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Fig 1. The best track of Pattern A regenerating typhoons from 1949
to 1990 in the North Western Pacific
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Fig 2. The best track of Pattern B regenerating typhoons from 1949
to 1990 in the North Western Pacific ' '
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to 1990 in the North Western Pacific
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Table 1. The data of Pattern A regenerating typhoons form 1949 to 19%0 in. the‘North Western Pacific

Table 2. The data of Pattern B regenerating typhoons form 1949 to

= % % 2|8 & K N O£ OB OB B OE OB O ‘ 1990 in the North Western Pacific ( 1949~ 198%4E )
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- ~Table -3, The data-of Pattern-C regenerating typhoons form 1949 to

1990 in the North Western Pacific ( 1949~ 19894 )
& ﬁ " 5 B & B M L W
Bt i F |A(B K|tk |® 8
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8215 | ® 4k (Faye) Cl (1982 |8 |28 |0023.5| 129.2
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ERTH > HBATREE Y LB o LT :

L—BfiE BARRACBEDESE  BE

B > H P OB A BRI~ 80 /B i

HBEEI KA (648 /BER128E ) BLE

BLK > EEKE (4K) 024% ; BAREE 8

~ MR (B~45E BE) EHLK 0 529% ; E10

~118 (45~608 /B ) & » HI8K » 4% ©

2LAMARWEERALE. BE  BRBH

» B L HSE B A RS S0E /K R TR

AL RBREESFNE > EHLOBEKEES

6O /B » 1H % B IIBR o BIR MM » BRI T
200/ o
SE—FANEEELERANBE (Bh~
£H) o B4
AR (P RE AR R A R
B) o HEEH - BNEYHLEARES NS
110K 50 /B » 155 T 60 /15 o BAE (2 3E
BEAMEATEEWERA) » £h0BARE
43 BB 65K 60/ B » (53055 5 18 /B o 77 C 4 (
ERERBENEENBE) » LhLRARES
BUF 60K 708 /1 » 3838 T 108/ BF o F 7740 »
BREECEERAT  LAEBREZRBLEA
 RBHEBARESSE T » 9B D ERA
BAEZ AT » B9 55 4 T 4 5 0 05 K RS A X
ERER  FiEas0E /B (10)E) » Binge
TAGEE R ECE S FOREA » EAE L E 4 TR
ERT MERACHERE  MECEERS
o bk T IR R LR U 2 oA T L R R
B R EERR o
BEE4LBANGEE S BLERZE,/
R RS2 EERTL » Wi R EH
T 7 B AR FUBE R (643600 %8 4k ik 2 73198 14 75 G
) AT 38 » JREI& Brand and Blelloch ( 1973
) SRR BRERBWEE > SEEEZE > W
BREEORES K2 ERANANBRA
REELERECREIRESANTE - 58
L BEMIEEES » HSRBERERZH
ERLRARES 8 ~100 o MBAHE L% » &
BABERBLRARBESE IR BENE T
K> BRI R EE o :
EBNECE (REABMNELRBA) -
b RSB R AR 76 B R
B mBERA B > 3RS S e B e
REEEBERRARA > K LBARET
R T 108 /B o I+ —4E » C A 140
g EXFOEBAGBIMES L » EES
BERTERIETL RELBENERLER
EFERBRCRE  EREREMERREREY
R ARASNREHEEFESELERES
e > T EEHANRER

—8—



KM AT —ERELATHEERAFTLERAZR HEHE—Ex

Table 4. Monthly frequency of the regenerating typhoons from 1949 to 1990 in the North Western Pacific

A # . AU O A I ol
- = = m il Al B 1 AN A + + | +
" o . 3
e} | - - - - 2 1 2 4 4 T - - 14
A B
" A F| - - - - 14 7 14 129 | 29 7 - - 100
e W - - - 1 - - 1 4 1 2 3 1 13
B #
" 2 ®| - - - 8 - - 8 30 8 16 | 22 8 | 100
{8 ®| - - 1 - - - 1 2 3 3 2 2 14
Cc #= -
B & ®B| - - 7 - - - 7 14 | 22 22 | 14 14 100
B & - |- 1 1 2 1 4 (10 [ 8 6 5 3 41
[
5 4 ®| - - 2.4] 2.4| 5.0 2.4 9.8|24.4}19.5}14.6{12.2| 7.3 | 100

RE AN+ —ERBEPEARGEHAHENRARER - BR

Table 5. Tt}e intensity variation of Pattern A regenerating typhoons from 1949 to 1990
( 1949~ 198%¢E. )

A & & ]
- |z | =| ™ i |A |t | A | AP+ T
— - 2
®m oM 2t H
Al | EBREBREA - - - -, - 1 3 4 1 - - - 9 32
A? |ERLEE - - - - 1 1 1 - 1 1 - - 5 18
A3 |ERBERE - - - - 1 - 1 4 3 - - - 9 32
Ad |EBLTEE - - - - - - 2 | - 2 1 - - 5 18
& &t - - - - 2 2 7 8 7 2 - - 28 100
AIEN+—EREBRESEAFEBNRARERCL-ER
Table 6. The intensity variation of Pattern B regenerating typhoons from 1949 to 1990
‘ ( 1949~ 1989E )
A # ) & B
- = = m il A + AN A + + +
. - | = 7
" 5l . 3 *
PEBBRRPE ' ‘
B1 - - - 1 - - 1 4 1 2 3 1 13 7
BEE .
REEBRLE
B2 - - 2 1 1 - - - 1 - 1 4 9 4
BAHEE
PHFBARE
B3 2 - - 4 5 10 18 12 13 29 | 29 8 130 | 64
BHRRA .. :
TREBERE
B 4 Eﬁ?ﬁﬁiﬁiiﬁ 1 - - 1 1 4 8 2 8 17 7 1 50 25
& at 3 - 2 7 7 14 27 18 23 48 40 13 202 | 100
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Table 7. The maximum wind speed variation of Pattern A regenerating

A ERT—ERALATEEEBHE
BABERTLRERL—ER

Table 8 The maximum wind speed variation of Pattern B regenerating
typhoons from 1949 to 1990
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Table 9. The maximum wind speed variation of Pattern C regenerating
typhoons from 1949 to 1990 ( 1949~ 19896 )
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CLIMATIC CHARACTERISTICS OF THE REINFORCED
TYPHOONS IN THE NORTH WESTERN PACIFIC

Joe C. K. Chen

Central Weather Bureau

ABSTRACT

{;,g»

In this study,we analyzed the data of the reinforced typhoons occurred from 1949 to

1989 in the North Western Pacific by the methods of climatology and statictics. The main
contents include seasonal changing, frequency distribution and intensity variation.

1.

Some different types of typhoons are further described in the study:

The typhoons which reduce then intensity, after landing mainland China (Pattern A),
and later strengthen again when turning to the sea mainly appear in mid-summer.

The typhoons which strengthen again when passing through the Philippines Islands to
the South China Sea (Pattern B) mainly appear in late autumn and early winter.

The typhoons which weaken in the North Western Pacific (Pattern C) and then strength
en again. They concentrate in summer and winter.

Patterns A, B and C reinforced typhoons appear in an approximately equal frequency
of 35% respectively.

In general, the maximum wind speed of the reinforced typhoons is 80 kts before
decreasing, and later reduces to 60 kts even though they strenghten again. ThlS means
that the reinforced typhoons usually are weaker.

The frequency of the reinforced typhoons reaches the maximum intensity, which in-
creases little by little.

Keywords: Reinforced Typhoon, Climatic Characteristics.

~13—



FEBHRE=T/ BB (8lE38)

R OT24 AR E 2 AU R B R

EIEM

RER KPR REE

Bl EE B ARRWESER

RN Y
R R R B T P

Z

B S0 T 3 R KOO 8 VAR L K K AR 7 7 0 U L A
o AT EHRIHEEL HE AR AMEEER  DESBEEHFE o 19514 2 F B MERI0AE
AR REPERRRERRS P& H Pt B AR BRI SUR o AUt E
CRHEHAERMBERESHERRARBEERERBURFREBRANREAER SR
s MR L R B B S DR R EREREZRE o

WET B - B B RRYERE o

5

I

HMBCRRRGEFLCEERE— &
BHBRARCFEEYRUBREN<HE B8
MBS RBEFHE BMESAEZHE
» AR B SR VS AR B BT A B A 1 2 AR
GFAEHN - ERMSRERRSHEEERCHE
BRECEES > AEBEL S EREEREA
EBRERERESERET » FRIBEAH T
EREE > BRI EEM ST R
Ko ERUTMAM S EMEE N EE—F W
g‘g °

WEABESMESRE > Kt > TT2HE
BEREGHERE L S — B REBEKE
HHMBEZHE > BEHE  BRYENRESY
TERH > BEMIZERY bR T R 2 B HESE REE o
151 EEME (HEET1;Hsu,1962) #1972
CHELE (BEB6EEFRE197) BEEY
BB R R T BB KE o &

FHEEMBERERBREL ) fRRBIHBRE
Chiang et al. (1986) F| i fit i sth B 1 I 48 o2 B iR
» DS BIFEEAME: ( Joint Hypocenter Deter-
mination) ¥ EHBEMBERAGEZEFEMKE
FRHCAE W RCHE (B—) BR &
BMBERERECBELNBREMR —ERIL—7E
MAHZERL MEBEFESMTSUEHERE (
thrust type) » FRENBEEE IR o
RREEMMRER (191) FAEZFEEERN
WEBRERERMCHREREYE o Bk » &
X ¥4 Chiang et al (1986) REEMAIRAR (
1991) ZAER > MBS BIREMEREREHE
19732 1986 BRI B Z BT E AL » DABRE S At
BZHA e

it E RS

B et EEE R A EN
BE BEBRURE - ZERMEARFPRLIKZE
fBGEHER -



24°0’

23°0°
121°0

@_.

122°0"

Chiang et al. (1986) #]F ISC ( Intern-
ational Seismological Centre) 3R
BEBREMERkEH19724 4 A24H
CHEME (MERHR) KEGE (X
BOERR) CBREEBFEH - 20
ElFfREBISCHFIZBR o

Figure 1. Epicenters. of 1972 Juisui Earthqu-

ake (denoted by the star) and its
aftershocks (the filled circles) de-
termined by the Joint Hypocentef
Determination (JHD) method, and
their focal mechanisms (Chiang et

al., 1986). These earthquakes are °

orginally listed in Bulletin of Int-
ernational Seismological Centre (
denoted by the open circles).
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Figure 2. Geology and structural lines of ea-

stern Taiwan from Hualien to
Taitung. Faults shown in this fi-
gure are: (1) Chichi Thrust Fault
»{2) Chimei Thrust Fault; (3) Ta-
kangkou Thrust Fault — Huatung
Shan Thrust Fault-Kaoyuan Thrust
Fault ; (4) Antung Thrust Fault.
The lithological formation map
from Teng and Lo (1985) is used

- as background, and the fault lines
are copied from Ho (1982).-
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Figure 3. Seismicity for earthquakes with Figure 4. A model showing the left— lateral

magnitudes equal to or greater
than 4 in the Taiwan region dir-
ing 1973—1985 and proposed line
segments dividing areas of differ-
ent densities of epicenter. These
proposed line segments suggest that
the boundary between the Eurasian
and Philippine sea plates may be
of a See— Saw form (Wang, 1983).

faulting in the NW—SE direction
and underthrusting to the north
at the edge of Philippine Sea pl-
ate near eastern Taiwan caused
By the oblique collision - of - the
Philippine Sea plate to the Taiwan
island, The straight line in the
NNE— SSW direction represents
the Taitung Longitudinal Valley
Fault in eastern Taiwan. This
model can interpret  how the
See— Saw pattern of the western
boundary of the Phillipine Sea plate
is developed.
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Figure 5. Profiles of elevation changes along
Longitudinal Valley and the east-
ern side of Coastal Range ( from
Liu and Yu, 1990), Bouguer anam-
oly along the eastern side of Co-
astal Range (based on data wgich
are read from the contour map of
Bouguer anamoly published by Hu
and Chen, 1986), and the segments
of western boundary of the Phil-

ippine Sea plate proposed by Wang

and Wu (1991, in Chinese).
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Figure 6. Comparison of epicenters determ-
ined by Chiang et al. (1986) using
the JHD method and the segment
of western boundary of the Phil-
ippine Sea plate proposed by Wang
and Wu (1991, in Chinese).
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Figure 7. Comparison . of the segment of we-
stern boundary of the Philippine
Sea plate proposed by Wang and
Wu (1991, in Chinese) and epicent-
ers determined in this paper by
the JHD method for earthquakes
which occured near this boundary
in the period from 1973  to 1986.
It should be noticed that in the
immediate vicinity of this boundary
segment earthquakes did not occur
during the period from 1973 to 1986.
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Figure 8 Comparison of the segment of we-

’ stern boundary of the Philippine

Sea plate proposed by Wang and

Wu (1991, in Chinese), the epicent-

ers of Juisui Earthquakes and its

aftershocks determined by Chiang
et al. (1986) using the JHD meth-
od, and the epicenters determined
in this paper by the JHD method
for earthquakes which occured in
the period from 1973 to 1986.
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Figure 9. A model for fracture patterns in -

blocks of crust deformed under
the stress caused by an external
left-lateral couple of forces. This
model can be used to interpret
the right— lateral component of
the NNE—SSW striking faulting
shown in the focal mechanisms, of
Juisui Earthquake and its aftersh-
ocks which occured in 1972.
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A STUDY OF THE TECTONIC CAUSE OF 1972 JUISUI EARTHQUAKE
IN EASTERN TAIWAN

.-Cheng-sung Wang, Yu-min Wu, Chi-fong Chang and Allen T. Chen
Department of Oceanography
National Taiwan Ocean University

Yue-long Liu and Wen-feng Chien ‘
‘Seismological Observation Center
Central Weather Bureau

ABSTRACT

The frequent seismic activity in the eastern Taiwan region is attributable to the intense
and complicated interaction between the Eurasian and Philippine Sea Plates near Taiwan.
So far, the understanding of this complicated interaction is still rather limited, and local
intensive geophysical and seismological studies in the seismolocally active areas are neces-
sary and desired for understanding details of the interaction and causes of earthquakes. In
this paper, geological, geodetic and seismological data are used to elucidate the theory that
1972 Juisui Earthquake and its aftershocks which occurred in the central part of eastern
Taiwan are on the boundary between the Eurasian and Philippine Sea Plates, and a model
is presented for mechanism of earthquakes occurring in the vicinity of this boundary as the

cause of Juisiu earthquake and its aftershocks.
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SOME IMPLICATIONS OF TAIWAN TECTONIC F EATURES
FROM THE DATA COLLECTED BY THE

CENTRAL WEATHER BUREAU SEISMIC NETWORK

Tzay-Chyn Shin
Central Weather Bureau : )

ABSTRACT

. Taiwan is located on the circum-pacific Seismic belt. From the historical records, the
island was frequently struck by large earthquakes and caused castrophes. The Central
. Weather Bureau is responsible for the monitoring of earthquakes. To improve the function
of seismic network, the CWB has upgraded the network to be a real time system including
40 stations of CWBSN and 25 stations of TTSN. The new digital seismic network started
operating in April, 1991. Based on the earthquake information collected in the past years,
some interesting phenomena have been found: (1) The Phillipine sea plate is defined to be
subducting down under the Eurasia continental plate from 23.5° latitude northward
dlppmg with an angle of around 40° — 50°, and, tilting eastward with an angle of around
5°. (2) The travel time residues of stations in the west and east parts of the Central
Mountain Range reveal an obvious and systematical variation respectxvely (3) A new
seismic zone is found in westsouthern Taiwan where is considered to be a potential area of
damaged earthquake. The earthquake of March 12, 1991 (ML = 5.7) was located in this

area with minor damage.
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CODE STATION LATITUDE LONGITUDE | ELEVA.(M) | GAIN(Count/ms ) | Instrument Type
TAP | B JE | 25.0393° |[121.5060° 5.521 0.013 3
HSN | % Fr| 24.8022° |120.9696° 34.044 0.013 3
| & | 24.1476° | 120.6759° 84.040 0.044 3
CHY | & || 23.4977° | 120.4245° 26.915 0.044 3
“ALS | BT - 235104° 120.8051° 2413.312 0.208 3
TAL | & 2] | 22.9952° | 120.197¢0° 13.824 0.013 3
PNG | ¥ ¥ | 23.5672° | 119.5552° 10.678 0.052 3
KAU | & M| 22.5679° {120.3080° 2.264 0.022 3
HEN | & & | 22.0054° |120.7381° 22.111 0.089 3
ILA E B | 24.7656° | 121.7479° 7.213 0.013 3
H¥A | 7E & _23.9770" 121.6050° 16.088 |. 0.013 3
CHE | B 3| 23.0992° |121.3653° 33.507 0.013 3
TN | & B O| 22.7540° | 121.1466° 8.990 0.013 3
TAY | K B | 22.3576° |120.8957° §.053 0.013 3
LAY % g | 22.0387° 121.5506° 323.999 0.013 3
NCU | K| 24.9691° | 121.1862° 133.538 0.013 3
s | % r | 23.4893° | 120.9517° 3844.784 0.208 3
PCY [ & £ B |\ 25.6295° |122.0713°° 101.655 0.013 3
SML | H ¥ | 23.8830° |120.8999° 1014.783 0.416 3.
NST | % | 24.6311° |121.0005° 164,312 0.013 3
NSY | = % | 24.4162° |120.7607° 311.030 0.013 3
NSK | = ¥ | 24.6755° |121.3584° 682.284 0.013 3
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':CODE STATION | LATITUDE LONGITUDE | ELEVA.(M) | GAIN(Count/mx ) | Instrument Type
WIC |k % | 23.8634° |120.2811° 4.183 0.013 3
WSF |m | 23.6381° | 120.2217° 5.912 0.013 3
WP | & s | 23.2455° |120.6142° | 560.277 0.026 3
VHF | & B 10| 24.1451° | 1212643 | 3394.678 0.013° 3
¥DT x ‘23.‘_5555" 121.1328° | 2549.673 0.013 3
W | ® % | 23.8784° |120.6843° | 109.822 0.013 3
WK [ %% | 23.6862° |120.5622° |  75.208 0.013 3
SCL | # B | 23.1752° |120.1936° 7.407 0.026 3
SGS | B fll | 23.0822° |120.5827° | 277.544 0.104 3
S6L A | 22.7252° |120.4908° | 29.944 0.052 3
SSD | = # P9 | 22.7461° |120.6320° | 148.263 0.013 3
STY |# W | 23.1625° |120.7574° | 639,669 0.052 3
scz |#&  H | 22.3721° |120.6202° | 73.590 0.013 3
BGS (@ LU B | 24.8448° [121.0333° | 2.5 0.013 3
ENT |4 F9| 24.6395° |121.5654° | 279.882 0.052 3
BSL |7 4k | 23.8137° |121.4328° | 177.757 0.104 3
BAY |40 3 | 23.5056° |121.3218° | 237.158 0.013 3
ENA [B5 W | 24.4279° |121.7407° | 113.026 0.013 3
BEC |#1 b | 24.2676° |121.7325° 10.939 0.013 3
WA |48 7 = | 24.9803° | 121.5836° 260 0.74 1
TWBI | = % f5 | 25.0083° |121.9883° 130 0.79 1
THC | ¥ | 24.6091° | 121.8488° 20 0.78 1
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CODE | STATION | LATITUDE | LONGITUDE | ELEVA.(N) | GAIN(Count/mx ) | Instrument Type
™D |76 3 | 24.0800° |121.5955° 30 0.38 1
WE | B M| 24.7211° | 121.6670° 2 0.96 1
Wl |E B | 23.3521° | 121.2070° 260 0.74 1
™G |& B | 22.8206° |121.0716° 195 0.714 1
W | % B 22.6770° | 121.4773° 50 0.48 2
™I B | 22.0683° | 121.5050° 20 0.23 2
™|k R | 22.3696° |120.8838° 150 0.23 2
KL [ & | 21.9433° | 120.8053° 90 0.47 1
WL | % | 23.2666 | 120.4880° 590 10.37 1
™I | | 22.8233° | 120.4226° 340 0.49 2
WOl [#§ | 23.5705° |120.5046° 231 0.91 2
TP | A 3 B | 22.3460° | 120.3625° 80 0.23 2
™Q |®  ® | 24.2746° |120.8358° 443 0.55 1
Q1 | B f W | 24.3482° |120.7733° 260 0.23 B
WR | #r E | 24.6401° | 121.0786° 760 0.77 1
TWS1 |8 % (| 25.1008° | 121.4177° 60 0.22 1
W% R | 24.2533° |121.1758° | 1510 0.74 1
U | & s | 24.8775° | 121.5336° 330 0.38 1
™ = | 25.1988° |121.6616° 40 0.45 2
WY |# % | 25.2758° | 121.5996° 20 0.25 1
™I | ¥ | 25.0070° |121.5790° 280 0.22 L
MO | & M| 23.9037° | 120.8565° 635 7 1
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COMPOUND EYE OBSERVATORIES

Jen-hu Wang .
Departmenit of Mathematics and Physics
Chinese Air Force Academy

ABSTRACT
i

The compound Eye Observatory (CEO) is a device to record the whole celestial body.
- The inspiration of its design comes from the literature “Transcendental Bliss” written by
Chuang-tzu. There are three types: refractional, reflectional, and transmissive CEQ’s. The
constitution of the refractional CEO’s lenses is likened to the eyes of fish, insects, and birds.
Together with its mechanism, structure, and automatic control, the refractional CEO has
then become a compound eye observatory of refraction, which can search the visible light
in the radiogram of the whole celestial body. The reflectional CEO, whose structure is de-
rived from that of the refractional CEO, has a parabolic reflector and has mainly been used
for searching the visible light and infrared rays in the radiogram of the whole celestial
body. Both of the above mentioned CEQ’s have a fixed objective lens so that there will
not be any trouble in operating the enlarged mechanisms if we are to increase its size at our
will. Whereas the transmissive CEO is a modified derice of the reflectional CEO. However,
it has to be installed in space or on a planet where there is no atmosphere. It is designed to
detect the X—rays and 7—rays in the radiogram of the whole celestial body. The exposure
of these three observing “eyes” should be in synchronous movements with the celestial
body. Then after all the pictures have been taken, we can obtain a whole celestial map by
putting them together, which in turn enables us to observe and analyse the celestial body
with ease. It could also provide a referencg for us to compare the observation results
before and after we use a large single — object telescope to observe the celéstial body.

Keywords: Compound Eye Observatory (CEO), Transcendental Bliss.
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Table 1 The correlation coefficient between
global solar radiation and duration
of -sunshine at Taitung.

B R E B OB Climatic data
Month 1955—1981 1983—1989  1955—1989
Jan. 0.63662**  0.93955%*  0.65806**
Feb. 0.60630**  0.92257**  (0.68263**
Mar. 0.77292**  0.90959*  0.77751%
Apr. 0.60111%*  0.88062**  0.66411%*
May  0.83138**  0.91489%*  0.76001%*
Jun. 0.82413**  0.98623%*  0.78632+*
Jul.  0.63056%*  0:75793*  0.52650**
Aug.  0.66767**  0.96651**  0,60595%*
Sep. 0.71916%*  0.94355%*  0.63549%%
Oct. 0.67231%+  0.86775*% 0.63910%*
Nov. 0.72691%**  0.93737%*  0.74412+*
Dec. 0.75221**  0.84837* 0.77065%*

* and ** Significant at 5% and 1% level »
respectively.
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Table 2 The correlation coefficient between
global solar radiation and sunshine

rate at Taitung.

B & B B F H Climatic data
Month 1955—1981 1983—1989  1955—1989
Jan.  0.65312%* 0.95682%* - 0.67672**
Feb.  0.59425%*  0.92455%*  (,67381%*
Mar. 0.77555%*  0.91185* 0.77986**
Apr. 0.60053**  0.88363**  0.66275%*
May  0.80757%*  0.91397¢*  0.74308**
Jun.  0.81395%%  0,98487**  0.77386*
Jul.  0.60218%* 0.76254* 0.51695%*
Aug. ~ 0.66982**  0.96691**  0.60282**
Sep.  0.68511%*  0.94511%*  (.61904**
Oct. 0.61736*%  0.86849* 0.62886%*
Nov. 0.79874%**  0.93728%*  0.81064**
Dec. 0.76342%%  (.84796* 0.78087**

* and ** Significant at 5% and 1% level »
respectively.
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Table 8 The correlation coefficient between
global solar radiation and cloud cover

at Taitung.

B & KR B E B Climatic data
Month 1955—1981  1983—1989 1955—1989
Jan. —0.18010 —0.89893** -0.21868

Feb.  ~0.48804*% —0.93781*%*  —0.54900**
Mar. -0.53311**  —-0.80685 ~-{0.54639**
Apr.  —0.49270%*  —0.84235* -0.57939**
May ~0.52759**  —0,76450*  —0.57101*%
Jun.  —0.43391%+  —0.98588%*  —(0,55522**
Jul.  —0.48699* —0.80044* —0.54520%*
Aug. —-0.51846**  —0.89013** -0.53050%*
'Sep. —0.60763**  —0.92212**  —0.58462**
Oct. —0.62641**  —0.90973%* © ~0.65345**
Nov. - ~0.76822%*  —-0.,91815** - —0.,77635%*
Dec. ~0.69724**  —0.83424*  —0,64819%*

* and ** Significant at 5% and 1% level »
respectively.
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Table 4 The statistic analysis of linear regressmn for global solar
radiation at Taitung. .

H13 Equation(l) Equation(?) Equation(3j Equation@)

adj Root F adj Root F. adj Root F adj Root

F

Month R2 MSE Valus R2 MSE Valus R2 MSE Valus R2 MSE Valus

Jan. 0.86 0.562 37.65 0.90 0.469 54.17 0.77 0.708 20.92 0.90 0.018 54.

* % * % * %

Feb. 0.81 1.167- 22.87 0.82 1.153 23.55 0.85 1.050 29.19 0.82 0.039 23,

re
#% BEEY * %

Mar. 0.78.1.214 19.17 0.79 1.199 19.73 0.56 1.726 7.46 .0.79 0.035 19

% % " * %

“Apr. 0.73 1.404 17.27 0.74 1.388 17.81 0.65 1.597 12.22 0.74 0.036 17.

* % * % . ) *

May 0.80 0.948 25.68 0.80 0.953 25.37 0.50 1.514 7.03 0.80 0.024 25,

*% * % *

- Jun. 0.97 0.522 177.76 0.96 0.547 161.44 0.97 0.528 173.83 0.96 0.013 161

* % * % LOkk

Jul. 0.49 1.086 6.75 0.50 1.077 6.95 0.57 0.998 8.92 0.50 0.027 6.

% * *

Aug: 0.92 0.659 70.93 0.92 0.655 71.83 0.75 1.170 19.08 0.92 0.017 71.

* X * % L

Sep. 0.87 0.841 40.57 0.87 0.830 41.83 0.82 0.982 28.40 0.87 0.023 41,

¥ ¥ * % L 2N

Oct. 0.70 0.995 15.24 0.71 0.992 15.35 0.79 0.831 24.00 0.71 0.032 15.

¥ * * ¥

Nov. 0.85 0.525 36.21 0.85 0.526 36.12 0.81 0.597 26.85 0.85 0.020 36.

* % ! * % ¥ %

Dec. 0.66 0.634 12.84 0.66 0.635 12.80 0.64 0.661 11.45 0.68 0.026 12,

* * . *

17

* %

55

* %

L]

*

81

* %

317

* %

.44

*%
95

*
83

* %

83

* %

35

*

12

* %

80

¥

A:Statistical period:1983—1989.

Equ_ation ® Y=a+bx+e V:2KEHEM/n®/H) X:HERZHER/F)
Equation () Y=a+bx+e YV:ZXKBHEEM/m®/H) X(@/N):HE=®
Equation (3) Y=a+bx+e V:2XHHRM/w/H) XFHUzg

Equation @ QIQA=a+b(n/N)+e Q/QA:%XHE%EBRJ‘E(MJMZ/E{) n/N: H iR

* and ** Significant at 5% and 1% level » respectively.
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Table 5 The better regression model for global
solar radiation at Taitung.

Month % Bi(efl) SE HBMRM(bE)  SE R2
Jan.  0.235712** 0.0281 0.685010** 0.0931 0.92
Feb. 0.159941* 0.0481 0.867459** 0.1788 0.85
Mar.  0.040770 0.0797 1.310968* 0.2951 0.83
Apr. 0.220411** 0.0489  0.648951**  0.1538  0.78
May  0.211049%* 0.0432  0.712043**  0.1414  0.84
Jum. 0.274174** 00191  0.566554**  0.0438  0.97
Jul. 0.321796*  0.1148  0.498422*  0.1891  0.58
Aug.  0.283753%* 0.0344  0.554823**  0.0656  0.93
Sep.  0.274904** -°0.04374: 0.604698**  0.0935  0.89
Oct. 0.287054** 0.0585 0.590891* 0.1508 0.75
Nov. 0.182820*  0.0540  0.905609**  0.1507  0.88
Dec. 0.281232%% 0.0527  0.569864*  0.1593  0.72

A:Equation (4) Q/QA=a+b(nIN) statistical period:1983—1989
SE : Standard Error

* and ** Significant at 5% and 1% level » respectively.

#6

BREERESRXEHEERE19904
ZAEERZE (%)

Table 6 The estimated error of better
regression model for global solar
radiation at Taitung in 1990.

B EE EHE EREHE 82
Month(MI/w?/H) (MJ/m*/H) MI/m?/H) (%)

dJan.
Feb.
Mar.

Apr.

May

Jun.
Jul,
Aug.
~Sep.
Oct.
Nov.
Dec.

10.26286
13.12008
13.97756
12.63365
18.34891

17.30296

24.08204
21.13804
16.12259
15.13588
14.01310
10.54971

10.50670 25.5623  2.32
13.12278 - 29.69%5 0.02.
13.30113 34,2721  5.09
12.67736 38.1990 0.34
20.35899 40,1143  9.87"
18.58233 40.6065 6.88
23.68082 40.2427  1.69
20.96371 38.8196 0.83
16.41665 35.6631 1.79
16.36616 31.0942 7.52
14.49350 26.5467 3.31
11.68025 24.3746  9.68
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STUDY ON THE ESTIMATION OF SOLAR RADIATION AT TAITUNG

Yu-fang Chang
Central Weather Bureau

ABSTRACT

No matter how long the three statistical periods of the climatic data collected in:
Taitung was defified, the correlation coefficients of the global solar radiation and duration
of sunshine as well as the sunshine rate and cloud cover were commonly significant at 1%
level; only a few of which were at 5% level. Their correlation coefficients of 1983 through
1989 were between 0.76 and 0.99, which were the largest.

The linear regression models were formulated by taking the duration of sunshine,
sunshine rate, and cloud cover as independent variables. It showed that, regardless of which
period of statistical years, the monthly model per year was almost significant at 1% or 5%
level under an F test. The root MSE’s of 1983 to 1989 were the smallest in comparsion
with the three periods, in which the one of the model for the global over extra-terrestrial
solar radiation and sunshine rate was the smallest. Such equation was chosen as a better
model. for estimating the global solar radiation in Taitung. The R?’s of monthly better
regression models were between 0.58 and 0.97. But the error of estimation varied with
months. The idealer models were the ones of January, February, April, July, August,

September and November because their errors were below 5% and others were around 5%
and 10%.

Key words: Global solar radiation, extra-terrestrial solar radiation, Sunshine rate.
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Table 1 The data of best track, intensity and movement for typhoon ELLIE

BHAE | BBEE

Bo(Z) & o fi B |FLKE BARZE (W/S) | RALE (KN)
HiE (&t & | % & (¥B) (DEG) | (KM/HR) | & #® | B & |30 KTS |50 KTS s
11-100 | 24.1 156.4-|.-...998 302 14 18 23 80 - BE
06 | 24.6 155.3 996 297° 21 23 28 80 -
12 | 25.1 153.7 990 289 28 25 >33 100 -
18 | 25.7 152.0 990 292 31 25 33 100 —
12 {00 ] 26.0 150.8 990 286 21 25 33 100 =
06 | 26.5 14%b5 990 294 24 25 33 100 -
12 | 26.9 148.2 990 289 23 25 33 100 -
18 | 27.1 146.5 990 278 28 25 33 100 -
13 (00| 27.2 145.5 985 277 17 25 33 100 -
06 | 27.2 144.2 985 270 21 25 33 100 -
12 { 27.2 143.0 985 270 20 25 33 100 -
18] 27.1 141.9 980 264 18 30 38 120 -
14 100 | 26.9 140.8 970 259 19 35 43 120 50 o
06 | 26.8 139.6 965 265 20 38 48 120 50
12 | 26.5 138.2 965 257 24 38 48 120 50
18| 26.3 136.7 965 262 25 38 43 120 50
15100 | 26.2 135.7 965 264 17 . 35 43 150 50
06| 26.2 134.2 965 270 25 35 43 150 50
12 | 26.0 132.1 970 264 35 ‘33 40 150 50
181 25.9 130.2 | = 970 267 32 33 40 150 50
16 (00| 25.7 129.0 970 260 20 33 40 150 50
06 | 25.5 127.5 970 262 25 33 40 150 50
12§ 25.3 126.5 975 258 17 30 38 150 50 B
18 | 25.2 125.5 975 264 17 30 38 150 50
17100 | 25.1 124.5 980 264 17 28 35 150 50
06 | 25.1 123.5 980 270 17 28 35 150 50
121 25.1 122.8 985 270 12 25 33 150 -
181 25.1 122.0 985 270 13 25 33 150 -
18 |00 25.1 120.8 985 270‘ 20 25 33 100 -
06 | 25.1 120.0 990 270 13 20. 25 80 —
12| 25.0 119.2 998 262 14 15 23 - - TD
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RO EERRAEHBABEBESR (RESWESH)
Table 2 Warning stages issued by CWB for typhoon ELLIE ¥

X OF| B B R i |3 .
mE L
% % |8 |®|s % E 3 £
WE | 3| 1]16] 3(30 |AMLBEE - RLEEE B
wE|[ 3| 2(16] 9[25|amisEE  ALSEE
WE | 3| 3(16[15]15|4MLREE  ALSEE AL - EAL
W | 3| 4(16(21 |15 | ARMLEEE  RLFBERE BEELS G ML E ~ 4O i
whe | 3| 5|17] 400 {amEnEE  RESEER S BEHELS ER AL -ME-FH SE AN AT Bb BRREHE
W | 3| 6(17( 950 |ARMEEEE  RABHEREGBERLS R Ak hE-FHCER-EW A% B AR BESMEREE
W | 3| T{17]15 |15 | AMEEEE RESSERABERLSD ER-AL-SE -FH O ME -EZW- AT T B -EE-¢MARER
W | 3] 817 (21 (30 | AMLEEE  RABBERG BB S AL -ME-FU oME-EW- AP Tk HR- -HE-2MARERE
BE (3| 918 4|15 | AWABEE - RABEER S BE RIS ER- AL ME-FV OHE -EW AT Bl omE- -tE-MRER
YBE | 310 18| O[30 |AMKNEE  AWERLE - MSEREANE |EB - AL -HE -FH -BE -4 2MRER
Wh| 311181545 | AMEMKE - AWEHLYE 2FBEREESE |SMREHLE  PLROANABRERBERE FBH o
BB | 3[12]18)20 |10 | FHRARBARTECRE  SRBMR - T-D.
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Table 3 Eye-fixed for typhoon ELLIE by the Satellite Center of CWB

M (2)

2

S Fo i B ﬁiéﬁ B R M) |+ o iz B’ Eﬁﬁi BEEE
A|B|®R % (& B |8 K |RE | T-N/CI-N A8 (R | |#& B (& B |®BE|T-N/CI-NO
08 (15|17 |31 | 26.3 | 131.0 |poor | 13.5/4.0 08 |17 {04 )26 | 25.3 | 123.4 | poor | 13.0/3.0
08 (15|18 34| 26.2 | 131.0 |poor | 73.5/4.0 08 [17 {05 (32| 25.2 | 123.2 |poor | 13.0/3.0
08 (1519 |34 | 26.2 | 131.0 |poor | 73.0/3.5 08 [17 {06 |34 | 25.2 | 123.1 |poor | 13.0/3.0
08 15)20 33| 26.3 130.4 { poor | T3.0/3.5 08 117107 |34 25.2 122.9 | poor | 73.0/3.0
08 11512133 | 26.1 4 130.3 Jpoor | 73.0/3.5 | (08|17 ]08 33| 25.2 | 122.7 [ poor | 13.0/3.0
08 |15 |22 |26 | 26.1 | 130.3 |poor | 73.0/3.5 08 |17 {09 |33 | 25.1 | 122.5 |poor | 73.0/3.0
08 115123132 26.4 | 130.3 |poor | 73.0/3.5 08 |17 [10 |26 | 25.0 | 122.3 |poor | 73.0/3.0
08 [16 [-00 |34 | 26.4 | 129.5 [poor | 13.0/3.5 08 | 17 |11 |32 | 25.0 | 122.2 | poor | T2.5/3.0
08 |16 [01 (34| 26.4 | 129.3 [ poor | 13.0/3.5 08 [17 |12 |33 | 25.0 | 122.2 |poor | 12.5/3.0
0816102133 | 26.4 | 129.0 |poor | 13.0/3.5.| [og 17|13 33| 24.9 | 122.1 |poor | T2.5/3.0
08 {16 [03 34| 26.2 | 128.4 |poor | 73.0/3.5 08 |17 |14 {33 24,9 | 122.1 |poor | T2.5/3.0
08 [16 |04 |26 | 26.1 | 128.2 |poor | 73.0/3.5 08 |17 |15 (33| 25.0 | 122.0 |poor | 12.5/3.0
08 {16 {05 (33| 25.9 | 127.8 |poor | 73.0/3.5 08 (17 [16 (33| 25.1 | 121.9 |poor | T2.5/3.0
08 |16 | 06 |33 | 25.7 | 127.4 |poor | T3.0/3.5 08 |17 [17 {33 | 25.3 | 121.6 | poor | 12.5/3.0
08 /16 | 07 |33 [ 25.7 | 127.2 |poor | T3.0/3.5 08 (17 |18 |33 | 25.4 | 121.4 |poor | 12.5/3.0
08 |16 108 |34 | 25.7 | 127.1 {poor | 73.0/3.0 08 171933 | 25.5 | 121.2 |poor | 72.5/3.0
08 (16|09 (34| 25.8 | 126.8 |poor | 73.0/3.0 08 {17 |20 (33| 25.5 | 121.1 |poor | 72.5/2.5
U8 | 16 |10 |36 | 25.8 | 126.5 | poor | T3.0/3.0 08 |17 {21 (33| 25.4 | 121.0 | poor | 72.5/2.5
08|16 11132 ] 25.7 | 126.2 | poor | 13.0/3.0 08 (17 22 |33 | 25.4 | 120.9 | poor | 12.5/2.5
08 |16 |12 (34| 25.7 125.8 | poor | T3.0/3.0 08 [17 (23|32 25.3 120.9 | poor | 72.5/2.5
08|16 |13 |34 25.7 | 125.6 |poor | 13.0/3.0 08 |18 |00 {34 | 25.2 | 120.8 | poor | 12.5/2.5
08 /16 | 14133 25.5 | 125.5 | poor | T3.0/3.0 08 |18 {01 |34 | 25.2 | 120.5 |poor | 12.0/2.5
08 |16 [ 15|33 | 25.5 | 125.2 |poor | 73.0/3.0 08 {18 (02 33| 25.1 | 120.2 | poor | T2:0/2.5
08 (16 |16 |34 | 25.6 | 124.9 | poor | T3.0/3.0 08 (18 |03(33| 25.2 | 120.1 |poor | 72.0/2.5
08 |16 |17 |32 | 25.6 | 124.6 | poor | 73.0/3.0 081804 26| 25.2 | 120.0 | poor | T2.0/2.5
08 (16 |18 |34 | 25.6 | 124.4 |poor | 73.0/3.0 08 (18 [ 05|32 | 25.4 | 120.0 { poor | T2.0/2.5
08161934 25.5 | 124.2 | poor | T2.5/3.0 08 (18 |06 (34| 25.4 | 120.0 | poor | T2.0/2.5
08 |16 [20 |32 | 25.5 | 124.0 |poor | 12.5/3.0 08 [ 18107 {34 | 25.4 | 119.8 | poor | 12.0/2.5
08 [16 |21 (33| 25.5 | 123.9 | poor | T2.5/3.0 08 | 1808 |33 | 25.6 | 119.6 |poor | 12.0/2.5
0816|2226 25.5 123.7 | poor | T2.5/3.0 08 118109 |33 25.6 119.5 | poor | T2.0/2.5
08 |17 [ 01|34 | 25.4 | 123.7 | poor | 72.5/3.0 08 |18 {10 {26 | 25.8 | 119.4 | poor | T1.5/2.0
|08 117102133 | 25.3 | 123.7 |poor | 72.5/3.0 08 18 (11382 25.9 | 119.5 | poor | T1.5/2.0
08 [17 [ 0333 | 25.3 | 123.6 |poor | 13.0/3.0

—89—




RN :EERBRARLEZEME -
Table 4 The eye-fixed by radar for typhoon ELLIE

#MUB HAEGNERHBEEY
Table 4B 47927 and 47937 radar stations

/ yin H 52 3 -
/ FEA HAAMREEBEEL R EEEE], ,[7 ] EEEw
Table 4A 47909 and 47918 radar stations (z)|& mlm = ()| &% =
W % | R oW 2 @ 47927 16/03 255 1284 47937 15/15 258 1314 ]
(i) [k & lw & ()% a1z & g 16/04 | 255 | 1280 | 15/16 | 256 | 1308
47909 | 15/09 | 263 | 1331 | 47918 | 16/12| 248 | 1268 © | 16/05] 28 | 12m8 | T | 1517 288 | 1307
P 50| zez | 1328 1 - T | | izel . 16/06 | 257 | 1277 | * 15/18 | 257 | 1303
; 50| ze0 | 1a2d | - To/15 | 250 | 1260 . 16/07 | 257 | 1215 | - 15/19 | 257 | 1302
; Bzl e | B | - o716 | 750 | 1298 . 16/08 | 256 | 1272 | * 15/20 | 257 | 1300
. 15/13 | 259 1315 4 16/17 | 250 1256 ’ 16/09 | 254 1271 ’ 15/21 [ 257 1297
- 1514 259 | 133 | - 16/18 | 249 | 1255 g 16/10 | 253 | 1268 | * 15/22 | 257 | 1294
. 15/15 | 260 | 1311 | * 17/08 | 250 | 1233 . 16/11 | 252 | 1267 | - 15/23 | 257 | 1292
© | 1s/16| 258 | 1308 | - 17709 | 250 | 1233 g 16/12 | 251 | 1266 | - 16700 | 255 | 1290
. 15/17 | 257 |'1306 | - 17/10 | 250 | 1231 ’ 16/13 | 249 | 1264 | * 16/01 | 257 | 1287
; s e |- T 250 | 1230 ’ 16/14 | 251 | 1262 | - 16702 255 | 1284 .
T e o ¢ 7712 | 249 | 1228 g 16/15 | 250 | 1261 | - 16/03 | 254 | 1282
; 520 | 256 | 1300 | - 13| 249 | 1228 - 16/16 | 249 | 1257 | - 16/04 | 253 | 1280
; 5721 | 6 | 1298 | ] e | 1225 , 16/17 | 250 | 1256 | - 16/05 | 254 | 1279
7 5722 256 | 1298 | - 715 | 209 | 1224 . 16/18 { 251 | 1255 | - 16/06 | 253 | 1277
; 1523 | 26 | 1202 | - T | 249 | 1223 g 16/19 | 251 | 1250 | * 16/07 | 254 | 1275
. 16/00 | 256 | 1200 | - 17717 | 252 | 1222 4 16/20 | 250 | 1248 | ~* 16/08 | 253 | 1272
; oo a7 | 1zss | - sl 28z | 1220 » 16/21 | 249 | 1246 | * 16/09 | 252 | 1272
. 16702 255 1285 J . 16/22 249 1247 - 16/10 252 1269
; T6/03 | 254 | 1282 . 16/23 | 249 | 1246 | - 16/11| 252 | 1267
v Toj00 | 255 | 1278 ' . 17701 | 249 | 1240 | - 16/12 | 250 | 1265
g 17702 | 249 | 1239 | - 16/13 | 249 | 1262
g 17/03 | 249 | 1238 | 16/14 | 249 -| 1261
. 17/04 | 248 | 1239 | * 16/15 | 249 | 1260
. 17/05 | 251 | 1235 | - 16/16 | 249 | 1257
. 17/06 | 250 | 123¢ | - 16/17 | 249 | 1255
A g 17707 . 248 | 1235 | - 16/18 | 249 | 1253
RMC TLERPEEZEYN
Table 4C 46699 and 46686 radar stations
B OE| & MfiE K M E i fii B M E O fr B
DA % 8 o
(Z)ld B X R (Z)|& B[R B | (L) & | X ®
46699 | 17/00 250 1245 46699 | 17/09 250 1233 46686 | 17/17 251 1221
” 17/01 248 | 1244 . 17/10 250 1231 - 17/18 252 1219
. 17/02 249 1245 . 17/11 250 | 1230 e 17/19 252 1214
3 17/03 | 250 | 1243 ’ 17712 | 250 | 1230 177 | 1rs20 | 252 | 1213
g 17/04 | 248 | 1241 | * 17/13 | 249 | 1228 | * 17/21| 253 | 1213
’ 17/05 248 1239 ’ 17/14 249 1228 - ‘17722 253 1212
’ 17/06 2417 1236 ’ 17/15| 249 1225 ” 17/23 253 1209
’ 17/07 246 1235 ’ 17/16 250 1223 ” 18/00 | 252 1207
. ' 17/08 246 1235 ” 17/17 252 1221 . - - -




#MD RERLEEFEEN

Table 4D 58041 and 59134 radar stations

&

S T - 4 W om| EffE OB OEfMULE
%8| U %8
(Z2) % #&|® &l ()4 # | ® & () &R &8
58941 | 17/12 | 250 | 1230 | 58941 | 17/22 | 254 | 1210 | 59134 | 18/00 | 252 | 1204
17/13 | 251 | 1228 17/23 | 254 | 1209 - 18/01| 251 | 1204
17/14 | 251 | 1226 18/01 | 253 | 1204 ’ 18/02 | 252 | 1202
. 17/15 | 251 | 1225 + | 18/03| 252 | 1202 ’ 18/03 | 251 | 1202
. 17/16 | 252 | 1224 18/04 | 252 | 1201 18/04 | 250 | 1201
17/17{ 283 | 1221 18/06 | 251 | 1199 g 18/05 | 248 | 1199
S17/18 | 253 | 1219 18/08 | 251 | 1198 | * 18/06 | 248 | 1197
17/19' 25444 1217 18707 1 247 | 1196
17/20 | 254 | 1214 # | 18/08 | 249 | 1197
177211 254 | 1213 ’ 18/09 | 249 | 1196
REERA  SEEARMKELH JBEREME .
t-#H @

BAERK  BRERABHEE BN REREY
2Eo

¥ PERIEBREMEHA (R/A\) » PEER
HERZLIAR  AEREREHETERES
TE  EEEBEARE -

LREEERHEESE > HEBRAREL

B H A2 RS o
N~ BERE NS

HREERARERY  BRLEH/N s KB
85 2 8 0 B o 2 SRR B S o T
B REEES

LB = HA R UK R R ERE > BER

WBEREN T EREZE o

2 ERHER > HRAFEHBLEXRT
B o 0 = oA SO A B30 2 T
 RAREZZEERENL  BAREHE—AR
45 FARET o
 LEE-EERELE TREH, EhR
EEME AR ST o

A0 ~ RERE R TR T S S o

O BR R E B, - B R208 B —
wHOBBREEPERARE  HEGHE LRS-

OFBRANTREIEERZARTRES T
W EE AT o K LERHAREEE » Mk
LEBABLEEABRILR  ERBEES
BRRBERD  REZBEKE

CHPBPHEEERRELSHERAR
B 0 L B W0 T T TR A AL M B o TIT T
MAMewE  FEEERE  RAWNELPEL
HILE » RAWAENBANRD o

WEEREYRSHA  FERRET B

MEFELPE model#iF » B121A4 E » HEHEA$

AIAHURRAN 1409~ BB o MEREMRE »
AR 136364 B Rt » HARPGTW 149654 E
» A R IR TDRD ©

(B4R K B JRAE B3 2 B » ZE17H 062 182 0
BHEERERBNES  BEEERERNL
BBy @GR 68 mBRARTELER
FHRWEBOEI > RARKERLRERE
P BRI IR ©
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Table 5 The meteorological elements summary of CWB stations

_— B B & E (ub) B HE & X A X (2/9) BE K R ¥ (/s)
(B ER K RE|RR | K M R E|fRE |EE|RE (AW | B &
WAEE | 991.4|18/01:23 [48.2:| SE [18/01:40 | 992.9 |25.6 | 89% |34.2 | SE 18/01:42
H OB | 986.118/02:24 |26.0 [NNE |17/23:02 | 997.1[27.4 | 93% [16.0 N [17/22:29
B B 95%3.5 18/03:00 | 31.0 S | 18/04:04 | 989.6 [21.0 | 98% |19.9 N | 18/02:09
FW | 988.9)18/03:05 | 21.7 S |18/04:057 990.5]22.2 | 98% 7.3 S [18/04:20
B du | 991.2 [ 18/03:29 [ 19.4 [SS¥ [ 18/03:27 | 991.6 |25.5 | 91% | 11.7 [SS¥ | 18/03:35
# Ar | 996.7 | 18/06:00 | 15.0 | NNV 18/01:50 | 997.2 127.8 | 91% [ 10.3 | NN¥ | 18/01:00
& BE | 997.4(18/03:23 {18.3 N | 18/03:56 | 995.0 (28.3 | 78% | 12.7 N |18/03:41
B | 998.3 118/03:02 | 8.2 | NE |17/18:03 {1000.4 | 29.3 | 68% | 3.7 N |17/18:01
ARE - 18/03:52 | 19.8 | SW |18/02:36 T |19.1] 97% | 7.0 SW |18/02:30
¥ ¥ [1000.5|18/03:00 | 14.3 ¥ |18/06:40 1 1000.7 [27.7 | 82% | 7.3 | NE |17/02:11
1E # | 998.9[18/04:38 |10.7 N 1 17/16:56 | 999.9|29.5| 79% | 6.7 N [ 17/17:02
FIE | 756.7 18/04:52 | 4.3 |NNW |17/21:14 | 759.111.2| 86% | 3.0 | NW 17/21:10
X W - 18/03:00 - - - - - ~ [10.7 { NNE 17/20>:10
B B 997.7 | 17/17:26 | 12.7 | NNW [ 18/07:23 [ 1000.4 [27.2| 90% | 8.4 N |18/07:29
W M| 999.4118/03:26 | 8.2 { N¥ |17/03:26 |1000.3 |29.7] 75% | 4.7 | NV 17/16:48
RiEH | 995.1(18/03:05 [17.0| N |18/07:30 | 996.1 |27.7 | 87% | 12.8 N | 18/07:30
5 & | 996.3|18/03:41 | 10.6 | N¥ [18/04:41| 996.4 {27.6 | 88% | 6.2 | NW |18/11:08
W | 9098.0 [18/03:23 (26.8 | sw [18/02:00 | 998.2 | 25.8 | 95% | 20.0 ¥S¥. | 18/10:08
K B | 996.118/02:39 | 7.5 SW [18/02:30 [ 995.0 [30.0 | 58% | 3.7 | NE 17/09:10
B R | 996.5(18/02:44 | 6.2 |ENE | 16/15:07 [1004.4 | 29.9 69% | 3.3 |ENE |[16/15:09
B 30| 996.7 [ 18/00:52 [16.9 | NE |18/11:20 | 998.7 [32.5| 65% | 9.3 | MNE 18/14:07
b ‘ﬁ 995.9 17/23:59 7.9 NE |16/13:11 | 1005.4 {31.1| 61%| 3.7 | NE |16/14:36
E B 993.8|18/01:58 | 10.5 | SSW | 18/02:49 | 994.9 [27.4 | 71%| 5.9 | S5¥ "18/02:54
B # | 995.218/02:28 |19.4 | NE |17/10:58 | 1002.9 | 26.4 | 84% | 8.5 S |[18/05:15




BERARAHEARERKHE
during the period ( 16 to 18 AUG 1991) of ELLIE passage

Xk ﬁ (mm)

BOA (10 W/SHLE) | B X B Xk & (un) i
B W (BA-8L) |- R [k B(ER-KL) | +28 (B 8 (BH-BL) |# B |F B (BH-BL)
17/08:45—18/12:22 | 29.5 |18/02:00-18/03:00 | 9.0 |[18/02:10—18/02:20 | 68.2 {17/12:40— 18/08:05
17/21:30-17/23:50 | 5.5 |17/17:28-17/18:28 | 2.0 [17/22:29-17/22:39 | 22.0 [ 16/19:55— 18/11:55
17/19:00— 18/10:30 | 22.0 | 17/23:00-17/24:00 | 7.0 |17/23:12—17/23:22 | 183.4 | 16/16:40~ 18/08:10
17/13:10-18/05:05 | 23.3 |17/10:00-17/11:00 | 12.0 |17/10:46~17/10:56 | 209.8 | 17/02:10— 18/05:40
- 18.5 |17/06:10~17/07:10 | 8.5 |17/08:00—17/08:10 | 91.0 | 17/04:20— 18/04:40
- 21.2 |17/05:35-17/06:35 | 9.1 |17/05:40—17/05:50 | 177.3 |17/05:35—18/10:35
17/15:03~18/04:21 | 43.8 |17/22:09-17/23:09 | 29.0 |[17/22:09—17/22:19 | 58.0 | 17/09:35—18/11:10
- 18.1 [18/00:00-18/01:00 [ 6.5 [18/01:17—18/01:27 | 59.8 | 17/21:40—18/12:55
= 25.2 | 18/02:50-18/03:50 | 6.7 |18/03:00—18/03:10 | 42.9 | 18/00:30~18/09:10
- 2.5 |16/15:46-16/16:08 | 1.8 |16/15:50—16/16:00 | 2.5 | 16/15:46—16/16:08
- 23.0 | 18/02:32-18/03:32 | 7.0 |18/02:45—18/02:55 | 28.9 | 16/17:53— 18/10:10
- 33.0 [18/04:38~18/05:38 | 7.5 |18/04:50—18/05:00 | 42.5 | 16/23:53—18/06:20
17/20:00- 17/20:30 | 8.3 | 18/05:00— 18/06:00 | 2.6 | 18/05:00— 18/05:10 | 18.5 | 17/18:54 18/09:42
- 9.0 [18/03:58-18/04:357 5.3 |18/04:20—18/04:30 | 16.5 | 16/22:15— 18/04:35
- 17.5 |16/18:40-16/19:40 | 6.0 |16/18:50—16/19:50 | 43.2'| 16/17:50—16/22:10
17/15:12—18/13:00 | 31.1 |17/02:10~17/03:10 | 18.0 |17/02:12—17/02:22 | 31.1|17/02:05—17/03:20
17/11:20~18/14:20 | 5.3 | 16/14:29~16/15:12 | 4.9 |16/14:54—16/15:04 | 8.2 | 16/12:15—16/15:12
' - 12.8 | 16/17:40-16/18:40 | 6.6 |16/18:00—16/18:10 | 12.8 | 16/17:40—16/18:40 |
- 6.5 |18/02:59-18/03:59 | 2.5 [18/03:01—18/03:11 | 20.5|17/21:50—18/06:30
- 9.7 |17/21:00-17/22:00 | 4.4 [17/10:58~17/11:08 | 47.0 | 17/05:45—18/16:40
- - 7.9 |17/20:50-17/21:50 | 5.8 [17/11:09—17/11:19 | 36.6 | 17/10:57~ 18/02:10
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Table 6 24 hours subjective forecasting ‘position errors by different units for typhoon ELLIE

CWB PGTW RJTD
B M| RERE HARE AKRE RERE Eﬁﬁ% AERE MEZRE Eﬁ%% AERE
(KX) (K¥) (DEG) (KN) KM) | (DEG) (KY) KX) (DEG)
12002 245.77 203.45 23.68 119.95 9634 10.29 274.85 231.16 -27.03
06Z |  185.91 -70.15 -8.92 129.79 52.62 6.00 159.60 -3.81 -.48
122 126.30 -41.23 -5.06 194.18 -94.31 -12.80 249.90 -18.77 -3.20
182 29.76 -16.51 -1.74 38.80 -27.28 -2.88 21714 -52.88 -10.08
13002 121.81 -97.10 -11.68 1569.23 -43.74 -6.39 316.49 | -269.49 -35.55
062 89.66 22.54 2.90 226.14 136.57 21.25 185.78 1 -115.46 -16.66
o122 192.96 150.77 20.87 177.11-]  117.97 17.08 126.11 -73.05 -10.03
182 222.95 202.55 20.26 147.58 102.65 10.36 14.92 -11.30 -1.45
14002 183.65 61.68 5.51 155.42 121.11 12.12 22.65 9.31 1.20
062 63.53 29.11 3.24 29.76 19.84 2.61 118.28 67.44 10.59
122 91.13 91.17 10.63 139.20 124.33 16.50 184.60 150.28 21.83
182 121.77 99.99 12.41 151.44 103.63 14.07 228.65 162.12 24.08
15002 82.93 -35.39 -4.62 30.00 -5.10 -.60 37.33 -27.04 -3.17
062 70.71 |44 1.14 .14 102.15 8.06 1.05 111.65 -88.43 -10.59
122 { 179.90 1" -19.36 ~2.57 191.04 1.79 .24 189.90 | - -20.36 -2.76
182 210.45 -29.01 -3.75 180.33 -4.46 -.54 80.74 3.87 .39
16002 81.99 -61.76 -5.71 250.50 (- -24.74 -3.35 153.77 17.83 1.97
06Z .[ 254.42 11.25 1.53 284.07 7.62 1.12 260.01 138.90 16.98
122 231.02 140.60 20.15 230.50 {+ 32.88 5.55 195.52 194 .87 18.41
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18002 120.85 2.19 .25 145.04 -30.72 -3.42 131.43 ~8.70 -.99
062 131.43 -8.80: -1.04 75.12 -43.59 -6.02 51.39 -10.38 -1.48
122 60.45 -2.52 -.48 52.38 -35.06 -6.18 20.04 .90 13
e # 135.36 31.42 3.68 149.65 [  30.16 3.49 154.466 23.39 2.10
BEFY 135.36 59.72 7.06 149.65 54.25 6.75 154.66 76.19 9.36

Ft: FERAREHIERE W BERREMRR :
Table 7 24 hours objective forecasting position errors by statistic model for typhoon ELLIE

ARAKAWA HURRAN CLIPER

B M ARRE HARE ARKRE RERZ |HAREZ ZERE |REARE HARE AERE
) (KH) (DEG) ) (K¥) (DEG) (ki) (Kil) (DEG)

.95 1

E K

3 .20 -112.23 | -13.97 155.14 -89.08
3.62 156.33 134.79 16.26 140.07 -8.35
9.10 161.59 -39.47 -4.97{ 219.88 -23.32
%.85 170.05 -14.76 -1.76 250.43 -32.04

—
fav)
o~
™~
=1
—
.
o
—
oo
=]
[7%)
—

———

-12

-1

B
: . .24 141.87 -68.86 -7.16 152.07 -37.58 -4
06Z 335.16 12.79 2.15 367.06 65.75 11.83 | 496.48 17.37 5
122 290.56 178.87 27.92 201.16 194.74 20.70 428.14 62.40 23.56
1817 131.48 122.29 13.08 293.06 -22.68 -1.69 37.46 27.37 3
17002 104.44 79.19 8.58 59.15 58.19 7.09 66.72 65.89 8
062 209.77 143.77 14.46 67.12 50.53 6.42 56.56 53.95 g
1

122 | 215.37| 93.92 941 | 87.28| -27.13| -3.41| 52.29| 36.30 05
182 96.95|  70.01 9.47| 73.29| -65.31| -9.61| 61.40| 13.94 194
18002 4562 |  44.64 6.67| 46,04 | -21.64. -3.00| 40.32 61 .08
062 | 10744 8993 | 1233 | 60.37| 34z 485| 6045 192 13

122 | 12597 12363 | 17.70| 100.88{ 40.78| 857 | 112.97 | 17.81 405

F 3y | 187.59 | 930r] 1197 140.90| 13.790 2,01 [ 155.36 7.08 2.24
@aiFEy | 18759 | 93.01[ 1197 140.90| 63.40| 8.09| 155.36| 35.10 5.73
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Table 8 24hours objective forecastmg position-errofs: “by-numerical model

for typhoon ELLIE

, P E E B
S M RMERE EARZ | AKRE HERE HABS Agrax
(KM) ( KM) ('DEG) (KM) ( KM) (DEG)
140027 206 73 19 251 94 26
14122 103 52 10 165 69 11
15002 128 5 1 89 14 2
15122 181 44 10 61 19 3
16007 115 0 0 231 38 6
16122 63 4 1 451 -31 -4
17002 90 -33 -11 - - -
17122 4, 79 9 3 - - -
By 121 19 4 208 34 7
| By 121 28 7 208 44 9

REPORT ON TYPHOON ELLIE OF 1991

Show-wen Lin
Forecasting Center
Central Weather Bureau

ABSTRACT

‘Ellie, the 11th typhoon occurred in the northwestern Pacific, was the third typhoon
that influenced Taiwan in 1991. It originated over the east sea of Iwojima at 0000Z, 11th
Aug 1991, and upgraded to a middle intensity with 38m/s at 0600Z, 14th Aug.. Its life
span was seven and half days.

- Ellie was a standard westward typhoon whose track was affected by the subtropical high
of the northern Pacific. At 1730Z, 17th Aug., it landed over the northeast tip of Taiwan,
then passed along the north coast of Taiwan, and dissipated rapidly to troplcal depression
after it landed over the east part of mainland China.

Typhoon Ellie directly striked the northern part of Taiwan because of its weak inten-
As1ty and circulation so that no severe damage reported.

Currently CWB uses several different typhoon objective predicting methods to predict
the typhoon tracks. Compared them with the mean errors of 24 hours, we found the PE

‘model was the best one applied in this case. With respect to the subjective 24 hours fore-

casting errors of Ellie, we found the CWB’s method was the best one and PGTW’s method
was the second one in this case.
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OPSCUP

NEWCUP

thermal buoyancy

i

T _T
g(——" 4

Ty

temperature of updraft

non-saturated

— hy—-Lqu —S

T (hy—-Laqu )
Ce

saturated
—_ %
- —h
T + ( hy )
Ce(1+r)
-—*+ r(hU—H*)
L(1+r)

reference state

6 levels
75,150, 300 , 500 ,
700 , 900

9 levels
6, 75,150,275, 437.5, 617.5 ,
775 , 900 , 975

cloud type

LM-1
(E-type cloud)

LM-2

kernel matrix

overadjustment

overad justment direct method

(Lord 1978)
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ABSTRACT

A relaxed Arakawa-Schubert parameterization is constructed based on the method
presented by Moorthi and Suarez (1991). A semi-prognostic test of the relaxed A-S
scheme shows a 40% decrease of CPU time compared to a similar testing with the standard

A-S scheme.

To apply the parameterization in a vertical coordinate system with multiple-layer
structure in the planetary boundary layer, We also present a scheme. This generalized sub-
cloud layer formulation satisfies the conservation of mass, moisture and moist static

energy.
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Fig 1 : The sample of PPI - scan echo image at Kaoshung radar station.
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Fig 3 : The weather pattern associated with heavy rainfall-during the Mei-Yu period.
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Table 1 : The character of precipiation j)attern. '
R A
~ Ec (EHIK) Ar (HEFIER ) Mv ( fﬁ"rﬁ’bﬁﬁﬂ)
0 B mEE 0 BB 0 e
1 R BE /A 50km 1 B —deEm 1 45
2 R BEEX 50km 2 Hib—EREER 2 WAt .
3 FEBRAR » BRAR 3 W—FEREM 3 ®WA
4 ARBRK 4 R - EALE 4 WAH
5 A BIEHR 5 N FHEM 5 B
6 AN AIRESEAR 6 Z~HAIE R
Ms (BEIEE ) Li-A(EEEE) L3-A ( EHEE )
o 0  1000km? LA} 500km?LLF
/NS Bkm /hr 1 1000km?- 5000km? 500km?- 1000km?

0

1

2  1000km?- 3000km?
3 3000km?- 5000km?
4  5000km?-10000km?
5 10000km?LA |
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F2 : RE70 ~ 78 79 A T A 600 K E PR B3 35
Table 2 : The precipiation character of April to September.

x 2dRB 70~78% & AR KE W ERHHE

fiiZk: 25 | Ec | Ar |Mv | Ms [L1-A|L3-A fB%: 39| Ec | Ar | Mv | Ms |[L1-A[L3-A
5 o o of 1| 3| o}10 w | O] 1] 009 0]
1 1| 2| 0| 3| 2| 6 1} 95| 1|16 0|1
we 2| 716 5|12 1] 8 o2 6 |12 |13 |11 | 8| 7
3] 5| 2|10/} 5 6| 1 313 6| 8| 2 |22 1
B L4l ol o 9| 2] 12| o A lal 1 {13 | 3| 1] 1]z
5/ 5| 3| ol o 4 0 5 4| 2| 4|0 8|1
el 7] 2] = - -] - d 6 5| 1| -] -] —| =

FL2bEE 70~78 £ H A KB ER it &

F 2eRBI 70~ 78R A\ AR K IEIN B # st =

ffize : 58 | Ec | Ar | Mv | Ms |L1-A|L3-A| fE% : 55 | Ec Ar | Mv | Ms [L1-A[L3-A
0 7 5 3 3 01| 20 0 2 2 |10 9 0|11
2 w5
1| 11 5 0| 15 3| 24 1 8 6 5. |17 2 | 20
|2 15 | 28 | 18 | 27 7|12 M o210 |15 {21 |19 | 22 |15
3 9|14 | 25 |13 | 14| 2 3|18 |13 |12 7 | 13 8
Z) 4 1 2 |11 0| 14| 0 Z N I 8 |10 5 | 3| 15 1
5 5 1 i 0| 20] o 5 3 3 2 0 3 0
r B
6 | 10 3 - - -] = 6 6 6 - - - -

%2 cREB 70~ 78 %X A KEIK EB %=

| % 2 (R 70~ T8RS Ik DU A G

8% : 41 | Ec | Ar | Mv | Ms [L1-A|L3-Al flZ: 30 | Ec-| Ar | Mv | Ms [L1-A|L3-A
0 1 5 1. 2 2 0 8 0 2 2 9 9 0 (11
e &3
1 6 4 2 13 1 17 1 2 7 2 8 2 10
M 2 9 18 13 15 8] 12 M 2 6 10 9 11 8 6
3 13 6 20 7 18 2 3 6 5 7 2 10 3
T lal 1] 2| 4| 4| 4| 2 Zla|l 2| 4|30 70
5 2 3 0 0 10 0 5 3 0 0 0 34 0
#r il
6| 9| 3| —| =] = = 6| 9| 2| —| -] -] =
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#4 : BB 70~78 FETEHBEHE 2 GBI R

%3 : RE 70~78 EHFEG KB FHAH R

Table 3 : The precipiation character’ of Spring session.

{HZ%: 124| Ec | Ar |Mv [Ms [L1-A|L3-A
o| 8|10 6 8| o 38
e
111811 2 | 31| 61| 47
p |2 (31 | 62|36 | 54| 16 | 32
3|27 |22 |5 | 25| 38| 5
G 14| 2| 4|24 6| 30| 2
5112 7| 1 0| 34| o
#r
6 | 26 8| —| - =| -

Table 4 : The front-type character of Mai-Yu session.

% 42 RET0~784EF ~ A H B ENIEKERE

F4b RET0~78FEF ~ A A BH LEKERHRE

BfEtE BiffstR
% : 20 | Ec | Ar {Mv | Ms |L1-AlL3-Al % :33 | Ec | Ar | Mv | Ms |L1-AlL3-A
K o o ol 1| 1| o | s ol 5| 4| o of o] 1
¥ e
1] 2 2 0| 4| o0 |5 1| 6| 2 0|16 | 1| 14
w2 6 13 6| 7 3 9 e | 2| 101 20 8 | 12 5 6
3| 7 1{ 13| 7 7 1 3] 5| 4| 15] 4] 9| 2
 [alo | 2] o1 |5 o > [4] 2 o] 9| 1| 6| o
51 1 ol ol o |5 |0 5] 3] 1 1 0| 12| o
# 6| 4 2| —| = - | - #i 6| 2| 2| —| =] - -

% 4c BBTO~T8ET ~ N A HBE BHEKE K

itk o 3
& :11 |Ec | Ar | Mv {Ms |L1-AL3-A
” o o1 1 1] 0| 4
1l 2o 0 41 0| 4
o 2] 2] 4 2 6 | 1| 3
3| 3|4 6| o] 5] 0
5 |4 0] 0 2 0 2 0
51 210 0 o| 3 o
wlel 22| =| -] -
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Table 5 : The heavy rain-fall character of Mai-Yu session.

fi®x:20 [ Ec| Ar {[Mv | Ms |L1-A|L3-A
= 0 2 1 2 3 0 8
1|5 o0 0 | 7 2 5
w 2[5 ]8 3 | 4 4 |7
3 6 9 8 6 5 0
FN 4 2 0 7 0 6 0
510 |0 0 [ o 3 [ o
flelo |2 | -|=]=]-<

&6 : RE70~ 78EHEN 2 b AT B B RESUREI B 15t 35
Table 6 : The front-type and MCS - type character of Mai-Yu session.

*6a REIT0~T8EF ~ < Ak (EE /R 50km) 3k 6b BET0~T8EHE ~ <8 B ( BELR

YNV E L 50km )% K [E] 35 38 AU 5 5%

BZE: 17] Ar | Mv | Ms |L1-A [L3-A % :24 | Ar | Mv | Ms JL1-A |L3-A
s 0] - 1 1 - 9 e 0] - - — -1 1
RN 1 5 1 6 1] 1 - 4 — | 12
" 2 7 5 8 7 2 M 2 17 8 10 1

3 6 6 3 6 — 3 3 11 6
5 |14 2 4 — 2 — o 1 5 5

5 — — —_ 1 — 5 2 — - 12 —
W e _ — _ _ — w6 — _ _ _ _

&K 6c RET0~784EF ~ XA BHIR (FBK) T RET0~78FE FEOKEIR A HEt &
MoK Bl dR A et 5= Table 7 : The precipiation character of

: : S ummé ion,
e e v [ Ms 1A JL3A ummer session
" 0 1 3 P — 5 ff% :124 |Ec | Ar |Mv | Ms |[L1-A|L3-A
1 1 6 - 7 g (0] 5| 4 |2 |27 ] 0] 39
# |2 10 7 7 2 8 1019 |18 8| 4| 4| 4
3 3 0| 7 7
! 2 v |2 |22 |37 |43 | a1 | 38 | 28
a |4 - 2 - 6 -
z — - 3137 |24 |27 | 11 | a5 | 12
o 7 — — _ 4 4|11 |27 | 11 4 | 23 3
5,10 | 5 | 6 0 | 14 1
Mlelzo| 9| - | | = | -

— 115 —




AR A : &M E DR E AR ERO B E B ER IR
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STUDY ON PRECIPITATION TYPES AND THEIR ASSOCIATED
LOCAL ENVIRONMENTAL CONDITIONS DURING THE -
SPRING-SUMMER PERIOD IN THE TAIWAN AREA
~ — (I) RADAR ANALYSIS

Hao-chun Hsu, Tai-kuang Chiou
Central Weather Bureau

ABSTRACT

The purpose of this paper is to analyze radar echoes for the spring-summer period
from 1981 to 1989. We are trying to classify the precipitation system types by using the
characteristics (type, area size, orientation, moving direction and speed) of the radar
echoes, and attempting to find out the relationship between the synoptic weather pattern

and the precipitation type.

The results show that a few different precipitation types exist from spring to summer.
The long band and scatted types are the major parts of the echo types during the spring
priod. They oriented in a NE-SW direction and moved eastward at speed of 6-10 km/hr.
During the Summer period, the broken-scattered and scattered echo types are dominated
and local convective shower associated with the heating effect is more importent.

"There are six synoptic weather pattems (the pre-front, front, post-front, tropical
disturbance, cold-core low, low pressure) which are associated with the precipitation type

during the Mei-Yu period.

Key Words: Radar Observation, Precipitation Echo.
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fig 1: Operational time table of AMDP system.

BEGIN,AMDP,DASYS02, JOBTINE=0005, JOB=SUR,, 0BJ=SUR.
BEGIN,AMDP, DASYS02, JOBT IME=0125, JOB=SUR,0BJ=NG:
BEGIN, AMDP, DASYS02, JOBT IME=0200, JOB=UP, 0BJ=UP1 ,
BEGIN, AMDP, DASYS02, JOBT INE=0240, JOB=SUR, OBJ=REG.
BEGIN, AMDP, DASYS02, JOBT INE=0330, JOB=SUR , 0BJ=NO.
BEGIN, AMDP,DASYS02, JOBTIME=0410, JOB=ALL , 0BJ=UP1.
BEGIN, AMDP,DASYS02, JOBT IME=0520, JOB=SUR , 0BJ=SUR .
BEGIN, AMDP,DASYS02, JOBTINE=0605, JOB=SUR, OBJ=NO,
BEGIN, AMDP, DASYS02, JOBT INE=0700, JOB=ALL ,0BJ=REG,
BEGIN, AMDP, DASYS02, JOBT INE=0800, JOB=DEL , 0BJ=NO,
BEGIN,AMOP,DASYS02, JOBT IME=0845, JOB=SUR , 0BJ=NO.
BEGIN, AMDP,DASYS02, JOBT IME=0935, JOB=UP,, 0BJ=NO.
BEGIN, AMDP,DASYS02, JOBT IME=1030, JOB=SURUP, 0BJNO.
BEGIN,AMDP,DASYS02, JOBTIME=1115, JOB=UP , 0BJ=UP.
BEGIN,AMDP,DASYS02, JOBT IME=1205, JOB=SUR, 0BJ=SUR .
BEGIN, AMDP, DASYS02, JOBTIME=1300, JOB=SUR, 0BJ=NO.
BEGIN, AMOP,DASYS02, JOBTIME=1440, JOB=SUR , 0BJ=REG.
BEGIN,AMDP, DASYS02, JOBT IME=1530, JOB=SUR , 0BJ=NO,
BEGIN,AMOP ,DASYS02, JOBTIME=1610, JOB=ALL , 0BJ=UP1 .
BEGIN, AMDP, DASYSO02, JOBT IME=1720, JOB=ALL , 0BJ=SUR .
BEGIN,AMDP,DASYS02, JOBT INE=1805, JOB=SUR, 0BJ=NO.
BEGIN, AMDP,DASYS02, JOBT INE=1900, JOBALL , 0BJ=NO.
BEGIN,AMDP, DASYS02, JOBT IME=2000, JOB=SUR, 0BJ=REG .

- BEGIN,AMDP,DASYS02, JOBT IME=2045 , JOB=SUR , 0BJ=NO.
BEGIN,AMDP,DASYS02, JOBTINE=2135, JOB=UP, 08J=NO,
BEGIN,AMDP,DASYS02, JOBT INE=2220, JOB=ALL , 0BJ=NO.
BEGIN, AMDP ,DASYS02, JOBTIME<2325, JOB=UP, 0BJ=UP" -
BEGIN,AMOP , DASYS02, JOBTIME=2400, JOB=DUMMY , 08J=NO.

= ¢ AMDP A 4B A7 /7 48 32 9 AR ©

fig 2: Report type of AMDP system.
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fig 3: The statistical analysis of each report
data volume.
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fig 1: The overview of current AMDP system.
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92070700 _ 850 mb wind field
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BH= : NWP 28 HMESETHSHE @) it (b) Fok@pto
fig 2: The upper air data chart for NWP objective analysis
(a) first time supply. (b) 2nd time supply.
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fig 6: The quality control result of daily TEMP report.
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fig 7: The useful elements of each report for NWP model.
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fig 8: The meaning of error flag of new AMDP system.
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THE AUTOMATIC METEOROLOGICAL DATA PROCESSING SYSTEM
OF CENTRAL WEATHER BUREAU

Wen-Wen Tzeng
Computer Center

L Central Weather Bureau

ABSTRACT

The Automatic Meteorological Data Processing (AMDP) system of the Central Weather
Bureau has been in operation since July 1987. The function of this system include GTS
(Global Telecommunication System) data collection, sorting, decoding, and error checking
those data. And then put these data into storages in FGGE formats. The AMDP system
executes its duty in consecutive manners and is able to provide the NWP system with pre-
processing data for the purpose of further objective analysis. Evaluations on the AMDP sys-
tem are carried out in respect of data quality control, performance check, and interfaces
with other operational systems.

We have introduced the 2nd generation AMDP system and planned to put it in opera-
tion in December 1992. It will run on the UNIX system. We have enhanced the system by
improving its capability of running on network environment, modifying error checking
method, and redesigning its control procedure for the sake of efficiency and expandability.
Finally, we draw an idealized picture of the operational AMDP system and expect that it will
be fulfilled in the future.
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AESHEEREERME R 8BS -

= RN

TFS B—@EREH B ARERER » AW
T

(A SR AR 22

& RREFE AT RER » WRhRES
db#& 50°N » 3K S0°E ) 180 °E » 1@ 1 o K
BB RT0A R » BEN AR o —BIEHS
B o
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WES B R E N MR R KA TR Rt 6t
s BABNEH SEMEBS T2 H» RFALE
TREF B9 BRI SR IR Bt R A B R BT E
EEE S
M Barnes MARKEIERE » o HEHE2EE
BRBBETEBD Mo
=g SR lia
B A 68 /A Rk ZEE IEBL 704K
(B TR -
A EXBERERI0) —~EENBTENS%

o W0k 0.5 56 ARIR R A K&

BB TR B o

(TR |
LSRR 50 Bh R 2 52 R split-exp-

licit scheme o % W MAAYE S 4 @At

H—% > REHPARSRNERS SR EM

RBBAK ( RFAIEE®E > vertical mode) o
L 2 MAERES REAEEETESE K
.Zliiﬁﬁlﬂl%ﬁﬁ Pa RS BT 5 o
DEREBBMEAB LR EELE (1965 )0

438 REB2H R A Deardorff (1972) &
BEOREE -

5.08 528 W R H Sasamori(1969) »
467 F Katayama (1974 ) B9 H o

6.} 7% 18 B IR A Blackadar ( 1977 ) £y
W ZFRAKH B X ABEXRERKER ZH

st - THSRBAMANT M AR BRI 2 # BLAT
E~ERMA - EABENRIESE o £REE
TR ERER » M A A T By R - Ll
FEA B EER fEHE -

= BRRBRUE

B 19894EF 1991 % » TFS HEERE
ZINFE— o REFerh W A H AR B A B
o 1989 FEF 1990 £ > FEBIHEHBS AT
fRHTE h 60Km AR 70Km » {f B R E vl A

CBRTERE » B8 A AEEMT

RAPETT EIRR » AT A i s S0 A 7 P 5 VS
EZTE@AED o B1'1990 411K EE AR
RERET  WEBUIRE TFS SATY & B X
12 3 W R R B R TR 2R o
E1990FEE 1991 FEREEME » MY
TF S IEE#EAT R I R ERIER -
R B~ gyre 2 A
HHEL—gyreZ A » FEBTHIFRR L&
BESBL TS | B AR AB U BB o LB B2 T
RERMT : $#—REIBETS » 08 5HY
BiBE Y
B BAT T E RER » ARERRE2EE
ERERSBL » FBAAS BEKRPLES » K
i T — BB BS— AR 5 X S 8
MRHBER 2 W » FELEABE
WH A AR REERH S HA o thEp—drift &
®AEERIH A ( Fiorino &Elsbery, 1989 ~
Chen &Williams, 1987)ec
BB LB RFoSRH T =A%
BOH 2R A B R BB B » MM
BREFEEL » MRS HFEZWNT :
R(I,J)

max

o(1,J)=sin(8)xsin( Xx)x10¢ (3-1)

6 : BIEBENNGS FEER AR
R(L,J): #8# 85 (1,]) ERAHL 2 BEE
Rmax : REBABRNZ LEE

e b IR BT R B b LR U >
BLLEREE B

r=U’'/U (3-2)

U’ BEBEN NS T BE

Uil (2,1 ) REZ KB
&

OB

o —pxr (3-3)
RBINLE TR » BIET &30 BA » Bl
BB EeE% 6 NETAEBR ~ BIETZ B BEA
HB KRB > mE2 o
B BMBEEESEMBE (1990 )BMHEEE
EBRA B RREA PR » L ABEI RN
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: TFS T EHE
Figure 1: Covering domain of TFS
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Figure 2: An example for asymmetric second order circulation to bogus.
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BB » G REE R BB F i A MR » 3
HFEMT + :
Va: (1 —w ) V., +WV,
W exp(—(R/R.)?]
V! BTE B 2 ST 5 R
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Ve REBREDZ BE
R : RO 2 BB
Re: V. BEERERERSRE (
e—folding radius)
B 3 RSEKEREE RN BER 2 Y
B BT HRZER > AR 51000 2 BE
1500 AAREE > fi8 2 THTEMEE B/ o
148 DeMaria Z A SBIE B RIUS
1 4 B A B B A2 B B R TR R e »
R T AT LR R RSB E RS WA S -
B LT K BRI B 2 B 5
2EEHREHEHE RS T 2B o
B TS i R B TF S B TR B »
2FEH % 1990 429 ERA32ME MR MR B
= RS T AEERLLAS H
AR : fFEAZ B AERKEER
B : A MK 2 FEH A f—gyre
C #% .

(38-4)
(3-5)

MEBBIEE
D 7R AR 2 WIRASBRRIIAS gy re
E DeMar ia #14a53 5 EH:
FRARZZ 9 ERAEM/EE » 558 Lk
MERIETRERZE s BARE - HFRARE
TR R MR B > A EREREHN (8%

DX

£ AR Z WthH 51 DeMaria -

1988 ) Pistk o

K= RBEENREWRNREEE - ¥
ABKTE » THHRB R R R SR K ( best
track ) EHARAERIEZEE o BIRRXEDMA
BN T BEASTAHBRER ( f—gyres) » &
B RH » J5 Al th BIBANE » Ty Bh i KB
Wl » DAZE WP REBEIE p—gyre EEHZ K »
B th RRMFLE—F PIEAFRE o MEWRBLL
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B RESARRIR A ~ BE s (BB HEGAR
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Figure 3: The mean forecast error as a function of the e-folding of the area of the

initial analyses influenced by the previous storm motion. (DeMaria,1987)

CWB TFS/PE FORECAST (91/09/25/002-91/09/27/00%)

Bl 4 : 2 TFS Y% HR Rt R TEREN » HEBEE bost track » MIBBBRHMEL
Figure 4: The best tracks ( coarse line ) and the forecast tracks ( thin line ) by
the old TFS of Typhoon MIREILLE and NAT
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» F— 1 TFS {1989 F 19912 FHE M2
Table 1 : The forecast error of TFS from 1989 to

1991.

4 24hr 48hr typhoon no.
1989 250Km 415Km .12
1990‘ 225Km 385Km 11
1991 187Km 316Km 18

X AVFHRAZ 2 ERAER
Table 2 : The 32 cases adopted by the report

B E 4 B | B M| & B £ B | &
MARIN 1990,05/16,12 | ED 1990,09,/15,/00
OFELIA 1990062012 - | FLO 1990,09/14,/00
OFELIA 1990,06,21,00 | FLO 1990,09/14/12
OFELIA 1990,06,21,12 | FLO 1990 /09,15 /00
OFELIA 1990,06,22/00 | FLO 199009 /15,12
OFELIA 199006/,22/12 | FLO 199070916 /00
OFELIA 1990,06,23/00 | GENE 1990,09,/25/12
YANCY. 1990,08/15/00 | GENE 1990,09,/26 700
YANCY 1990,08/15/12 | GENE 1990,09,/26/12
YANCY 199008,17/12° | GENE 1990,09,/27 /00
DOT 1990,09,06,00 | HATTIE 1990,10,/04,/00
DOT 1990,0906/12 |HATTIE 1990,10,/04/12
DOT 1990,09,07,00 | HATTIE 1990,10,/05/00
ED 1990,09/13/12 | PAGE 1990,/11,27/12
ED 1990,09,14,00 | PAGE 1990,/11,/28/00
ED 1990,09/14/12 | PAGE 1990/,11/28/12
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Table 3: Error check to the besk track for model A~B~C~D
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CWB TFS/PE FORECAST (91/09/25/002-91/09/27/00%)

=

—_——

6 : i TFS HERRRMERES HEY » HEHS best track » FEHES HHE K
‘ Figure 6: The best tracks (coarse line ) and the forecast tracks ( thin line ) by the

new TFS- of Typhoon MIREILLE and NAT
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THE PRIMITIVE EQUATION TYPHOON TRACK FORECAST MODEL
OF THE CENTRAL WEATHER BUREAU

D. S. Chen, B. F. Jeng
Central Weather Bureau
Taipei, Taiwan, R.O.C.

Melinda S. Peng ' Simon W. Chang
Naval Postgraduate School Naval Research Labatory
Monterey, CA USA Washington, DC USA
b ,
ABSTRACT

The typhoon track forecast system (TFS) of the Central Weather Bureau (CWB) is a
limited-area primitive equation model developed for the track forecast of typhoon. The
system was used to test typhoon cases occurred in 1989 and became operational in 1990.
The TFS performance in these two years is compared to that of the One-Way Interative
Tropical Cyclone Model (OTCM) of the U.S. Navy (Peng, 1991). Between the typhoon
season of 1990 and 1991, experiments were made to test some pre-processing procedures.
Based on the results of these experiments, the operational TFS has been modified to
include these pre-processing procedures prior to the typhoon season of 1991. In early
1992, the relationship between the bogus vortex and environmental flow were examined.
We have found that if the initial structure and the intensity of the bogus vortex are close
to the real situations of the typhoon, the TFS will provide better results.
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HE=1T/\BEH (8146H )

199244 A 10 8 Z 36 H A E T HEZEESH

IR EA R
PRARBDEERRY
LI HW =

GERERFEESBEEE BREYRBESSESE » B2 BHE ( Heat
shock ) » MEF M ~ ERDMHE « AWAPYHRE Z KRR 108.40m> FEEFEE
97.0cmo HBARKFIEKBRETREN » MERANEES » EEEKBEKR R
B 128 R BIHME 91. 9 R0 - MERE S REER Lk BEXE > TR

GRMEERSEASHE  ATMEPSBREE  BEKXKES

@ BB BRES - HE - 28

— ~ B

BRNEXNEETE BFreRENENER
s Bt R RS E NS 2 ( Thunderstorm
) o ERIERAE I~ RBELEMN » RRHE
F~E8BH5H» FEEHEEZ £ THA
DEBEST:  EEBHEAMBRMEZ HEER

PR NBAES) » FILIEAKRERR - HEASR

SEERAKRE s EMRERBMKE (E1 ) »
iR BERBES () HARK (1991 ) 513EH
FEEBRBEAKBRZEEEREN  BER
BREELTHE » BERBERTEADERE
s T sE R E il & o REKE ( Lightning
discharge ) B L& B4 EEIE ( Strokes
) » PR KR 0.002 B » PAEEBR
ZaE SRR 2k » {8 E R % 10000 C~ 30000 C °
MEEBAE 2RI IR » FTE LN RAE -
ENEEESE ( Thunder ) (3)o RBEE RSB H
Zkl > BESIE 4 AIOHBEEREZMAEN
BERAS 1 B25 5 > RETBRXIE 3 /505
» FRLBE S o T ES B4R ALAER U8 A

200 A REZKTEH » BE KRR BiErk (—

W) HIES s BEBAE OGS REKREES
s SETREMSLBH0FER AR (EHz2 ) o
LENERETEHZERNRE (%1 ) s 1
EXMESSL 1970 — 1989 FETIHE60.6
Ko UBREHHER  KSBEEREE( 6~ 9
A) s WERE280% » TSEEERIEREA
GEARER EWREERYE » XABH
B KR s R A DERE » TR
EEER S o MESHEEELGE » it
TESBER Y BERTRK » KEBASN TBA K
BHUWE 2 RE A BUEBERRELL S
BHARERZEE (KE) (F—AESH o
=~ BERM %
AFAZ—HIfE K ( Oryza sativa L. )
BEKE, X1 H12A BEAH » THIE=
30«18cms BWAEEREFEZEH (4 H10H ) » LI
B b B AL EE AR » SR O K RS Mk )
B, BREATEY » LRERRBZ% (6
A15E ) BB Bk » BE L EKEE - T
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R ~ 2o CRRIR ) ~ BRESKR - % P B LIJEBHE ¢ B ( Non-paired
EEHE (A—BARE) HeARBEBHE  t-test) 5470 » 45 NRERE, BRYL

E » IREUR10ERFRESD iR o EHHE » KRBT t-tests HARWT ¢
S[‘ 2 2 (X"';{)l
F- — S
S, n-1

(a) i JR 704 S AR I IR L t-testB AR AN T ¢

— —_— b3 2
t= X1 T X2 Sczy= S, ‘ Sz
—{————————--———— n,-1 nz-1
) 1 1
in S;(———— + ) df(degrees of freedom)=n,+ n,—2
n; ) 1¥3

(b)EMEBEERZBTEER, t-testARWT :

S; Sy 2
_ ( + )
X~ 71 df n; nz2
t= - i
" " (si/n,) (sa/na)
s, 2 +
( ) 1'11_1 nz—l
n, na

Bl E R ERE Y

Figl:The condition of discharge on cumulonimbus.
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The condition of high temperature injury after
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Fig 3:The variation of photosynthesis,respiration and osmose of ion

in different temperature of A.Sabulosa & T.Oblongifolia.
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- R EBEEHZ ET B (19704 ~198942)
Tabl:Thunderstorm days difference in Taiwan area. (1970~1989)
Month
Acoa JAN FEB- MAR APR MAY JUN JUL AUG SEP OCT NOV DEC | Total
Keelung 0.1 0.5 2.1 2.1 3.5 4.8 3.2 2.2 3.4 0.7 0.2 0.2 23.0
Taipei 0.2 0.4 2.6 2.9 3.6 7.2 6.7 5.5 5.2 0.7 0.1 0.2 35.3
Hsinchu 0.3 0.4 3. 3 2.9 2.3 4.1 5.0 5.5 4.0 0.5 0.1 0.3 28.7
Taichung 0.3 0.9 2.6 2.7 3.7 8.4 8.8 9.2 6.3 0.8 0.2 0.4 44.3
Chiayi 0.3 0.2 1.6 1.8 5.710.1 11.9 13.7 12.6 2.3 0.2 0.2 60.6
Tainan 0.2 0.3 0.7 1.4 3.1 5.7 6.6 8.5 5.4 0.7 0.4 0.1 33.1
Kaohsiung 0.3 0.2 0.4 1.1 2.8 4.4 6.4 7.6 5.3 0.7 0.2 0.1 29.5
Hengchun 1 0.2 0.2 0.6 1.0 2.6 3.2 3.2 4.5 3.6 0.8 0.2 0.3 20.4
Yilan 0.2 0.4 2.4 3.5 6.2 8.4 5.8 5.2 7.2 2.1 0.2 0.2 41.8
Hwalien 0.1 0.3 1.4 2.2 3.2 3.4 3.3 2.8 3.5 1.4 0.1 0.1 21.8

FEPRIR : h R BRD IR RRIS

#Data from:Chiayi Weather Station,C.W.B.

v FERBETER

ﬁﬁ%m@%ﬁ%ﬁmmzmﬁﬁﬁﬁﬁi
2R (F2 ) » BUREHE R 651 KRS ik
£ HREEASKRER108.4m > BEES
97.00m » Bt MBKKER » B t B =7.791 kX
RERtE(1%) =2.878 s Rt EBEAEE
B o T REBFIEYW (Cereals crops )ebs FHiEA[
MElEEETREN  ERER  BEE KRS
KRG EBGE 1280 > MHBERA91.9 4
s HEAL @ =—2.537 KREHtE(5%)
=-2.101 » WEREFE=R KK (1990 )
B0 BRERERRETRESN » AREREER
DRE IMEAEDEETXEELM o /KA
AR BERE FRER®Em » RMKETHRE
B BEER28.4g HBEE 30.72 » 5#F
EREAENt E=4.207 321 % 2EEKE B
HLOEZROER ) CRABEEARRER
fE¥» BEREXETN— BSERKBEES B
BIEEE RADERSBE (FE8 ) BREE » Rt
EERHREZE BTEFLES T - £REH

BEHhH » CKEBKRTHE62g; MEEE & 49g
s R ED HTER ¢l = 4.921 R 1 42 FEK
¥, NEEMABEEZER  HFRWTERZ
EZ R ERE RS INGIR R 8 F & LAY R
o
BRBEHEY 2 RET— » X EEHHA
E2% BERT— » 4K (1990 ) H#Br-
ock(1967) Z#EHH » Br— UL 280 40
AL B 92 —100CH » —REYH T &
K BHFEEYTMSHERERBENR S
PR » — AL BB BIEBE ( Heat killing
temperature) SHAER BEHER » B150%fE
BREBFEETEY 2 BIERE o & 3 B Levitt(
1980) SR AR EHZRERLBESR BAS
—EWEEREBOLRE » ERERMETF (
Timefactor ) WEEZ RN » BILREF W
169 B8 T 8 o AR 4% Collander(1924) B %2(6)
s ¥ ( Brassica deracea ) fE40CHF » B(3F
RIS 1100min» 50 CHEAS 45mins 7260 CRE I
FIERER 0.8min » [I#E ( Pisum sativum
) ZBOERH B HERE S » g » BT 40
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CHEZ B FERE £ 32min »50 G 0.27min»55
CHIARE 0. 095min B LABIIE o —3& ZHIBALR
AR T= a-b log ZAKNER » HP TRHIL
BE > ZRRMH, afbBEH - ARAKBHE
BraAgEsE  XRETERBIBERZ
tho Iz MELEERBEEME, HE4AS

T2 KAMRRERZ B

B2 EESEY ( 0.002 %) » RiERKRES
MBE 2 HE - ARERTRE - BEEMER
EREER RERBERGE S ERkd @
BAEE o BERE » SETEKERBHENN
SHER 2 90% » BER ZEHRERTERR 28
£ 1T S0 R AR BRAR o

Tab2:Comparison of character and yield of rice plants.

£y WwE  EEN FhE BEE
#  # Plant Unfilled 1000-grain Fresh weight
Treatment Height grains weight of stock

(cm) (no/plant) (g) (g/plant)
| E 108.4 91:9 30.7 .62
(Check
field)
wE®BR 97.0 128.0 28.4 49
(Thunder—
storm field)

Kk ok Kk

t-value 7.791 -2.537 4.207 4.921

*, %38 775%(2.101)F11%(2.878) HE = R
*,%x%:Significant at 5%(2.101) and 1%(2.878) level,respectively.

F3: T EEMRBOTRE

Tab.3:The heat-killing temperature of the different plants.

o Y BILEE(C) FRIBREI
Plant Heat-killing temperature Treatment time
E ¥ 49-51 10 min
Corn

ESpEIER 42.5 60 min
Leaf of potato

NGB (9%H20) 90.8 8 min
Grain of wheat

FHARE 45.0 —

Fruit of tomato

(BUHF B Levitt,J. 1980)

“iEOBR

B R R A9 225 1B B 7T 3% 10000 ~30000
€ (B PR MEREY » #RE 0.002 % »
Rt % pEs ERENBRERN  BEEERE
R ( hLBHEkER A ) » KREF  KEE

BRANRERGEMZEBHRSR » FTLERR
WA & B PR EGEUE B » R
WA rER » B BERARBR/EALLG [ E—L
KA BREETE B 3P BEEWBIEESR
B> IR IE AR TG  FIURBRBEXS -
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AN ANALYSIS OF THE INFLUENCE OF THE THUNDERSTORM
OCCURRED ON APRIL 10, 1992 OVER THE
GROWTH OF RICE PLANTS

Biing-her Lee, Shih-li Huang and Ching-sou Hong
Chiayi Weather Station
Central Weather Bureau

ABSTRACT

()

" The twinkling high temperature produced by the thunderstorm makes plants suffer

partial high temperature injuries, such as curled leaves and repressive growth. We called it

heat shock. In this investigation, the plant height in the CK field is 108.4cm, but in the
thunderstorm field is. 97.0cm. :

The high temperature cause rice plants in low ripeness and unfilled grains to be in-
creased. The unfilled grains of a single rice in the thunderstorm field are 128.0 grains. Itis
39% higher than in the CK field whose unfilled grains are 91.9 grains. And high tempera-
ture will cause the oldness of leaves increase the hindrance of photosynthesis, respiration
and metabolism, decrease the fullness of grains, and reduce the yield of rice.

Key Words: Thunderstorm, Heated Injury, Plant Height, Unfilled.
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Table 1 The first warning issued by CWB for typhoon NAT
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Table 2 The second warning issued by CWB  for typhoon NAT
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Table 3 Eye-Fixes for NAT by the sattelite at CWB and GUAM

FRESH (CWBYH & (PGTW) | fiF PRRER(CWB)Y B & (PGTW)| &
BHE@ oL E e B K H@ ForE PO E
: B wmE W E B
A (B ke ERE BERE & AR |&|E ERE pE IR B 2
09 {16]12{20.7{119.4(T2.5 | 20.1 {119.4{T2.5 09 (24|12] — —_ — — — —
09 (16 1 18}20.5{118.9 T2.5 |20.5(117.7|T2.5 09124118 — - — — — —
09 (17]00]|20.2(118.6{T2.5 [20.3 |118.0{T2.5 09 |25(00|20.0(116.6|T1.0|20.4117.0f —
09 [17|06|19.8|117.5|T2.5 119.9|117.9|T2.0 09 |25|06!19.8(116.4|T1.0{19.4[116.5T2.5
09 |17]12|20.0(116.7 T2.0 |20.3(117.5{T2.0 09 (25]12|17.8{115.6/T1.0| — - -
09 {17]18]20.0 117.3;1‘2.5 20.0 |116.9 Tz2.5 09 (25| 18|17.5|115.7|T1.0| — -~ -
09 [18|00|19.8 118.5%12.5 19.9(118.9{T2.5 09 |26|00]|17.1{115.6{T1.0}15.9116.7|T2.0| T.D
09 |18|06{18.9(119.5 T2.54 - - - 09 [26)|06|16.8{115.2|T1.0 [16.8[115.7| — |T.D
09 (18{12]19.7|119.8/T2.5 | — - - 09 26 12|16.5(115.5{T1.5 [16.6115.5/T1,5/T.D
09 {18|18(19.3|119.4|T2.5 | — — - - |09}26|18|15.9(116.2|T1.5[15.6[116.6{T1.5| T.D
09 |19(00|20.0(120.7|T2.5 | — — - 09 27{00]{15.9(116.9|T1.5 |15.8117.3| — |T.D
09 |19{06(20.0(121.9{T2.5 |21.7 |122.3|T2.0 0927|06/16.0(116.5(T1.5|15.8(117.2|{T1.0{T.D
09]19{12/20.6|122.6{T2.0 (21.9(123.3[T1.5 09{27|12{15.7(116.4|T1.5!15.4116.7[T1.5|T.D
09 (19|18 20.6]123.0({T2.0 |21.4 [124.0|T1.5 09{27]18|16.0(116.5[T1.5116.0(116.4|T2.0|T.D
09{20|00|21.1(123.5{T2.0 (21.3123.4|T2.5 09(28{00(15.6 [117.1{T1.5|16.3[117.3|T2.5| T.D
09 120| 06 21.4|123.8|T2.0 | 21.5|124.3|T2.5 09|28(06[16.0|116.8{T1.5{16.4(117.6|T3.0{ T.D
09 |20 12121.2|124.8{T2.0 | — - — 0928]12|16.0(117.4{T2.0 |16.4(117.5|T3.0
09 (20|18 21.5(125.5{T2.5 | 21.5125.7|T2.5 | 09|28{18]16.1[116.8/T2.0(15.6/116.5|/T3.0
09 (21|00] 21.3/125.5(T3.0 |21.0{125.6{T3.0 09(29{00{16.3|116.4|T2.5 |16.3(116.1|T3.5-
0921(06{21.6(125.4|T3.5 | — - - 09]29]06|16.5|116.2/T3.0[16.5{116.0{T3.5
09|21{12|21.5[125.4|T4.0 |21.51125.3{T5.0 09129|12(17.3(116.4|T3.017.3116.1{T3.5
09 |21]18|21.8(124.7|T4.5 (21.8(124.6|T5.0 09(29|18(18.0(116.7(T3.5|18.3{116.8|T3.5
0922|00|21.6|123.9(T5.0 21.7 124.0{T5.5 09!3000(18.8(117.0|T3.5(18.8[117.0{T2.5
09|22 06{21.9(123.3{T5.5 (21.9(123.3|T6.0 09130/06(19.9{117.2{T3.5 }19.9(116.9|T3.0
09 |22|12|21.9/122.5(T6.0 |21.9{122.5|T6.0 09(30|12|20.9|118.0|T4.0|20.9|117.6|T3.5
09]22|18|22.1[121.6[{T5.5 [22.1|121.5{16.0 09(30(18(21.8(117,7|T3.5|21.6(117.8|T3.5
09(23|00]|22.1|120.7[15.0-|22.1 |120.8|T5.0 1001|00({22.3(117.5{T3.5422.2[117.7f — )
09 (23| 06{22.3|120.3(T4.0 } — - - I 1010106 |22.8(117.5(T3.5 [ 22.9)117.7| —
09{23!12|22.4(|119.7{T3.5-(23.1{120.1|T4.5 10(01 (12 (23.3(117.4|{T3.5[23.2]117.4| —
09 |23|18]22.4{119.2(T2.5 |22.5|118.9|T3.5 10|01]18(23.8|116.7| N [24.4[117.0
09 |24|00|22.7|118.4|T2,0 (22.3 [118.0|T3.0 10/02{00 |24.6(116.6( N | — - -
092406 |22.6{117,8/T2.0 [22.5 |118.3| — 10|02 |06 |25.2/116.0| N | — -] - [T.D
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Table 4(@). Eye-Fixes for NAT by the radar at Isigaki Jima

R E @ A E B (N | & M @.| A EH B (47918)
AlB|K| & E|R £ GRERLRES ElR E
0920 [o2 | 21.2 123.8 floo | 21|17 21.6 124.8
0920 {03 ] 21.2 123.9 JJoo | 21] 18| 2z1.6 124.7
09 |20 |04 — — oo [21] 19| 21.7 124.6
0920 |05 | =21.3 124.0 |09 | 21|20 21.7 124.5
0920 |06 | 21.2 124.3 |09 | 21|21 | 21.6 124.4
0920 |07 | 21.4 124.4 [[09 (21| 22| 21.6 124.2
09 (20 [08 | 21.3 124.5 |09 | 21| 23| 21.7 124.2
09020 [09 | 21.1 124.6 |09 [ 22| 00| =21.6 124.1
0920 [10 | 21.3 124.7 ||09 | 22|01 | =21.6 123.9
09020 [11 | 211 124.8 [J09 | 22|02 | 21.7 123.7
0920 |12 | 21.4 125.0 ||09 | 22|03 | 21.7 123.7
0920 [13 | 21.6 125.2 ||09 | 22| 04| 21.8 | 123.6
09 |20 |14 - — loo [22[05] =21.7 123.4
09|20 |15 | 21.2 125.2 |09 | 22|06 21.9 123.2
09 |20 |16 | 21.1 125.4 ||09 | 22|07 | 21.8 123.1
0920 [17 | 21.5 125.2 [|09 | 22|08 21.8 123.0
0920 |18 | 21.5 125.3 |09 | 22| 09| 21.8 122.9
0920 [19 | 21.4 125.4 |09 | 22| 10| 21.8 122.7
09 [20 |20 Z o9 [ 22 11| =21.9 122.7
09|20 |21 | =21.3 125.4 |09 | 22 | 12| 21.8 122.6
09|20 |22 | 21.3 125.5 |09 | 22 [13]| 21.9 122.4
09 20 |23 | 21.4 125.5 |09 | 22 | 14| 21.9 122.3
09 |21 |00 | 21.3 125.5 || 09 | 22 | 15| 21.9 121.1
0921 |01 | 21.3 125.6 || 09 | 22 |16 | 22.0 121.9
092102 | 21.3 125.6 09 |22 [17| 22.1 121.8
09 |21 |03 | 21.4 125.6 |09 | 22 |18 22.1 121.7
09|21 |04 | 21.5 125.6
09 |21 |05 | 21.4 125.6
0921 |06 | 21.4 125.6
09 (21 |07 | 21.5 125.5
09|21 |08 | 21.5 125.6
09|21 |09 | 21.5 125.5
0921 |10 | 21.6 125. 4
09|21 (11| 21.5 125.4
09|21 |12 | 21.5 125.4
09|21 |13 | =z1.5 125.2
09 |21 |14 | 21.5 125.1
09 |21 |15 | 21.5 125.0
09|21 |16 | 21.6 124.9
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Table 4(b) Eye-Fixes for NAT. by the radar at Kaohsiung and santo

B H O |5 M (46744) | BE R @ | &, ME (46744) |0 BH (59316)
Al B | K |#& B EIRA B |R|& EIR El & Elg g
09|22 | 03| 21.7 123.3 J09 |23|17]| 22.4 119.1 | 22.7 119.0
09|22 04 — - 09 | 23|18 22.4 118.9 22.7 118.9
09| 22| 05 — — 09 [ 2319 22.4 118.8 22.7 118.8
09 {22 06| 21.9 123.2 09 | 23| 20| 22.5 118.6 22.7 118.8
09 | 22| 07| 21.9 123.1 [[09 |23 |21 | 22.5 118.5 22.6 118.7
09|22 08| 21.8 123.0 [log [ 23] 22| 22.5 118.5 22.5 118.7
0922|09] 21.9 122.9 |09 | 23|23 | 22.4 118.4 | 22.4 118.6
09 |22|10] 21.9 122.7 [09|24]|00]| =22.3 118.3 22.6 118.5
09|22 11| 21.8 122.7 lloo [24|01 | 22.2 118.3 22.7 118.5
09 |22 ]| 12| 21.9 122.6 |09 | 24 | 02 - - 22.6 | 118.4
09 |22 13| 21.9 122.4 |09 |24 |03 - - 22.5 118.4
09 (22| 14| 21.9 122.2 [109 | 24| 04 - - 22.5 118.3
09 22|15 21.9 122.1 (09 | 24 | 05 — -~ 22.5 118.3
09|22 16| 22.1 122.0 |09 {24 ]| 06 - - — —
09| 22| 17| 22.1 121.6 |09 |24 07 - - 22.1 118.1
09122| 18| 22.0 121.4 |09 | 24| 08 - - 22.1 117.9
o2 22119 22.1 121.3 Je 1 46744 75 22 H 0375015275 46699 f9 24t o
09122 | 20 22.1 121.2

09 [22)21] 22.0 121.1 |FF 2.59316 £ 24 HOOZE|01Z 5 59134 B9 &8} o

09 |22 | 22| 22.1 121.0 '

09 |22 23| 22.1 120.8

09 23| 00| 22.2 120.6

09|23 | 01| 22.2 120.6

09 23] 02| 22.3 120.5

09 |23 | 03| 22.3 120.4

092304 22.4 120.3

0923 | 05| 22.4 120.2

09 23| 06| 22.4 120.0

09 |23 |07| 22.5 119.8

09|23 08| 22.5 119.6

09 (23]09| 22.5 119.6

09 23| 10| 22.5 119.6
oo |23 |11]| 22.6 119.6

09]23 ]| 12 22.6 119.4

0923 |13| 22.6 119.3

09|23 |14| 22.5 119.3

092315 22.4 119.2

09|23 |16 22.4 119.2
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Epac)  TitE: R RS EE TS L ENR
Table 4(¢c) Eye-Fixes for NAT by the radar at
Kaohs iung and Santo

B E @ |5 e (46744) | W 5 (59316)
Al Bl Rl EIR Eif E| & E
09| 30| 11 - - 20.4 | 117.8
09| 30 12 - - 20.6 | 117.9

091 30| 13 21.0 117.8 20.8 117.9

09| 30| 14 21.1 117.8 20.9 117.9

09, 30 | 15 21.3 117.9 21.0 117.9

=

109 ( 30 | 16 21.3 117.9 21.1 117.9

09| 30 | 17 21.6 117.9 21.3 117.9

09| 30| 18 21.7 117.9 21.5 117.9 .

09| 30| 19| 21.8 | 117.9 | 21.7 | 117.8

09| 30| 20 22.0 117.9 21.8 117.7

091 30| 21 22.0 117.6 21.9 117.5

091 30| 22 22.1 117.6 22.0 117.5

09| 30 | 23 22.2 117.6 22.1 117 .5

10| 01 | 00 22.2 117.6 22.2 117.5

10{ 01 | 01 22.2 117.6 22.3 117.6

10| 01 | 02 22.2 117.5 22.3 117.7

101 01 | 03 22.3 117.5 22.4 117.6

10 01 | o4 22.5 117.5 22.5 117.6

10 { 01. | 05 22.6 117.5 22.6 117.6

10| 01 | 06| 22.7 117.4 22.7 | 117.5

10 01 | o7 22.8 117.4 22.9 117.5

10| 01 | o8 22.9 | 117.5 23.0 117.4

10} 01 | 09 23.0 117.5 23.1 117.4

10| 01 | 10 23.1 117.5 23.2 117.4

101 01 | 11 23.2 117.5 23.4 117.4

10 01 | 12 23.5 117.3 23.5 117.3

10 | 01 | 13 23.7 117.2 23.6 117.0

10| 01 | 14 23.7 117.2 23.6 117.0

i3k ¢ 1.59316 7= 30 F1 21Z £ 59134 MY EHK} o
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Fig 1 : The best track of typhoon NAT from 161200Z SEP to 0200007 OCT in 1991.
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10 day mean sea suface temperature, 11~20 Sep. 1991.
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Fig 3 : 200mb chart at 161200Z SEP.1991.
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Fig 6 Surface chart at 1712002 SEP. 1991.
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Fig 14: GMS —4 IR imagery at 211800Z SEP. 1991.
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Fig 31: The variations of pressure value at the stations of southeas‘tern Taiwan during

NAT passage from 22 to 23 SEP.1991.
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EE TR A A ok 3
Table 5 The best track positions of NAT

¥ | 0L B [FLORE |RARE|EFFA | & B " o
Alalwale wx & @ [ @] gy | man|
9 [16] 00| 21.2 |121.3 1002 15 261 C12 BEBEERE
9 | 16| 06 | 20.9 |120.7 1000 15 242 12 ”
9 |16] 12| 20.4 |119.4 998 18 248 24 B E R A
9 | 16| 18 | 20.3 {118.9 998 18 258 9 "
9 [17{ 00| 20.2 |118.4 998 18 258 9 ”
9 | 17| 06 | 20.2" |117.9 998 18 | 270 9 "
9 [17| 12| 20.1 |117.5 996 20 255 7 ”
9 | 17| 18| 20.0 |117.2 996 20 " 251 6 "
9 | 18| 00| 19.9 |118.7 994 20 94 26 ”
9 18| 06 | 19.9 | 119.4 994 |° 20 90 12 ”
9 | 18| 12| 19.9 |[119.8 994 20 90 7 ,
9 | 18] 18| 20.0 |120.5 994 20 . 81 12
9.019| 00 20.1 |121.0 994 20 78 9 ”
9 | 19{ 06 | 20.4 |121.9 994 20 70 17 "
9 {19] 12| 20.6 |122.5 994 20 70 11 ‘ P
19 119 18| 20.8 |123.0 994 | 20 67 9 "
9 | 20{ 00| 21.0 |123.5 994 20 67 9 p
9 | 20| 06| 21.2 [124.3 994 20 75 14 ”
9 | 20| 12| 21.4 |125.0 990 23 73 13 "
9 | 20| 18| 21.5 |125.3 990 23 70 5 o
9 [21] 00| 21.5 |125.5 980 28 90 3 ”
9 | 21| 06| 21.5 [125.5 | . 970 33 360 0 BOE R OR
9 | 21|12 | 21.5 | 125.4 960 40 270 2 i ”
9 | 21| 18| 21.6 |124.7 950 45 279 C12 ”
9 {2200 21.6 |124.1 950 45 270 10 ”
9 | 22{ 06 | 21.8 |123.2 950 45 284 16 ”
9 | 22| 12| 21.9 |122.5 940 51 279 12 woOoZ Om A
9 22|18 22.1 |121.5 940 51 282 18 ” v
9 23] 00| 22.1 |120.7 950 45 270 14 b OB R B
9 | 23] 06| 22.4 |120.0 965 35 295 13 ' "
9 |23 12| 22.6 |119.5 975 30 294 9 B E R A
9 | 23| 18| 22.5 | 118.9 985 25 260 10 ”
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53 Wb LB | hORE | 8RR AT 1A | B
1 i H 3
A | B K2k #®|&® & (mb) | (m/s)| (E) |(km/hr)
9 |24 00] 22.5 | 118.4 985 25 270 9 K OB OB R
9 | 24| 06| 22.4 | 118.1 985 25 250 '5 "
9 24| 12| 22.0 | 117.8 990 23 215 9 "
9 24| 18| 21.2 | 117.2 | 990 23 215 18 "
9 |25/ 00| 20.1 | 116.7 998 18 213 22
9 |25| 06| 19.6 | 116.6 998 18 191 9 ”
9 |25( 12| 18.5 | 116.3 998 18 195 21 ”
9 (25| 18| 17.7 | 116.0 998 18 200 15 ”
9 [ 26| 00| 17.2 | 115.8 1000 15 201 10 BEHEERE
9 /26| 06| 16.8 | 115.7 | 1000 15 194 8
9 |26| 12| 16.5 | 115.6 | 1000 15 198 6 ”
9 |26| 18| 15.7 | 116.3 | 1000 15 140 19 ”
9 | 27| 00| 15.8 | 116.8 | 1000 15 78 9 B
9 (27| 06| 15.8 | 117.2 | 1000 "15 90 7 ”
9 27| 12| 15.6 | 116.5 | 1000 15 254 13 ”
9 | 27| 18| 16.0 | 116.5 | 1000 15 360 7 "
9 | 28|00/ 16.2 | 117.1 1000 15 71 11 ”
9 | 28| 06| 16.3 | 117.6 | 1000 15 78 9 "
9 | 28| 12| 16.0 | 117.4 998 18 213 7 KOE R R
9 |28 18| 16.1 | 116.8 998 18 280 11 ”
9 (29| 00| 16.3 | 116.3 990 23 293 10
9 [29] 06| 16.5 | 116.1 985 25 316 5 ”
9 [29| 12| 17.3 | 116.2 980 28 7 15 ”
9 | 29| 18| 18.0 | 116.7 975 30 34 16 ”
9 |30 00| 18.8 | 117.0 975 30 20 16 "
9 |30 06| 19.9 | 117.3 975 30 14 21 ”
9 130 12| 20.8 | 117.7 975 30 23 18 ”
9 |30 18] 21.6 | 117.8 975 30 7 15 ”
10| 1| 00| 22.2 | 117.7 975 30 351 11 ”
10| 1) 06/ 22.7 | 117.6 975 30 350 9 "
110 | 1| 12| 23.4 | 117.4 975 30 345 13 ”
10 | 1| 18] 23.9 | 117.0 980 28 324 11 ”
10} 2} 00| 25.0 | 116.7 998 18 346 21 "
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Table 6(@) The meteorological elements summary of CWB stations during the period of first passage of ’\IAT

SEFE(mb)] BB A BE (m/s) |RARE(m/s) A (10M/SHE) & x = VN B (mm) | B K& & (mm)

vk

ooiE | B RIECEEAPES MR MERE| R R R R | R CEERE) | ] C BRI ) | 4] PR (BRI ) | i (o ( Btk )
¥ h:8 |1007.1|23,03:18 21.6]  E |23,02:12|1008.7(25.0 (95 95(16.2|ENE[22/22:47 | 22/06:16-2309:12 | 8.2 | 22,21:00-22/22:00| 3.8 | 22,21:00-22/21:10 | 31.7|22/17:47-23,21:42
1 |1006.7|23/14:20{ 18.7| NE|22,18:33|1010.0[25.2(9095(10.0| NE[22,21:30 | 22,21:30-22/22:10 | 14.5 | 22/09:16-22/10:16 4.0 | 22/09:26-2209:36 | 57.3|22,04:45-23,08:55
i | 913.9023,14:3524.9] S [2305:02] 914.920.5(989(13.4] S[2304:48| 23/04:05-23/13:10 | 18.0 | 22/22:28-22/23:28| 8.0.| 22,23:11-22/23:21 {120.6 |22,14:00-23,09:10
Wi | 937.9(23,04:00{ 12. 4| NE|23/01:45| 938.3(24.6(75%| 8.8(ENE23/12:50 - 19.2 | 22/20:00-22/21:00| 6.2 | 22/20:46-22,20:56 |147.3(22,04:50-23,08:13
& 4 {1004.5(23,03:15/16.5| NE |23/10:28|1007.1/28.4/68 9| 7.7 [ENE[23/10:32 - 16.5 | 22/20:55,22/21:55| 7.0 | 22,21:11-2221:21 | 49.5|22,14:00-23/09:30
% #|1000.0|23,43:30] 23.1|ENE |23,06:20 |1000.9(26.0|789516.7|ENE[2306:29 | 22,04:34-23/13:50 | 0.5 | 23/20:00-23/21:00(- 0,2 | 23/18:20-23/18:30 | 2.6|22,12:30-23,/23:30
ﬁ ok | 999.8|23,43:31( 10.9]NNE |22,14:50 1004.9(29.1|62 95| 5.0| N{22/15:30 - 0.2 | 2321:00-23,22:00| .1 | 2321:30-2321:42 | 0.3}23,14:55-23,22:18
B 5| 996.1|23,03:49|22.6] NE|22/12:38|1006.7|28.6|70%|14.9| NE[22/13:05 - 0.5 - 0.5 - 0.5|23,19:50-24,03:40
| A B | 291.2123,03:2811.0| N|2348:16| 893.5[21.8[599] 5.5] N[23/08:00 - 0.8 | 23/21:20-23/22:20 q.5 | 23/04:30-23,04:40 | 3.1]22,16:30-24,00:40
3 % #|1001.1[23/04:00] 23.6|NNE | 22,22:55 [1005.5(26.3|8094(11.2| NE[22/414:51 | 22/14:25-23/03:145 | T - T - T |2306:30-23/19:30
c" ¥ 3| 995.9/23,05:56] 6.3 SW|23/14:13(1001.4[27.0|83%| 4.0| SW[23/14:05 - 1.5 | 23/22:00-23/23:00 q.5 | 23/22:04-2322:14 | 4.5|23,03:50-23,23:00
F 1 | 757.8[23,03:03|16.2| SE [22.21:10( 761.2{13.2(68 9| 6.3|ESE[22/18:35 - 4.8 23/02:16-23,03:16| 1.3 | 23/02:40-23/02:50 | 21.1]23,02:16-24,03:10
1 {3047.0[23,03:00] — | — - — | = |~ le6.5| SE[23/23:50| 23/05:00-2414:00 | 6.0 | 23/08:00-23/09:00| 2.5 | 23/04:00-23/04:10 | 58.2(22,18:00-24,04:30
& | 996.4[23,05:20{ 9.0[SSE [23/15:01 | 999.923.2|98 %! 6.6| - Ni22,/16:55 - 4.0] 2313:05-2314:05| 1.5 23/13:25-23/13:35 | 19.4]23,10:15-24,03:30
& | 998.7(23,04:04{17.0[ESE |23/12:29(1000.523.3(76 95| 7.7| E|23/412:16] - 20.0| 23/12:00-2313:00| g.0 | 23/11:57-23/12:07 | 80.7|23,02:25-23,20:55

s i | 999.4[23,/05:40]25.0NNE | 22,22:48 1004.4125. 8(85 95 17.9|ENE|22/15:03 | 18/08:00-23/11:00 | 0.6 | 23/14:38-23/15:38| 0.2 | 23/14:50-23/15:00 | 2.5|23/14:20-
| 985.9|23,07:20|38.6[WSW|23,07:16 | 986.0[23.3(100%5 |20.7 WSW|23/07:23| 23/04:30-23/08:40 | 49.0 | 2308:05-23,/09:05| 13,5 | 23/08:48-23/08:58 |181.2]22,21:20-23,22:00
B #a| 948.8[23,01:08{84.5| S[2302:30| 955.7|21.7|100%(43.4| S[23/02:42] 1918:20- ’ 34.8( 23/19:28-23/20:28| 17.7 | 23/20:35-23/20:45 [342.1|21,23:54-23/23:30
% & | 994.4]23/06:38|35.5\NNE |23,06:40| 994.5[20.8[1009(17.4| NE[23,/06:38| 23/01:30-23/11:25 | 95.4| 23/12:50-23/13:50 37,5 | 23/13:20-23/13:30 1456.0|22/19:50-23,21:10
& % 11001.6(23,01:18{23.0[NNE | 23,00:53 | 1002.1[24.1|98-%| 9.5|NNE[23/01:28 - 38.9| 23/00:00-2301:00] 8.0| 23/00:15-2300:25 |283.5| 2211:20-24,04:30
1B 2h11003.4]2300:08]25.8| N|22,22:28|1004.6(25.0{94%]14.5| N[22/23:52| 2216:00-23/02:05 | 88.5| 22,23:55-23/00:55| 23.0 | 23/00:34-2300:44 |230.8|22,19:45-24,01:20
it 3 11005.2|23/02:20| 5.4NNE [22/19:53 |1006.4(25.6(82%[10.9]  N22/20:49 - 2.5| 23/03:52-23,04:52] 19.0 | 23/03:52-2304:02 | 72.0{ 22,40:57-23,23:20
% T |1005.8l2314:11|12.2] NE|22/19:13{1010.3(23.3|88% 7.6|ENE|22/19:17 - | 23.9] 2305:40-2306:40] 8.4 | 23/05:40-23/05:50 | 9.8} 22,06:05-23/09:20

3

# |1006.5/23,/16:00]22.0/SSE | 23,03:25 {1009.0{26.0 87 %512.0| SSE[23/03:30| 22/15:14-23/15:52 | 18.9| 23/03:20-23/04:20| 12.0| 23/03:22-23/03:32" | 86.3| 22,07:35-23/08:40
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Table 6(b) The meteorological elements summary of CWB stations duning the period of the second passage of NAT

—I61 —

L |RERE(mb)| B M & A B ®E(m/s) BABE (m/s) | HE(1OM/SHUE) | & x s XK & (mm) | B Kk # & (mm)
o e fE|R R EEEARE | SE |RelRelRa A mlemEEs—sr ) | T (BAA—RIE ) | D4R ( Bare—RB 1L ) | B |50 (Bae A1 )
3 1| 1010. 4{ 01,,13:30} 29,0 [ESE 01,,13:20/1011.0(24.0(92 %5]12.4 [ENE}01,06:17| 01,05:13-0116:32 6.0 | 0107 :48-01,08:48 3.1 01,/08:18-01,08:28 27.9 | 30/14:35-01,/16:40
2 Fz|1006.8{0102:56/11.7| NE[0142:31[1010.224.1196%] 6.3] N|a0,02:05 - 10.0 1 30415:45-016:45 | 2.5 | 30/15:50-30,16:09 | 97.1 |30,09:20-01,19:30
¥  £7]1010.1{0114:35/23.0| S|01,20:58 1011.6(20.2(90 %5114.7| S|01L21:35| 01.18:25-01,23:00 7.3 [ 01,03:30-01,04:309 " 3.2 01.06:45-0106:55 50.8 | 3017:00-01,13:10
A7 Fi]1010.1|30,17:00] 7.5|SSW|01,22:18(1010.6)21.6(90%| 3.3SSW|01,18:10 - 4.0 [01,01:00-01,02:00 | 1.8 | 01,01:50-01.02:00 | 20.1 |30,17:00-0112:05
#  1k|1008.8{01113:16{13.9| E|0112:46(1008.9(26.5|82 9| 8.4[ENE|01,13:00 - 7.0 {30/15:21-3046:21 | 1.5 | 30,15:52-3046:02 | 16.5 | 30/17:00-01,17:25
& #7|1007.6/01,12:00(13.4| NE|30,22:35 1008.7124.1(899%| 7.5| NE|30,21:50| 30,21:10-30,23:50 0.9 |0109:00-0110:00| 0.3 | 01,09:20-01,09:30 3.4 (01,00:45-01,16:40
1& d[1007.5{0114:09] 5.5 v N130.15:50(1008.0{26.0|81 95| 2.8] N|30,11:59 - 0.7 0,22:45-30,23:45 | 0.4 | 30,22:47-30,22:57 2.7 | 30,22:45-01,12:40
B E2[1007.4/01,14:19]11.6| NE{30,18:25 1008.4(24.7188%| 7.9{ NE|3018:28 - 0.5 {0107:45-01,08:45 | 0.5 |. 01,08:03-01,08:13 1.0 | 30,22:30-01,17:25
B HE| 87.2 01/03:57 5.2 S|01/10:23| 898.9{20.0 91%| 4.0] S[01,10:30 - ) 5.3 [0107:20-01,08:20| 1.6 | 0L07:43-01,07:53 23.8| 30,23:50-01,18:20
¥  i#)]1006.8(01.04:15/16.5|SSE |01,17:54/1007.9(25.9(89%| 8.3|SSE|01,17:57 - 7.8(01/08:50-0109:50| 4.5 | 01,09:40-01,/09:50 | 58.7 | 30,02:00-01,19-10
% - 32/1006.3{01.03:12| 7.6| N|3017:15 1007.7|25.2/90 951 3.5| N|3017:30 - : 1.4 0100:50-01,01:50| 0.4 | 30,23:40-30,23:50 7.013017:15-0119:10
faf B 11| 761.9/01.03:20] 6.7| SE{01,07:18 763.4(13.0{989%| 2.4|ESE|01,07:24 - 9.6 | 01/15:00-01,16:00 5.5 | 01,15:40-01,15:50 54.4| 30,19:00-01,18:10
% 1h|sizo.ifor04:00] - [ -~ | — - |~ |~ |12.8/SSE[0123:00| 30,/18:00-01,24:00 | 8.0 |01,05:00-0L/06:00| 3.0 | 01,05:00-0105:10 | 79.5 | 30,16:00-01,24:00
& F5|1004.8(01,03:42{15.7|SSE|01,14:12 1006.0(26.3/89 %] 9.1| S|0114:21 - 6.5 (30,23:00-30,24:00| 2.0 | 30,23:35-30,23:45 31.0| 29/17:50-02,00:25
&  H|1006.8]01,04:08|14.6SSW|01,08:50(1008.5/27.4 73% 6.8{ Sloios3| - . - 12.5 | 30,21:35-30/22:35 | 4.5 | 30,/22:25-3022:35 | 40.5|3016:45-0113:45
3§ 7 5£11005.8|01,04:01{17.0|SSE |01 /4:50 1006. 3]|24.4/95 % | 13.0/NNE{01,02:30| 30,02:30- 7.4 |01,09:01 -01/10:01| 4.0 01,17:48-01,17:58 49.8| 29,23:30-0118:10
{5 #£]1007.1{01,02:59}10.5ESE 01/04:44 1008.024.3|989%;| 7.5 N|[30,20:29 - .| 34.530,21:38-3022:38] 13.5 | 30,22:28-30,22:38 | 103.5 30/19:15-01/15:08
B 1£2]1008.501,03:18{19.6| SE 01,02:55(1009.2125.2{97 9% 112.2| SE|01,03:15 30./21:30-01,10:40 5.313017:13-3048:13] 3.7 30,17:13-3017:23 19.5| 30/14:23-01,17:48
A i%/1006.4]30,20:57(17.3] N|30,20:431007.5 23.609%| 8.3] N|30,20:52 - 37.5 | 30/23:00-30,24:00{ 24.6 | 30,23:50-30,24:00 | 323.0 | 30,13:10-02,08:10
A I |1007.5|01,03:58{10.7 [WNW|01,04:11 1008.0123.2{91 2| 4. 8WNW|01.04:15 ) - 68.5 | 01,06:14-01,07:14] 20.0 0106:14-01.06:24 | 259.5 | 30,14:50-02,05:50
B Zh[1008.2(01,03:0513.2 |ESE|01,07:00 1010.1/|27.6|86 %] 6.5| SEl01,06:02 - -| 55-6 | 0107:00-0108:00| 14.5 | 01,07:24-0107:34 | 176.8 | 30,17:50-02,04:50
1t $%[1008.00102:00 8.9 N[01,/10:05(1013.0(23.496 % 4.7] N|o1L14:41 - 43.0 | 0100:50-0101:50 | 17.0 | 01,01:05-0101:15 | 336.4| 30,06:50-01,21:30
B #)1010.0/0103:47{ 6.4|ENE|30,17:57 1011.0 24.2(949, 4.1|ENE|3047:43 - 21.4 |30,22:48-30,23:48| 9.8 | 30,23:38-30,23:48 | 103.2 30,20:05-01,21:20
BR 1(1009.7]0103:57| 9.4|SSW|02,00:06/1011.7[26.8 76 % | 5.9ENE|30,47:09 - | 34.5|01407:04-01,08:04] 21.0 | 01,06:13-01,06:23 | 150.3] 30,48:05-01,20:22
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’l‘abl_e 7 The verification of 24 hours forecast errors at different units for NAT

during the warning stage.

(@)

CWB PGTW RJTD
P MERE (EARE | AERE MBEE | aaRs| AENE|reme | mame A
H
(KM) | (KM) | (DEG)| (KM) | (KM) | (DEG)| (KM) (KM) | (DEG)
2300Z | 234.51 -51.88 | -23.32 [ 149.89 | -45.88 -12.18 | 106.17 | -53.77 | -11.52
06Z |114.23 |**47.80 | -11.61 | 118.02 | -11.06 -2.89 | 576.00 18.74| 175.52
122 66.72 | -64.88 | -12.10 [169.38 | -51.88 | -18.27 | 103.30 13.65 3.61
187 23.39 | -14.17 | -2.80 | 91.02 | -43.54 | -12.83 | 61.68 9.71 2.64
2400Z | 11.12 | -10,95 | -2.62 |106.01 | -50.83 | -18.96 | 113.03 20.43 8.96
06Z | 121.35 | 45.62 8.43 | 99.14 55.30 [ 26.07 | 78.34 66.52 | 23.37
12Z 91.32 | 90.38 | 27.43 | 222.31 | 118.51 | 90.41 | 132.43 77.91 | 44.21
182 [147.85 | 91.37 | 39.43 | 144.41 -3.91 -2.70 | 206.28 | -49.81 | -61.64
2500Z | 268.70 | 120.00 | 56.53 | 288.61 | -77.56 | -61.71 | 285.30 |-113.32 | -62.94
06Z |335.75 | 60.07 | 73.50 |326.77 |-113.85 | -69.82 | 294.76 |-153.53 | -57.85
ZE 15| 141.49 | 21,48 | 15.29 |171.56 | -22.47 | -8.29 | 195.73 | -16.34 6.44
7S | 141,49 | 60.01 | 25.79: | 171.56 57.23 | 31.59 | 195.73 57.74 [ 45.23
(b)
~ CWB PGTW RJTD.
— FERE | EAYRE| AERE | MEHE | Bl pERs | nde | aass |amsee |
=]
(KM) | (KM) | (DEG)| (KM) |(KM) |(DEG)| (KM) | (KM) |(DEG)
0100Z| 56.13 | 54.90 | 8.37 | 122.86 -88.79| -16.48 | 30.32 | -15.95 | -2.54
06Z| 181.19 | 108.08 | 13.27 | 229.71 | -228.62| -34.22 | 171.28 | 76.53 9.32
12Z | 283.36 | 256.95 | 32.05 | 176.65 | 160.97| 23.88 | 277.53 [ 229.84 | 27.24
18Z | 337.23 | 329.64 | 44.10 | 272.33 | 273.71| 43.33 | 111.11 | 83.44 | 23.15
0200Z { 256.25 | 226.70 | 47.46 | 219.90 -8.12| -4.31 | 185.48 | 25.09°| 9.89 -
= 5| 222.83 | 195.25 | 29.05 | 204.29 21.43 2.44 | 155.14 | 79.79 | 13.41
e E) 222,83 | 195.25 | 29.05 | 204.29 | 151.64| 24.44 | 155.14 | 86.17 | 14.43
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Table 8 The verification of 24 hours forecast errors in statistical model for NAT

@)

'HURRAN

ARAKAWA CLIPER
B[ MR |EAEE AERE | nERE| EARE| AERE | nERE | EARE | ARRE
20002 85.29 67.15| 11.45 | 281.52 | 166.32 18.19 33.36 31.24 6.67
12Z | 153.57 | -87.04 ] -12.25 | 100.62 | -98.23 | -18.34 33.36 | -31.66 -6.34
18Z | 129.27 | -43.29| -6.62 | 129.27 |[-105.73 } -30.92 56.56 | -49.87 -10.19
2100Z | 151.28 [*-68.64| -11.11 | 122.76 |[-120.97 | -27.18 66.72 [ -64.57 | -15.59
06Z | 228,26 |-202.11} -40.72 | 230,64 |-228.02 | -67.62 | 115.43| -99.68 -28.07
12Z | 313.41 -70.47 | -11.44 | 408.16 34.51 4.39 | 219.60 | 22.40 4.90
2200Z | 372.22 31.12| 172.15 | 271.81 | 151.84 | 117.85 | 125.97 31.59 53.64
06Z | 518.03 | 257.74 | 129.08 | 217.82 52.00 61.24 | 221.63 | -14.00 -36.77
12Z } 423.02 74.70 | 146.64 | 289.01 53.31 70.48 | 289.21 31.35 63.84
18Z | 413.03 | 102.27 | 122.53 | 115.43 40.00 10.01 | 340.97 34.66 97.03
2300Z | 383.27 | 103.87 | 97.51 61.44 | -25.42 -4,85 | 231.30 -9.31 -4,29
06Z | 210.08 83.57 | 30.19 30.24 | -25.71 -4.17 | 135.52 | -30.86 -8.58
12Z | 115.03 48.51 | 12.76 52.98 -42.06 -6.84 55.91 33.75 7.03
18Z 75.95 53.63 | 13.86 98.21 18.90 2.94 23.39 14.20 3.22
2400Z | 112.43 .| 107.65] 27.33 | 145.44 -2.90 -0.43 30.24 18.27 3.99
06Z | 157.01 | 155.85 | 35.98 | 186.27 156.72 27.89 60.53 44.80 10.75
12Z | 146.98 | 146.73 | 36.81 | 195.81 192.75 40.99 | 122.76 | 110.36 39.60
18Z | 234.44 | 166.35| 69.52 | 137.14 | 133.61 34.23 | 182.65 | 110.49 53.45
2500Z | 314.37 86.86| 78.53 | 244.55 | 183.05 49.03 | 292.08 | 123.59 65.98
06Z | 464.67 78.43 | 144.48 | 389,35 | 163.23 91.89 | 367.12 | 171.73 82.17
7~ 5 | 250.08 54.64| 52.33 | 185.42 35.11 18.44 | 149.71 23.92 19.12
(b)
ARAKAWA HURRAN CLIPER
B R | mERE|EARE|AERE | nERE|EARE | AERE | NERE EARE |AERE
3012Z | 205.58 | -81.00 | -19.32 | 121.89| -57.53 | -10.43 | 236.12 | -106.19 | -26.93
18Z | 91.37 | -54.22 -8.98 91.34 4.90 0.86 | 191.27 | -119.08 -24.05
0100Z 68.09 59.21 9.57 171.71] 101.24 22.34 39.17 26.67 4.28
06Z | 186.36 | 166.09 22.67 | 151.03| 90.21 11.74 | 128.01 82.45 11.35
12Z | 195.03 | 195.07 33.63 | 163.55} 163.55 29.83 | 226.37 195.49 1 25.77
18Z | 336.30 | 336.20 52.61 | 342.77 | 332.84 43.49 | 282.53 | 275.05 39.561
0200Z | 272.80 | 265.77 45.00 32.18 | 32.16 5.59 184.68 | 162.54| 34.12
Z= 3| 193.65] 126.73 19.31 | 153.50 | 95.34 14.77 | 184.02 73.85 9.15
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Table 9 The verification of 24 hours forecast errors in dynamic

model for NAT

@

PE ' EBM

s W WERE | EARE | AERE | AERE | TARE | aE R

22127 | 240.57 | -91.23 | -48.64 | 925.12 | 430.41 | 140.17
2300Z | 135.68 42.04 10.52. | 182.54 {-130.62 | -15.14
23127 181.43 | -86.76 | -28.61 93.49 | -62.40 -9,13
2400Z | 113.89 82.26 26.91 | 289.91 | -81.34 | . -8.91
2412Z4{ 161.00 | 130.43 54.57 | 352.87 [ 171.63 | '19.10 |
2500Z 315.64 | 127.22 | 76.36 | 497.98 | 343.66 96.77

s | 191.37 33.99 15.19 | 390.32 111.89 37.14

fEHFH | 191.37 | 93.32 | 40.94 | 390.32 | 203.34 | 48.20

(b)

PE EBM

i) M| AERE | EARE | AERZ | HER: | EA8:s| aEEs

0100Z | 167.01 -88.75 -20.02 210.29 | -126.28| -12.86
12Z 11.12 -1.24 -0.25 197.68 | -103.82| -12.74
. 0200Z 89.93 | -84.71 -15.91 32.18 -25.20 ~4.15

S b= 89.35 | -58.23 -12.06 146.72 -85.10 -9.92

EE TS 89.35 58.23 12.06 | 146.72 85.10 9.92

» RIHMEP ES140.4 A8 » E BME 268.5 AHMEHEMT :

AE > R ARBAP ERABR R RALYE HARGT :
& R R TR B B o BHEE: LECSA (BREA BR
S g fE M=AD -
e 25BN (BEER) o

i B B — K E B R E M o SEH—A (BEK) o
A > LGRS B ERR B B R ABBAN (EEHZA > B
FHBHRET LR WAL > BRSO BEA) o
RN > BRENERENALRKE B EAEMS HRARS o
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. REPORT ON TYPHOON NAT OF 1991

Chich-shiang Liao
Forecasting Center
Central Weather Bureau

- ABSTRACT

Nat was the third typhoon of 1991 to hit Taiwan and the 20th one in the north-
western Pacific O¢éan. Nat formed around the Bashi Channel. Its life span was rather long
and its intensity also attained to the intense level. It once decayed to the tropical depres-
sion, then reattained to a tropical storm. Nat twice threatened Taiwan and its adjacent
waters and finally made landfall in the Hung-chun Peninsula. It caused serious damage over-
the southeastern Taiwan area and Lanyu.

Due to the influence of the surrounding environment and the interactions with ty-
phoons Luke and Mirrellie, Nat’s moving track was very fickle. It made four major changes
in its moving directions, including westward and eastward, southward and northward, bya
large turning angle. In addition, Nat even stayed stationary and wobble twice. The varia-
tion of the moving track was very large.

From the verification of position forecast track, we found that the CLIPPER was the
best method compared with the others. Its average 24-hour forecast error was 166.9 km.
And the PE model performed best (140.4 km) among the overall dynamic models. As for
the official performance of 24-hour forecast errors, the JIMA was the best (175.4 km) and
the CWB the next (187.9 km).
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Figure 1. Distribution of destructive earthquakes which occurred in the Hualien area on 1986 May 2
0, 1986 November 15 and 1990 December 13 and their aftershocks. [’ represents the main
shock of the 1986 May 20 earthquake, and '[J’ its aftershocks (TTSN, May 20-July 2, M=
3); * A’ represents the main shock of the 1986 November 15 earthquake, and * A’ its
aftershocks (TTSN); '@ represents the main shock of the 1990 December 13 earthquake,
and '’ its aftershocks (CWB, Dec, 13-19).
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Figure_Z. Geological map of the study area (redrawn from Ho, 1986). UU’
ZZ’ are structure lines (MRSO, 1982). I : Tailuko metamorphic
belt (Yen, 1963), [II: East-Taiwan Longitudinal Valley, [V: Coas
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Figure 3. Comparison of epicenters of the 1986 May 20 Hualien earthquakes and its aftershocks deter-
mined by computer program HYPO71 with those by JHDFLS88. Capital letters denotg
epicenters determined by HYPO71 and small letters by JHDFLS8. A’ indicates the epicenter
of the calibration earthquake ( the main shock ) which is not changed in the hypocenter

.determination process using Joint Hypocenter Determination method. Line AA’ strikes
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A STUDY OF DISTRIBUTION AND CAUSE OF EARTHQUAKES IN THE HUALIEN AREA

Cheng-sung’ Wang, Chi- fong Chang
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Tzay-chyn Shin, Yue;long Liu and Chia-hao Chiang
Seismological Observation Center

Central Weather Bureau

ABSTRACT

TheTHualig& area is seismologically very active. In this paper we study the tectonic
cause of earthquakes in the area by examining the stress pattern deduced from the dis-
tribution of the destructive earthquakes, which occurred in the Hualien area on 20 May
1986, 15 November 1986, and 13 December 1990 respectively and their aftershocks and
‘focal mechanisms of some of these earthquakes. Data collected by the Seismological Ob-
servation Center, Central Weather Bureau, and the Institute of Earth Sciences,
Academia Sinica for these earthquakes are used to determine the hypocenters by the

' i'J oint Hypocenter Determination method and to construct the focal mechanisms. Accord-
ing to the distribution and focal mechanisms of earthquakes, we confirm that the main
stress, which results in the earthquakes in the Hualien area, is attributable to the oblique
collision between the Eurasian and Philippine Sea plates. There are two seismic zones
: one, which is striking N30 ° E,.is situated along the eastern coastal line of Taiwan,
and the other, which is striki'n'g N45° W, is located to the north of the Hualien city. Ac-

- cording to the model of oblique plate collision in the eastern Taiwan area (Wang,_ 198
2, 1988; Wang and Wu, 1991), the westernmost pért of the Philippine Sea plate has
phenomenbn of horizontal bending due to its oblique collision against the Taiwan island
. The horizontal bending results in left-handed lateral faulting in the NW-SE direction
across the western boundary of the Philippine Sea plate in the Taiwan area, and causes
the see-saw form of the boundary. This study supports the horizontal bending model.
The seismic zone striking N30° E alonvg the eastern coastal line of Taiwan represents
the original boundary of the Philippine Sea plate, while the seismic zone striking N45
° W represents a left-handed lateral fault line across the boundary.

‘Key words: hypocentral distribution, focal mechanisms, tectonic cause of earthquakes
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Figure 6 Four earthquake sequences. Small figures are the epicentral distribution of each sequence.
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Figure 7  JHD results, cross section and focal mechanism.

(a) ESL earthquake sequence.
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Figure 7 (b) NSY earthquake sequence.
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Figure 7 (c) CHK earthquake sequence.
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Figure 7 (d) ENA earthquake sequence,
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Figure 8  Fault plane solutions of 28 earthquakes.
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Figure 9  Fault mechanisms of all 32 earthquakes.
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Figure 10. Regional stress pattern of Taiwan area from Figure 9 detailed in text.
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Table I

69A T L W ST 1 4 8 PR BB RO BE IR 4 B
SRS TR B 7 B A 2 O R > R K LS Bl
FRER, ©
BOS&SEI 2 ELENBEREHES
WMEAEEE (H1) - WHes S8 lE AR
FE 1A > DARTEEAE S R ) SRR
A B TE /B T B TR T - T 1089 48 B
AR YR {57 B0 A e 0 O R 0 R R ) —
EEE > DS ARE SN S

Earthquake parameters

Earthq&ékes used for analysis of fault plane solution

TIME LOCATION MAG

YEAR MO DY HR MN SEC LATITUDE LONGITUDE DEPTH
E KM ML
1992 2 3 10 37 27.24 23 14.52 120 4.03 8.03 4.55
19%2 2 4 10 5 28.12 23 9.84 120 23.82 15.72 4.67
1992 3 24 5 3 .70 23 38.77 120 54.86 5.19 4.69
1992 4 2 1 39 42.75 24 6.84 121 42.45 24,29 4.98
1992 4 10 0 40 6.53 23 52.63 121 35.26 21.94 4.58
% 1992 4 19 18 32 20.75 23 50.43 121 34.47 8.07 5.57
* 1992 4 20 16 16 38.80 24 27.05 120 42.86 8.80 5.19
1992 5 1 4 31 8.07 23 45.53 121 31.98 4.06 4.96
1992 5 26 21 47 15.48 23 6.79 121 25.58 16.68 4.69
* 1992 5 28 23 19 35.45 23 7.93 121 21.05 13.68 5.44
1992 5 31 13 16 47.94 23 49.56 121 33.08 20.83 4.61
1992 6 14 4 31 47.05 23 46.43 121 31.96 19.06 4.67
1992 6 30 13 7. 40.51 24 7.05 121 46.33 27.79 4.94
* 1992 7 7 0 45 36.27 24 24.47 121 43.75 27.86 5.16
1992 7 7 10 24 35.80 23 51.95 121 39.32 49.98 4.60
1992 7 24 5 26 55.84 24 3.96 121 51.06 27.36 5.07
1992 7 27 15 33 7.45 24 23.51 121 47.04 21.68 4.87
1992 7 30 14 41 31.38 23 33.37 121 35.46 14.03 4.51
1992 8 6 21 29 15.06 24 39.60 122 27.41 .88 5.40
1952 8 8 13 34 22.91 22 35.63 121 15.80 19.66 4.81
1992 9 28 14 +6 2.85 23 52.97 122 40.35 17.58 5.83
1952 11 22 14 25  22.30 23 20.61 120 40.22 12.06 4.17
1992 12 7 6 14 42.31 24 14.66 122 13.23 13.62 4.47
1922 12 8 14 6 23.74 24 27.69 121 22.78 3.22 4.03
1932 12 10 19 4 24.71 24 40.89 120 38.22 6.74 4.67
1992 12 12 2 27 15.88 24 19.20 121 50.50 3.00 4.67
1992 12 16 12 29 5.78 24 18.43 120 49.04 33.50, 4.42
1692 12 23 18 43 50.57 24 11.59 120 10.34 27.14 4.28
1992 12 24 14 32 44.12 23 37.16 121 35.73 29.09 4.11
1992 12 25 5 37 47.24 24 6.82 121 42.58 30.80 4.67
1892 12 28 5 23 25.34 23 51.83 121 48.15 15.89 5.31
1992 12 29 12 13 28.51 23 53.79 122 43.57 5.01 5.42

* Used for JHD
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ABSTRACT

In 1992, a total of 4518 earthquakes in the Taiwan area were detected by the Cen-

tral Weather Bureau Sesimic Network. All earthquakes were well located. The

hypocenters of all events reveal some interesting distribution which can be related to

the tectonic features of the Taiwan area. The study analizes the regional stress pattern

based on the fault plane solutions of 32 earthquakes which include four earthquake

sequences. The pattern shows a good relationships between the hypocentral distribution

and the tectonic features of the area.
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£ 1. AHHETERRERCARESEEH _
Table 1. The climatic and simulated data of main weather elements in Taichung.
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. AV/Total
M- H Wet days (day)
HE{E Real data
Mean 4 7 9 12 9 11 7 2 3 81
SD 2.2 4. 4, 4.3 3.7 42 3.4 4.4 3.3 1.8 1. 2.3 12.4
HE$E{E Simulation data
Mean 4 7 9 12 9 11 7 2 3 81
SD 1.9 2. 3. 3.5 3.4 2.7 3.2 35 2.7 1.4 1. 2.1 9.6
‘ HWE Rainfall (mm)
t FHE  Real data :
Mean 33.1 69.8 88.2 109.5 219.1 358.3 222.7 333.7 134.6 12.8 19.6 21.9 1623.4
SD 25.2 85.1 73.2 96.2°118.8 227.0 150.4 212.0 148.0 15.8 21.3 23.9 368.7
BEEE{E Simulation data
Mean 34.4 75.3 83.1 101.8 234.5 326.7 221.1 297.7 148.3 12.4 17.8 20.7 1573.8
SD 256.4 47.8 49.8 71.1 144.7 151.8 126.9 181.8 83.1 17.1 22.9 19.6 352.1
BERE High temperature (°C)
EHE{HE Real data
Mean 21.8 22.2 24.6 27.9 30.3 31.7 33.1 32.6 32.0 30.3 27.2 23.6 928.1
SD 1.3 1 1. 1.3 0.9 0.8 0.7 0.6 0.6 0.7 1. 1.4 0.4
HEER{E Simulation data
Mean 22.9 23.5 24.2 26.9 29.2 31.6 33.2 33.0 31.8 29.9 26.8 24.1 28.1
SD 1.9 1 2. 1.3 1.3 0.9 0.7 1.0 0.9 1.4 1. 1.6 0.6
RIER® Low temperature (°C)
EEEfH Real data
Mean 11.4 12.7 15.1 18.9 22.2 23.8 24.7 24.5 23.4 20.6 17.1 13.1 19.0
SD 1.8 1 1. 1.0 06 0.6 0.5 0.5 0.7 1.2 1. 1.4 0.4
BHE{E Simulation data
Mean 12.4 13.2 14.4 17.3 20.7 23.8 25.4 25.2 23.3 20.4 16.8 13.9 18.9
SD 1.6 1 1. 0.9 0.7 0.4 0.9 1.2 0.2° 0.7 1. 1.2 0.4
JB, 3 Wind speed (m/s)
B BE{E  Real data
Mean 2.0 2. 1. 1.5 1.4 15 16 1.5 1.6 1.8 1. 1.9 1.7
SD. 0.4 0. 0 0.3 0.3 0.2 0.3 0.2 0.4 0.4 0. 0.4 0.3
EHE{E Simulation data
Mean 1.9 2. 1. 1.6 1.4 15 1.6 15 1.7 1.7 1.9 1.8 1.7
SD 0.4 0. 0 0.5 4 0.3 04 05. 04 0.4 0. 0.4 0.1

SD : Standard deviation
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#£ 2. CHEMEFERRERC AMGREEEE

Table 2. The climatic and simulated data of main weather elements in Taichung.

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. AV/Total

W H Vet days (day)
‘ - EKE{E Real data
Mean 11 13 13 12 15 12 7 10 11 11 11 133
SD 3.9 4.0 3.7 3.7 36 3.8 2.8 54 40 4.4 3.1 3.1 14.2
’ B Sinulation data
Mean 11 13 13 12 15 12 7 10 11 11 11
SD 3.6 3.7 36 36 3.2 3.4 28 3.1 3.9 3.6 3.6 3.

o

©

133
12.4

N=N

YN E Rainfall (mm)
. EH{E Real data ,
Mean 82.9 10077 97.1 115.2 206.1 242.6 192.2 236.3 376.8 300.0 155.0 62.8 2167.8
SD - 64.7 78.6 50.7 81.4 120.0 166.3 162.0 189.4 234.2 321.6 146.8 37.9 448.9
Rifg(E Simulation data
Mean 81.3 105.6 92.1 122.4 216.0 248.4 167.9 239.4 348.3 287.2 168.1 71.0 2147.8
SD 40.5 58.2 39.0 54.4 79.1 110.5 112.2 143.1 180.8 138.0 84.2 40.1 393.4

BERAE High temperature (°C)
: : BB Real data
Mean 20.6 21.2 23.1 25.9 28.3 30.0 31.6 31.5 30.4 28.0 25.1 22.3 26.5
s s 13 16 1.1 1.0 0.8 0.7 0.7 0.6 0.7 0.7 0.8 1.3 0.4
‘ EE{E Simulation data
Mean 21.9 21.8 22. .2 30.2 31.9 31.5 29.8 27.4 24.6 22.2 26.4
Sb 1.4 2.3 25 1.7 1.8 16 1.4 1.6 1.8 2.0 1.9 2.2 0.7

-3
&N
(S
(=}
[N~}
oo

H{ERKE  Low temperature (°C)

’ EKE{E  Real data :

Mean 14.4 15.1 16. 23.7 24.9 24.6 23.5 21.3 18.9 15.9 20.1

SD 1.2 1.3 1.1 0.8 0.7 0.7 0.6 0.6 0.6 0.9 0.9 1.1 0.5
BEE{E Simulation data

Mean 14.8 15.6 16.4 18.8 21.6 23.8 25.0 24.9 23.4 21.0 18.5 16.2 20.0

SD .1 1.4 1.1 0.7 05 0.2 0.93 0.1 0.3 0.6 0.8 1.1 0.3

el
—
Nej
[$]
N
[N]
S

J& 3 Wind speed (m/s)
EBfH Real data
Mean 2.8 2.7 25 2.4 2.1 21 22 21 2.3 2.7 . .
SD 0.5 0.5 0.5 0.4 0.3 04 0.4 0.3 0.4 0.5 0.7 0.5 0.3
#HEE{E Simulation data
Mean 2.8 2.7 2.40 2.3 2.1 2.1 2,1 2.0 2.3
SD 0.5 0.4 05 0.3 0.3 0.4 0.4 0.3 0.4

2.7
0.5

(el
w
(=)
ol
Lo
[

SD : Standard deviation
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Table 3. The Climatic and simulated data of main weather elements in Taitung.

Jan. Feb. Mar. Apr. May Jun. Jul. Auvg. Sep. Oct. Nov. Dec. AV/Total

M H Vet da§s (day)
: : B WifE Real data
Mean 6 7 .. 8 8 11 11 9 10 12 8 6

5 102
SD 3.0 3.3 3.1 29 3.9 4.1 4.0 4.8 3.4 4.0 2.9 2.4 14.5
B ME Simulation data
Mean 6 7 8 9 10 12 10 9 11 8 7 5 105
SD 3.3 2.4 3.4 3.3 3.2 4.1 2.8 3.3 3.4 29 30 2.7 9.2
, #WE Rainfall (mm) ,
o MM Real data '
Mean 49.0 43.9 50.0 79.3 167.6 252.6 282.9 284.8 307.2 196.1 82.7 37.2 1833.3
1 83.4 36.1 533.8

SD 44.9 31.9 31.3 57.8 121.9 181.9 197.7 221.5 241.3 212.

‘ B {E Simulation data :
Mean 49.6 39.4 62.0 94.7 162.2 313.3 301.7 284.7 275.5 227.6 85.8 42.8 1939.3
SD 34.7 23.1 36.9 51.6 79.3 160.5 138.5 165.8 128.6 137.8 50.4 29.3 338.5

HERME High temperature (°C)
EKE{H Real data
31.0 32.1 31.9 30.9 29.0 26.4 23.8 27.
.0 0.8 0.8 0.8 0.9 0.7 0.8 1.0 0.
BEEF(E Simulation data
30.9 31.9 31.9 30.3 28.4 26.2 24.4 24.6
1.4 1.3 1.6 1.7 15 1.4 2.3 0.7

[ee]

Mean 22.6 23.2 25.1 27.
SD 1.1 1.5 1.0 1.0

(=]

no
— O

[oe]
=N

-3

Mean 23.3 24.1 24.8 26.3 28.
SD 2.1 2.0 1.5 1.8 1.

(%)

HIERE Low temperature (°C)
BE{E Real data
Mean 15.9 16.7 18.4 20.8 23.2 24.5 25.4 25.3 24.3 22.5 20.1 17.3 21.2
SD 1.2 1.3 0.9 0.8 0.6 0.7 0.6 0.6 05 0.8 0.8 1.0 0.4
B Simulation data
Mean 16.6 17.2 18.2 20. 24.8 25.8 25.5 24.1.21.9 19.4 17.5 21.2
SD 1.1 1.2 0.7 0.8 0.6 0.4 0.2 0.3 05 0.6 0.9 1.3 0.3

3]

o
[\
oo
[=7]

B 3 VWind speed (m/s)

EME{E Real data
Mean 2.8 2.7 2.6 2.4 2.1 2.1 2.2 2.2 2.4 2.9 3.0 2.9 2.5
SD 0.4 0.5 0.4 0.4 0.7

B Simulation data
2.1 21 2.1 2.4 2.9 3.2 2.9 2.5
0.4 0.4 0.3 0.5 0.4

S
(=21
(=]
[=2]
[e=]
(2]
(=]
(=]
o
(=]
-3
S
-3
L]
(921

Mean
SD

[\ ]
e
SN
-~ O

7 .
5 0.4 0.3

(==l NG

SD : Standard deviation
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Fig.1: The monthly fluctuation of wet days for actunal

and simulated data in Taiwan.
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Fig.2: The monthly fluctuation of amount rainfall for

actual and simulated data in Taiwan.
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Fig.3: The monthly fluctuation of average maximun
temperature for actual and simulated data in

Taiwan.

15 v Yoy v 4 T r v v r
JAN, FEB. MAR. APR. MAY JUNEJULY AUG. SEP. OCT. NOV, DEC.

A # Month

& Simulation + Actual data
4 : SRBETYRERR TR EEEEES
e

Fig.4: The monthly fluctuation of average minimun
temperature for actual and simulated data in

Taiwan.
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A VALIDATION STUDY OF SIMMETEO MODEL IN TAIWAN

Yu-fang Chang

Central Weather Bureau

Shu Geng

Professor, University of California,' Davis

ABSTRACT

SIMMETEQO (Simulator for Meteorological Variabies) model was used to simulate

weather variables for Taichung, Hualien and Taitung regions in Taiwan. The weather

variables simulated include . wet days, rainfall, daily ‘maximun and minimun

temperatures, and wind speed. Results of the simulation showed a close approXimétion

to the real observations for all weather variables. However, simulation for Taitung (

located on east Taiwan), was less satisfactory than for the other locations. This study
validates that SIMMETEO model offers a realistic and analytical tool which can be

used to assess weather impact on agriculture in Taiwan.

Key words: SIMMETEOQ Model, Weather impact.
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Figure 4: Station configurations of Loran Chain
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(2)Omega 3 fif 1

EH > Omega LA 7 4 6 i 9 525 £5 10KHZ- 14
KHZEGEASH (VLF) > BHfEFHERRE » R
BEMIR EEB S ETSH A > Omega BT RH
RIESTRR T A E 2R » Wi HAEEMRREEET »

EIRECHELUR T BRI BT 0L (B
R=AHE+AHE) (Lange, 1985) » SE8{EELH

- 19765 PR RESE - IEMHIEA 9000 A B » By

BEAREMT » FAAMBE6FTR o

R iz & E . E

A Aldra, Norwayifik 66° 25'12.55"N 13° 08’12.52"E
B Monrovia, Liberiaf|}LEg 06° 18’19.39"N 10° 39’44 .21"E
C Haiku, Hawaii, USAB B 21° 24716.90"N 157° 49'52.70"¥
D Lamoure , North Daksts, U.S.AJbzE#RMi 46° 21’57.20"N 98° 20’08.77"V
E La Reunion, Reuniou ISHEFE 20° 58726.98"S 55° 17722.81"E
F Golfo Nuevg‘v, ArgentinafafR&E 43° 03’12.53"S 65° 11’27.69"W
G ¥oodside, Australia®if 38° 28’53"S 146° 56°07"E '
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A< (Vaisala, 1989 ) ‘

- P=FW

EXFERXwmw=¢" 1" pr! FTu! DP
HopW = &
F=#%A{R (R —BEER)
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Figure 6: International Omega network (After Lange, 1985)
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AR=CSC (22 (CSCH)2 (AG)2 +(C0S6)2 (AZ)2 J¥ e (8)

eR ' %
AR= (( )2 (A6)2 +(—)2 (A1)2 )
el ¢

FRAMIISRAE T BE3KM » {130 T » MR EMMEAZ = £5m0 » {IAE=EA § = £005° » Hik
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(random error ) F i . JB IF) B 38 3% 2 1 SR R 1 3822 ( systematic error ) EE o {HL7E TS BRI BLAY 2R 22
T RS RS o BRI R AR (rms ) BERERAT

sT=((89)2 +72 (o2 V¥ (9)

%Eﬁﬁ%m%ﬁﬁ’ﬁﬁﬁﬁmﬁ%ﬁ%%f%mﬁtﬁﬂﬁﬁﬁ

di:[%(&@@lﬂ(dlﬁ I

Rt EEERC T YRR RRER TR EREBRZTRRUT (Wang and Felton, 1983)

> 2§2 T2 '
(612 =(8WM)2 @2 +———((¢8)2 (@ +1)® +(3a)2 Q2 ) oo (10)
(62)2 =(sW)2 t2 /2 e, (11)
He
t =R
v =BRRER Y LA WA 1L
v =HESMLE
Q =REE EA R =/¥
0l =HERE
o O={HE
¢ o =FrfamE
ORBEQ/BENAZRZE
FERERRRARMEREZFRFJ)R o (WMO > 1981)
OFZARAGRAERE _
R 7 1 R R 2 7P 7 B M S5 TR R A1 (Waing and Felton » 1983)
(3_\/')2 :L[M+(§g)z 12 +(5 )2 22 @2 ) R (12)
t2 Q2 +1
(6r)2
(s7)2 = +(6 8)2 12 Q2 e (13)
Q2 +1

H:oor: pHERE
O AT AR BN 2 BB
R T R 2R 7 7 R I A 3532 W 2 R 411 F (Wang and Felton » 1983 )
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LATITUDE

LORAN-C WIND ERROR PREDICTION FOR ASIA

(Sampling : 3.75 s . Smoothing : 30 s)
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Figure 8: Loran-C Wind Error Prediction for Asia (After Passi and Morel, 1973)
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Figure 9: Sounding Profile of May 28 1991 (Line

land2) and Mafy 29 1991 (Line 3 and4)
Whereas Line "1 ,is Omega Wind, Line
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T4 | are Radio Theodolite wind
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Figure 10: Expected r.m.s. four-minute average wind errors at local noon. The contours are given m/s.

(After Olson, 1978)

F— ! AEEESERZEZSH ($HE Wang and Felton, 1983)
Table 1: Vector Error of Wind as a Function of Height and of Ratio, ¢ , of Mean Wind to Rate of Ascent
(After Wang and Felton, 1983)

Height (km)

5 io 15 20

o] a b c a b c a b c a b c
kts

1 1 1 ) 2 1 2 3 2 3 2 5
2 1 2 4 2 6 3 13 7 4 18 9
3 1 3 7 3 11 10 4 23 13 5 40 17
4 2 5 10 3 18 16 5 40 22 6 71 28
5 2 7 14 4 28 23 6 61 32 8 110 42
a, radar '

b, double theodolite or direction finder
¢y optical or radio-theodolite and assumed rate of ascent
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R WRSKREEY SRR EMEEZ 54 (51 Wang and Felton, 1983)
Table 2: Root Mean Square Height Error as a Function of Height and of Ratio Q (After Wang and
Felton, 1983)

Height (km)

10 15 20
Q a b c a b c a b c a b c
meters
1 17 27 43 22 51 43 29 85 43 37 130 43
2 19 29 43 35 69 43 52 136 43 69 216 43
3 26 34 43 51 92 43 77 187 A3 102 314 43
4 34 45 43 68 123 43 102 244 43 136 415 43
5 43 *55 43 85 163 43 128 310 43 170 515 43
a, radar
b, double theodolite or direction finder
¢, optical or radio-theodolite and assumed rate of ascent
= ! 2R Loran-Cl £ 18 K R e
Table 3: Currently Available Loran-C Stations
Loran-C stations network.
No. Location Latitude Longitude Kw No. Location Latitude  Longitude Kw
Curvently available stations 38 Kargabarun TURK  40°58'N 27°52E 165
1 Kure Is HI 28°24'N 178°18'W 278 39 Ash _Shnykh ARAB 28:9N 34:46'E 400
2 Saint Paul AK  S7°9'N 170°15'W 275 40 Al Lith ARAB 20°I4N 40°IS’E 200
3 Johnston Is HI1 16°4S'N 169°31'W 275 41 Al Mussawam ARAB 16026’N 42°4B’E 800
4 Pont Clarence AK  85°1SN  166°S3IW 1000 42 ARf ARAB 23%9N  42°SIE 800
5 Upolu P1 HI  20°I5N  155°53'W 275 43 Al Khal_'nasm ARAB 20028'N 44034’13 800
8 Narrow Cape AK  S7°26N  152°22'W 400 44 At Rugi ARAB 29°I’N 46037’5 200
7 Tok AK  63°20N  142°49'W 540 45 Sawla ARAB  24°50'N 50°34°E 800
8 Shoal Cove AK  55°26N  131°15'W 540 46 Kwong_Ju KORE 35:2'N 126:32’5 175
9 Port Hardy BC 50°36N  127°21'W 400 47 Gesashi JAPN 26036’N l28°9’!§ 1000
10 Middletown CA  38°4TN  122°30'W 400 48 Pohang KORE 3601 I'N 129020'5 175
1f  Williams Lake BC SI°S8N  122°2W 400 49  Yaplsland USA~ 9°33N  138°10E 1000
12 George WA  47°4'N 119°45'W 1600 50 Iwo Jupa JAPN 24°4B'N  141°20E 1800
13 Fallon NV 39°33IN  118°S0W 400 51 Hokkaido JAPN 42°45'N  143°43E 1000
m Searchlight NV 35°10'N  1j4°48°W 540 52 Marcus Istand JAPN  24°17'N 153°59°E 1800
15 Raymondville TX  26°32N 97°50'W 400 53 Attu Port AK  52°50N  173°11E 275
16 Baudette MN  48°37'N 94°33'W 500 . . .
17 Grangeville LA  30°44'N 90°50°'W 800 Modified and additional stations
18 Dana IN  39°5I'N 87°29'W 400 3 Lessay FRAN  49°9'N 1°30w 500
19 Malone FL 31°0'N 85°10W 800 32 Souston FRAN  43°44'N 1°23'w 500
20 Jupiter FL . 27°2'N 80°7'W 275 54 Mizen Head IRLD 52°N 10°W 250
21 Carolina Beach NC 34°4'N 71°55'W 550 55 Slonim USSR 53°3IN 25°20'E 1150
22 Seneca NY 42°43N 76°50'W 800 56 Simferopol USSR 44°57'N 33°46'E 1150
23 Nantucket MA  41°15'N 69°59'W 275 57 Petrozavodsk USSR  61°48'N 34°19°E 1150
24 Caribou ME  46°48'N 67°56'W 350 58 Briansk USSR 53°13'N 34°24°E H50
25 Fox Harbour CAND  52°23'N 55°42'wW 800 59 Syzran USSR - 53°1I'N 49°46'E 1150
26 Cape Race NFLLD 46°47'N 53°10'W 1500 60 Ussuriisk USSR 43°48'N  131°S8°E 1000
iy Angissoq GNLD 59°59'N 45°10'W 760 []] Aleksandroy USSR 50°56'N  142°38°F 1000
28 Sandur ICLD 64°54'N 23°55'W 1500 62 Petropavlovsk USSR 53°0'N 158°7°E 1000
29 Jan Mayen NORW  70°55'N 8°44'W 165 63 Okhotsk USSR 59°23'N  143°12°E 250
30 Ejde DNMK  62°18'N 7°4W 325 64 Kurilsk USSR 45°1I'N  147°56°E 250
3 Lessay FRAN  49°9'N 1°30'wW 250 65 Xinhe CHIN 22°25'N  107°21 E 1000
2 Souston FRAN 43°44'N 1°23'w 250 66 Xindu CHIN 23°58'N - 111°43E 1000
13 Estanit SPN  42°4'N 3°12°E 165 67 Zhangxi CHIN  23°44'N  116°54°E 1000
34 Syl GERM  54°48'N 8°I18E 325 68 Monitana USA 49°N 11w 400
35 Lampedusa ITAL  35°3I'N 12°32°F 325 69 Wyoming USA  43°N 106°W T 400
36 Bo NORW  68°38'N 14°28°E 165 70 Colorado USA  37°N 102°W 400
37 Sellia Marina ITAL  38°52'N 16°43F 165 i Texas USA 32°N 106°W 400
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BS%A © FRESSTE A ~ BB R% (Wang and Felton, 1983 )
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Figure 1: Vector Diagram Ilustrating

Aircraft wind determination

 Ki8&B . |3 EAFEEEFH X ( Middleton and Spilhaus, 1953 ) )
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Fi83C : & & & AIE % (Wang and Felton, 1983 )
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Figure 1: Geometry of the Pilot Balloon in Flight
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Bt8%D : LoraniE {51250 ( Karhunen, 1988 )
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Figure 1: Loran-C geometry (After Vaisala, 1989)
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A REVIEW OF ERRORS OF UPPER-WIND MEASUREMENTS

Yeong-junag Wang

Central Weather Bureau

ABSTRACT

Upper-Wind measurements are important to th