smaller areas (contents:103Jm-%; transformations Wm=2)

7 _ e vktangb] _
Pressure layer V.vs [V"'(Vk) a a(wk}fop
(mb) Large Small
area area L S L S L
12 GMT 16 August
Sfc-850 2.2 2.0 0.4 1.3 0.3 ~1.3 0.4 .2
850-700 08 130 08 3.0 -0.6 ~30 0.7 20
700-500 -18 -3.0 1,2 08 =0.0 9.3 0s 23
500-.3C0 7.4 -19.0 28 2.5 1.1 ~5,8 0.6 1.6
300-200 -7.0 -11.0 1.1 3.5 ~0.2 05 0.4 0,5
Sfe-200 -13.2 ~18.0 6.3 11.1 0.0 Q.0 2.9 7.6
12 GMT 17 August
Sfc-850 3,7 14,0 07 1.8 -0.1 0.4 07 1.5
850700 2.7 9.0 1.4 1.0 =01 -0.3 1.5 24
700-560 -5.0 -95 0.2 0.4 01 08 1.5 2,0
B5C0-300 ~7.5 -64 10 08 -0.1 -0,2 1,1 20
300-200 -85 -2,5 1.6 1.5 0.2 C1 1.0 1.5
Sfc-200 ~13,1 146 49 3.5 0.0 0.0 5.8 95
12 GMT 18 August
Sfc-850 2.0 1.3 L1 2.1 0.0 -0,2 06 07
850-700 1.1 =19 15 3.0 0.0 +00 1.0 1.3
700-500 0.6 -3.0 1.7 ~02 ~0,1 02 0.9 13
500-300 156 -3,0 15 -1.5 101 0.0 07 1.2
300-200 1.4 -17 0.0 07 0,1 +0.0 0,6 0.9
Sfe~200 6.6 -84 5.8 4,1 0,0 0.0 3.8 b.4
12 GMT 19 August
Sfc-850 4.5 11,0 -1.8 07 ~0.1 -0.1 0.4 0,3
850-700 13 2,0 -2.2 -0.3 +0.3 0.6 .8 0.8
702-500 08 02 -15 -2.3 -0.1 0.7 0.9 16
S00-300 1.5 0.5 -1.3 =27 0.1 0.5 09 1.5
300-2c0 05 27 -00 -19 -0,2 03 0.9 1.2
Sfe-200 8.6 16,3 -6.B =79 0,0 00 39 5.4
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7 8. HERELZE)EE (B Wm™®)

Table 3, Kinetic energy budget summary in units of Wm-2
(for Typhoon Betty, 1972)

16 Aug.-17 Aug. 17 Aug.~18 Aug. 18 Aug.-19 Aug
Surface-200mb
Local i .
Change 3.3 -22 0.3
Boundary fiux : !
(external source) 5,5 5.2 ' -C.5
Generation ~-13.9 -4,0 7.7
Dissipation 118 -3.5 -6.9
Generation--Dissipation
(internal source) -21 -7.5 og
Surface-850mb
Generation 29 28 3z
Dissipation -2.9 -3.8 -30
Aug, 16 Aug. 17 Aug, 1.8
o e <o
hug. 17 Arg. 18. Aug. 19
200 1.3 = L, 7.7 0.8 4 53,5 0.0 - - 1.0
300 Q.7 -0.4 0.3
0.0 4 0.7 k= 7.1 Jg.1 0.8 2.2 0.4 0.7 = o.8
300~ 1.9 - - 7.4 1.2 e 0.1 €~ .5
500 0.6 ) 0.4 0.2
0.5 4 0.8 F 5.6 0.0 0,9 F1.4 C.1 7 6.8 1.5
0, T > 3.4 0.9 - 2,2 0.1 . 0.7
388 )‘ 0.8 0.7 | 0.2
0.0 4 1.2 F 3.5 0.0 1- 1.2 Fo.6 0.1t 0.9 I 0.5
R T — 1.7 lod =d 1.9 0.3 ¢ - 1.2
850 0.3 —0i6 ~0.2
Ovd 4 1,1 [+ 2.5 0.0 1.2 b 2.9 0.2 9 0.9 |» 1.3
850 0.5, = - 2.8 0.9 k-2.8 Cod & K= 3.3
e 0.3 ) oo _ - ~D.2
- 0.2 9 0.6 [* 2.9 0.0 4 0.6 [*3.8 0.1.¢4 0.5 |+ 3.0
5.5 s 13.9 5.2 24,0 0.5 £, S
TOTAL o 2.2 | 4 03
0.1 4 4.1 e 12,8 0.1 4.7-3.5 0.0 1.8 8.9

17, ERMEZEENE (R R 10° Joules m™ s JLEXMETAR watts m—?)
(B LA  RTERER £ T BERFME F 08 B G
T IR iR : EhAREE(LER S R ¢ EnEaTh)

Fig. 17. Kinetic energy budget for typhoon Beity. (Values in upper left are
net horizontal boundary flux; upper right, generation; lower left,
vertical boundary flux; lower right, dissipation; in center of box,
raie of change of kinetic energy; im lower part of box, kinetic
energy content
{contents are in units of 10° joules m~? and all other quantities in
units of watts m—2)
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BIR LME - ATIRE 1972 ¢ BRFRAE
TAATRFTRMA W= FEE (87 16 H 126MT
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AT AR B A RIS RR o
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ZBEE > TATALLAE o IR T 785 — ~ T E »
ARSI R IR A LU » s S B
FUB AR Celia iR EY B BL A ANt 2 B
BB TIZEST(5) Py o Ml T » BEAR R
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F 4 Celia FIEAZINEMNE (Bf: Wm2) (Vincent, Gommel & Chang) (1974)
© Table 4, Kinetic energy budget summary in wnits of Wm-? {for hurricane Celia, 1970}

(Vincent, Gommel & Chang, 1974)

slowly decaying

Surfacea200mb mature stage dissipating stage stage
Lonal change 0.0 -27 -06
external source ' 1.1 -0.5 0,6
internal source -1 -22 00
Surface-850mb
Generation 2.2 1.4 14
Discipation ~-2.3 -1.5 -1.5

% & HEREAM Celia MUEZ/NFISEIEIE
Table 5. Comparison of storm vicinity kinetic energy terms
for Betty, 1972 and Celia 1970
Vg K
Betty 3.4 8.6
Mature stage { Celia 50 &
Dissipating stage { Betty 8.1 7.4
Celia 9.0 3.9

* Area representing storm vicinity

Betty: 5. 4% 10!'m? Celia:5x101m?
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EIRZ BB LA B o B A T TR 2 M B 2 T
i o

# 6. BRREZEENRE (lE—300mb) (A + Watts m~?)

Table 6. Kinetic energy hudget of the extratropical cyclone (surface-300mb)

Period ‘ k Bk —v.EV ‘ Vs l D VgD

at (external) {internal}
Pre-storm 61,96 -2,70 2.8 5.4 -119 -6,5
Growth 71.74 5.06 4.4 16.6 T 159 0.7
Decay 67.65 -9,80 18.4 26.7 ' -549 -282

Units: k=10% joules m~%, energy changes=watts m™=2

F 7. BRERZKERTSERYEE (1954E12 4200 F24R) (R0 ERD

Table 7. Time mean Kinetic energy budget for the entire region 12 GMT, 20
Dec.— 12 GMT, 24 Dec. (Units same as Table )

ek kY awk o —
Layers k L v. —= -V. D -V. D
J at (external) op Vovd (intgrg'snzl)
sfe-—850mhb 113 0.15 -1.3 | -0z 6.1 “ 295 | 2,15
B50m b-700mb 3.71 0.25 17.1 ‘ 0.4 8.3 —2474 | 1644
700mb-500mb 12,11 036 13.0 2.4 6.9 -21.94 ‘ ~15,04
S0Cmb-300mhb 26,08 ~0.80 26,9 -1.3 247 =808 -26,10
sfe~-—300mb 43 .03 0.27 88,7 0.0 450 ~101,43 =5543

*° 6 FIENEEREZRER (545
Table 8 Percentage contripution of each term to kinetic energy hudget
— —
Layers ok, -v.kV _o2wk - Vg | D
at ap i

sfe-850mb ol 11 06 | 50 32

850-700mb o1 34 ol | 16 E 49

700-50omb 01 30 04 ‘ 16 50

500-300mb 01 26 01 24 49

sfe-30mh [0]8] 27 00 22 51




%= 9. NEBZAEBHEE (12200 F240) (BAIFREF)
Table. 9. Composite storm vicinity budget
12 GMT, 20 Dec—-12 GMT, 24 Dec. Units as Table 6,

Layers k%]“;— \ —V.k—\} ! e a:’;{ —ﬁv;ﬁ ! D —?.Vgﬁ +D
sfe.~850mb 2.1 [ 25 ‘ -2 10.2 -12.7 25
850mb-7C0mb 3.6 1 12,1 | ~0,6 8.1 -230 -14.9
700mb-520mb 2.4 220 ~1,4 5.6 -28.6 -230
500mb-300mb =44 l 632 4,1 328 & -102,5 717
sfc.-300mb 53 ‘ 106,8 0.0 547 1 -1668 1121

2 10 ATENBEKEZ I (01
Table. 10. Percentage contribution of each term to kinetic energy budget

Layers PakT - VEV —?;’;f - ?.vg’; D
sfc.-B850mb 07 Q8 07 34 43
850mb-700mb 06 35 01 18 42
700mb-500mb 04 37 02 09 48
500mb-300mb o7} 31 02 15 51
sfe.-300mb 01 32 00 17 50

%L EAREZEERCY (EHRMEEREMNRZIE) (S EF 6 R
Table 11, Comparative Results Uuits: same as table 6,

Study x akfot kv | =2 g D Vv$iD
Pre-strom |
period
P&S 27.8 -5.4 -13.1 -15 173 -8.1 9.2
S 14,5 =11 23 00 5.8 9.2 -3.4
C 61,9 -2,7 3.8 00 5,4 =119 -6.4
Growth
Period
P &S 270 2.8 - 97 -1.0 19.8 -6.3 135
S 19,2 6.5 120 0.0 10,0 -15.5 =-5.5
C 71.7 5.05 4.4 0.0 166 -159 0.7
Decay
Period
P&S 26.3 -2.8 - 9.4 -10 16,0 -8,4 2.6
o] 1%.0 ~3,6 9.5 0.0 0.1 -13.4 ~13,1
C 67,7 -58 18.4 0.0 26,7 -54.9 -28,2

S—Smith (1973)

P&S=Petterrsen and Smebye (1971)
C=Results obtained in the present study
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On the Calculation of Epicentral Distance of
- Near Earthquake
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ABSTRACT

Tables are presented which facilitate the calculation of epicentral
distance A of near earthquake, i. e, A is smaller than 500km, for mean
latitude from 18°N to 29°N. The errnor does not excsed one-tenth of a

kilometer in 500 km. -
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Report on Typhoon “Rose”

ABSTRACT

Rose was 4th typhoon originating in the northern Pacific Ocean In
1978. It was classified as a small-scale tychoon due to its weak
intensity. Because its center hit Taiwan, Rosw was listed as one of
1.:11.‘e typhoons invading Taiwan even if it did not cause any disaster, i.
e., the first typheoon to sweep through Taiwan in 1978

Rose initially derived from the east of Luzon on the morning of
June 22, and moved to the northeast at noon the next day. Having
developed as a small-scale typhoon, Rose changed direction from WNW
to NNW along the edge of the Pacific subtropical high due to the
steering flow inspired from the surface, then landed in the east of
Taiwan at 8:07 p. m. on the 23th. Rose soon disgipated into a tropical
depression and finally ended its 36-hour lifespan.

Tvyphoon Rose did not carry mueh rain and severe winds during
its invasion of Taiwan.
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Tabie 1. Eye-fizxed position of Rose Obseued by aircraft reconnaissances
and weather satellite (NOAA-5)
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Report on Typhoon “Della”

ABSTRACT

Della, the 12th typhoon originating in the Northern Pacific Ocean
in 1978, was classified as a tropical storm due to its weak intensity.
Although this was not recorded as a disaster. the storm center entered
Taiwan and was thus marked as the second typhoon invasion of Taiwan
in this year. ‘

Della initially derived from the intertropical convergence zone to
the east of Luzen on the afternoon of August 11, and located at 21.9°N,
1246°E at 2:00 p. m. next day (120600Z). Having developed as a tropical

.. storm, Della skirted the subtropical high in a northwest direction with

a wind speed of 22 km/hr. Upon its landing south of Ilan at 10:00
a. m. on the 13th, Della gradually dissipated into a tropical depression
due to the replacement of the sub-center of low pressure néar the

— 97 —

Taiwan Strait, and finally ended its eighteen hours lifespan,
Though Della, the tropical storm, did not cause severe winds, it
carried a precipitation of 300 mm in the vicinity of the struck mountain

area in Ilan
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Fig 2d, View of Hwalien ppl radar

Fig 2b. View of Hwalien ppl radar

secope on 1222007, Aug, 1978

scope on 13C000Z, Aug, 1978

S Ts




=50 —

HRE 2 BRI E R E SR E NS 20 AR
EAZEEES  ER (12) B 14 - s
GRS » SRR EER, 7812 BESERT » TR
EEAANG R HAESEED NEEEl
ATHB IS o RS LR I T R I M T

B3 67488 F 11 B 1405 4 H A

Fig 3. Sea level synopitic chart
110600Z, Aug, 1978,

el ) S

B 4a. 67488 12 O 20 BHUHE
Fig Sea level synopitic chart
1212007, Aug, 1978.

|

4b. 674E8 318 OB fiy 3k 1 A
Fig 4b. Sea level synopitic chart
130300Z, Aug, 1978,

— A — TR T o SR BREL + BIRE SR
5| R TR Bl R PE AL HEAT »

AR 2 BRI » MBS » SR
FLIF 25 | —E AT - B 4a. b, BER
JR B SRR < HETE R SR+ B Sa. b 5% 500 EMieE
FEfERE o

B~ #BE ()~ BRBEE R AL BN
P HERAEEAIA 8 B 11 B 2 B 8 B B
HERE  SEERVRERERA - WFEAH
SHGTH 2 3R Ve KR B i ST 2 R PR, - #5 VB
A 12 B 14 B ARSI » HERA
WERES » AR » BB EEILFIER .2
BB ERE » WERRKERRSE  EEATE
JEHETT + RMCHEET BRI
&y FEB-RPIBACRIEEERETERE -
ey B FEE—ER AR EEE IR LR T
JREVEEE » TR — P Be R BT R B Fa Ay
BRe

S5a. 674E 8 F 12 H 20 B 500mb E2uE
Fig Sa. 500mb chart 121200Z, Aug. 1978,

ol
no- B
/.-‘-"hé%gr) -

f Sb. 67 4 8 F 13 F 08 i S00mb j=2e
Fig 5b. 500mb chart 130000Z, Aug, 1978.




% 5.

RUuKRAGREHARBESNSRALHEE

Table 3. The Meteorogical Summaries of C. W, B stations during Typhoon Della’s Passage.

BoERE, OB OB OB XK R MS \ ok OROE (MS) | B R 10m/s Pt &K 0B Ok B (mm) Mook # R
U, j — [N s :

Wit | AR A ) BN RSB IR | G | RS RN | RS | R R A | B AER RS GV B AER e P AR amR B A MR | BB SEE 5
A= 9997 13, 10, 45 | ESE| 300C| 13. 11, 45 (10005 254 99| ESE 21,7 13, 12, 0D | 12, 19. 00~14, 02, OC 26,4 13, 12, 00~13, 13, OO 18,0 18, 12, 05~13, 12, 15 98.C 13, 00, 40~13, 23. O
# [ 9986 13, 12, .00 NE 185 18. 10, 05| 9999 27.3 69| NE 100 13, 08, 02 | 13, 07, 50~13, 08. Q0 34.2) 18, 03, 20~.13, 06, 20 9.0 13, 06, 00~13, 06, 10| 116.2| 17, 02, 02~-13, 23, 12
24 B 9975 13. 15, 00 SSW/| 143 13, 13, 00| 13, 08. QO~13. 13, CO 374 13, 09, 20~13, 10, 20 1. 13, 09, 50~13, 10, 00 1198 12, 21, 43~13 11, 16
B K
7 M 9978/ 13, 15, 00 | NE 18,5 11, 09, 10 10008 227 94 NE 5.2 13, 05, 00 36.6| 13, 09, 20~13, 10, 20 216 13, 10, 00~13, 10, 10| 1126 12, 22, 10~13, 11, 20
= Ik 997.7| 13, 14, 45 E 166 13, 09. G5 | 999.1 258 90 ESE 7,21 18, 15, 10 26,00 13, 06, 09~13, 07, 09 7.0/ 13, 09, 40~-13, 09. 50 840 12, 28, 50~13, 11, 40
£ r 9969 13, 10, 40 | NE 1.8 13, '05. 35| 9994 254 89 NE 6.3 13, 05, &0 13,0 13, 08, 10~-13, 0%, 10 4,3 13, 08, 40~13, 0B, 50 29,20 13, 03, 20~13. 10, 20
b= th 9974 13, 15, CO| W 34018, 12, 51| 9981] 2.8 BWSW 20 13 13 0 6.6 13, 07, 34~13, 08, 34 17| 13, 07, 40~-13, 07, 50 12,4 12, 16, 17~13, 10, OC
B HE 998,20 13, 15, 15 | S8SE 67| 12, 18, 56 | 10027 29.8 79 SE 3.5 12, 19, 10 65 13, 08, 00~18, 09, 0O 2.2 13, 06, 45~13, 06, 55 20,1| 13, C6, 30~13, 11, 35
H B & 889,213, 13, 00| W 9.8 12, 16, 10} g93.7| 20.1 86 ENE 37 13. 08, 0C 9.5 12, 16, 00~12, 16, 50 5.0 12, 16, 10~12. 16, 20 10,3 12, 16, 00~13, 08, 20
b3 i 997.2| 13, 16, 00 |[NNE{ 141 13, 07, 33| 9988 274 87 NNE 7.7] 13, 08, 00 24| 13, 08, 50~-13, 04. 12 2,1 13, 04, 02~13, 04, 12 2,4 13, 03, 50~13, 04. 12
i o 997.0 lé. i4. 00 E 129 12, 16, 50110038 24.2 97 E 10.7) 12, 16, 20| 12, 16, 20~12, 16, 20 51.6 12, 16, 16~12, 17, 16 16,0 12, 16, 30~12, 16, 40 55,5 12, 15, 08~12, 18, 0O
[ =AY 13, 05, €O | E 6.5 12, 22, 00 11.8 9% E 50 12, 22, 05 28 12, 16, 10~12, 17, 10 1,00 12, 16, 30~12, 16, 40 4.3 12, 13, 80~12, 17, 30
* 1l 13, 05 20 8 167 13, 12, 10|13, 11, 50~13, 16, 30 28 12, 16, 20~12, 17, 20 23 12, 16, 20~12. 16, 30 109 12, 10, 50~-12, 07, BO
E=4 B 9973 12, 15, 00 g 15,0 13, 16, 40| 998.1f 30.5 76/ SSW 7.3 13. 16, 10 19 13, 08, 05~13, 08, 50 16 13, 18, 12~13, 08, 22 21| 13, {8, 05~13, 09, 12
5 pid 99846 13 14, 00 | NE 150 12, 18, 15|10026 29.0 BAWNW 6,3 12, 16, 00 337 13, 08, 25~13. 09, 25 225 12, 18, 10~12, 18, 20 67.6 12, 17, 05~13, 10, 10
EEE 9982 13, 16, 00 | NNE 8.7 13, 16, 30! 9982 27.1 85 NNE 7.0 18, 16, 40 ;E
i = 9954/ 13 04, 15| W 9.4/ 13, 08, 50 |1000,0] 28.4 8l W 6.2/ 13, 09, 00
1§ I8 9971 13, 09, 00 | NE 2421 12, 93, 19| 998,1 234 96[WS W, 182 13, 10, 00 | 12, 18, 54~.13, 1}, 10 05 13, 12, 18~.13 12, 35z 0.2 13, 12, 46~13, i2, 52 Q.5 18, 12, 18~13, 12, 52
* w 996,1) 13, 08, 00 |SSW( 1046 13, 10, 33 | 997,91 329 68| SSW 7.0/ 13, 10, 30
= I 9949 13, 06, 50 | NE 9.1 12, 18, 03 | 10025 288 71l NE 4,7 12. 19, 10
W p:Li3 995,2( 13, 04, 40 |NNE| 157712, 20, 05 [1003.8] 275 0 NNE 12,3 12, 20, 10 | 12, 20, 00~-13, 00, 10 8.8 13, 15, 20~13, 16, 20 28 13, 15, 35~13, 15, 45 14,3 12, 20, 05~.13, 16, 50
yis bl 9959 18, 08, 32| N 13.6 13, 04, 20| 9983 24.1 95 NE 7.8 12, 23, C0 915 13, 06, 30~13, 07. 30 21,0 13, C7. 10~13, 07, 20| 296,1f 12, 19, 35~13, 14, 13
A B 996,213, 10, 40| E 1200 18, b?, 50 | 9992 2589 94 E 87| 13, 07, &5 43,00 13, 05, 20~13, 05, 2C 16,0 13, 08, 10~13. 06, 20| 1746 12, 17, 30~13, 16, 10
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