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# 1. WSR-88DE SERK—EE

Product Name System ID
Combined Moment cM
Combined Shear Ccs
Combined Shear Contour CsC
Composite Reflectivity CR
Composite Reflectivity Contour CRC
Cross Section
Mean Radial Velocity VCS
Reflectivity RCS
Spectrum Width 5Cs
Echo Tops ET
Echo Tops Contour ETC
Free Text Message FTM
Hail Index, HI
Layer Composite Reflectivity
Average LRA
Maximum LRM
Mean Radial Velocity v
Mesocyclone M
One-Hour Precipitation Accumulation
Amay DPA
Graphic OHP
Radar Coded Message RCM
Reflectlvity R
Severe Weather Analysis SWA
Mean Radiat Velocity SWV
Radial Shear SwWs
Reflectivity . SWR
Spectrum Width SWW
Severe Weather Probability SWP
Spectrum Width SwW
Storm Relatve Mean Radial Velocity
Map SRM
Region SRR
Storm: Structure S5
Sterm-Total Precipitation Accumulation STP
Stomm Tracking Information ST1
Supplemental Precipitation Data Srp
Three-Hour Precipitation Accumularion THP
Tomadic Vorex Signature TVS
User Alert Message UAM
Velocity Azimuth Display VAD
Velocity Azimuth Display Wind Profile VWP
Vertically Integrated Liquid Water VIL
Weak Echo Region WER

Note: The Layer Composite Turbulence products have been omitted {rom the abo\'t:‘. listing and
from the discussions in this chapter since the NEXRAD Program Council has_Qctcm:ncd that the
products will not be included as part of the WSR-88D Initial Operating Capability.




R ) B S ] o 3 iR B B Unisys Corp. R
ARIBIE - 0 WSR-88D B {28 {1 S B B ) A R
RS R ATRERRSIE 1A LTRIHEEE
EBGER - AU T A4 WSR-88DIT M EIREAE
EEE AR EERES - TREHDEERRN
TR E R IL R R PRI » R
R A BB R R B 7 R 6 I WSR-88DH
MRS ERERER AN 2E -

— -~ WSR-88D#} [ SR BB E M

EERFER - EETRGERFIEERREE
FTEER; - RERBROHBEE - 75H 197951
EBRRF-ARREE  EMHEFERNR Next
Generation Weather Radar program - ff§NEXRAD,
(1991, Part A) » R AGELES H O HREEHR
MANHRFETESE - M Joint
Operational Project (JDOP) - JE%5 585 5 HH IE i g
BB R - I LR EE R R AR
KEFRABRER - TE198658 704 - EHFH
Operational Support Facility (OSP)#k&HEMET

Doppler

. Generator;

¥ TEEDREAEY A — R MRS
T hEET2HOBEE - Bt - A28
# > EERE—ERE NRSEE o EHEE
BYGE A - ABETHEE JISETR - Kk
NEXRADZH # THHFAUE MR BEENZH
Unisys Corp, f7 & B A WSR-88DHI T - FH—I
WSR-88D7E 19904 Bk 1S BL T 1 T 4 4 5 i i B
REE - FREI96ERE  ERALBRESF
i 22 B I WSR-88 D AN ASE S EI 42 1401, - 35PN
ERERERm - BREREHEREISEU L - 55
AR REEELER2REMAE —HEA
WSR-88DRY B 1 - T4 /T F B M BT AR I
PRIETIES - SRREER S - 63 - CREE
T

WSR-88D ] DL L4 0 BRAT - M TERERY RN
w1 - REESTISEEER A S B EA
BB EAE S » SRR ERFRE SRS
FIoRH# - WSR-88DXEH R Lo =R
NV EFE RS 4 (Radar Data  Acquisition;
RDA) » () F ZE & 5 E £ & 4 (Radar Product
RPG) » Q) E B &0y i B8 4

RPG Computer PUP Computer
Transmitter Communications Graphics Processor
Recelver ) . Workstation
Signal Processor Unit Centrol Position
RDA ‘Computer

RDA
Radar
Data

Acquisition

EE] =
Principal
Product User
Generator Processor
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(Principal User Processor; PUP([E{—) - RDABERPG
R E R DL B A (Wideband, 1.544 Mbits)if 5B » €
WSR-88DJE S HYER FH /R A B RIS R RARRIRDA ]
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EORLAS A MR T BL s B R 7 2B - ERRPG
BAPUP,7 [ Bl Bl 2248 (Narrowband, 9.6 Kbits)3H 5
#5(Crum and Alberty, 1993) -
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TRy ¢ ENE R R A S — R R A A FT
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EHETERIEE - MR E TR T ET L ARG E S
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HAENFT > BLEFAEH TR L BEOEL - #

= HEEMNEE
Fi F 4 B8 %7 371 54 #E (Geographic

Information

RDA

System; GIS)AYH:HT2REIBIER L BRI TIE » B
T—EE ARG - EAERBTIEI H AR
TR IR A AR E R R/ (PR EGER » 1992-
95) » BT IR B S BORT BT B S R B R ST
PER R RS WS ET RS AT E TR
& B - 2ERTH - R/ MERRRNE
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o R TR A RS E R 86T £ T AR R B B A Y
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Fi B A B R R - BlBR T 25 U EER
B L ERARAAERME TR E R A
R DR AT B R WA S SRR SR
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EHUAtE: - mBREMER - AR SEEs
v RHRE R AR R ER N F R ELS N -

RPG PUP

Comblned Shoar
Contoured Cembined Shear

Combined Shecr_‘—-l:;

Precipliation —> One Hour Acounulation
Progessing = Three Hour Accumulation
Systom q-—i Storm Total Accumulation
——» Hourly Digital Precipitation
STORM:
N " sogments/ 1
Eum_p_onelb w
~ . “Contrelds.
Reflectivity w1
Tuck  b———fj————3 Storm Tracks
|_Forecast
* Stoctun H—=————=3 Storm Structure
L. Hefl | p—=——> Hail
Echo Tops, [ Etho Tops
Vaertically Contoured Echo Tops
Integratad > Vartically Integrated Liquid {LIV}
KR \?‘Bvﬁlm > Babili
aalher Savera Weather Probal
From L prababity - v
RDA L————> Maesocyclons
Tornadic
¥ Vorex > Tornadic Vortex Signature’
. Slgnature
Velocity .
Velocity Azimuth VAD Wind Profile
Display VAD Plot (single elevation)

Spectrum
Width

Laysr Composite Turbulencs Array
Layer Compuosite Turbulence

Turbulencea _I—g

Maximum
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(Extended Taiwan Region)[E &~ FH(E=) -

3. WINS{H FH B ok (o e T A IS Ty L
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Geological Survey; USGS)f 19904F B an 7] Ay Bk
L9945 B (Digital Line Graphs; DLG)EEHER% =023 SLE
TS IR S B R N B B Y OB EE (data. base) 36K
ST R T B HER B B A R (o (Barth. Science
Information Centers: ESTC) bt {1 i b 8 5 1
S B UnREH I - 4508 Digital Line
(DLG),(2)Digital Elevation Models(DEM) » (3)Land
Use and Land Cover digital data » (4) Geographic
Names. » H B LR EROLG) X4 HAEAF
RE  ZEEHER - BIFRENBRE S Z
—(1:2,000,000) b 1l X Fir 2 5 1Y 450 48 35 BL i =X
(Standard format » USRS AR )R BEHE
o S EFRII IR AR Y RN
S8 5 P (Logical record length) £ 144 bytes i Hix
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Graphs

REESC — ARG LEEEREE =R
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EFEHIE R (Map Projection) » 25 BIRF F%E
FREFTRANE ZESHHEAZE R (Two Degree
Zone Transverse Mercator Projection) gk o {H3g
HAE PR A RRVER T R 52 Rk BeE e
B {HHr 5 f% Bl#(Albers Equal-Area Conic Projection)

88 » Y Unisys Corp. E#J7ET ST WSR-88DH(
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THFNA o R AR P AR q(216) ] 0
PR 27 L5 AR TEBAR 2R T (216D 0 0
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¥k PORET v

BREE e

REEAR a2

FRIAA
NEZ AR L

(N BREEAR « ATVERUAR - L:AREME » A70R M FRERD

FORER i6

HERAR IR BB S 216
HiRE A AR R e, 2i6
HREUAH B B 2i6

BRELE AR AR i6

sk BIMEACHBHT ook

1 B
AT 0
AEEE 0
B 1
THER 0

BHEAEESB FEEMajor Code) B EE(Minor Code)

FEAE  KEAE

140 1100
1123
1150
1155
3010
3056

200 Ta01

300 1190
1199
1299

490 4000
5000

NEWERBRERMET eGSR > FETRE
W STREITRBESIES B9 mE-Ri
$ei - LACE AR BRAYFR -

YR B b AR 1 B B S % X (Standard DLG
Distribution Format) =245 £ 4505 i (Header records)
EEE R (Data records) B ATE - MEEHE R ATE
HERE2N - B - HNERE - TS
BTN SRR P S - FTE SR E SRR Rk E
R - BIEGE - BEERENE - SRS
F-32768 3276 TR E R - HAAMEEPTLER
- ILUAREREY HEFERHPETEHE00L
B iR /ANEAT BT 5082k » DU B AR i
TE-9843F9843 2 [ - H_RIS A IUFEERAR
8 PR R LR M B R R N B R R
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IMPLEMENTION AND APPLICATION OF BACKGROUND
GEOGRAPHICAL MAP OF WSR-88D RADAR

Hao-chun Hsu

Northern Weather Radar Station
CWB

ABSTRACT
The operation of the Weather Surveillance Radar - 1988, Doppler(WSR-88D) was produced in

Next Generation Weather Radar (NEXRAD) plans.

The WSR-88D will be implemented at the

Northern Weather Radar Station by the Central Weather Burean (CWBE) in 1996. After the daily

provision of meteorological and hydrological services, the radar will provide over 40 kinds of

products about refilectivity, radial velocity and spectrum width., All of WSR-838D products are with

high in temporal and spatial resolution, Current background geographical is too crude and rough to

Use.

This paper is to establish high resolution database which includes geographical boundaries,

administrative boundaries, streams, rivers, drainage boundaries, traffic nets, the city names, radar

sites, and etc. This paper describe the rules of using WSR-88D background map and can be very

helpful to forecasters while analyzing mesoscale weather systems, and providing better weather

_forecast.

Key words: Geographic Information, Albers Equal-Area Conic Projection, WSR-88D.
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EHPERAE LAAE - BEERR LT RHEERES
T R 7 i 2R S AR - 75 T AR EAg 6 -
HFERABE R

B = f:. ﬁdp'/ -[::. dp’ -

TEFERRYRAR ST IR THEL I - FRFIR R SRt
ARSI M Q13)RNURAT-HE - (5
dp'/T~d(1/6) > BFTAIEAIRARRIT

- 212

_ ~ ln(ﬁk)— 1n((-_3k+1) _ B, ln((")"k 6“,)
(Ek "Vék+l) -1

B = i 1

B 8

° (2.14)

ERFERRBEUT - BOEHCEEEENER
BRI # 8 (piecewisely constant)s )} » HI(2.1.9)=%
SRR A7 T R S

6y (P;H.'z - P;) + §k+l(p;+l —‘P;+:fz)
(Per —Pi)

B = . (.15

&R RE » HWMRE §N+H2 = §N °
O EE AR ETE

PR gE LA EF I 1LHR2.1.5) KA FH
SERkER - AR R R B S (i PR

BZy = B2 = cp§k+!.'2(p:-+l _PL) ‘

MAMRAIR SRR (7y,10) BEA - TR

- L] L]
BZy = BZnan +Cp9N+|fz(PN+yz - PN) T

HREEMHCLDAMBENMEE LRI > &8
WHEYESM (RO ERE -

FEERHWEERLAT » R PR AR
AERREE2.1.5) - TEEmEAEDRRE Q.2
DFIE2.2)A > RISPLRMEE I (REDM
EE) WEHE » TRt R D Arfat i B — kR
B

B21n = Bz +C,0, (Ps:-mz - P;—uz) ’ (2.2.3)

BZk_12 = 8% +Cp§k(P; - P;-m) 3o (2.2.4)
&

82112 = BZy +cp§k-|(p;fb'2 ~Py ‘r) o e (2.2.5)

BTG R2.3) » Q2HRQ2.5)=ZRATHE
— B R - TR AENQ.2.) B E R
E—RIER T ERERRTIOER - RSB
R S5 P T A P B A R R T 3R
Bt NEBRIERE T

Bz = {Ezhmpmfz +°g§u[(P;+u2 —P;)Pumz +(P; - P;—ltz)Pk-m]

ﬂ%g(]’lﬂﬂ ‘P;Auz) }/pk-lll o s (2.2.6)

HQLHAN2.2.1) KA 2.2.6)5 - RATATLIBH
(2.2.6)NFIEE(2.2.3) ~ Q225X BE—F
8 - HERERRTH—BHEE - (2.2.3) - (2.24)
M2.2.5)zRAHE (2. 1.5)F0Q.2. DA R H » (2.2
6)F A TR — g iyl - Z£UCLA GCMA » &
BEAMEEREREC24HXH - AR L
LETEA - HIBAQ20H - EREEHEGTR
J A o A e TR By i A B BRI 6 PR RO B R 4
(forward scheme) # S i FESEAEL » HLEILH

82512 = B +C,Byp (p; —P;-uz) )
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FEAEATEWENARET 2%  BFIET
ATELEZIFEE « BEBIE LAORRRE T SRR B R

5, =cp"fk FEE © rrrrrrrrsssessssrasnrinnirninnne 2.3.1)
PREHRENGCNHRTETIENE R > ROBE
DISHH M E A RN AR PEE EAR
Feikazigee - AT

Sz = CpPriaPi + B * e (2,3.2)
FEUCLA GCM » 8RB NIRRT 5

BNo12 TBN P ettt e (2.3.3)

Stz = CpPNPrat F BZNayg © ereeresseneneacs (2.3.4)

@EFAGRE S

BUE LSRR A @O T B R E R
BERE - SREALENE  LEsRBEDS
FLIE RS R G FRR AT R AT e I O R
(B & » {ELSRIR B4 B2 6 Toaiz = §Np;q-uz il
Toarz = OnaaPon s BFRBLISL - BB IR
ERFHAREEME - LSBT RIS E
HRAHEPEEHBEMAEENE - EHEBN
A - RIOVERENATR S HEMIER
A MRERM T4

—* (P;urz - p;.)

Tz~ Ty Eﬁ)k(P:m.'z - P;]‘x 1 ~ veees (2.401)

4

. ([?; o p: _lLll

Fpo Rtz §k<—l(p.k+l - P;.m) * Gy, . - (2.4.2)
k4l

(2.4 ADHEM

e (e s Pra(Proz-m1)) ...
Gy =i "'(qm ~ 4 )//[1 + pz('p(;: i’;m: ] (2.4.3)

EHEEEM L - BB RATKSERS R E
% DEENMZ FHEBEYE - DR AN ED
U o ERBERER > SERARIES LR

eskads - I ERMIESR

% Iofd Ta) |
Ly }

Qa2 =
A4k icet -1

H L RESER > EI/KRESETREER

8 » AR ES ROBEANTEMS » & §, 5

Ton BEA—EIRE > ROTSHEEDSE - FE

B BIESR Ty TR

GRS LA
SEEEEAKRBELENEREEHRENIR

Al » — A TR E B R S

3 . El'k(Pk»,uz —Pk)"'qm(Pm _pk+lf2)
k+l/2 =
Prs1 — Py

o e (2.5.1)

AR E SRR BRI R T REE &

PIAERE RN EERATIHS - BB
HERERDMEAFNEE RS AINETEEE
By - FEUCLA GCMH » 3 5LE A RIS B & HL Y
EE BRI HERTRENEE N R
ANtz = Aoy = Gy o BEHEIE A9 VRGP 180 U0 DA 865 38
FEREEYE » AEM RS OB RE - S5k
2 B SEAUA{E A MR R R TNE  Hs S
Al FEER

(R‘H)k + (RH)k+1 - 2(RH)k (RH)k+1

(RH), ,,;, = 2-(RH), —(RH)

* (2.5.2)

K+l

BEesy K - i (RH)k =1 » & (RH)k+|f2 =
(RH) =1 ToBMERAEMEELS » B
B4 B O BT IR EE - MDA 2 RTR A
e B3 - HEBEEMN ELBUEY

KRR At EUCLA GEM B e FRATHI AR IR &
HHT B B 5 TS

G Infa, o) |

Qo = ((_h qh])_[ ..................... (2.5.3)
KPR R an HEM-ENMNRERE » 2%
B D B -

GHEHIE2H
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BUEE LR 6 - BAYTIRE LR E /IR
ZIER#MANBRE > BERERN EBREETLE
BRI RE

h=c, THEz+Lg ceovrvrrmiminninrnsiins (2.6.1)
FIBAFIRETEE
h = cpT+gz+ L' 1 eeeeessrin (2.6.2)

HPLBEAHRKEE (8 #-
At BB RER—EEMDBERDHE
FEFERA2E > HITH2E - EHD

v=(t/e,oa'/oT), - e (2.6.3)
k2 B A HRI T B E T
y~ 5(06;%?'J o e e (2.6.4)

#Hif Arakawa and Schubert (1974) & ZI|&H —iFIZ
RAKREERL A ZE RN AR ES LT

Hyz¥BhTEaNAEARE:
g+ Yhog
=1 +7 g (0-F) (2.6.5)
MEBER
1 _
T=T+cp(1+y)(h_h) Y ereereeenraarrane (2.6.6)
(7Y ER 55 2 BT A B

E—RAREERERF  ARERBEARE (K
BUSRHERAE) SERE2EeR Bt E
AR A RF WELET SE SRS
% B TARERAK ) B95HE - BEEELES
AFFEATRPEAAB KA EAFIRS - &R
BEGE R R R R A S R — B - R
ERGARLERRF 0<7 - WRBBWAAT > AR
Z 2 ELHER PR ER BRI A S 88 - B
ERZZHCERTRR™IT I-7 - ARESHS

TR 1) Y T B MR Y R AR MRS - T L B
52 4 IS TR 3 P 98 A IR S % > LA
B R A R LRI R TR R -
BERER L RIS SR K B RS RIIR G »
FEFEELRYESEARESHNRERRED
S8R E I ERRE  HS R  TR e
A R A IR SR - A0 S
T2 BB EEE  MREE A REEERR
- A REREEEMBSHEN DL - HENEY
S MR BEREE FINEE RS SRR
R BRI - BEREREREESY
b3 B AR .
@2 kA 2 FE B 22

TERES N LAEE T - RO BEEER
BB TE - AR E N ER K =10
HE - BFMEER B Alentrainment) 35 24: BF » FE 85 ok
SEEUATER S B KIS R I R R I AR S B Bl -
BRI A TR B LR R R R E
BESAHE VKR — BB - AU TARNE
BN B KA BRI KSR A I -

0622L, T-T,
L Le =L -L ErkaBArEma - L 2ukagE
i B BRFINEE T, = 27316 KHIE KA = 405, -

THE T vk A FTR S ERT R

E: = CpT"'BZ‘*‘ Lc_ii. o ereniinn (2.8.2)

BTHELENAE  BRFAERHEERKS2ER
Ti s(L/c,,){aqi‘/aT)p » WiARE(2.8. DA T

. [0.622L, N T:T:]
¥i= Y+£———0'622_qu et BT/
' ¢, RT?

W —{EEk TR R hTRTERE - &
KYRA LR B A 5 B E T ARk - kiR
BEHE

=ty ¥ 1 CRY
Q=0 +mi(h+Lr€§ hi) """ (2.8.4)



HEMS

= 11 -
T=T+——"{h Y o ceeeeeerinenns 8.
1+ch( +Lt, m) (2.8.5)

MR T <G - BTN IR RMER - BT £
#t(2.8.1) « 2.8.)F1(2.8.3)=H 4 WHATBEHE
EUAEREWSEAEE - AR 2T - HEEY
Pk EBART - IAREN2.8.1) - (2.8.2)F1(2.8.3) K A7
B HEBERNNZ2EH - ETRMAELTE "0,
R FEEEPIEE > 40 g, hioflly,o & o EIEEEY
vk S BT - BRAERSL § SRk TR
HE T A FUARRE » R AR BRI RS & R A
L4 » T A MBI B HEE LR AT=14/c,
» FE A YKRY BERIK YR & AR S e S

g =T +Yip Li?i ¢ eveessesssssesiiesannannnes 2.3.6)
B 8 T A B R ST T SR M vk s BRI IR A B
=

G =T o e, (2.8.7)

HH2 8. DRAQB.6)F A B LIRIR kL A S

f=(3-a) /[] . E%n_g) o v, (2.8.8)

BV 2.8.8) L AR k& L BE ik -
B R vk SERIAR S L DI E SR Q8. AR
& - THRUCLA GCMTE B fBSf Rk sy R H B3t 5
o SRERIE S N — B0t - (BREC.88) KRG
R ERELRPIMHGE - WREE S
T Es R R

™ E(-l‘+ LSEiY s
Ls_gi °

p

=]

.............................. (2.8.9)

[

-l
=il

+

............................. (2.8.10)

FH(2.8.9)F1(2.8.10) K 5+ H BRI K FOR & H AR BE
HERESTER » FRAQBDAHHGRK ZHEY

BUKHEAKERE L - MRERKERRS &
BEERFKACRESHAT

=, 0 ceeeeeeerrenrinsnessensenae, (2.8.11)

SR T DT BAR S IS vk S RIIRRRE

b =cpT+gz+Ls?5 L 0 e (2.8.12)

HINEBEEQII12)NSRTBES L +Lg - fH
(2. 811K F Ly =L,-L » RFTATLAK(2.8.12)R 1L
4o

E;=H+Lf?i @ e (2,8,13)
BE4t AR R ke v 280 MRELA(2.8.9)71(2.8.10)
AT R B & R B i e A
A28 EMAHE -

EREZBLEAHRITEER S RFIEE
THEEARE  HRMAGRFEPEEE LK
B DAEHEHCIS)RAEEREE » MR E R
BBET AR IR R AR - HRPERE L
RN ERRARERETEH LFR 0 KBEY
FBEEEFR—BHREIHEESRR LM -
FE I B PT84 B A S 70 Sk R 0 B M PO 8 T 46
HEAHRE - HERMER

T o= TlPen ~Praa) + Tena(Prasz =Py .
k2 =
Piks1 — Pk

(2.8.14)

BABRSRYT LBEERMREAEERE
FFUCLA GCMA {E

Tiytis = BN Drotss +eerrerersessmeerersamnnesrarsenans (2.8.15)
Eiil

TN+I.'2 =§NP;4+U2 Y v X 1))

ORSERBENRE
BESEREERR - MRETENERATE



FBAGRT > B TE RN E N RA S -
MREEREAEEERE T REEEE, -
EERERA ST BN ERE RS S EER
— AR ERE - THEERH AR AR
B AR b M REARE - BEREE
TE R T — G B T 5K+ I A S T
AEMERLE  RIMLE TFR2EEE, -
— RS EEEHIR T2 EEHE s BT » HE
ETERR R R L SRR W
DEREBEEEEEESETRE AR B
B K ERTRREEEC REREE it
R b A o 2 B R Pt S T R
() AAIRE S

BT A - B eHE S E R
BN A - EARMESR T RETIR
BREE W

o 0608(i+v)e,T

et

(&
]i+(0608rc,T /‘L]‘h ")

+ {3.1.1)
EO.LYRERMEn T o (5 -5 0 Bt
ZARMTALEES - E R S B AR
B B - FOR AR A A BRI o R
- BB A AATA B I BB
Bk SARBEEE T, B 0 RATES T AR
o AR R ) AT

0608(1+7,)e, T (- - 7
SR
[l+(o 608y, T)/L} * 0608

(3.1.2)

hi.=Ei

T=1(1+0.608¢q)

ﬁ¢%{ﬁt%#p=%ﬁﬁmﬁmwmﬁ@m’
L=0°T=T , Q1)H7EHE - EHEG.L)—5 -
- O&EREARE
BERERMT . REES L, REISHREELL
LR E;;'n.fz <EN <H:"tf2 ﬁﬁiﬁ*&ﬁ%%ﬁ
W hn <hy <Bin2 BEEAE K2
BB BV S BEAE S BB - R, <Dy
B RRTM B RS - RN
B EfGRARA R EE - RIIBRREE

RELBREGP R R - HK-FIEER - BRMLE
e~ 47 T A A VR R TR R -

MRK> 1 R B HE R
2= Zg an B2k —2gan) 0 (3.2.1)
—E R AL E S8 5
I P - (322

"~ Pl
h}(‘!fz - hkn.'z

ERERFREME R reev i - HRERER
SNBIPAHRE  EENRE - G220 gR
REERSEERE - MREEHTE - Bk
RIERMISEERERN - HENF AR > H
FASCE BRI EHEE - — RS > EE
FETREREMHHE2BLAREL TR 4
HirtuB A SER] - EHSHEBSERRERT
OB ERME R ARG T RS E
HRE > fiROEsHERRbEEEER - i
EMAC 2R Y BEFEE 15

B
p=_—tu2 __ ., - (3.23)

BK 2T BK--]IZ

HKEBRER ARG TEREfENnRERNS
71 EErEFBRET R - ERRMAER
Bran >0 MR By, <0 - REG2HAMEERZ
B R EAENR RIS B TR » DURA T
DERERSRE IR B ERE - aH
FIERIKEEE 4 By iy > 03 By, <O WIS - Hif
REEE G AT LA T 28T -
EK=1F  BfBERESEEHEER

Zy =2y +2[3(Z] - 2312) P avnratavatairaraaaes (32.4)
HERG.2.2)7, - LR
p= hN_EJ"Z‘ R RRACRALAERETIRCEESE I & W) |

SR th T AR R Bt B A e
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TZRESEESE » LIRO2)EFEHELR

B= By .
2(8312 - Bi)

HAORMERB,, >0 - JI#B,, <0 EHBEBH
A TERT - MRAERAG2 A (hy b)) >
2By - By B B G.2.6) LT B, > By,
pufER - PN EHEL=1-
QHEB AR
HEEEHRER YA RITHESRER
AR EREELTEOER BRTERSERE
BRI R B A FOS N BUSHRIR
BT HIFTHGREY SR EmE A - — R R REk22
BAFR  ROFEEFRERL SN Eo 8
B - fEE T HEE Y - ARTHBERERE
ey sE WL R R N B A
B BRESNBARERE

g, = O'S(qk--llz + Elkﬂ.'l) .......................

y:a

hy = 0-5(Hk--1.'z +Ek+l.’2) : (33.2)
ARSI ECER S A R » BREENr2
EAEs > HEARERR AR EMIEECE
TR - By E AR

By = O5(By_yz +Bpyp) #oerereeeesees (3.3.3)

(H;_ﬁk) o irrierrrneeenn (3.3.4)

]
Qi =4 +E
BN 7B ARG » SRR R 2
BRERR

(?i)k =0'5[(?'\)1\-|/2 +(?i)kw '.’2] T (3.3.5)
HF(E), >0+ Bl
(Hu) _ HL "‘Lr(?.)k ......................... (3.3.6)

(&), =3 - (@), < (337
A7), =0 - wEtE

(5], = 03](F0), o+ (50), ] e (3.3.8)

@) -a +%[(ﬁ;)k _Hk] o et (3.3.9)

HHRBMIEAFERFHQSDNAHEY 28 -
WrsEREERFEE

AP <0.0 » RRBBERNE HFAHH R
HERR  RErE LN BT8R EHEBLE
BREZEHBAZREE  MHRREREERTT
B—E o WHEFFRE=1 - AIRE0.9 - EIHE
HERRZERBNCXER » (HRILERBHR
BUE - BERAR  HRERERET I
BIRYEREL - #0.01<B<0.95F » IVET ' TRER
TR PYSEERE » B b bR IR bt e W T
RBARFREEH - EHERSSHI SR
PREMEMARIENTE » TR Pr i 65 A (8
W BB R 0 I TS A EE
EBRMEEAR  GENRBREERE - §10

Gy = Gog #B(@, — Tya )+ ooverererereeeeeees (3.4.1)
G = Aiara +B(@xarz ~ Ty} * oevererees (3.4.2)
by =hy +B(R, —Byp) + e (3.4.3)
hy = Bioy -+ B(Ek—lll - Emuz) e (3.4.4)

% HESYRRETARR  EHENEIEES
o

WRENRDSFEIMBEEARDY
RE

fR# Arakawa and Schubert (1974) » BB =E
BRI zin BAER 2 OFFESE - ERE—
KRN » 7K B wT L B SR TR S 7% A W v T
BUE LE—EEANE - ASERE—RER
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B # IR - T DI & B R HE B8 AR (fractional
rate of entrainment)ME—¥eiE » A% A RA{E
REZHE LAY - ERAFRNEESMTE - B
fith AIERBARI SR EE  WERRBEENES
BEARME IR B ERERIER A2
Moorthi and Suarez (1992)f{ICheng and Arakawa
(1993) - AR LIASHMRE S - BB
RS RN EARR Y - THEEHN2
BN EE ASBERNRBENE - BN
EW[ 227 Arakawa and Cheng (1993)A9E085 » #scth
RERE LAy 28be =5 -
EENUEEES B AR - BIAES TRk
HEE ) RERKAZM (K B+HEL=T-10C
¢ ST, AR AN - FERMER T, - A
ARG R HE DR R -EERET
T ZHE - MERKRES I RE R EEE IRk
EEIYTETE - MR GR RIS B I T
» B RIBAMREE K - BROIBERETEERT,
» FiRRRPUK IR R I R - (LR S BB
BRERTF > RAEZSHT2RTR M2k
B REEREA SR - IET BN RIR SRR
ZERERIL -RMAEE " Z2RUKEBE, B
T =T-40C » HERER T B » FrE THBRERE
BRIk - ZEREET N T2 - RSKE
FB RPN R R RERN - BORERRKE -
R o P B ES
T,-T

T -T;

AB-I-Agi

) eeueeeenesseseraanessaiianns .1)

Hep Al BTERE B TR KRR TG RIR IR k
ERGH M ZERFIENERESL -

OB B
ROVBHEERERAHEAKTE EENRE
BB E SRR &SRR
hN—lu:EN } eeereerirssensacncsarsntanseeanns 4.1.1)
il
(q . )N n qN ................................ (4.1.2)

H1(2.6.5) T RIS HE BN RMKKES LS

YNz

Oy = Onon + o FYra) (hN'”Z _E""'”) ' ALY

MEAMBEE KRR ENREE (K BREE
AR

On-2 = q;J—IIZ
fyan = (‘lw)N_m ~ ANz

} ﬂl]—'»ﬁ- (qw)N,,yz > q;d-]fl ' (41 4)

B

qu&JWﬁm%@mmsﬁmv(M&
£y =0

Hf ¢ 2RPERESH - RFEZRSIEEMIEK
& ZRED

{(€)yn=0"° © (4.1.6)

@FE:EES W TR
BTHREBMERI-NEEREERBNIREFIEMY
¥ i+1Sk<N~1 23FLord et al. (19824

1-05ke,(AzZ), [, o + A7+ ¢, )(A2), B,
=[ o )g] k2 n)( )by . (42.1)

h
3 1+(1+05¢c, )M{az),

k

LAPAZ A BRI AR » EHBRI R
EEHEAEB > coft B e (ateral mass  detr-
ainment) {I#F#E A (net mass entrainmennt);” by, (£
BiLord, 1982) » BABATE (82), =2 —Zon -
BRAE SRR » — B BRMTCHRAIBHTES o
=0 = B (4202 » RAML TR E KRS Ay
WX AEANT ¢

) i [1 _ O.S?LCD(AZ)L]((!“)"""Z +?»(l +ep )(Ay.)k G
L= L {1+ 05e g Ja(az), |

(4.
{4.2.2)

LR ERS T RES AR SRR LN L
E{E » BRI (4.2.2) S 0 e S 0 71 R A KT R 12
k-1285 405 » TePEH (qv), , Bk R EBRE
MR A KRE T -
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RI(2.6.6)3%, > RBMBIRKT » FAERE
AR IR BRI AT E LS

1

fk—lf:z =Tep+—F—
Cp(l +'Yk-|.'2)

(hk—lfz ‘E:;-uz) - (4.2.3)

MR ERESERIZRE  G2)ARTEREHE
il%. ° Fﬁj’i'g 'Tkgup_ >Tc ’ %Wﬁ%ﬁﬁﬁbjﬁﬁaﬁ ’ ﬁ{ﬁ
BT

e A HE R R TE A B PO AR R 3 2
AT FIEHE - VA2 RERLL(8),,, TR ©
AR T ST REUEBEH M KR T H
- HIR42.22 BT

[1-05rc0(82), (D + A0 +ep)82), (7),
- 1+{L+05cp)a(4z),

(&),

(4.2.5)

B (2)), ., BIBCEYETES. A/ TR B -
AT 2 57

B, 2T T (), =08 » RATI DR M
R R AR RO TS - SN Rk &
» F SR P VKEERIAONISE » e BE(ET » RV
T J(2.6.5) B H B 2 MR IAUR A 1

Yk+12

NPT N
Qg2 = k-2 L(l+yk...uz

)(hk—lfz‘E;-uz) * (4.3.1)

=4 (qw)k <ﬁ;-u2 » EESA - BSR4

G =(6), ., =0 © (4.3.2)
Q. 1 =(q“ )k | et eieeiieitrienrerararrareay (4.3.3)
ERUTREFHER

T L a° dmaaan
Teyz=Thon + E‘(‘lk—uz _qk—llz) - {4.3.4)
P

2 (q ), 285 TETREBTCS BT - BEEFSR IR

%] -
Toyp =y ? ooeeeeeessmssemseeressssssinans (43.5)
gtz = Az (4.3.6)
ek g i P EMRE LR
b = (Qu)y =Gy = e “3.7)

tHvie 3 U
BIEHREEELk-FR e T ENRERER
af B H{LE

R, = {cn(ek-uz - £} A Can >,

(4.4.1)
0 £y 28, '

I e, 2 [ oK /9 B B i 3% £% B (autoconversion
coefficient) » ¢, , REAMBERERHEMFS
TREH . MR RkBEEHESHZBRE
o B e, =0.002 m™ £, =0 o [k 2k E
BRSTH R

e = R (A2),
(4.4 A4 - BMTATR

b= {(F* + PC(bZ)L-)ff(l + C"(AZJR) YR ik : 5‘ )

fl: k=Yg

(4.4.3)

H1(4.4.2) T RSB ARGAENER - TkER
BagWEESRERER

(qw)k-yg:qkfllz"'Pk--l.'Z srorneenesensenees (4.4.4)

ERFENFTERERNHE R T2 kKA E
TERARAG K IERME - RIB BB B8 1 - 4
HEBARSEANERET  ERECEBRE -
BYRWkiE K

S E A o HE RS 2 vk A K RIAH BN S A8 » JRED

rEgi' '%k-lfz <T‘[ ! ﬁ%ﬁ T‘l STK*HZ STC ° nﬁﬂ (Ei)k #0
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W REVEESAEM B EETREBIR - &
B E < REAMRSRE T ¢

(’i‘i)kflﬂ =T + m[hk -1 + L4 ) ( )L uz] ’
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COMPUTATIONAL PROCEDURES FOR THE
ARAKAWA-SCHUBERT PARAMETERIZATION

Ming-Dean Cheng

Central Weather Bureau

ABSTRACT
The paper by Arakawa and Schubert (1974) provided a theoretical framework for the

parameterization of cumulus convection in namerical models. However, the original purpose of that
paper was aimed at a understanding of the interaction between a cloud ensemble and its large-scale
environment. Therefore, it does not provide sufficient explanation as how and what equations should
be used in constructing a parameterization scheme nor does it provide a logical structure needed for
constructing an applicable scheme. The presented paper discusses the computational procedures for
the Arakawa-Schubert parameterization, including the pr§paration of input variables, the application
of a cumulus ensemble model with ice phase, and the calculation of the large-scale forcing and the
mass flux kernel for solving the cloud base mass flux distribution function. This paper is intended to
be an entry for the understanding of the Arakawa-Schubert cumulus parameterization either for a
practical purpose or a touch of the basic theory of Arakawa and Schubert. We, therefore, explain in
the paper most of the reasons why a particular procedure should be taken to formulate the

parameterization and how each procedur, is related to the original theory of Arakawa and Schubert.
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A REPORT OF CWB SHORT CLIMATE VARIATION MONITOR
AND ANALYSES: NOVEMBER AND DECEMBER 1994

Mong-Ming Lu
Research and Development Center

Central Weather Bureau

Yuen-Nian Chen
‘Weather Forecast Center
Central Weather Bureau

ABSTRACT

The routinely executed short-term climate variation monitor at the Weather Forecast Center of

CWB (Central Weather Bureau in Taiwan) can be classified into four major categories: (1)tropical

circulation, (2Mtropical convection, (3)midlatitude long waves and (4)sea surface temperature and

ENSO. The work and results are briefly described in this report using the data of November and

December in 1994 as an example. In November, it was warm and dry in Taiwan, The dry condition

was particularly clear in the southern and eastern part of the island. In December, it was still warm

but less dry (normal to wet), It was particularly wet in the north, We find that the monthly climate

states of Taiwan are not completely consistent with the monthly averaged large-scale circulation

and the monthly anomalies. It is because the large-scale circulation jumped from one staie to the

other in December which cannot reflect on the averaged circulation or ancmalies. However, the

sudden change of circulation is one of the most important target of forecasting for medium and

long range weather forecasting. The completeness and possible improviments of current short-term

climate variation monitor are, therefore discussed in the report. The possible impace of climate

monitor on weather forecasting is also discussed.

Key words; Climate monitoring
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L IRMSRESR R E GRS (K T-NO K CI-NOGE 2% Dvorak, 1975)
Table 1. Fixes for TIM by CWB Satellite Center

MRz | ol |2 45| AR BEM(z)| P E | 2 | BAEEH
B[ a4 28 | e T-No/Cl-No B {6 |44 @& | #aE)T-No/CI-No
07 | 06 [13.6]131.0| poor | 1.5/1.5 01121.1{123.4| good | 5.5/5.5
12 114.61130.6) poor | 2.0/2.0 02 121.31123.3) good | 5.5/5.5
18 114.6[130.6| poor | 2.0/2.0 03 [21.4]123.1| good | 5.5/5.5
21 |14.7{130.3| poor | 2.0+/2.0+ 04 {21.7]122.9| good | 5.5/5.5
08 | 00 [15.3|130.1} poor { 2.0+/2.0+ 05 121.81122.8] good | 6.0/6.0
03 116.11129.7| poor | 2.5/2.5 06 121.9|122.6) good | 6.0/6.0
06 116.31129.2] fair 3.0/3.0 07 (22.11122.5{ good | 6.0/6.0
09 116.6(129.2| fair | 3.0+/3.0+ 08 [22.31122.3| good | 6.0/6.0
12 {16.6]128.6| fair | 3.5/3.5 09 [22.61122.3| good | 6.0/6.0
15 |16.8]128.5| fair | 3.5/3.5 10 |22.9]122.0] good | 6.0/6.0
18 117.21127.9} fair | 3.5/3.5 11 |123.2]121.8| good | 6.0/6.9
21 [17.51127.4] fair { 4.0/4.0 12 123,4|121.6] good | 6.0/6.0
09 | 00 |18.0]127.0| fair | 4.0+/2.0+ 13 123.5/121.3] good | 6.0/6.0
01418.11126.7] fair | 4.0+/4.0+ 14 |23.61121.2] good | 6.0/6.0
02 118.2]126.6] fair 4.5/4.5 15 123.9i120.9] fair | 5.5/6.0
03118.31126.4] fair | 4.5/4.5 16 124.1]120.4) fair | 5.5-/5.5-
04 |118.4|126.3] fair 4.5/4.5 17 124.4(120.1] fair 5.0/5.5
05 118.57126.1) fair 4.5/4.5 18 124.67119.7} fair 5.9/5.5
06 [18.61125.7| fair | 4.5+/4.5+ 19 124.7]118.3] good | 5.0/5.5
07 118.7{125.6} fair | 4.5+/4.5+4 20 |124.71118.8] fair | 5.0/5.5
08 {18.8]125.5| good 5.0/5.0 21 124.8]118.8] fair 4.5/5.0
09 118.8/125.5| good | 5.0/5.0 22 125.1(118.5| fair | 4.5/5.0
10 [18.91125.4] good | 5.0/5.0 23 125.31118.5] fair | 4.0/4.5
11 [18.97125.4| good | 5.0+/5.0+ 11100 125.31118.5| fair | 4.5/5.0
12 119.07125.3] good { 5.5/5.5 01 125.4/118.3] fair | 4.0/5.0
14 119.11125.1] good 5.5/5.5 02 125.8]117.9] fair 4.0/4.5
15 (19.4]1124.8| good 5.5/5.5 03 126.3|117.8] poor | 4.0/4.5
16 |19.6]124.8] good | 5.5/5.5 04 |26.5}117.5| poor | 3.5/4.5
17 119.8{124.5} good 5.5/5.5 05126.51117.5| poor | 3.5/4.5
18 119.91124.4] good 5.5/5.5 06 126.61117.2| fair | 3.0/4.0
19 120.0]124.1] good 5.5/5.5 09 [26.8)117.1| poor 3.0/4.0
20 [20.0]124.0] good 5.5/5.5 12 |27.2[115.5] poor { 3.0-/4.0-
21 (20.2}123.9] good 5.5/5.5 15 127.41115.1| poor 2.5/2.5
22 120.41123.9] good 5.5/5.5 18 {27.51114.4] poor | 2.5/2.5
23 120.5[123.7} good | 5.5/5.5 21 [27.81115.2| poor | 2.0/2.0
10 | 00 [20.8]123.6{ good | 5.5/5.5 12 | 00 |28.0{115.2] poor | 2.0-/2.0
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Table 2.warnings issued by CWB for typhoon TIM
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Fig 4. The radar echoes detected by Hualian radar station at 1012UTC of July, 1994
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Table 3. Eye-fixes for typhoon TIM by radar
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Table 4. The best-track positions, intensity and movement of typhoon TIM
BEARAAC)] FoBEE | FPoiE | BN A | BHEA | mARE(RS) | RAFEKRD) | B
ATE| & | W k& | (hPa) | (deg) | (Ku/nry | HR& | A&, | 30 KIS [50 KIS]
718100 |15.2]120.8| 005 315 70 18 23 100 | - | EE
06 | 16.1[129.21 990 325 20 23 30 | 150 -
12 [16.7]128.6| 988 315 15 28 8 | 180 | -
18 [17.3]127.8| 982 310 18 33 43 | 200 | 80 |vm

71900 |17.9]126.9] 970 305 18 35 45 | 200 | 80

06 [18.5[126.0{ 962 305 18 40 50 | 200 | 100

12 {19.2]125.17 952 310 20 18 58 | 250 | 100

18 |19.9|124.9| 950 315 18 51 60 | 250 | 120 | =
7110( 00 [206.9(123.4( 950 320 24 51 60 | 950 | 120

06 |22.0|122.5| 945 325 2% 53 685 | 256 | 120

12 |23.2|121.4| 945 320 29 53 65 | 250 | 120

18 [ 24.3[119.81 955 310 33 | 4 55 | 9250 | 100 | A&
7(11] 00 | 25.41 118.3| 970 305 33 35 45 | 200 | 50

06 | 26.4]116.9| 985 310 29 25 3B | 180 | - |#&

12 {27.2( 115,71 993 305 24 18 25 116 | -
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Fig 7. The surface charts at 12UTC from July 8 to July 11 of 1994,
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Table 5. The error verification of CWB subjective forecasts for typhoon TIM

& M 24.] 0¥ 48] By
RO FRE|EARE | AARE | OERE | AARLE|ARRE
(UTC) (km) (km) (Deg) (km) (km) (Deg)
0800 § 116.91| 88.76[ 14.05| 109.22] 45.39 3.14
06 | 109.91] 102.09] 14.63] ©61.44 .69 .62
12 77.22 1.70 25/ 293.66| -89.69f -6.70
18 | 137.82p 65.70[ 10.71] 310.29] -34.76| -2.42
0900 30.48 2.83 31) 177.48] -84.76] -4.56
06 98.41] -98.49 -10.421 250.43[ -115.18; -6.20
12 1 .190.15) -109.72| -~14.25) 385.00| -103.68] ~6.31
18 | 249.76] -11.06] -1.52} ~— - -
1000 | 278.62[ -66.71f ~8.39] — - -
06 | 245.93 3.03 B4 -
12 ] 169.89] 60.12 6.4 — - -
F o9 | 167.74 3.48 1.10] 226.79; ~53.28] ~-3.20
A1) 157.74  55.47 7.39) 226.79 69.02 4.28
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Table 6. The forecasting error verification of statistic models for typhoon TIM

FE A4 CLIPER HURRAN EXTRAPOLATION

P 24.hwr 4810 2415 485 241 W ] 4815k

RO ERYIARAARRLYGERAAARLARRY O FRY T ARL ARRE ﬁliﬁé‘iﬁﬁﬂﬁ&ﬁi&r‘ai‘ﬁﬁEﬁiﬁ;ﬂﬁ&iﬁé‘:‘@iiﬁi EARE AKRE
arey b oo | oore | o | oo Do |oon | ool | o | o | oo | o) | a1 g | o) | aa | G | e
wo | — | — | — 1 — | = =1 =17 - - — | — | — | os6.83 170.60] 15.32] 455.94| 340.32( 15.45
0806 | 404.61)-146.07) -10.23{ 175.69] 109.72] 7.58| 111.20| 88.11| 10.00| 114.01] 67.92] 4.46| 222.41| 176.27| 17.25] 300.43 231.68] 11.35
082 114.18] 26.83 4.36] 348.02; 20.28 [.67| 215.93) -52.31) -11.66{ 476.69(-~116.12| 11.31] 118.96; 17.90 2,97 328.449)  46.90 3.1
0818 §77.68] 10.75 2.11| 537.75| 56.08 5.37) 104.21; 22.39 3.4%| 384.04| -9.98| -0.77| 190.84] -22.03] -4.51| 559.52| -97.2% .-9.52
9300 | 38.29| 4.16] 0.52f 368.38| 32.05( 2.16| 34.99] 18.05| 1.97| 284.3¢' 1.40| 0.09] 23.59) 22.15| 2.60| 235.39] 5.54]  0.32
0306 | 143.94|-144.10) -15.12] 320.05(-151.44| -8.61| 167.12|-167.06| -17.66| 356.49(~198.36) -11.38| 121.09|-112.76] -10.99) 189.32 -149.33 -7.31
0912 | 258.16] -99.61| -15.93| 603.89) -11.87] -0.87| 347.76) -88.41{ -19.41) 682.15| -63.35| -5.75| 282.76{-145.06| -22.84] 589.35| -211.81 -15.61
0918 | 271.38| 41.88| 597 — | — | — | 135.61 -2.46] -0.27 — | — — | 245.92 -33.68) -4.55 — — —

1000 | 256.66) 39.96| 4.87 — | — | — {28434 7750 101 — | — | — | 194.61 1414 1.3 — — -

1006 | 314.94] 93.94] 11.82] — | — | — | o55.851 86.49| 985y — | — | — | 237.200 73.44] 798 — — —

1012 | 312.97) 238.47 2454 — | -— | — | 294.33) 20032l 2333 — | — | — | 243.95 43.01 18.17] — — —

2 34 | 229.28) 6.60] 1.20| 392.30] 9.14| 1.20| 195.13] 20.28]  0.04] 382.95] -53.08] -4.11| 184.44| 36.73| 2.18| 380.35) 10.31] -1.28
il 229 28| 84561 955 302.30] 63.57 4.30f 19513 82.34] 9.84] 382.95] 76.190 5.63[ 194.44] 9373 9.97] 380.35] 154700 9.4
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Table 7. The errors verification of dynamic model forecasts for typhoon TIM

WA EBE

PE

#8 240 48 8y

24/]-8¥ 48:) 8

T M| ERE | HARL| BARE GERETAARL
(WEe) | (Em) (Em} | (Deg) (Km) (Km}

ArktlaTRi|EARL|ARRE GERLIEARE|ARRLE
(beg) (Km) (Km) (Deg) | (knm) (Km} (Deg)

0840 211.52] 187.56( 20.40{ 242.74] 194.48
12 212.43) -73.91) -15.65| 528.05) -283.78
0900 56.56)  34.70 3.67F B7.48] -43.51
12 325.38 17.57) 3.83| 680.87] -48.20
1t 212.17%  89.38 9.5 -~ -
12 484.13 165.52 7.98) - -

13.98) 249.06) 75.08( 21.21] 398.71} 86.56 9.15
-25.4T) 361.87 ~7.34] -4.14 692.85) -50.57 -8.17
-2.14] 103.65( 29.31 4.2 340.72[ 88.17, 5.66
-4.38] 338.41 100.96} 20.91} 573.62) 189.13} 13.86

346.05{ 87.28( 12.601 - - -
243.48) 219.61) 19.%2] -— - —

+ ¥ [ 250.37 70.14 6.47) 380.04) -45.25
) 28037  94.77|  12.76] 380.04 142.49

-4.5] 273.72| 84.14] 12.40] 501.48f 78.32 5.13
11.50[ 273.72] 86.58f 13.78 501.48 103.61 9.21

F - BAREZMZFHERZRR

B SHESRAENSHIATE > BAR
DL R BT M 8 2 3 R W LI P 2T
FIES 2 BAEEE > 10 H08BE(10/0000UTC) & £2
e AR R IR 320 A B EAEE
MR EAF ARSI G EE T L (B Le) » IEBRE
T %2 ot LU AR P SR - 10 H 21 (1071300
UTORBEA.OEEEE - IREBMG S BEEM - B
SRR LR SR IR SR b ARY) » B
B AR GRS RS P B 2 R BT R (B ALb 2 BB » fH
ZErh R LETE MR AR T AR S — (S 0 o« T
Y o RIS B LSR5 + B e 52 L R T A
MHMER TR RERTEE 2 R E i
B PGIH(10/1600UTC) (Hjue) - iR e
ERLE 54 » (H5— (RO R B BB
ST - BB SRR B E R
(10/1700UTC) » £ i I o7 5. 5000 e o 33 5 W AT
B o SRS B LB E(1992) B9 £ B E - {8
I — B b LS (S b Lo o A B i
SAIE AR » e RR BB 2 LR R T R
MRS » IR R BURIAR - IR EES
SIRATIIER -

RRREAS ST  HPRESRRBRELAS
WHBREERGE/OTRE » AT EE &
B B (Z I A FE B Th ik (959.7hPa » 10H 1959L8T) -

S IE(E RS L I MR R R B - N 10520
5(10/1200UTC) i Bk e P A, » TR LY FEEUR
B R R T e )+ o o ot e
DR BB EE 2 R B o SRR I B B R
7P g B\ S 0 A £ 0 TR T 9 T T OB R P
465.0mfs » FEITIRE,  Fi8414m/s » F135RED
SRS BAS TR AR AR M SRR LR
FUhRSE 2 R 0 H RGNS RS R 2 B R AR A
[it, » T L R S S 5 R Y o JEC R L R A ot
i SR A R 2 A - SR BB 2 B R
B R A — N L - PR IERE -

PR SRR PG o TN 2 B
TR LIR R BT (R L) - R RS
SITTRE P FE 1 10 F 233 (10/1500UTCY 2 75 » {ELRISi&
{E RBEAT IR R B EL(10/1334UTC) - R EEEESE
= —BRSE PO B R 3 1Y O T IR GG - Tk
A OB SREIEHE - R O0RBEARTA
B 3 A RO o SR R L AR A A e SR LR
BIREE % + T ER ATl K i 5 PR P AR B IR L A
RFTEL - (HEUR UL BB E TR A A SaHTRE -
i £ R L S LO H 21KF 3043 (10/1330UTC) B i R
AL RS B AR RS & - W
SEHRE RN B #2210 H 2285 0053-(10/1400UTC)
Te A TRIEL S o PR L A R R A IR R
TP ST B — e -

% i SRR A B RS R R B R e ekt

_ 74 —



% 8. fRIEEGA & SR RS R AR R (R R TR
Table 8. The meteorological summary of CWB's stations during typhoon TIM passage

FIRrT ABRA W K Ak B R R ) ERREg LI T T £ X % & ¥ o= 2ok ¥ (nsy
& 2 | H & M (EAX AT HMN RR £ H%|jms K4 HN HM Ge—ik) |—h#E O BM (—k) o WM Ge—ib) ¥ 8 (e—at)
(bPa)  (LST)} [(u/s} (LST)  (bPa) (°C) (R.EJJluss) (LST) (L3 (LST) {LsT) . (LST)

;2 951.5 11/00:45| 48.0 ESE 10/21:33 993.8 26.7 B8%% [31.2 ESE 10/21:55 {10/06:48 12/05:00 15.8 16/23:00 10/24:00 8.0 10/13:00 10/13:10] 56.0 10/01:05 11/01:10
g 987.4 10s22:51) 32.2 E 106/23:09 987.5 26.0 76% |19.2 SE 11/81:07 [10/16:11 11/13:44 18.5 10/12:25 10/13:25 9.4 10/12:25 10/12:35] 96.2 10/12:15 11/11:30
s 9% | 1243.1 10/22:35f 49.0 SSF 131/00:45 1263.6 21.0 99% |27.0 S 11/02:16 |10/11:40 11/14:07 26.0 10/18:36 10/19:386 16,0 10/19:26 10/19:36[123.1 09/20:20 11/15:00
s 986.6 10/22:27) 208 S 10/22:27 987.1 22.0 100% | 4.2 ESE 10/22:)10 — 24,0 10/18:36 10/19:36 10.0 10/18:28 10/19:38[108.4 09/20:55 11/09:85
& ik 983.6 10/22:39] 46.1 E 10/22:11 984.9 25.0 90% |17.8 E 10/22:19 |10/18:40 11/02:00 18.5 10/18:38 10/19:38 8.0 10/10:20 10/10:301112.4 10/02:30 11/08:45
¥ % OR8.3 10/22:04] 33.0 ENE 10/21:35 980.6 26.9 72% |18.2 ENE 10/21:37 [10/09:04 10/22:41 2.5 11/00:50 11/01:50 10 11/07:00 11/07:10} 1.7 10/17:50 11/09:10
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REPORT ON TYPHOON TIM OF 1994

Ta-Wei Lin

Weather Forecast Center

Central Weather Burean

ABSTRACT
TIM was the fifth typhoon in 1994 that occurred over the western North Pacific in July .

After initiating over the sea of east Philippiness, it gradually intensified while steadily moving

northwestwards. It then landed on and crossed Taiwan while in its mature stage, which caused

great damages in Taiwan. Finally it dissipated in south mainland China after passing through

Taiwan. The asymmetry in the growing and the decaying rates of intensity, before and after its

mature stage, may be resulted from the difference in the land-sea proportion.

During its passage, the deepest surface pressure occurred earlier for the south and the east

parts of the island. The strongest wind occurred earlier for the coastal areas and islands around,

and was greater for the north part than the south part. The rainfall was mainly concentrated on the

east and north parts of Taiwan.
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SURFACE WIND MEASUREMENTS AROUND TAIWAN

Yu-Huai Wang and Wen-Ssn Chuang

Institute of Oceanography, National Taiwan University

_ ABSTRACT

Wind measurements around Taiwan are examined by using the records of 1993. The results
suggest that most of the island stations provide reliable data, The wind pattern over Taiwan is quite
coherent, and is dominated by winter (northeast) and summer (southwest) monsoons. The only
exception is at the northern tip (Penchiayu) where winds were more variable, Perhaps, the northern tip
of Taiwan (the East China Sea) is affected by winter cyclones. The problems with coastal weather
stations are twofold. Many coastal weather stations are located in the middle of the city, and are
sheltered by the surrounding structures. Others are located on the foothill of mountains. It appears
that the "effective” drag coefficients increase drastically under such conditions leading to a significant
reduction of the surface wind. The analysis of Yenlizo tower wind data seems to support this
hypothesis.

keywords : Coastal winds, Sheltering effect, Monsoons
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A PARAMETERIZATION ON THE SUBGRID SCALE OROGRAFHIC INDUCED
GRAVITY WAVE DRAG IN THE CWB’S GLOBAL SPECTRAL MODEL

Chih-Hui Shiao
Research and Development Center

Central Weather Burean

ABSTRACT
This study presents the parameterization on the orographic induced gravity wave drag as well as
its impacts in the Central Weather Bureaus global spectral model. Implementation of this
parameterization is based on the scheme which is developed by Palmer et al. (1986). The evolution

of the upward transfer of the drag force, the generation of the drag force in an unstable atmosphere
(R,-'“:%) and its impact on large scale circulations will be stodied by a crosssection analysis,

Engaging of the parameterization shows a positive contribution on the error deduction for 10 days
integration. The most significant improvement appears on the sea level pressure, 100hPa
geopotential height and zonal mean westerlies.

Key Words: Subrgid-scale Orography, Gravity Wave Drag Parameterizaticn, Forecast Errors
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1993 TEMPERATURE PROFILE

IN PANCHIAQ STATION., TAIKAN.
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Irradiance (W/sq m/nm)
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Brewer 23 in 1982 Taipei, Taiwan.
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STUDY ON THE RELATIONSHIP BETWEEN
OZONE AMOUNTS AND UVB IN THE TAIWAN AREA

ABSTRACT

Data used in this study are from the total amounts of ozone and ultravielet radiations at the

Taipei Observation Station and the Panchiao Sounding Station. Though the time period of the data

involved in this study is not complete, the ozone concentrates in the thermal trough easily. From the

tropopauses upward, the uncertainty still exists between the ozone and the temperature.

The flux density of the ultraviolet reaches its maximum at noons (11~13 local time).

Seasonally Speaking, summer is the most intensive among all seasons. May to July are the monthes

that the people in Taipei are easily inflicted with red dot on the skin, and the most threatening

ultraviolet for each month appears at noons(local time),

Within the ultraviolet spectrum, the radiation flux density of the shorter wavelength, the ozone

amount decreased. The magnification factor is larger for the wavelength between 300 and 295 nm.

With-the different solar zenith angle for observation, it is found that when the zenith angle (20°~30°

)is small, the flux density of uliraviolet due to the ozone absorption will inversely change with the

total amount of ozone.
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A PRELIMINARY STUDY ON THE EFFECT OF AEROSOLS ON THE SURFACE
VISIBILITY IN TAINAN

Chung-Ming Liu, K. C. Sheen _
Department of Atmospheric Sciences, National Taiwan University Taipei, Taiwan, R, O. C.
Chea-Yuan Young
Division of Air Pollution Protection and
Noise Control, Envirenmental Protection Administration, Executive Yuan, Taipéi, Taiwan, R, O. C.

ABSTRACTS

In this paper, we have tried to relate the variation of the surface vigibility with the
meteorological factors and the aerosol loading in the Tainan region. In all, the visibility was poor
during September a.nd.April (about 7-12km), and good during May and August {about 15-23km). Our
analysis show that during September and Apri], the prevailing northerly was strong and dry, with
frequent clear condition but low sunshine duration hours. This climatologically dry and windy season
must have caused more dust and flying-leaves to flow over the Tainan region and hence resulted in
the poorer visibility and lower sunshine duration hours. The PM10 data coliected by the local EPA
(Environmental Protection Administration) also supports this assumption. It is suggested that similar
analysis can be done at other regions. ‘

Key words: Visibility, Meteological Factors, Aerosols
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Table 1. Summary of typhoon occurrence in the western North Pacific since 1948.
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Fig. 1. First identified position of typhoons in 1991.
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Table 2. Summary of typhoon information for the western North Pacific Onean in 1991
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Table 2. Summary of typhoon information for the western North Pacific Onean in 1991
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Fig. 10. The chart of typhoon track forecast from 110000Z
May to 151200Z May for Walt by the CWB
typhoon track forecast model in 1991,

M1l REAFFEAARE12ZE A EH00ZH
SR ER =) M [ B TR T SR = BB LB

REHEEE
Fig. 11. The chart of typhoon track forecast from 0512007

September to 0700007 September for IVY by the
CWB typhoon track forecast model in 1991,
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Fig. 12. The chart of typhoon track forecast from 201200Z

September to 2612007 September for Mireilie by the
CWB typhoon track forecast model in 1991,
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Fig. 13. The chart of typhoor track forecast from 131200Z

June to 151200Z June for Yunya by the CWER
typhoon track forecast model in 1991,
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Fig. 14. The chart of typhoon track forecast from
241200Z July to 280000Z July for Caitlin
by the CWB typhoon track forecast model
in 1591.
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Fig. 16, The chart of typhcon track forecast from 1712002

August to 211200Z August for Gladys by the CWB
typhoon track forecast model in 1991.
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Fig. 15. The chart of typhoon track forecast from 111200Z
Septomber to 130000 September for Kinna by the
CWB typhoon track forecast moclel in 1991

EH 17. ERA+FEARRHIRZEALR+EHL2
Zr LR S R G L R TR A B T T
B R TR T

Fig. 17. The chart of typhoon track forecast from 161200Z
September to 1712002 September for Luke by the

CWB typhoon track forecast molel in 1991.
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Fig. 18. The chart of typhoon track forecast from 1612007
July to 190000Z July for Amy by the CWB typhoon
track forecast model in 1991,
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Fig. 20. The chart of typhoon track forecast from 0500007
November to 140000Z November for Scth by the
CWB typhoon track forecast model in 1991,
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Fig. 19. The chaxt of typhoon track forecast from 230000Z

October to 291200Z October for Ruth by the CWB
typhoon track forecast model in 1991.
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Fig. 21. The chart of typhoon track forecast from 2112007

July to 230000Z July for Brendan by the CWB
typhoon track forecast model in 1991,
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Fig. 22. The chart of typhoon track forecast from 140000Z
Augnst to 180000Z Avgust for Ellie by the CWB
typhoon track forecast model in 1991.
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Fig. 23. The chart of typhoon track forecast from (412007
November to 060000Z November for Thelma yb the
CWB typhoon track forecast model in 1991.
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Table 4. Damages caused by typhoons in Taiwan area in 1991
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Table 5. Statistics of typhoon life period for 1991
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169-192 (8 3 10.34
193-216 (9 2 6.9
iﬂi;ﬂ 3‘3 (1’ \ 42 B 24 RE\HEE /A 0ZENF =+
265288 (12) i 3.45 mZ#JH%%&EJﬁL%@ﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁﬁ
289-312  (13) 2 6.9 i geSise il
313-336 (14) 1 3.45 Fig. 24. The chart of typhoon track forecast from 180000Z
337-360 (15) 0 0 September to 2400002 September for Nat by the
361-384 (16} 0 i CWB typhoon track forecast model in 1991,
& 5 29 100
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Fig. 25. The chart of typhoon track forecast from 2912007
September to 010000Z October for Nat by the CWB
typhoon track forecast model in 1991.

B 26 RRAHFEARTEEOZENRTRHELZZ
S A R G B IR TS A B PR R e e L
B THEIETE R

Fig. 26. The chart of typhoom track forecast from 140000Z
August to 1512002 August for Fred by the CWB
typhoon track forecast model in 1991,
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Fig. 27. The chart of typhoon track forecast from 101200Z
July to 120000Z July for Zeke by the CWD
typhoon track forecast model in 1991.
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Fig. 28. The chart of typhoon track forecast from 05120027,

September to 070000Z Sepiember for Joel by the
CWB typhoon track forecast model in 1991.
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Typhoon Mireille and Nat. (The chart comes from JTWC’s report}).
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SUMMARY OF WESTERN NORTH PACIFIC OCEAN TYPHOONS FOR 1991

Ching-Te Chen
Central Weather Bureau

ABSTRACT

There were 29 tropical cyclones (TCs) occurred in the western  North Pacific Ocean in 19 91.
The total amount was above the climatelogical annual mean value of 27.1 taken from the
period of 1948-1990. Twenty out of these twenty-nine TCs reached typhoon intensity on JTWC'S
classification. However, according to the typhoon intensity classification defined by the Central
Weather Bureau (CWB) of the RQOC, ten TCs (Walt, Amy, Ivy, Mireille, Nat, Orchid, Pat, Ruth, Seth
and Yuri) were in the severe class; ten (sharon, Tim, Yunya, Zeke, Brendan, Caitlin, Ellie, Fred,
Kinna and Zelda) were in moderate; and the rest (Vanessa, Doug, Gladys, Harry, Joel, Luke, Thelma,
Verne and Wilda) were weak ones.

During that year, CWB issued 7 typhoon warnings, in which four typhoons{Amy, Ellie, Nat and
Ruth) affected Taiwan and two typhoons (Ellie and Nat)made landfall on the island. These typhoons
caused 33 casualties, 23 missing people and 173 houses destroyed. The most destructive one was
Nat.

In this report, we simply summarize each typhoon’s life, intensity, track, synoptic situation,
warning issuance, and damage Details of the four threatening typhoons (Namely, Amy, Ellie, Nat

and Ruth) are revealed in their individual reports separately.
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Fig. 1. Time series of daily temperature and precipitation and daily climate during May and June at four major

stations in Taiwan: Taipei (north), Taichung (central), Tainan (south), Hualien (east).
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Table 1b. Monthly means and anomalies of station temperature and precipitation for 16 Taiwan stations, (a) May,

(b) June of 1995,
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Fig. 2a. OLR contours for April 1995, (Top) monthly mean, (bottom) anomalies. Anomalies are based on the

monthly mean values averaged oveer the period between 1979 and 1988.
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Fig. 2b. Same as Fig. 2a, but for May 1995.
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Fig, 2c. Same as Fig. 2a, but for June 1995.
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Fig. 3a. Same as Fig. 2a, but for 200hPa velocity potenital.
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Fig, 4a, Same as Fig. 2a, but for 830hPa streamline and wind speed. Wind speed above 10 ms~! (top) and 4ms-1

(bottom) areas are shaded.

— 175 —



60E GBOE 100E 120E 140E 180E 180 180W 140W

§ | '1&-.',5’ :-.

0.
60N

40Nf=

20N

CONTOUR FROM 4 TO 8 BY 4

gost T

[E 4b. [&El4a » {HE 9958255
Fig. 4b. Same as Fig. 4a, but for May 1995,
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Fig. 4c. Same as Fig. 4a, but for June 1995.
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Please read the text (Chapter 4) for the explanation for the thick lines.
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Darker shading can be interpreted as deeper convection.
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A REPORT OF CWB SHORT-TERM CLIMATE VARIATION MONITOR AND
ANALYSES: MAY AND JUNE 1995 (THE MAY-YU SEASON)

Mong-Ming Lu Yuen-Nian Chen
Research and Development Center Weather Forecast Center
Central Weather Burean Central Weather Bureau
ABSTRACT

Taiwan's precipitation during the May-yn season of 1995 is slightly below normal, However, the
number of raining days is much less than the climatoiogical average value. Corresponding characteris- -
tics of Jarge-scale circulation are discussed in this report. Clear signal of the "westward march” and "
eastward retreat” of the low-level Pacific subtropical High is observed. Moreover, the subtropical High
is found 1o oscillate with a period of about "20-30" days In the east-west direction. On the other hand,
the scale of the upper-level Asian anticyclone is smaller than its normal scale. The tropical disturban-
ces are weaker than normal. The disturbances are particulazly weak in June over the tropicai area from
the Bay of Bengal eastward to the Philippines. This may result in the deficiency of Taiwan's. precipit-
ation, Our analyses suggested that the information of tropical convection and planetary-scale waves is
of importance for forecasting long-term tendency of Taiwan’s weather,

Keywords : Climate monitoring, May-yu

— 186 —



RBGHEN+—HHE=IE4EIF)

»%Aﬁﬁﬂﬂ;+a&+aﬂ+ﬁa%f
7K 0 3 A A R W R A A

& = b

ez j 2
B ﬁ% s

BRI A S A B ER Y HE R TR AT

m OB

ARTHFERIE AT 198645 H20H K 11 F 15 B EETIE AT R A B2 2N » iE

FIsg BRI B B E M BRI B R AR HREOX AN » EARIREEPROA AR /M
- AR - SH20H BATTEEMAME LR EE BT ESE - HAEaya-#ikk

B EHEEEA  WEHSH | HREH—ME % E (seismic gap)i$ > ZHWEEEENEM
BRI A FETTAS, » 2 (AN g N TR o AT » 11 15 H B4 7ERE B MR 7
BARSRSAMOEBRATES - LHBRRESHHTEEYS > EREHEGEHRT
 E - ERRBONSmEe LUl LR R ERME RRRER A HYWE - EREEWE
. HERE R AT E WD RS AR Omor) IR IR AR, - (5 A20 0 UK E A MiLILA
15E FUR KB B A NOBRF B R B AR R R MR - AR TER  THRER

FMBREHERARE SHERERR 2% -

WigkE : BTE - AREE - B

I

_.\Efj

R E S R E R SO R AR - &
BT S A M - HR T S M B
e R S EE IR
EETERHR - S EREE Rk HEy—
SIS E TR AT R E S M - EERLE
HiJRAS 552 —(Jones and Molnar, 1979; Von Seggern
et al., 1981) o — RIS » ERBBHERABRER
W% > %A BWIRD » DR R R
THERE SRS THRESRRHZA > HE
AT R AR R I RIS T IR N - B - S RARE
HOHSZE 20 0 TS BRI BR TR TS 0 M s
50 > th R AR A A R -

19003 1994 R MR D - RHABEM2
6.0) 355 25 4443417 Bl B 1) T S B A -4 K 2 S o

EAWERERENE - ETR SRR
HARSIERE A EEER M 24 (T e
al., 1977; Tsai, 1986) « FRFe#I BT 1986455 F 20

HEIVHISHS4 AR R ETE - 94

ABAIRBOOR (LA ISERENGR - HPPERT

2 EEABR) N B A AEFIR R PRS00 BN

ANHIEETERSEE RS R - — R B A R
FHE RSB R - B— it 4E B —
ELAT MR AL T S R B T A S A R

REARFBEREWI R AN EERELERRZ

B « FWYCRFHEW E R R 2R
RS B - H—EB4EEREL > 5
BAETELNE - HEERE - GAtEERIE |
WGBSR - Bt AT AR (e.g. Chen and
Wang, 1988; Hwang and Kanamori, 1989; Pezzopane
and Wesnousky, 1989; Shin et al., 1989; Wu et al.,

— 187 —



26°N |

25 F

24

22 F

2

119 120 121 122 123°E

B 1. 1900 19944 & MENE o -« AEBM=
6.0) 4t 55 Y B SR - B

1989)RFA » 35 i I 0 B T R W 0 2 S 1 T P
B BEEAOUMAKRERF -HkEH » H
B ERE RN RS RR TR ES
HEZURE - thRERE—S R -

ZHIESH
R R 55 R S LR AR

24.3"N I
" Thrust Fault
Fault
241 |- -
¥
239 | \ -
[} 10 KK
[ o=}
d SCALE
i " L 1
© 1213 121.5 121.7 121.9°E

el 2. 1986£ESH20H R 117 15H B BRI
B ACHET HHE R E FE N E - B EO
EfAELBRASHRRS H20H 11
HISHARMERME - SIS TERE
SRR A B ERER T -

19864FS [ 20 (VIR > st fr EEZE AL #424.082° »
HOHE121.592° » ENEFE ST AL 4104y BRI |-
BERRIS AL 32554697  BIRRIEH
ISSAM  FEHBUEM, =65 - 11515 RIZIR -
B EEAGH23.975° - WA121833° » HIZE 680
AR RO 2T A TISE - BRI R AR
SEF200310.580 - EIRVREERY ISR - ST
My=6.9 > BB HARBR G RIS S
A (Hisu, 1962) BLIB2FF 7 -

100
80 -
2
@ |
¢ 60 -
'E "
é’ 40 1 . 3
29 2“ 28 17
20 - SR | }e ,
0 12 il 1212 | Bz o (il 11y
0 - il
60 50 40 30 20 10 0
Days
il 3. 19865ESH20H FUREATO0TR A S 4: /5 BRI
TR/ N o IRF 43R ]

24.7°N —v———
244 q —
241 . o .
238 | —

0 10 KM

SCALE
23.5 L L I Il L

121.0 121.3 121.6 121.9

B 4. 198645 H20 HAUBEAT60R £ FERHS
HTAY/ N ER 7 BE R

— 188 —

122.2°E



ES e S P TR AT BE R e S MR R I AT
SEBRENFUREAT 60K N AE X B M B AP SO EL A Y/
HEE S AR 22 A (S 2E 1B 8) - B3R E 4™
51> 5H20H ZUBATRT B R RTI 2 M _ EF AR
L RIRR RS 53 - BIFUEATAV40R LA HIREIS
B » R ER R RDI E R 5
F(ML=3.0~4.8) » h=10.48) - DURHTHI20K &
H@HOHESH4E) » EFRFIEGHSAEBR

(a) 5/10 - 5/20/1986
24.7°N —~r——p——— T

24.4 - . e -

241 . -
L
23.8 =
23.5 ] L | 1 L .
121.0 1213 1216 1219 122.2°%
(c) 4/15 — 4/29/1986
24.7°N ——r—pr————
244 {\E - -
240 | -
238 .
o W0 Ku
SCALE
23.5 PR W SN S /S Y VO S S B
121.0 © 121.3 1216 1218 122.2°E

40 EL TSR B 4 E AR BRI (ML = 3.0~
47 h=200H) - MEARFHEFENERERS
—eIE R AESHI1EDE  JIBEEER
T HBEE 28 B (seismic gap) » EREABE LR
HSLEAEEE - EH RN/ NN ERE WA
A (RES - ER1LASHFIBMITERES
iR E+aES  BRETHE B
(RE6EES) -

(b) 4/30 ~ 5/9/1986
24.7" N ——r——————T——

24.4

24.1

23.8

23'5 L 'l | l.l l L i I i i
121.0  121.3 1216 121.8  1222'E

(d) 3/21 — 4/14/1986

™7 T T

24.7'N

@]

24 |- -
F |
238 | -
0 10 Kn
SCALE
335 I‘. M | T /I |
1216 121.3 1216 121.8  122.2°E

B 5. 19864E5 H20H FUBEIT60FK P8 & e BIHIAAG M & B/ S I R 4R E © ()0~ 10KHG (b
11 ~20K R - ()21 ~35K/ » (d)35~60K ¢ - B ZEFRCEEMAEBREHEC o EEES I
10 - 205304 HBPRIEH - :

— 189 —



100

80 -

Numbers

S Days
B 6. 19864114 15 H AURRATE0FK A B2 TEZUBEHT
S /N B o TSP A R =
() 11/4 — 11/14/1986

24.6°N — — x
243 —
240 | -
|‘ .
237 F i
|
23.4 A | AT BT R
1262 1215 121.8 1221 122.4°E
{¢) 10/10 - 11/2/1986
246N ———pr—r—r—Tvr——7—
.‘. -
243 . s -
. . »
[ ° o -
24.0 . -
23.7 -
o O 10 KM
SCALE i
23.4 P A RPN S R W T R
121.2 1215 121.8 1221  122.4°E

24,6"N T
24.3 o -
W0t
% 4
ow o
o o 1
24.0 -
-|
23.7 "
0 10 KM -
-_—
SCALE, g
2%5.4 M i | R L M | N ‘
121.2 121.5 121.8 122.1 122.4°E

7. 1986£E11 515 1 P HI60R s 4 e FUE Rt
SEEY/IMtE 2 B -

(b) 10/25 — 11/3/1986

24.86°N —— S

b .. -1
243 |- % -

X . i
24.0 | : -J
237 -

| o 2-__1_.0 KM |

}_ SCALE ]
23.4 . 1 M 1 P}

124.2 1215  121.8 122, 122.4°E

(d) 9/15 =~10/9/1986
24.6'NL — T ——
243 | b -

e"-

240 } =

- ’ -
237 N

- L

= SCALE -
23.4 PO Y I T S S SR T S R .

121.2 1215 121.8 1224 122.4°E

B 8. 19864117155 FUBATEOR P T 4 ALFU B I AT A /1N 18 22 B e 4 SLERY o] B (R I = ()0~ 10K
(b)11~20 41 » (€)21~35FHT » (d)35~60KRY -

— 190 —



=~ BREMFT

HW5 H20H BB EME M RECEH
%% A9 (e.g. Chen and Wang,1986f Liaw et al.,
1986) - {BER OGRS T B AR R 2R B SE R R 1
HIKRER - ER11A I5H BB ER =S
Btk AR @E o BRI o AW A RIS
ERHAER R BREESH o W R ER R
R - BOER LR B 143 6 1653 5 7% 7% 38 i {E £
BIEHBRESE AT - EEITSl - SH20H 7R
BERNE - RREREEHRTEERE - SKK
HEHF CEHBRRRE - Itk > RBERERE
WD HEISKNBE /TR E » ZREGE
HRES  BEVEENER=RERBEH= -
RGBT c FEES ML REMNERILK
O BRIEE - —BHURIUERNE » B—HuRUR
HAL #9204 BHHTCREN10) « FEAEH 44738 Bk
BAORFE S BHABRIARXABENMREBES R
rhAEFUB BT Wi s825 K 8 L R PP oAl
BOMHEDNBRICHFF0LENEREL - RE
WA ME - EFBET RS NESIBHHER
EasEmES - HthE TR RN - EhEE
BYHF RS E T S HE T -

200
150 ]

100 4

88

Numbers

50 L P
B2 32 2 o ad

123 (1,4 2% 20 232
3, Tft 18, 4P 1 125520901 ] 5

O 1 T L T 1
-0 10 20 30 40 50 60

Days

B 9. 198645205 FUR K 60K A LTI
AT B /SR R IR ] 43406 <

24.7°N

[
24.4 — .
241 | j
238 | -
23.5 e e
121.0 121.3 121.6 121,9. 122.2°F

10. 1986451 20 H FURBG0K P98 £ TEFURE N
LRI/ R BB L5 -

SRR IR MR AT - B
BRI AR BT 47 6 S R R R
5 - EEISETEICE LR B B R
HIE (B 105 ATAA BT - - BB BESAE YT
KRB SR BB E R
RS b AR 78° (T o b e e B LA B 4598y
VAT TR > W — IR A AR5 o (IR B
HE » ZRE[Chen and Wang (1986) F Liaw et al. (1986)
FIEAG B - S HARD T ERRMNE
BAFAEKHE - BREES/PR 04 R £ B
AT EIRTE (Chen and Wang(1986) 5 Liaw et al.
(1986) TR BIER ) « ML AR IR A B STk ie
FRE131% - T SRIEWNESEASBEENEERY
HRE - A HBRNRBR BB RD - &FH
AHHBBRERABENBBERIRS Hi(LE14) -
XA BB AR — R SN B A R
EHORAE— T » HEREERE » SR
WA R S E P E S BB ER) - TRE
— e SERAT F WD - RIS — R AR ER T RE
FUE B — BRI D R R R 4 - FUE
B ARORBRRIERES/ N3 AER - BHAK
Dl A SRR B e » SRR BT
RHIE RO SR R A FTE R, - BiE

— 191 —



(a) 5/20 - 5/25/1986 (a) 5/26 - 6/5/1986
247N —r—r ———r 247N ——— r—t———r
24.4 - 244 F :j . e, .
’e o ﬁ
r ] . & b *a . i
24.1 = 241 F ¥ .
|' R o 1
23.8 ﬂ 238 | . -
1 0 KN %,
-
L SCALE -
23.5 . . 235 b a1 5 b8 a. 1 4
12,0 121.3 1216 1219 122.2°F 1210 121.3  121.6 1219 122.2°E
(c) 6/6 — 6/25/1986 (d) 6/22 - 7/19/1986
24.7°ML T 2470 o —
24.4 [ - 244 t:; . .
24.1 l— Te o 241 ® -
|' ) : o odg00C
: R ‘
238 | - 238 | . =
J r:\___l"o KM
L SCALE
23.5 2 1 . 23,5 a1 A .
1200 1213 121.6  121.9  122.2°E 121.0  121.3 1216 121.9  122.2°F

B 11 19864F5 H20 HFURE 60K AR 4 EFUBIR T/ N B8 2 R e 43 SELARE P M £ 18] - ()0~S5K %% »
B6~15K1% > (©)16~30FKE » (d)31~60FK % -

DEPTH (km)

RV e s
40 [ronmemmmmmemeoee e .
50

- 192 —

B 12. 610 BN e B R IR R TR A

LGSR - WL =EAERERESALE -



0 0 '—'?"_‘1!1‘1 0 a3 *.'a.'..
, T L TR L%
LLL - . * - ‘. -] g D4
— 10 peve- ‘...'... amogfaen ] — 10 ....g:..,'...‘.,..... ..... — 10 frevemeesmenatttne et
5 Y 5 L) .’: . 5 . -‘ .
. 20 L 20 e 2 .:._.‘. ......... - o 20 b teaeee e d
= : m
E 30 fre-merererrerenacinnad 3': 30 E 30
[ ] [
a o = 40 . 40 !
T () ) TSR T\ 7 PO
50 50 50

{©) 0 =5 days (b) 6 - 15 days

(e} 16 — 30 dayx

DEPTH (km)

[}

20

30

40

50

10 - “':"""'" -

{(d) 3t - 50 doys

B 13. 1 276 B RS9 TR o P T 53R - ()0~ SRi% » (D)6~ 15K » (©)10~30FK %

() 31~60K% - HOZABRBEBUE -

0 — \ 0 X 0 T 0 ST
v Sasms "'I‘WF' . Tad
L. ¢ ‘#’. * '1:-. Y T .’%":
— 10 -.--{3:_..‘ ........... - — 10 p----- .r'....-. ----------- — 10 ......’.;...: ............. — 10 poeeesmmmenatamn
E l-'.a"'" E 4".‘ E KLY E ': *
5 20 froves < ._.-.:.... ......... ﬁ 2 ) SEPTTTTTY PPN 5 20 promeeereme e 5 20 b _I
Jos] =) o) b=
E L1 L RO [E: 30 Fererrrrenaenrrerarased] B‘: 20 freeemsmnneines R E .71 NP
& & =] <)
=] = = =
40 ------------------------ 40 Pesscssannanantnnceesn=d 40 e e ar e maaana. - 40 ------------------------
80 50 50 50
5/20/1986 5/21/1986 5/22/1986 5/23/1586
B 14, @13 MRERE RN HE - B0 =SSR REEEUE -
—X h 4
0r = 0 TP Y
? es . T,
_— 10 |rrertvm e — —_ ;:.:n - 10 ._.._':.:‘:.____-__..'....--
g .- " g g . A% g R T I
5 20 [eemarerene- SCTCTCRRPIES 5 20 b __\ - ﬂ 20 feeeeer ,.'.-.,...'.. ......... - 5 20 Feeeretene g
E LY T — - E 30 frrmmsemenermnenneand E 30 e R E 30 foeeeerm s .
=] ' 3] B2 =
= = = =
40 ........................ 40 hernrecocconmnayrrn=nan = 40 brassesnsnrcsnsnnnssrer-d 40 ------------------------
30 50 50 50
{a) ML < 2.0 (b) 20 < ML < 3.0 {c) 3.0 < ML < 4D (d) ML > 4.0

B 15, EfI200HBEE A - ML <200 (b) 2.0 M, <3.0 1 (€)3.05M, <4.0

(d)ML = 4.0«

EERR ST R (MO X /M BR o B 0 B
15> BREEGRENHEASEREIRC > 2
Moz AORTHIE B EERT  RANSRERES
My=53 > REFRRENBLE -
HEISHABASRTELLS A20R8MEE S -
ARENE TR HEI R E - +X

— 193 —

HERIPH=TRES - HINBERRERET IR
A A IE(RE16) - JERaRBRZM I HER -

BT ZURISEA - SRESEMER LS AR
FREL7) - HE GBI g R - A4
B BUR1 A IISHNAE R 2R B e fLE
AR R BT E 4 - ERGREEEIRIHRIE



800
87
600 ks
1]
t
QL
G 400-
=
Z,
200
0y
o
Days
B 16. 1986411715 FIg k48K R £ AR
Wi ST % e R PR 4 A =
(@) 11/4 — 11/19/1986
24.6'N —————r——
243 | -
240 | -
237 -
- ‘ SCALE .
23.4 [l 1 l ] L l 1 A I 'l ke
121.2 1285 1218 1224 122.4°E
(¢) 11/26 — 12/14/1986
24.6'N ———r—p—r—p———7
243 |
240 |-
237 |+
23.4 I L I 1 1 t L 1 1 ]

121.2 121.5 121.8 122.1 122.4°E

24.6"N

24,3 -
24.0 ]
23.7 -
B © SCALE b
23.4 e L L e
121.2 121.5 121.8 122.4 122.4°E
17. 1986411 H15HFIBHABXAREEIE
Fid SRS N B 2 BE -
‘ (o) 11/20 - 11/25/198%
24.6°N ————r—r———75 T
243 |
240 [
237 |
23‘4 I 1 l L L ' - Y Il l I 'l
12,2 1215 121.8 1224 122.4°E
(d) 12/15 = 12/31/1986
24.6'N ——— T
243 - ~
o.%' |
240 . -
- u.: -
| L] ? -
237 | i
o g 10 KM o
23.4 [ 1 M 1 | ! L ] I 1
12¢.2 1215  121.8 1221 122.4°€

B 18. 19864E11 A 15H ZUMMAS KA S AE PR NI Y/ B i B8 R 3 M BLIRE RS B 4R I = (@)0~5 Ktk
(b)6~ 15Kk » (c)16~30K 1% » (d)31~48K -

— 194 —



AR R TS RN S LR 1 A E B AT (Tsai et
al., 1977; Tsai, 1986)  FIE AR BERYRE 22 S0 1R
HE—F AR BERRENBRS AR SRFETIE
T R AR SRERREFER v B RE
AL BRAUFESB > UEUENEH(EE
18) -

BT #E— SRR B AR R 257
EEGEERERERERESE  KRSAARK
(Omori, 1890 HERLAE,

N(Oy=ki" 4]
HENOS B ANERY  CREE - pRERA
#{(decay constant) - F(1)ZFRE IS » SRR
fetEsr R, - /1

logN(ry==logk—plogt (2
FIRE ()R LU/ F Hi(least square method)43 A3
HHEME B AT B AR RS iE R BB
SE B RS AY &R 5 7 i R R R S SRR M K A 1
(FBI19E:20) » HEEATRRARpED A FH0.87 R
0.93 - #£11 A 150 FUEAYER BB R BOR W 4R He5 B
20H ZUE e E R BRI RS R TIH » BUR1LE
15 H FURE i) A i s AL - TS B 2074 5 (38 T I
S B N B R IOEE » SERUARE IR R B Ry
SEE R g AR o L SR B AR K BGR
FEEMp (BB » B AR S Y Al AR Y (R AR B
L

May 20, 1986

Logh=(2.3820.03)~(0.87:0.02)Logt

Log t
198645 F 20 H ZU BRI AR R MR it 4%
E o

B 19

Nov 15, 1986
LogN=(2.9520.02)-(0.9310.02)Logt
3 Iy
z |
wp 2 [
Q
-
1' -
0 1
0 1 2
Log {
B 20. 19864F11H15HTIBNARERHERESR
E] °

M~ BEREEER
TR R 471986425 H20H B 11 A
15 F1 i T ZU R T B RIS R R R 2 A 0+ 4
BB R B R  SE R T
TEB AR DS

1.5 5 208 [ RAESEH M e 8O 7R 2R #
SRR 4 > 7 EEISIT 2 55 A B P e R
BB 6 2B B SR8 R 8
B EEERBEER RN » BB
(KRBEE A -

2,11 B 15 A AL B iy JUR B B IR
YRR A AR SRR T A A B HVE R
e B R S A - R Ltk
f B FIER R SRS ISR B - KR
BRYERRER TN - (SRR Rk -

L BT R RET - ZUBATR BRI B e
DR BIFREUEREER B e e
HOE - (RN E S AT EE - W
PHTE BTG A ST -

o o
KRR R R PR AR RS - BHER
§RCWBB3-2E-03 » 37 b 7 I S o o 0 2 B e 7 it

— 195 —



I\ BERK

Chen, X. C. and J. H, Wang, 1986: The May 20, 1986
Hualien, Taiwan ecarthquakes and its aftershocks.
Bull, Inst. Earth Sci., Academia Sinica,ROC, 6, 1-
14.

Chen, K. C. and J. H. Wang, 1988: A study on after-
shocks and focal mechanisms of two 1986 carth-
quakes in Hualien, Taiwan. Proc. Geol. Soc,China
, 31, 65-72.

Hsu, T. L., 1962: Recent faulting in Longitudinal Val-
ley of castern Taiwan.Mem, Gegl. Soc. China, 1,
95-102.

Hwang, 1.. I. and H, Kanamori, 1989: Teleseismic and
strong-motion source spectra from two earthqua-
kes in eastern Taiwan. Bull, Seism. Soc. Am., 79,
935-944.

Jones, L. M. and P. Molnar, 1979: Some characteris-
tics of foreshocks and their possible relationship
to earthquake prediction and premonitory slip on
fault, J. Geophys. Res., 84, 3596-3608,

Liaw, Z. 8., C. Wang and Y. T. Yeh, 1986: A study of
aftershocks of the 20 May 1986 Hualien earth-
quake. Bull. Inst. Earth Sci., Academia Sinica,

ROC, 6, 15-27.

(Omori, E., 1834: On the aftershocks of earthquakes. J,
Coll. Sci. Imp., Tokyo University, 7, 111-200,
Pezzopane, 8. K. and S. G. Wesnousky, 1989: Large

carthquakes and crustal deformation near Taiwan
. J. Geophys, Res., 94, 7250-7264.
Shin, T. C,, Z. S.. Chang and G. K. Yu, 1989: The
complex rupture of the 20th May, 1986 Taiwan
earthquake. Proc. Geol. Soc. China, 32, 233-253.
Y. B., 1986: Secismotectonics of Taiwan.
Tectonophysics, 125, 17-25,
Tsai, Y, B, T. L., Teng, J. M. Chiy and H, L. Lin, 1977

Tsai,

: Tectonic implications of the seismicity in the

Taiwan region. Mem. Geol. Soc. China, 2, 13-41,

' Von Seggemn, D., S, S. Alexander and C. E, Baag, 1981

. Seismicity parameters preceding moderate to
major earthquakes, J. Geophys. Res., 86, 9325-
9351.

Wu, F. T., K. C. Chen, J. H. Wang, R. McCaffrey and
D. Salzberg, 1989: Focal mechanisms of recent
large earthquakes and the nature of faulting in the
Longitudinal Valley of eastern Taiwan. Proc. Geol

. Soc. China, 32,157-177.

— 196 —



THE TIME AND SPACE DISTRIBUTION FEATURES OF THE
FORESHOCKS AND AFTERSHOCKS OF THE MAY 20 AND
NOVEMBER 15, 1986 HUALIEN MAJOR EARTHQUAKES

Guey-Kuen Yu and Ruey-Der Hwang
Institute of Geophysics
National Central University

ABSTRACT

The time and space distribution of the foreshocks and aftershocks of the May 20 and November
15, 1986 Hualien major earthquakes are analyzed in this study. Data of the foreshocks and after-
shocks are selected for those small earthquakes occurred within 60 days before and after each major
earthquake, respectively, and located within a radius of 50 km from epicenter of each major earth-
quake.

The results show that the May 20 major earthquake is located on the land closed to Hualien city
and is produced by dislocation of the fault. Its foreshock distribution has formed a seismic gap with
radius about 8 km around epicenter of the major earthquake since May 1, and numbers of small
earthquakes outside the gap are also decreased day by day. However, the November 15 major earth-
quake is located at the off-shore near Hualien city and is produced by the collision between plates,
Although its foreshock distribution is not even enough, there still no obvious feature can be
concluded.

As to the distributions of aftershocks, there are also correlated much to geological structure and
plate motion in the space distributions. Ia the time distributions, the numbers of their aftershocks are
both decreased day by day and followed the Omori’s decay formula, but the aftershocks of the May 20
earthquake have a smaller decay constant and larger variance in decay curve than those of the Nov-
ember 15 earthquake. Results of this study will provide some references to the earthquake early war-
ning studies and the time to announce the aftershock hazard relief.

Keywords : foreshock, aftershock, seismic gap
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USING GMS-5 WATER VAPOR CHANNEL DATA TO
ANALYZE AND DIAGNOSE THE ENVIRONMENTAL FIELDS OF TYPHOON FAYE

Mong-Mnig Lul and Chi Pan?
1Research and Development Center, Central Weather Bureau

2Computer Center, Central Weather Bureau

ABSTRACT

The GMS-5 replaced the GMS-4 in June, 1995, A completely new channel, the water vapor
channel, was implemented in the new satellite. Therefore, to display spatial distribution of the middle
tropospherical integrated water vapor has become possible on a real-time basis. After carefully
watching the data for few months, we found that water vapor data should be perfect for monitoring
movements and developments of the subtropical highs. In this report, the data is utilized for analyzing
and diagnosing the characteristics of subtropical highs based on products of the CWB global forecast
model. The study period includes only four days (7/19/1995-7/22/1995) during which a typhoon
(Faye) first approached Taiwan and then sharply turned to the north, moving towards Korea. Our
results show that the water vapor channel data can clearly mark the boundaries of subtropical highs.
The data is, therefore, particularly valuable for detecting possible moving directions of typhoons. On
the other hand, using the water vapor channel data as a reference, we find that the wind fields (at 500
and 850hPa) actually can represent the subtropical highs better than the height fields. Concerning the
model results, we find that neither the analyzed nor the forecasted results can fully capture variations
of the subtropical highs. To identify possible causes for the modelling deficiencies is an extremely
important task in the future.

Keywords | Water Vapor Channel Data, Pacific Subtropical High, Typhoon
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A PRELIMINARY STUDY OF THE CORRELATION ANALYSIS OF THE
RAINFALL DISTRIBUTION IN THE CHIAYI AREA IN 1994

Bing — Her Lee
Chiayi Weather Station, Central Weather Bureau

Tien— Chung Hwan
National Chiayi Agricultura! Institute

ABSTRACT
In this study, the Chiayi area is geographically divided into 3 different regions : (1)the coastal

region, (2)the plain region, and ({3)the mountainous region. Two observation stations are selected to

represent each region; and they are Au-ko, Bu-dai; Chiayi, Si-kou: Fen-chi-hu and A-li-shan,

respectively. The daily rainfall data of 1994 are used, An analysis is proceeded according to different

rainfall types in order to investigate the rainfall distributions and correlations among all stations. The

results show:(1) The rainfall of the cold fronts is not evenly distributed; it attains a maximum in the

mountainous regicn, the terrain region ranks the second place and the coastal region has the least

amount of rainfall, Besides, the rainfall correlation shows an obviously significant positive correlation

among six stations, (2)The rainfall distributicn and the rainfall correlation among six stations are similar

to those in the cold fronts with an obviously significant correlation within the same geographic location.

(8)The rainfall due to the heat-induced thunderstorms in summer is not evenly distributed owing to

specific geographic differences, but with a maximum in Fen-chi-hu and a minimum in Au-ko. A

significant positive correlation of the rainfzll amount within the same geographic location is also

observed. (4)The orographic rainfall caused by the typhooninduced, intense scuthwesterly flow to a

maximum of 1200mm-1500mm in A-li-shan and Fen-chi-hu; and a less amount of 250mm-350mm on

the plain and the coastal regions, This rainfall correlation will be varied according to the distances

among stations; the nearer the stations, the higher the correlation,

‘Keywords ! the rainfall distribution, the correlation.

— 218 —



REBHEN+—EEZHB4EIR)

RBEA+ —FREALRSE — B FHRAO3])

(P
RS EARTE AL

[

£

Y5 BG R B 824E8 A E AR L RIS 1 1{EHAGE, » R h RES HESLE L
& A BBARAEG TS — HEE, - EIbRE R RE824E8 H 16 HH I e B R B IR A IEHE
WAL - BEREEROESETE LS mBE - EELSREN - mEEIE SRR
i~ Y RS R RO 0 WAL R B - RRBWIRE - PRASR
8 H 17 H T AR 10 BIA S0 i R R B G 45 - =8 H 198 LATOIR405 BEER L RE R 1
FVESE - ARG RIS B4 LN 3043 8 5 MR £ W O - ELLYRM - S
WlkEY - RWBREBT TN LRASRREMNSREE  RPERMT B LRAE
% - MEEPRANEET » GEHREE - KEShERPHUEIHERTERNRE |
HeAh 0 AL R AR Lt R A o T & IS e R YD R LR AR 0 - Mgl Y M 3%

HRALWERE -

o

._"a'l'j'

B I5(TASHA) G RV BB 82 4P AL AR B |
R LR, » DR R R RS g
KBBAEE —HRE, - EPRAR RE2E
8 16 LI E B R B R ABEBE + REBHK
ERGRYEEEE L ABE  ERTERE
[ o Y R SR R JL A P P A ¥
i - BODEETE 0 EEEE DRI - &
SEEHEBE  REBWRE - ERERTRD
BRI -

ATHES S B AL TS0 B - N - TR
BRAE, « BAE B S R R A AR RS
TR - U R SR WA R R
R TR R TR -

T BARAE - ERREEBE
RS2 54 BRATSA

ST RO A 828 H 1S F TR 2R R AR
(S » 2 et 16 H i BRI ERE -
FRSHFIEREAL ATV L BA S 1 ERR, -

AR ¢ {E500hPa N E - AFERREY
8] (EN5880gpmE HiR Z HEE ) GRTHENEE
FEESEE - EFE - —ERVIIERT - 46
FREAR BRI PR L - TP R
JRERA A SRR PR A > SN E Y BT
H—EERN (H2) - SE3T4mH700bPa iR
AR ALH VSR EE M ERRERHL - BoARE
$E28F - HRIISE~IERISE - HIEI08EH — A
YIMTEAE - FE850hPa T - AT iR B
HAbFAPE R EES - EERRESRE — Ry
HAE (E4) - ik B B A B (R O R
] P YR 0 T L e P P A R W
B > BPRMAIR ERERTRE © a8
BEAPEEEREGM BT T (BS5) - 16
H B 186525 18 F ity L8 » S00hPafirfid s R SR
HYE i DU R 1 ST AR B A B W AR 30 B 1)
RRE) > TE S RS RIR R R AL 30
BAE - BRI AT ERBAAE  FTBlE16R
i 1= 815 25 18 F i L8R HAR - VB EGR— ELHYE X
TR B R R IR M PR R TR B - E 18
Hith ESRRE EILm19.8% - BALI0.1E - 5

— 219 -



o

)

16

117UTC 04 >
i 5'“’“?@/”
Y 2i00uTe Of

il

a}snourc 040 200
! — m u 1 | |.,.._ Sl
urc 05 o——fJ \9 | Mtaure 035
fiowre 055 % Z 1700uTC 035
1eviure uss 51207035
- 1900uTe 03 J
. "‘-—

B 1 SIRE SR R (R LR R R B R B RR) » 1 BRI (UTC) B L B A TR (KCts)

(SEARCR BEAERTIECBREN200,/3000 B 2 i )
Fig. 1. The best track of tropical storm TASHA,

(The solid/dashed line around Taiwan indicates the distance of 200/300km from Taiwan).
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Fig. 2. The observation data and geopotential height of SOOhPa at 12UTC on 16th of August 1993, Contour interval

is 60gpm.
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Fig. 3. as in figure 2, except for 700hPa and the contour interval is 30gpm.
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Fig. 4. as in figure 3, except for 850hPa and the contour interval is 30gpm.
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Fig. 5. Surface chart (mean surface pressure interval is 4hPa} at 12UTC on 16th of August, 1993.
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Fig. 6. as in figure 2, except for 00UTC on 15th of August, 1993.
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#F 1 BEURECRERE - PORRE - BEAA - BEEE - BAREREASEES -
Table 1. The best track - center pressure + movement direction * movement speed + the maximun wind speed and

the radius of tropical storm TASHA.

REUTC) | ROUE | bl G | BE SR | BEE | BRREMS) | RESLREM) ]
H | B |8 |dbg | s | (HPAY | (DEG) | (KMOTS)| peg | j Jg | 30 KTS | 50KTS i
8 | 16 | 12| 169 |126.7 1002 — - 18 23 100 — (o
18 | 17.1 | 125.5 598 280 12 18 23 150 — 7
8 | 17|00 173 |1250| 998 295 5 18 23 150 - p
06 | 17.8 | 124.3] 998 305 8 18 23 150 - "
12| 183 [123.8( 998 315 7 18 23 150 — y
18 | 189 [123.0| 995 310 10 20 25 150 - p
8 | 18|00 19.2 |121.6 965 285 14 20 25 150 — 4
06 | 19.5 11202] 992 285 14 23 28 200 - y
12 | 19.8 | 119.1 992 285 11 23 28 200 - i
18 ] 19.8 | 1180 990 270 10 25 30 200 - 7
8 | 19|00 19.7 |116.9 990 265 10 25 30 200 - 7
06 | 19.6 | 116.0| 985 265 9 28 33 200 - "
12 | 19.5 [115.1] 985 265 9 28 33 200 - p
18 1 19.5 | 114.4| 985 270 7 28 33 200 - p
8 |20 00| 198 |[113.8] 985 300 6 28 33 200 — "
06 | 203 [ 1132 985 310 8 28 33 200 - v
12 | 20.7 [ 1126 985 305 7 28 33 200 — 7
181 21.2 11119 975 310 8 30 38 200 - #
8 |21 00| 217 [111,2 975 310 8 30 38 200 - W
06 | 22.1 {1103 980 295 9 23 28 200 - y
12 | 22.6 | 1093 990 300 11 23 28 200 - %
18 | 23.2 | 108.7 990 315 8 23 28 200 - o
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Table 2. Warnings issued by Central Weather Bureau for tropical storm TASHA,

- RIF AR (LY & ;9 i £ st
B H | R s 4 s E T
Ll 1| 11716 | 10 |- SEEHENEE - CLigk - R
gkl 1] 2117121 00| SEEETEE - i - "
VERE 1| 3 (18| 3 |30 | &EREEEEE - iR 2B ISR BRMEREERE | ~
WERE| 1| 4|18 9 |20 | HEREIOEE - ELEREEEENE T ERATREEHRELE | ~
WGRE| 1| 5|18 |16 15 | S@REAER - ELHK - EY BN R EMEwEE | BEEE d
L) 1| 611821 00 | SENERET - DAEERERYD SFE - g
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Table 3. Satellite fixes for tropical storm TASHA by the Satellite Center, Central Weather Bureau.

R | R | | et B | PORE | | FREERE
A8 e o | e | me | EEE| T-NO,/CI-NO H| 8|55 o | e | we | ¥EE | T-NO,/CI-NO
08|16]23!00| 16,5 |125.2| poor | T2.5/2.5 08|19:03|00| 19.8 {118.0( poor | T3.5/4.0
08|17(02| 00| 16.6 [124.8| poor | T2.5/2.5 08(19(04|00| 19.8 |117.9| poor | T3.5/4.0
08(17)|05|00( 17.0 |123.9| poor T2.5/2.5 08|19(05(00} 19.5 |117.8} poor T3.5/4.0
08(17(08|00( 17.1 |125.1] poor T2.5/2.5 08(19|06|00( 19.8 (117.5| poor T3.5/4.0
08|17 11 00]17.5]124.8 podr T2.5/2.5 08|19(07j00| 19.6 |117.3| poor T3.5/4.0
08/17(14(00( 17.8 ;124.4| poor | T2.5/2.5 08119/08/00] 19.5 |116.6{ fair T3.5/4.0
08|17|17|00| 18.1 |124.5| poor | T2.572.5 08|19|11|00{ 19.5 |116.3} fair T3.5+/4.0
08(17)|18;00{ 18.1 | 124.0| poor T2.5/2.5 08({19]14|00( 19.6 [116.2| fair T3.5+/4.0
08(17(19|00( 18.1 |124.0| poor T2.5/2.5‘ 08)|19|17100]| 19.4 [115.6| fair T3.5/4.0
08|17(20;00| 18.3 (123.8| poor T3.0/3.0 08(19(20{00| 19.5 |114.9| fair T3.5/4.0
0817|2100 18.7 [123.4| poor T3.0/3.0 08(19|23(00( 19.4 |114.6 féir T3.5/4.0
08|18(02|00]| 18.8 [122.7| poor T3.0/3.0 08120(02(00] 19.3 |114.4| fair T3.5/4.0
08|18|05]00( 19.1 |122.2| poor | T3.0/3.0 08(20|05|00| 19.6 |114.2| fair | T3.5/4.0
081808100 19.3 |121.9| fair T3.04/3.0+ 08(20|08|00{ 19.8 |114.1} fair T3.5/3.5
08|18(11:00| 19.4 [120.9]| fair T3.5/3.5 03(20|11(00]20.0|113.8| fair T3.5/3.5
08|18|14/00( 19.5 |120.3| fair T3.5/3.5 08{20(14|00|20.3 [113.2| fair T3.5/3.5
08[18|17|00] 19.9 [119.7| fair T3.5/3.5 0820|1700 20.6 |113.2| fair 13.5/3.5
08118|18(004 19,9 |119.3] fair T3.5/3.5 08120/20!00( 209 1112.7| fair T3.5/3.5
08|18|19(00; 19,9 |119.3] fair T3.5/3.5 08(21|02|00( 21.1 |112.0| fair T3.5/3.5
0818(20|00} 19.9 [119.1| fair T3.5/3.5 0821({08(00| 21.8 |114.4| fair T3.5/3.5
08118|21(00 20.0 (118.8]| fair T4.0/4.0 08(21(11|00( 21.8 |110.7| fair T3.5/3.5
03)18|22{00|20.0 [118.7| fair T4.0/4.0 08(21|14 (007 22.0 |110.5| poor T3.0/3.0
08(18123|00( 19.9 {118.6| fair T4.0/4.0 08|21(20|00(22.5 [109.5 poor T2.5/3.0
08|19(00(00| 19.9 [118.5] fair T4.0/4.0 08:2202|00| 23.2 |108.7| poor T2.0/2.0
08|19(01(00| 19.9 [118.3| fair T4.0-/4.0- 08|22(08(00| 22,3 (1074 poor T2.0/2.0
08|19(02100{ .19.8 [118.1] . fair T3.5/4.0-
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Table 4. Summary of observations recorded by the 24 stations in Taiwan area during the passage of tropical storm TASHA.

) %ﬁ{ﬁlﬁ(hpa)aﬁ M 8 A B B (n/sHB KB E (m/s)%E oms 3L k) x BB Kk 2 (mm) B X E B (nm)
YR |EE O (RE| AR EE QS B|R R(E K| B E| R | B R %0 00 0 | 5 R - %00 1 | B (R - 200 | RE | B (B -20Eio

B (10046| 1817:00( 24.9| SSE[ 18/20:48| 10061 28.1| 85% | 19.5| SSE| 18/20:58 18/13:18 — 18721:00 | — - - - - -

B Bg|w015] 181522 23.4| ESE[ 18714:58 | 10018 320( 5995| 11.6| SE[ 18/15:08 18/14:04 — 18/85:20( — - - - - -

% i[14543| 1ensoe| 259 S| 18n0:23| 14585 267 2% 156 S| 184127 18/07:35 — 18/15:40| — - - - - -

M7 [1002e] 1813:331 10.0] S| 18712:25) 10028 300 58%| 3.0| SSW| 18/14:41 - - - - - - -

£ Jk[1001.8] 18714:46 219 SE| 18/11:50( 1003.01 32.9( 559%| 83| SE| 181200 - - - - - - -

% ff[w030] 1804:00] 83| W[ 18/14:53] 1003.1| 319} 6805 52| WSW| 18/15:02 - - - - - - -

£ #0035} 181536 90 W[ 1871434 1003.7| 326] 69% | 63| WSW( 18/14:36 - - - - - - -

& ift|10035] 1801544 | 7.0 WSW | 18713:457 10040 314| 68%| 41| WSW] 18/14:06 - - - - - - -

BAE! 8053 18n4:02| 60|WSW| 18/13:21| 895.5| 27.0| 7895{ 34, SW| 18/19:06 - - - - - - -

% Eio0dz| 180630 78| N I8f07:56( 10060 29.0( B394 48 N| 1818:01 - - - - - - -

B £|1003s| 181524 79[WSW| 181518 | 1003.6| 36| 6795 56| WSW| 1871521 - 05| 1401 = 1INSGL| 04 191415 — 11425 0.5F  17/34:01 — 17/15:20

FE| 7579 18720:28| 86| SE| 18f22:50( 763.4| 161| 609%| 28| E| 18/03:56 - 021 18/03:40 —18/03:56( 02|  18/03:40 — 18/03:50| 02  18/03:40 — 18/03:50

E )] s408| 18/21:00 183 SE| 18721700 18/16:00 — 18721:00 11|  18412:00— 18713:00| 07|  18/12:20 ~ 1812:30| 49|  18/03:00 — 18/17:30

& ml0037| ens4s| 80| W| 18n648| 10038 300 7295 s1| W[ 18nes: - 02 1sn&t0— 18420 02| 18/14:30 — 1871420 0.2  18/14:10 — 18/14:20

B Hiit0039| 181528 | 13.8| SEE| (8M16:11] 1004.6] 299| 699 82 SEE| 18/16:16 - 55 1z —1sa%0e| 45| 1871028 — 181138 | 55| 18/11:25 == 18/12:00

HMEE 10045 181648 0.8 SW| 18/18:40| 10060 28.6| 869 ( 82| SSW( 1818:50 - - - - - - -

{5 #|w020| 181548 177  E| 18M1:33] 100631 2950 79%(| &6 NE| 18/05:08 - 105 181125 ~ 18/12:25| 75| 18/21:33 — 18721:43 | 36.0|  18/02:58 — 19/03:00

B ML|10055| 1800239 27.8| NE| is/ood2| 10066} 248 97%| 168  E| 180753 17/22:42 — 18012:05 | 221 1819:12 — 1820:121 155  18/15:19 = 181920 677  17/15:25 — 18/21:00

% #t|100s5| 1915:17| 17.8| NNE| 19/05:08] 10060| 60| 8695| 80| NNE| 1812:15 - 226  1905:50 — 19/06:50) 104  19/06:30 — 19/06:40( 78.5|  18/08:29 — 19/09:30

& @[io07.1] 181500] 11.6] N[ 180212} 10076| 27.7| 79%+ 4.5| NNE] 18/16:00 - 180 19/03:00 — (96400 | 90|  19/3:40 — 19/03:50( 83.6]  18/01:10 — 19/08:20

B |07 181629 83| NNE| 18/0%:15| 10087 [ 286 709} 5.5 NNE} 18/09:10 - 13.5| 196418 — 19/05:05 | 74| 19/04:26 — 19/04:36( 385  18/01:15 — 15/07:35

it #|1004s| 181659 13.4| SSE| 18713:32| 10078 | 299 W% 95| SSE| 181337 - - - - - - -

HBi[i0026] 18015:30| 147| ESE| 18/12:30| 10058 | 325| 6494 69| ESE| 18/14:29 - - - - - - -

B #0047 1816:55) 16.0| SSE| 18713:50| 10060 310( 70%| 99| S| 18/14:54 - 07]  18/60:30 — 18/01:30 | 03] 18/00:50 ~ 18/01:00| L2 18/00:30 - 18/04:50




F S ATHBOMEDRA I NFRARE R > HhE BT REERE EA -
(CLIP : B R ERREE AT -
TFSS © it R E RE AT RS - EBM  hRER M E ERE AT -
HURA @ i @R IGREET =,
RITD : HAZ EETR -
VHHH * 5 FHBEH -

Table 5. 24-hour forecast error statistics for tropical storm TASHA,

CWB : PRREREFHE

PGTW : BB FEITH -
BCGZ : B HBIHH -
RPMM * JEEE . Z IR - )

In the table, forecast errors from objective forecast techniques and different official forecasts from the

Central Weather Bureau and other Centers are included.

CLIP CWEB TESS
CLIP 18 172
172 ¢
CWB 12 187 12 242
242 55 242 0O
TEFSS 8 175 6 238 8 366
366 190 337 98 366 O
EBM 8 175 6 238 8 366
361 185 412 174 361 5
HURA 18 172 12 242 8 366
174 1 194 -48 237 -129
PGTW 15 183 11 250 6 370
166 -16 187 -62 166 -203
RITD 16 181 12 242 7 362
19¢ 5 203 -38 181 -181
BCGZ 13 185 10 257 6 396
205 20 214 -42 198 -198
VHEH 14 181 11 244 7 362
237 55 253 9 240-122
RPMM 4 161 3 237 2 329
142 -18 185 -51 142 -187
A B
C D
AZRT XA Y TSR AR R A 2 i

24-HOUR MEAN FORECAST ERROR (KM)

EBM

8 361
361 0
8 361
237 -124
6 388
166 -222
7 374
181 -192
6 418
198 -220
7 374
240 -133
2 225
142 -83

BFER X L B T i 24/ NIF RRZE(KM)
CFARYE E T E L 24/ RE(RM)
DR YA 4 S L X s 7 iR R

— 231 —

HURA PGIW  RJTD
18 174
174 0
15 183 [ 15 166
166 -16 [166 | 0|
16 192 15 166 16 190
190 -1 196 29 190 ©
13 196 12 166 13 201 13
205 9 216 50 205 3 205
14 200 13 161 14 196 13
237 37 211 83 237 40 242
4166 4 183 4 222 3
142 -24 142 -40 142 -79 153

BCGZ VHHH RPMM

205

0
205 14 237
37 231 0

244 4 266 4 142
-90 142-124 142 0O
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(CLIP - @R a T -
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Table 6. As in Table 5, except for 48-hour forecast.

48-HOUR MEAN FORECAST ERROR (KM)

CLIP CWB  TEFSS
CLIP 14 303
303 0
CWB 10 324 10 490
490 166 490 0
TFSS 7 346 6 520 7 718
718 372 711 190 718 0
EBM 7 346 6 520 7 718
722 375 811 290 722 3
HURA 14 303 10 490 7 718
387 83 425 -64 513 -205
PGTW 13 288 9 483 6 737
298 9 301 -181 268 -468
RITD 13 320 10 490 7 718
390 70 405 -85 368 -350
BCGZ 12 331 9 481 6 761
390 59 444 -37 401 -359
VHHH 13 320 10 490 7 718
481 161 518 27 496 -222
A B
'S D
AFTRXFIY R AR 2R

B Xl _E YRR Hhir 48/ NRFRR 28 (KM)
CHFrR YRl BT 5 2 48/ NP L (KM)
DR Y RITR R 7 5 EL X 7 R i ROt B

EBM

7 722
722 0
7 722
513 -209
6 748
268 -479
7 722
368 -353
6 T4
401 -372
T 722
496 -225
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HURA  PGTW

14
387
13
208
13
390
12
390
13
481

13

258

298

12
411
11
390
12

492

279

131

287

103

279
212

RITD

13
390
12
350
13
481

390

398
-7
390
90

BCGZ

12
390
12
468

390

390
77

VHHH

13 481
481 0
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REPORT ON TROPICAL STORM "TASHA" OF 1993

Woan-Hwa Wuu
Weather Forecast Center, Central Weather Bureau

ABSTRACT

Tropical storm TASHA was the 11th typhoon cccurred on the northwest Pacific Ocean in 1993,
The system was first found over the sea east of Luzon. After the formation, it intensified to a
tropical storm intensity at 1200UTC on the 16th of August. Later, it moved westnorthwestward
along the southern edge of Pacific Subtropical High. When TASHA approached to Luzon, it turned
northwestward and passed Bashi Channel and Pratas, finally it made landfall on Kwangtung, and
then dissipated, ‘

Central Weather Bureau ever issued sea warnings for the southeast sea of Taiwan, Bashi
Channel , southern Taiwan Strait, and Pratas, and issued land warnings for Taitung and Hengchun
during the period of 162010UTC and 190140UTC. Within this period, moderate precipitation was
observed over the eastern and southern parts of Taiwan. Strong winds were recorded at Lanyu ,
Yushan and the stations over the mountain area’s of northern Taiwan. However, no serions damage

was reported.
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Fig. 2. (a)Biological and (b) Artificial neuron model.

R —MESHKRER - BRESTEFSIER
HEH o o LU v 1S 4 B (BPN) 2 B I 8 13 IR
% B3FTRREBE - BPNETR RS H —RAR
B—igie - FRAE—REERRE - SEH
Y PR B T DA R AR RS - — AT A R
FlsR(BE) » REEREEBAA ISR SR
B BT AT -

= ~ S EHIRAIAAPT RO SRRIZESR,

AR HER R B AR L
ok » RS S I S AT AR
FEHNE - BB Bk EEDEA
XEHZHERE(RER  SHRTNRET

By ACHLR
Xl'-"‘

PN

3. RmAEGERER (BPNELE] -

AR & po

1995) » HELFTR S HRAARRARELRN - B

BHRATERERNTERETIREAR  —HRGE

TEESNMN 5 ERHE TS EL N
A - THERA T

OB TAFES 2 #H - MaEERAMNZ

FU%G - HUGHLEATREIR S - BB BER

MRS E TR A ROERS) 0 ERE

B EF EEak | B4 BB (R 4a) - E4R

BOFETAE 3 B IR 53 M 5O 1038 25Hz 2 1] (1] S2)

+ TEH B U BSR4 B8 B X i E N T 3

BT IEEAR R L S - BB A

—HIEERI ARG5S - DATE TSR T K BRI

B BRAYFER (1 4b) » SETRHEAAY E B o

EEE W

Fig. 3. Model of back-propagation neural network (BPN).

— 237 —



Acceleration (crmysec/sec)

—
DN
OO ®™
Ll

[
3o
lll

-120

E: MMMMWW
F**W i W%Ww—

o =N

]
—
Q.

LAobroh

1 T v T T T T ]
0 2 4 6 8 10
Time (second)

B 4 &MatsBRERsnEgmE — R IR TSRS - KR WE
SRR ST 0 (0) K EARSE AT R B AR, » (o) HE 48 25 0 ot [ 9T S R S AT
(DHFETHRBRATERR BN » ()M LB AT B 4 SRR RMEETSR(DEBE RE R S IR AT 38 -

Recorded sample waveforms of five types of noise and an earthquake signal, They are (a)

Fig. 4.

Noise caused by a heavy moving truck, (b) Noise caused by a moving train, (c) Noise

caused by a ground striker at a construction site, (d) Noise caused by an operating machine

at a construction site, (¢} Complex noise recorded at a construction site and (f) Near-field

earthquake seismogram,
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site, (e) Complex noise recorded at a construction site and (f) Near-field earthguake

seismogram,
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DISCRIMINATION BETWEEN EARTHQUAKE AND NOISE SIGNALS ON
STRONG MOTION RECORDS BY ARTIFICIAL NEURAL NETWORKS

Yih-Min Wu
Seismology Center, Central Weather Bureau, Taipei, R. O. C.
Institute of Geophysics, National Central University, Chung-li, R. O, C.

Yi-Ben Tsai
Institute of Geophysics, National Central University, Chung-li, R. 0. C.

. Tzay-Chyn Shin
Central Weather Bureau, Taipei, R, O. C.

ABSTRACT
The capability of using a method of artificial neural network (ANN) to discriminate earthquake

and noise signals is investigated in this paper. Actual strong motion records obtained in Taiwan were

used. The input vector, automatically extracted from the N-§ component of accelerogram, consists of

one hundred spectral parameters. The back-propagation network(BPN) trained by 1875 earthquakes

and 1875 noise signals in supervised-mode was used as a discriminator. The trained network can cor-

rectly classify all of trained samples, whereas the correct rate reduces to 98% for a separate set of 433

untrained samples. We applied this model to classify 10672 strong motion accelerograms which were
recorded in Taiwan during 1993-1995 by four types of acclerometer (i. e. IDS-3602, IDS-3602A,
A900 and A900A). The correct rate of classification reach to 94%. The two possible conditions caus-

ing misclassification of signals are: 1) A seismogram was recorded at near distance (epicentral dis-

tance < 30km). 2) The magnitude of earthquake is smaller than 4.0. The correct rate of classification

reaches excellently 99% for My >4.0 earthquakes. In conclusion, the ANN method can serve as a good

tool for automatic processing of digital seismograms when advanced training and designing are im-

plemented based on this structure.

Keywords ! artificial neural network, back-propagation petwork and strong motioa records.
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Wet Days Per Month, Taipei
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Fig. 1. Rainfall simulation for Taipei: the number of rain days per month is shown in the top picture and the am-
ount of monthiy precipitation is shown on the bottom picture.
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Temperature (C)
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Fig. 2. Temperature and Solar radiation simulation for Taipei. The top picture shows the maximum and minimum

monthly mean temperatures and the bottom picture shows the monthly solar radiation averages.
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Average Vapor Pressure, Taipel
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Fig. 3. Vapor pressure and wind speed simulations. The average vapor pressure is presented on the top and the
windspeed is shown at the bottom. '
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Annual Average Rainfall
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Fig. 4, Annual averages of Rainfall and percent rainfall changes for nine locations in Taiwan.
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Annual Average Maximum Temperature
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Fig. 5. Annual Average and percent of maximum temperature changes for nine locations in Taiwan.
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Annual Average Minimum Temperature
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Fig. 6. Annual Average and percent of maximum temperature changes for nine locations in Taiwan.
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Fig. 7. Annual Average and percent of evapotranspiration changes for nine locations in Taiwan.
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Rainfall Monthly Averages over All Locations
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Fig. 8. Monthly average rainfall and percent rainfall changes in Taiwan,
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Temperature Monthly Averages over All Locations
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Fig. 9. Monthly temperature and percent temperature changes in Taiwan.
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ETo Monthly Averages over All Locations
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Fig. 10. Monthly potential ET and percent ET changes in Taiwan.
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ETO Calculation formulas and definitions
PENMAN-MONTEITH FAO METHOD (Smith, 1990)

saturation vapor pressure at the maximum air temperature (e,,)

eax__'_o‘ 610 Sel 17.27Tx/Tx+237.3)]

saturation vapor pressure at the minimum air temperature (€,,)

ean=0- 6108 e[ 17.27TnA(Tn+237.3}

mean saturation vapor pressure at the dew point temperature (eqp)
eap = {eax(Ha/100)+e,(H,/100)}/2
mean daily saturation vapor pressure (e,,)
€ap=(CaxHCan)/2
net solar radiation (Ras)
R.=0.77(R/2)
net terrestrial radiation (Ry,) modified from Doorenbos and Pruitt (1977)
Riy=[-6(T ot T wa)/2A] [0.9(/N)+0.1] [0.34-0.14(Nes)]
where Tix= Ty + 273.16 and Ty, = T, + 273.16.
net radiation (R,,)
Reyp=Rus +RL
modified psychroinetric constant (v')
y'=y (1+0.34uy)
radiation term of ET, equation (Ryp)
Ra=[A(A+)] [Rap-G]
aerodynamic term of ETy equation (Agp)

Aap = {[Y/(A17) N ewp-eap) (9002 } (T +275)
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evapotranspiration (Epexm)

Erpa=RaptAgp

ORIGINAL PENMAN METHOD (Penman, 1963)
net solar radiation (R,)

Rus = 0.77(RJ/A)
net terrestrial radiation {Ry)

Ry =[-0T/AJ[0.90/N1[0.34-0.14ey)

where T\=T,, + 273.16.

net radiation (Rn,)
o~Ras + Rp,
radiation term of ET, equation (Ry,)
Ra~[A/(A+Y))(Roo -G)
aerodynamic term of ET¢ equation (Ag,)
Ay = {[¥/(A+y)][€am-e4][6.43][ 14+0.536us] }/ &
evapotranspiration (Egpgn)

Egpen = Rao + Ago

FAO PENMAN METHOD (Doorenbos and Pruitt, 1977)

net solar radiation (R,,)
R.=0.77(RJ/2)
net terrestrial radiation (Rp)
Re = {-6T*/A1[(0.90/N)+0.1][0.34-0.14ey]
where Thw=T, + 273.16
net radiation (R.e)
Ru=RastRy
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radiation term of ET, equation (Rg)
Ru=[A/(A+Y)]Rus
aerodynamic term of ET, equation (Ag)
Age= {[y/(A+7)][eam-€a][6.61][1+0.864u2] }/A

evapotranspiration {Egrao)
Errao=RartAgr

CORRECTED FAO PENMAN METHOD (Doorenbos and Pruitt, 1977)

All of the ET, equations sometimes fail to provide good estimates in regions where large
differences and daytime and nighttime wind speed occur. Adjustments are also needed for
locations with extreme humidity, daytime wind speeds and solar radiation. A table was _
provided in Doorenbos and Pruitt (1977) to provide a correction factor (C) that is multiplied
by Egrao to adjust for extreme conditions. Recently, Allen and Pruitt (1991) reported an
equation for determining this correction factor (C).

C=A0+ Al (Uy) + A2 (UyS,q) + A3 (RH,S,y) + A4 (DN, Uy RHY)

+ A5 (DN, Uy RH: 8.3} + A6 (P RH.S,q) + A7 (DN, Uy RHY)

+ A8 (DN, VP 3y RH;S,g) + A9 (RH,S%0)

where Dn,, is the ratio of daytime (0700h-1900h) to nighttime (1900h-0700h) average wind
speeds (if Dn,>4 then Dn,=4), Rh, is the maximum daily relative humidity (30% < Rh, < 90%),
Uy, is the average daytime wind speed (Uyy < 10 m s ™), and S,q is the solar radiation (3 mm d”!
<Su<12mmd™).

Values for the coefficients in Eq. 58 are:

A0=0.892; Al =-0.0781, A2= 0.00219; A3 =0.000402; A4=0.000196; A5=

0.0000198,;
A6 = 0.00000236; A7 =-0.00000860; A8 =-0.0000000292; A9 =-0.0000161.

The corrected FAO Penman ET, (Ecpen) is calculated as:

Ecpen = CEgrao
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PRIESTLEY/TAYLOR METHOD

net solar radiation (Rg.)
Ru=0.77 R/A

net terrestrial radiation (Ryp)
Ry = [-oTi* AJ[0.9 /N + 0.1][0.34 - 0.14 Vey]
where T, =T, +273.16

net radiation (Rp)
Roo = Rus + Ry

evapotranspiration (Epr)

' Epr = 1.26 [A/A+y][Rao - G]

FAO RADIATION METHOD (Doorenbos & Pruitt)
~ constants _
By = 1.066; B, =-0.0013; B, =0.045; B; =-0.0002; B,=-0.0000315; Bs=-0.0011
correction factor

B = Bg + BiHp + BoUs + BsHaUy + BHo + BsU%
evapotranspiration (Epaorp)

Eraorp = {B [A/(A+y)][Rs/ A]}- 0.3

FAO BLANEY/CRIDDLE METHOD (Doorenbos & Pruitt)
constants

Ag=0.908; A;=-0.00483; A;=0.7949; A;=0.00768; As=-0.0038; A;=-0.000443; Aq
= 0.281;

A; = -0.00975

correction factors
A =0.0043H, - (WN) - 1.41

B = Ag + AjH, + Ax(n/N) + As [In(U; + 1)F + AH,(WN)
+ AsHyUa + Ag In (Ua + 1) In [(/N)+1]
+ A7 1In (Ug + 1) (In (H, + 1? In ((N) + 1)
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monthly percentage of annual sunshine hours (P)
P = Nu/N,
where Ny, is the monthly total maximum sunshine hours and
N, is the annual total maximum sunshine hours

evapotranspiration (Eraogc)
Eracopc = A+ B (0.46T,, + 8.13) P

JENSEN/HAISE METHOD

Using the warmest month mean maximum (T p.x) and minimum (Tp,,) temperatures.

€= 0.6108e [(17.27Tmax)/(Tmax + 237.3)]
a .

e.] = 0.6 1 088[(17.27Tmin)lﬂ‘mm +237.3)]

Ty =-2.5-1.4 (ex2 - €a1) - (EL/550)

C, =38-2(E;/305)

C;=173

Cu = 5.0/[e.2 - €]

Cr=V[C, + CCy)
evapotranspiration (Egn)

Egm = [0.87/A] [Cr (T - T xs) Re)

SCS BLANEY/CRIDDLE METHOD
K.=1.0
correction factors

Kr=0.0173Tr- 0.314
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Tr= 18T, +32
-evapotranspiration (Escsac)
Escsgc = (25.4/ IOU) KTKcTFP

where P is the monthly percentage of annual sunshine hours.

HARGREAVES METHOD

mean temﬁerature range by month (Ty)
Ta=Tx-Th

evapotranspiration (Enarc)

Enarg = (0.0023/A) R, (VT4)(T + 17.8)

FAOQ EVAPORATION PAN METHOD
variable limits for use in correcting pan evaporation
mean relative humidity (Hy,)
30<H, <34
daily wind run (Wg)
84 < W <700
upwind fetch of bare ground or low-growing vegetation -
1<|F|< 1000
pan evaporation correction when surrounded by vegetation {when F>0)

Pc = 0.108 - 0.000331 Wy + 0.0422 In (F)
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+0.1434 In (H,) - 0.000631 (In (F))? In (H,)
pan evaporation correction when surrounded by bare soil (when F<0)
Pc=0.61 +0.00341 Hy, - 1.87 x 10° WgH,, - 1.11 x 107WgF
+3.78 x 10” W In (F) - 3.32 x 107 Wg In (Wg)

- 0.0106 In (W) In (F) + 0.00063 (In (F))? In (Wg)

evapotranspiration (Ecpan)
Ecpan = EpPc
where E, is the measured evaporation from the pan.
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LIST OF SYMBOLS AND DEFINITIONS

Equation Symbol Greek Nume Program Symbol Descripiion
n pie FI 3.1415927
delta DEC Sun declination in radians
& phi PHI Latitude in radians
o omega WS Sunrise hour angle in radius
¥ gamma GAM Day angle in radiug
I 10 Solar constant
Ey ED Earth Sun distance
A lambda ‘LAM Latent heat of vaporization
MI() Mean monthly extraterrestrial radiation
N N() Mean monthly potential sunshine hours
P P) Percent of annual sunshine hours
“Tax TMAX Maximum temperature in the hottest month
Tomin TMIN Minimum temperature in the hottest months
SH Sunshine hiours
R, RS Solar Radiation (MJ m2d!)
T, TX Maximum temperature (°C)
T, TN Minimum temperature (C}
H, HX Maximum relative humidity (%)
H, HN Minimum relative humidity
W wl Wind run (km d-) at input height
Ra RDN Day/night wind ratio
EP Evaporation pan (mm d)
R. RN Net radiation (MJ m~2d!)
SF Soil heat flux (M) m~2d")
LY Lysimeter data (mm d™')
Erepen EPEN Original Penman estimate
Egrao EFAO FAQO Penman estimate
Epp PENM Penman-Monteith estimate
Ecrao CFAO Corrected FAQ estimate
Exgpr EPT Priestley-Taylor estimate
Eam ETH Jensen-Haise estimate
FEraorp FAORD FAQ radiation estimate
Eraosc FAOBC FAO Blaney-Criddle estimate
Escsec SCSBC SCS Blaney-Criddle estimate
Buyaro HARG Hargreaves estimate
Ecpan CPAN FAO corrected pan estimate
R, RA (extraterrestrial radiation MJ m—2d-1)
o/N NN ratio of actual to potential sunshine (n/N}
P P percent of annual sunshine hours
W; WR wind run adjusted to 2.0 meters (km d!)
17 u wind speed at 2.0 meters (m s7)
A up day time wind speed (m s™!)
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Equation Symbol Greek Nume Program Symbol Description
G SHF Soil heat flux (mmd!)
Py BP Barometric pressure (kPa)
Y gamma GAM Psychometric constant
A DELTA DEL Slope of sat. vap. press. curve
L) EAX Sat. vap. press. at monthly Ty,
€a1 EAN Sat. vap, press. at monthly Tm--m
Cap EDP Actnal vapor press. for PENM
€yp EAP Mean sat. vapor press. for PENM
Ry RLP Longwave net radiation for PENM (mm d!)
Rus RNS Shortwave net radiation
Ry RNP Net radiation for PENM
¥* gamma star GST gamma star for PENM
Ry RDP Radiation term for PENM (mm d)
Agp ADP Aecrodynamic term for PENM (mm d™!)
T ™ (TX + TNY2 (°C ) =Tpun
Hy M (HX + HN)/2 (%)= RHuean
Cam EAM Sat. vap. press. at TM
& ED Actual vap. press. using TM and HM
R, RL ﬁ%v_v{l)vc net radiation for original and FAO Penman (
Ry RNO Net radiation for original Penman (mm d-!}
Ry RDO Radiation term for original (mm d-!) Penman
Ag ADO Aerodynamic term for origingl {mm d7) Penman
Ry RNF Net radiation term for FAO Penman (mm d-!}
Ry RDF Radiation term for FAQ Penman {mm d!)
Agt ADF

Aerodynamic term for FAO Penman (mm d-'}
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A SIMULATION STUDY OF TAIWAN’S EVAPOTRANSPIRATION
UNDER WEATHER CHANGE SCENARIOS

Jen-yu Liang and Henry Fu-cheng Lin
Central Weather Bureau

Shu, Geng
University of California-Davis, CA, USA

~ Shen.lin Lin
National Chung-Hsing University, Taiwan

ABSTRACT

Evapotrapspiration (ET) is a composite index which conceptually describes the processes of
water loss to the atmosphere from soil by evaporation and from vegetation by transpiration. Thus ET
is a function of plant, weather and soil conditions. An assessment of ET in response to a changed
climnate will, therefore, provide the néccssary information for an understanding of needed crop
production systems and resource managemnet stractgies. Because the difficulty in obtaining detailed
ET data, potential and reference ET are commeonly used for general evaluation. The purpose of this
study is to determine the potential impact of climate change on ET in Taiwan. This information is
important not only to Taiwan’s people and government but also to the database development of need.
local and regional contributions which are essential to realistically understand the overall impuct of
global climate change, Simulations were performed for two scenerios: current weather condition and
double CO, condition. Nine locations that cover a wide range of geographic representation were
chosen as a sample to evaluate the impact of weather change on ET in Taiwan. The locations studied
were: Taipei, taichung, Chiayi, Tainan, Kachsiung, Hengchun, Ilan, Hualien, and Taitung. The follow-
ing conclusions can be deduced from this study; the impact of weather change on agriculture and wat-
er resource would be two folds: The productivity could reduce due to a reduction of photosynthetic ef-
ficiency and water shortage problem would magnify due to a disproportionally increased evapotranspi-
ration and an increasing non-agricultural water use.

Key words : evapotranspiration, simulation, agriculture, impact.
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Intensity Map (calculated) :
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Fig. 5. An earthquake report shown on the Internet.
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ON THE ESTABLISHMENT OF AN AUTOMATIC EARTHQUAKE
INFORMATION BROADCAST SYSTEM

Yih-Min Wu
Seismology Center, Central Weather Bureau, Taipei, R.O.C.
Institute of Geophysics, National Central University, Chung-1i, R.O.C.

Chen-Chun Chen,Nai-Chi Hsiao
Seismology Center, Central Weather Bureau, Taipei, R.O.C.-

Tzay-Chyn Shin
Central Weather Bureau, Taipei, R.0.C.

Yi-Ben Tsai
Institute of Geophysics, National Central University, Chung-li, R.C.C.

ABSTRACT

An efficient earthquake auto-location algorithm has been developed and tested by the Central Wea-
ther Burean (CWB). The CWB can now routinely ol;»tain earthquake information in one minute after
the occurrence of an earthquake using this new algorithm,. In order to take full advantage of this cap-
ability, four antomatic informat:ion broadcast media, namely, E-mail, World Wide Web, and FIP ser-
ver and pager system, have been configured to receive and transmit antomatically the earthguake in-
formation from the CWB seigmic monitoring system. This new automatic earthquake information

broadcast system will enable the CWB to disseminate information about feli earthquakes even more

quickly and widely than its current practice through fac and paper reports.

Keywords : earthquake auto-location, information broadcast path, E-mail, World Wide Web, FIP ser-

ver and pager system
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? 500 h¥fa GEOPOTENTIAL HEIGHT analysis , valid time95061512-95063012
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b 850 hPa TEMPERATURE analysis valid time95061512-95063012
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IMPACTS OF THE UPDATE CYCLE IN THE GLOBAL FORECAST SYSTEM
OF THE CENTRAL WEATHER BUREAU(CWB)

Wen-Mei Chen and Shang-Wu Li
R & D Center, Central Weather Bureaun

ABSTRACT

The impacts of the 6 hours update cycle for the CWB’s global forecast system are studied in this
experiment.The intermittent four-dimensional data assimilation has been operated in the Central Wea-
ther Burean with a 12 hours update cycle that performs the analysis at 0000UTC and 1200UTC. We have
modified the update cycle with an interval of 6 hours by performing two more analysis times at 0600
UTC and 1800UTC. The very initial ficld of the ‘cold start’ of this experiment was obtained from the
operational 12h update cycie forecasting system, In order to reduce the effects from this initial ficld, We
have maintained a persisent assimilation with 6 hours update cycle for two weeks as the spin-up period.

Data source is a signifcant difference between these two assimilation procedures.The convetional
observationt dominates the source of the 12 hours update cycle’s anylysis, while astellite observation is
the major source of the 6 hours scheme at 06G0UTC and 1800UTC.,

By comparing with the ECMWF’s analysis, our anaylsis fields show a.h.igher anomaly aorrelation in
the 6 bours update cycle experiment. Tt also shows much improvement in the southern hemisphere, espe-
cially in the area south to 40° . ‘We also evaluate the forecast performance by comparig it with the
ECMWF’s analysis field. The forecast performance shows a significant positive contribution or the south-
ern hemisphere by using the 6 hours update cycle experiment. It also a positive contribution to the

northern  hemisphere, however; a minor negative impact was found in the east Asian region.

— 294 —



REBWE+— BT

R, B 83 46 A, 8 48 4 — 5 7 BOJR YU (9412)

# B B
e R R

W =

B MY (CAITLIN R A B £ R - BR - S5FURANERERR LR ML
X - FERE RSB TR ERET -

YAFHB R 7R R E RN S A » BEER AR IR B FT G G T S A W - Herp
UIERRTEEF A MRS » HRAHHELEN » A SEEHR R A EHE
GHARMEIEERE -

RS AR SR BRI O ATRT - RS BERE AL & M B - Tl & MR
B R AT AN - (BRI I 52 R R B P R R T SR B R
TERE A RARENEZINAE RARASSHNENERSUME ) ERESH
RIDIZ R B 2 128 I B K - USHE RS REERE > BHeMERMIENE - 0
REEEN - frEnE  HBEEt  PECHERMNEE @ ERIERE—F8K-

SR SR T (CWB) B LR R BB R RIS AR B TR DU E EEME (EBM)# 24 /)8
R RE 169N BB RAE - #E3H )5 I HURRANGY 21122 B BUBHT » TR AT &
B H 77(CWB, PGTW, RITD, BCGZ)BfARIFi24/ N szl » Il DAtk R SR 205 4%

B REELE -

=

_._\-é-ﬁ

HUFM(CAITLIN) Be Bl 5 RS 83 E AL R4S 88
W ERENFI2ERLD - LEREBEERE
M RE, - HAE8 H2H 21UTCRIER R R AL S
TE L AAE R ERBREAREERE - dRE
EATHERBREAGEMN - BRI Z 2
FHEEBEGBHET  REARENAGWItRE
3T POt S RN KB S B R R R -
LR ELE & WIS RIS - FEAREEERE
TR EIREG » 18 B4 H 12UTCHE & 8  ME (4
B - BEHAER - BRERH - AIRTE2X  MED
EEWE - MESECGE  HTEF R
Wi G RICEE » BERE TR
BNRCER - ERESOEA RS - HBRE
FSZ 3 b e LR R st e MR 1 P A R

AT FEMEEA T L8 — R -
BRI EB MRS - KBTI AR L4
F rhSIE LG - YURFTB BLAG B ot L SRR
R - BRI -
FXHBYUSHRAA B A - B - 25
M2 BNRAEZ BT - UREHE - %8
BB B SRR -

= HERARE

AR RIS ¢
OB HEE T RS R -
ILAPRARBRARFET LE=NRH—RE
L%H > ERAAE EREEREE SR
EMLERH(FR2a) - DU BN SIS RGO
(PGTW) ~ HA(RITD) - SRERZEHF HEH
(RODN)SE 2 1 802 (i RORH(#2b) -

- 295 —



| t
] I

,‘ 20N

B 1
Fig 1,

Hlr R B R -
The best track of tropical storm CAITLIN

®; L HUREA BERE - RES L REEER
Table 1. The best track center positions, intensity and movement of the tropical storm CAITLIN
B (UTC) RO E T ORE R M B A B AR (/) | SRR (Kkm) & =
A1 H k| J#& | & | (wPa) | (DEG) | (KNOTS)|#F#E (FE | 30 KTS| 50KTS
8 02 | 18 { 205 | 124.6 998 - - - . - . TD
8 03 ] 007 21.0 | 1235 950 295 11 23 29 120 . B B
06 [ 222 | 122.3 987 315 16 25 30 120 - [
12 | 2377 | 1209 990 320 20 20 25 120 - T B
13 | 24.1 119.4 993 295 14 20 25 120 - R
8 04 | 00 [ 244 | 1184 993 290 10 20 25 120 . B
06 | 248 | 117.1 995 290 12 18 23 100 . |
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# 2a PRI O R E A #® DHEBRSKAEEDL - BE - HNRERE

» HHT/Ci-Now FE e Dvorak (1975) EEEN ISR LR R EM
Table 2a. Satellite fixes of the tropical storm Table 2b, Satellite fixes of the tropical storm CAITLIN
CAITLIN based on the Satellite Center based on PGTW ~ RJITD - RODN
CWB. Definition of T/Ci-No follows B RS (UTO)
Dvorak (1975) MMDDHEMM 20.8N 125 4E PGIW
B (UTC) 8021430 21.4N 124.5E PGTW
BE e T/Ci-No 8021430 21.4N 124.5E PGTW
MMDDHHMM 8022030 206N | 1240E | PGTW
8020900 208N | 121.6E 3.5/3.5 3030000 207N 12435 CCAA
8021200 20.3N 1254E 3.5/3.5 8030530 23, AN 122.0E PGTW
8022100 20.TN 123.5E 2.5/2.5 8030830 23.0N 121.9E PGTW
8022200 20.7TN 123.5E 2.5/2.5 8030846 55 8N 122.1E RODN
8022300 20.8N 123.4E 2.5/2.5 8031103 23.4N 121.5E RODN
8030000 20.8N 123.4E 3.0/3.0 8031430 53.6N 119.7E PGTW
8030100 21.0N 123.3E 3.0/3.0 8031500 >3 0N 130.6E CCAA
8030200 21.2N 123.1E 3.0/3.0 8031730 23.0N 119.0E PGTW
8030300 214N 122.9E 3.0/3.0 8031300 >4 0N 119.6E CCARA
3030400 217N 122.7E 3.0/3.0 3032100 24.0N 11925 CCAA
- 83030500 220N 122 5E 3.0/3.0 3032330 23.0N 117.9E PGTW
8030600 223N 122 4E 3.5/3.5 3040230 54N 11778 PGTW
8030700 226N 122.0E 3.5/3.5 8040530 3TN 116.8E PGTW
8030800 221N 122.0E 3.5/3.5 8041030 54 8N 117.6E PGTW
8030900 22.8N 121.9E 3.5/3.5 8041430 54.3N 117.0E PGTW
8031000 23.1N 121.6E 3.5/3.5 8041730 54 &N 116.3E PGTW
8031100 23.3N 121.2E 3.5/3.5 8042030 559N 113.7E POTW
8031200 23.4N 120.9E 3.5/3.5
8031300 23.5N 120.8E 3.5/3.5
8031400 24 0N 120.6E 3.5/3.5
8031500 240N 120.5E 3.5/3.5
8031600 24.0N 120.0E 3.0/3.5
8031700 23.8N 119.8E 3.0/3.5
8031800 23.8N 119.6E 3.0/3.0
8031900 237N 119.2E 3.0/3.0
8032000 23.5N 118.8E 3.03.0
8032100 23.6N 118.6E 3.0/3.0
8032200 23.7N 118.5E 3.0/3.0
8032300 23.8N 118.5E 3.0/3.0
8040000 23.8N 118.5E 3.0/3.0
8040100 24.2N 118.1E 3.0/3.0
8040200 24.6N 117.5E 3.0/3.0
8040300 25.IN 117.7E 2.5/2.5
8040400 25.3N 116.6E 2.5/2.5
8040500 25.3N 116.5E 2.5/2.5
8040600 25.3N 116.5E 2.0/2.0
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Fig 5. The 500hPa chart at 00UTC August 3 of 1994,

— 301 —



A TN
SESER
122 x-s;éljiiatiﬁ—oa‘m ‘)

300/500/700k P MEAY/ PR

B 6. 8348 H2H20H 7 300/500/700nPaZs e E FilHE -
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Fig 7. The 500/700/850hPa mean flow stream lines at 12UTC August 2 of 1994,
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Fig 8. The rader echoes from Hualien station at (a) 10UTC (b)11UTC August 3 of 1994,
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Fig 10. The pressure tendency at Hualien (46699) - Chengkung(46761) - Hsinchu(46757) - Taichung(46749) -
Wuchi(46777} during the invasion of tropical storm CAITLIN,

~ 304 --



RREAE

1002

1001

1600 |

999

993

997

956 |

FRE( Py

993

9%

b N (1ST)

B 11 GLRsHtR R B A6 (46699) - BRTH(46761) 2 BBt B SR RE T SAE -
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invasion of tropical storm CAITLIN,
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Table 3. Radar fixes of the tropical storm CAITLIN.
Station 46699, 46744 and 46780 are Hualien,
Kaohsiung and Green island Radar station, res-

pectively,
- IR§ A DA

(UTC) Pl i
46699 03/06 218 1224
46780 03/06 21.6 122.8
46699 03/07 21.9 1223
. 03/08 220 122.4
03/09 23.21. 121.7
03/10 23.50 121.7
03/11 23.55 121.5

. 03/12 22.90 120.8 -
46744 03/12 229 120.8
. 03713 24.8 120.2
03/14 243 120.0
03/15 24.0 120.0
03/16 23.8 120.0
03/17 23.8 119.8
03/18 24.1 119.6

#F 4 YiEHRERERERE—RE
Table 4. Warnings issued by CWB for the tropical storm CAITLIN

R eE | % m
WG a % 1 & et
WL 2| 1]3]6 |15 AR EmENE - B HE
Y| 2] 2| 3 | 8 |30 LMEEGHE - BTk LR - ERLBRRRNE
WE(2 (33 115 umiﬁﬂﬁﬁﬁ Y R TERE  EEPE - RPUBERAE
EREREATRE m 5
BE[2[5]3 1] SEmAEhE - B SRER e B o EETE O SrETE
B2 613 | 20| 55| SRAEET - DLk  SEERESFEE | [EREE - BETh  JNbA - &P RUHEE
W 2| 713 |55 A MR R ST TR TEREE - EEE - 5T - SPIRTIE
W2 |2 |3 4 | 2 |50| BB R e SFTRENNE - BT NE S EYE
WE(219] 45 | S AEEHREIE SRNG5S
Y| 2]10] 4 | 8 |05 BEHEerHE SFIREEE :
YR 2 [11] 4 |11 65| MuiR R e T ZFTE
WER| 2112 4 | 14| 0 BUSHBECEAKE - Har RO MR AR

— 306 —



WLy EE 992 BEEIEAE S
(L > B E R AR B AL B B T A
WF  PERREET LR ISR e
RES » MIRT EAHMYERMRE » AIE &
HHIE - \ '
CEE : BEESHN  SREBATRND
7 B R B A I R B FES « SIMAN A M
76 <P P 5, 2 o RSB L fE — R e
Bt 12 ES B - AR - JEE - RIS SEESY
HMEFEAERLE RS SBELEE
By~ & AR - E S A A E 2
{hbE - ISR SRS A B (32338
Ry TRESGEREINE « Frbla sk i
BARESH5ILREEBEHIH R4S
HRFEANNE - SR ARESSHEHRS A
JEL - T BRGSO T U 2 B A3 ] 14
AFHEEWISSARZBEAER - BRAMR
WSW)REIR R » T8 A R B R 88 4 70T (5 IR
E  BEREDSIARGHEREHAHE845
BEERASSSE) - HWHE BB BE &
SEEGE AL AR B - ARSI
KEE - SUABABNEREKE  THEASE
763 H18BE 235 (50 » Frfllig s RARES S
2154 R(EREESE) » BRI RE 02 RA R
EEAH19.60 R (EREMSSSW) - BRI %
3H I8RE294 (U JFHE) » 1 7y B4 B IR AL IEK s £
65 - Rz B KL » BRE AR
® o BER 2B ST R L R L
AR & A R R E S A
HETESRE AL — E B AR R
BEAEE  AEARE TR - REALSHR
o o T B A /N LR

& ¢ 763 H SER305- (it 5 h) b L s T e
%> BAH 43053 (R BEVR SRR IE » &
R BERTR(ES)  FEDEY  BETRE
ST R RS - SRR W
BATSABET » RMBRIEZISABRY » &
HRB UG T R 42008 » ERLUALRIFT
Db @R R D Hohidhm gk RERE
HSABIET I » MEFT T RN 2 REEERT

TSN - RLREERERAHEER R E -
B LA B G S A R - A DI R RS
FRH B [ERT RS » T RGP o (LN EE BB AT K
YR I L RR SRR R RAEH - BeRE
ME A PRAC AR R BRERANTERE
EYW - FUBENEAHEHETE - &R uEATl
e BERE - HERENEATMLEK S -

£ I

HRARTREEEHE - TERREES
B - SEEERRETRFSE W E AL S8
B ERETRGELRHKR8 B 3 1 B5I F TE A A N
OIS BRE » 51k B E R
% DR RN S E - A I1AZE
= AAKE  BBERIE & TR SELEE
B FBOVE SRS B - NS
o BERBAHREE - MEBLSEBHSNAR
SFET B ERREENE SRR TR
G SIS R RS BE - HEEFAT oML
FHEIT  HARHEN  BEGFARATET -
REGRAHFARNTZEET - ZABTHRE
Bk -

7% BB ALY BR TR

Yl e PO ERBTARERRE B
ABATEENEEN - FRSEECURASR
BEAAT + MR O AT B M B Ay 2 AL (E
1> #1) - PUSHEE/E SRS WA - SRHBE
PR LEBEEATHRENREMHRCEYR &
BEARAEIEROEE - SR ERR R
Hz— - BREZEE - LRFEMZE R LR
MR - R T OB ET BEENEE
I EREREGTTHER B - B driiiod - R
FAL R R BB A D » FTDIE B HE
R B IRATET 7 R R TR - R
e« MEEETHNER - T8 mkEERE
MEERETH A ERELRE - YUGHRR24
N RERRETIE - DEBRRREE K
O DA IR A (EBM) g B2 169 2 LR L
W ERFHNEMNPRARRRCWBZRER

b [}

~ 307 —



— 80€ —

# S BINHEER RS EREEE
Table 5. A summary of some extreme values observed by CWB stations during the passage of the tropical storm CAITLIN.
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Fig 13. Wind speed at Hsinchu(46757) ~ Taichung(46749) » Tainan{46741) + Kaohsiung{46744).
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Table 6. FError of selective technigues for the tropical storm CAITLIN

STATISTICS FOR STORMS:
WP1294
24-HOUR MEAN FORECAST ERROR
CLIP CWB HURA PGTW RITD BCGZ
CLIP 2 237
237 0
CWB 2 237 2 205
205 31 205 0
HURA 2 237 2 205 2 211
211 25 211 5 211 0
PGTW 2 237 2 205 2 211 3 292
333 96 333 127 333 122 292 0
RITD 2 237 2 205 Z 211 3 292 - 3 227
200 -37 200 -5 200 -13 27 -64 227 0
BCGZ 1 235 1 142 1 218 1 237 1 92 1
48 -137 48 -94 48 -170 48 -188 48 -44 48
HUMBER X-AXdS
OF TECHMIQUE
CASES ERROR
Y-UIS ERROR
TECHMIQUE | DIFFEREMCE
ERROR Y-X
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F 7. SUAEHRRELRE R A 5 T (PE) AR E IERE(
| EBMFMEESEEERERRE - B
A RIRERECGR) - ARG BEGD

R/
Table 7. Position errors  forecasted by primative
equation (PE) and equivalent barotropic (
EBM) models for the tropical storm
CAITLIN. The unit for distance, angle and

speed is km, degree and m/s, respectively.

PE HODEL (PS CEHTER)
CAITLIHS
A2ZHR UHR
ERRORS DIST AHG SPO  DIST AHG SPO
17
04080300 231 & -9 . 5 7
23
04080312 97 5 8 . v 3
HCASE 2 2 2 2 2 2
20
HEAH: 64 2 6 . 2
ABSMEAH: 7 1B 2 5
EBM MODEL
CAITLIN
I2HR 24HR
ERRORS  DIST AHG SPO  UKT AHG SPO
04080300 118 -0 9 g 6 2
04080312 114 16 7 %3 18 5
HCASE: 2 2 2 12 2
HEAR: 116 3 - W 6 1
ABSMEAH: 301 6 1

* ABSMEAN — B %715

AN FEEREE05 AR AT - HERITD)RZ ¢
#iEt 7 i AHURRANBY B B2 211 Y LR« 1
0 B ERES(EBM)S » B2 EIRE fRiSe
&R » e HBnzR6 BeR TR -

t-®& &

B bk S 47 BB - RIRRHVBRERERR IO T ¢

UGB RBTERED - AT E
R LNRRE o M RRYRE > SRAE
AR R R TR B S ) -

ORISR TEE T A ANE O TR RE - h
BHEHEHE MR RRERERME AN
B TireaRibE B AR R R T T 1 2 P S
B RRSES [ R VERI R E > M2
HIHER > BUERMTRHE R A RERES B
HRE -

- OHSHEEREENZMEEE  BEETH
& MENEMRZEE - #BH AT IR
B - B TRERIE B Ry AV S R L R B
R R — SRR AT B R L R B 4 -

YRR G LB R TR - ZE24/ N ERTER A
H » LR RAFFCWB)RITF » HAERITD)RZ -
FERBGTED > DY ERER(EBM)RE R
£ - T EER(PE MODEL)R » #EEHTEHI
H:DIHURRANE £ » ifCLIPPERA . ©

BEK
EHRH - 1992 : REBABER - BRE - BREAE
EOWI - BIRIGEL KRR & 80-7345% -
Dvorak, V.F., 1975: Tropical cyclone intensity analysis
and forecasting from satellite imagery. Mon,
Wea. Rev,, 103, 420-430.
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REPORT ON TROPICAL STORM CAITLIN (1994}

MING-CHANG HSIEH
Forecast Center Weather Central Weather Bureau

ABSTRACT

This article mainly deals with Tropical Storm Caitlin about its origination, evolution, track.
distribution of rainfall, and variations of central pressures, Discussions on its verifications of
various subjective and objective tracking forecasts are also included.

Caitlin originated over the ocean northeast to the islands of Philippines and then moved
northwestwardly toward Taiwan. Its center landed around the outlet of the Show-Gu-Luean Brook
and later on moved away to the sea from the Taichung area. After passing th:dugh the Taiwan
Strait, Caitein its second landfall but on the mainland China, and finally dissipated as a tropical
depression over land,

The observations shows show that there was a heavy raingall over the eastern and southeastern
parts of Taiwan when the Caitlin is nearby. And. owing to the effects of the rainbands within the
southwestquadrant of Caitein’s circulation, heavy precipitation was also observed over the southern .
portion of the island, The maximum accumulated rainfall observed is 472 mm during the storm’s
invasion, As to the winds a maximum value of 37 m/s was observed at the Penchiayu island. Wi_th
vigorous rainbands and strong gustg winds. Caitlin had the potential to make a more severe damage
than it did to the Taiwan area. Fortunately. this did not happen partly because Caitlin's passage
through Taiwan in a relatively short period.

To all objective track-forecasts for Caitlin done by the Central Weather Burean (CWB), the
equivalent barotropic model was the best one. The averaged 24hr forecast error is 169 km Among
the statistical methods, the HURRAN was the best with distance-etror of 211 km for a 24-hour
forecast. And, among all the official forecasts we collected, the CWB had the better results with an

averaged 24-hour forecast error of 205 km.
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