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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 ]
GrBRfRE] ~ SHTRRPGHR A B EERAT W #th - 211
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) -

B RDART R BIN SR E 3 - KRBT
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TRy ¢ ENE R R A S — R R A A FT
S DR RS - R EESE - BRRE
ARt E R - BB, - HA) - VADESE
EHETERIEE - MR E TR T ET L ARG E S
AINREELSRE ) EREEMEHREELRER
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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HIZE ~ FRTTESR - WKL - MR EERE
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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
B FRFEE - ERESEETTAINESHER > 0
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
RFFE -

Graphs

REESC — ARG LEEEREE =R
SR - —REREE  MRERNESR - T
BRI HE - ZRAGRER - N~ W~ K
i\ I - SRIEWMSREEE ¢ AR - S
S ERERES - LRG| RS/ TR
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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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W72 W (neters) ig 2
AT d24.15 50.8
A SRt i6 0
B RE i6 4
P 2 HHE d24.15 17119
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LB R 424,15 29,488
HALHFBHRE d24.15 126.931
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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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Distribution Format) - §f 1077 B 55 £ 05 £ (Header
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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

e p—

%3] % | AR [BARBOL ¥ # E 3 Fr

2 AN - SEAEAEREGIES & i3 f r 3%
BE|FPE|1|L[9|10[20|EEH%  EF R EE

BE(FE|T[I- 9[12]00|eEE% - ¥ 5 a

B PRI 121911500 |ELE5% s T RAnmd BEER SR

EHE|FAE| LI 9 1T]50|CES% - G amobdm  |EEEH S L -

EE|PEIL|S| 02| BICES % CRRuoBE EEEE - EX R I IR 58 AL
B\ TR 1 |3-1] 0123|500 |EEH4% ~ &8 & o i & EHEEE SR R b3 A ILFHE BB R
k(A T[4(10] 3|leLs%k REFGRBEDS (EAFEE RRASAE RIEFRIEF ERER
HE|RA| T[4 1[10] 5 |50 |ELE%E - REEGRSRDTF BEED - LRABA R 363 & 635 5 B3R,
k| A 1|5 110] S |I0|EEHHR RF S BRE R AR [EA R 5k AW ZNADH R 36 3 AL ER A5 5 B,
EE|[RA| L5 I0|1L |0 |CEE% - RABRACRER |BA R GF 20 AMAEH 2% BEAME K&
B |G L 1610|5100 8mELsm W~ B3~ AR GHH -

HrE (A 1 [6-110| 17|30 | E AL B G~ B ETIRGH

B &AL 1| 7|10(2L |20 | e R MELsE®E S~ BH -~ ETIREE WFID EEA T LD
R L|1-1)10] 23|35 | R ML B mm EH~ B~ ETARBA

BRI TE|L| 8 |11| 3 20|12 R EEBE LW~ B~ EPABA T CEAN G B B IbE
HrE|FA| LIS-111] 5 |55|C BILirbma s % ak B 2N AEA SHFm & RIS BEAK
B TAE|L| 011|015 | ERLEEEmAE BBk EFAGA

B FAE| 1911111150 6 HERFRE L FB% EFABR

A S| 1 (1011 [15] 40 EYT T EE Y EX NN




R A e % - JRIBRAPEIL S Rt - TRET
Fraig g c RE BB A 28 H 1800UTC
REWPERR - MEEIL A REEEERET -9
HO000UTCHRF o] R4 2 EE RS F AR HER
(B—c) » SRR 5 R A HE A B 8 R b
STV R » B9 B 1065 2043-(09/0220UTC)
BAE RS LA - RO SR HEEEE R
R E A KRB EE () - &
ZHAOH 15HF0043 (09/0700UTC ) |5 i 6 a3 W
5T HERE RIS BRPE R A R G i 5
AT LR R - E AR R R e
B o AR PECRS B - SLER R - AR
FERAE S M ERAREER RN RS E
BeRJEIEYS (VANESSA @ §i889406) - 2B
TR - Rt > RS R RR R B
BRINSESE RS ERICT L R AR
ERHE » EERPIRTREA > R -

9 H 1800UTC » $RMEL IR 5 AR UM, » s
N EA S TBMR S - R BRI » ZHBAER
RN W BT B 5 PR T SR 2 2 5 B o
T B AT« A5 5S » $REBLLARF R LT EL - 4R
FEEMARENER » 1210H 208102 (10/1210
UTC) I {ERE T i 908 T B B af i A+ B8
e Y IE R A R AR - B R T e
EHIFR S K ERECY (Column Vector) 7 HL3
FHER MR (B - R0 08RAEE »
T ER 43 RORR G B A B T e SRR (B R o
ST £ Ml FRREUT T BEESIE B S 7 - USRI B 28
05 BES  HMARMARIISAR > FHREKIA
2 bR R - DUER RS REATE - &
MRS R RILRMR - e PRAEE -
RERRERESR O EREMER -

FEFR P IR - RSB EATE 1L H 820
i (10/1600UTC) & R IE HiNgHE A & 18¥gIE » T

B 4. EES83ETH 10H 2002 T6H B vk (S Hl R 0 B K IRl CVE
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

FA10H 1800UTCH S Py AR BEREIR, o [Hlkf » #EEE NG R,
JERRTS DS B AR B PE T b o WA A R R B

Tk | MO0 | FORE B WSS - R R R B R R
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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
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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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