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Example Analyses on the Trigger Mechanisms

of Mesoscale Convective Systems
Shui-Shang Chi

Meteorglogical Satellite Ground Station

Central Weather Bureau
ABSTRACT
In this study, the Japanese Geostationary Meteoroigical Satellite (GMS) imageries are

analyzed to explore the environmental conditions and mechanisms that are tavorable for

the development and imensification of mescscale convective systems (MCSs).

Results show

that the important mechanisms to trigger the MCS initiation and intensification are as

follows:

(arc lines) interacted with other boudaries,

one another. A

upper level divergence/diflluence, low level convergence,

the outflow boundaries

and 1he convective cliouds interacted with

Il these mechanism clues can be discovered in the satellite imageries,

Results also show that the following factors are very important to stimulate the

MCS development and intensification: the

defarmation zone between two cloud systems

associated with low level cyclones, the early morning clear sky, and rthe cirrus shield

associated with jet streak rooving through the low level unstable area.

Keywords: Are Clouds,

Axis of Dilalation, Cirus Shield
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The Discriminatory Equation for Heavy

Rainfall Prediction in TAMEX

Ming- Chin #u

Tai- Yah Shoang

Department of Atmospheric Science, National Taiwan University

ABSTRACT

A discriminatory analysis is applied to the reduced heavey rainfall prediction parameters
used by the three forecasting groups, (l.e. CWB, SPG and EFG) during TAMEX, I[ the data

of 1 May - 20 May is used to set up a discriminatory equation, the correct ratio of discrimi-

nation is 85%. Appiving this eugation 1o the data of 21 May - 30 June, the correct ratio of

discrimination is 66%. I implies that if we only use the syncptic aniaysis in a heavy rainfall

prediction, the ratio of exact prediction wiil be only marginal.
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ABSTRACT

The Kuo-type curmulus parameterization scheme is used 1o predict the

during the —~fu period in the East

scale cumulus clouds on the large-scale environment

rainfall rate

Asia area. [n addition, the effecis of other subgrid-

are <iscussed. The rainfall rate is

calculated {from the vertical transport of large-scale moisture fields and then the accumulated

rainfall

is obtained by using the semiprognostic

approach. In the cumulus parameterization

model, the heating and moisiening by the cumulus are determined by the temperature and

humidity ditference between a model cloud and its environment and the large scale moisiure

convergence. {Minally the vertical distributions of moistening and heating by the cumulus
sacle motions may be determined. The predicted rainfall rate is in good agreement with
the observed rainfall rare qualiiatively, The cloud and tain region are well simulated by

this model.

Keywards: Cumulus Paramererization, Rainfall Rare Prediction.
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FEA B B BUR B FO VKT 2 S I s BT
S¢ o (TFRAM ¥ 8.2 £ RS R AL ) ( Kelly and
Mock , 1982 ) » #%5R .2 A5 HE ( #» 1972 5 5 s
1976 ; EfLfE > 1979 ) o ARdl e (50 1976
C RS 1979 ) BB A KA ) 2B
( ¥k 1972 5 % > 1976 ; - HLEE » 1979 ) H
FEA TR o WEs S BB 0 B IN S B A2 1507 K LA
PR (B 1976 FELEE + 1979 5 RAE

..S'i,...



1979 ) » BRI HT AL Sy 50 1 ( Kelly and
Mock , 1982 ) » My AhEfE {BrsE 09558 »
SR K G P BRI 2 T 7 o

FGMS S R » 880 TR S 508
BEZ WT979E o SR S (B HR UL 6 3 /N — ok 2 i g
PECRLAA & C IR D BB (VIS ) EiE ( (R
> MBI R 12480 1 ez 5 02 BB I o Bt
SRR IR R o nTES T PP SR R 4
At e 2 BB ERYTIN T i SMmmwm(l%l
, 1982 ) FUM b0l ET 6t K AT KR o 000 5 et o
#r 1978 & 1979 fE 55/ EAlﬂqu\’TrﬁEQﬂﬁrwﬁ‘af%(ﬁHu
Ao FEH - TOReR RS AR TR o B i
:a::r_..ér-;'.rfri_a-:-}?\l\ J5E o I - BEY RS
YR 0 B00E 200 ~ 250 mb b4k » BRLEE 150 ~
125 mb A5 5k » AMROIE RSO L2 [EIEHEIGE
T v R 5 O I 2 B 5 o B IS SR BB iR - s B
R o 2 BTG » [ s e o (ISR 55 o

B GMS #i 52 Bl ek OB & A IR SR s B v
TBAL > STIEAPE PRI b I R R R
WL (FIRRMEHEE KA AR RGOS .
BROTEN 3 (1988 ) FIHIA SR % M ET42 300 mb
imM&GMSmMLH %ﬁﬁﬂ’ 57 #7 1985 ~
RIGFE ~
%1&3“[%"&%%&%& ’ r‘fnf# *Bl&fﬂg‘%ﬁ”,é{t ]

B I A~ R S RREE ~ BN R AR
iy B R RS R e T s R HGE ; KBS

Wi o M TR P LLHT i % R e S S ol o A
is DS 0 TREEEIT NG A 5 PHALRUE o 4
» filt AP0 T S R IR LT G S R S B b A )
» FEA T o

HE BB RSE (1988 ) i 4 #1985 B 1986
ARSI S R RS R RRE RS » BRESEH—

BCPEOYHR - MR THAS AR B R
T MR LI S T S 5 - RS 0 05 T

i b IR R R BB ~ e R
BHER A o BRI BT R TR RGGRHERR S A

Uy W A1 K5 T B — AR o ARTAT o A5

FIIBE 7 FE 4 R A TR MR 1 » B A 882
HEIAL = 2 55 2 P IR T, e B8 e P e 7 A7 A 88
o PR EIRINRT I 4 DU o e R MG Bt B, & i 5
L4 ( Shimamura , 1981 ) » foi] EeELF iy s
I g AR R 7 B HE BT 0 i ( ~ 200 mb ) M
AR Ay L RS 2 W JE o A S BF S e I s g e oy

S RESENL 2 n] HIEEHET 230 87 » M b PRI BB
B0 SHE) ~ BHETFREBMNER(TE) &
Frey =R ( C8: ) Em i@t OB 2
AN URsi s BT o A R ARFIR
RE R GMS £L 4 R BB E DA RS
WE R e AR ( IMA, 1981 ~1987 )
Hiat 1981 ~ 1987 11 ( 1984 SFEGMS R 80 » i

EEE IR (6 ~10H ) BAERMATEE Y GE
BB R EBRER RS §1200F 2 s

HEPE > LT AR B TN 2 523 46 B B AR » LABR
BOLL AL T FACTRIRE 4 1 B 4 A BB g 2 Bk
o

= BREam

FRDIRE R S IGR RS ( 1988 ) T
CAEEAMBEE (F£—) » & 1981 ~ 1987 ¢
6 ~10J] R RERIFHT 2 12708 ( 0000 UTC
B 1200 UTC ) 2Bk %52 ( full disc ) 54k
L B AR R R R b O T R B 2 R R
B o Jorp » 1984 4L GMSHE #0 » Moz Rt
* [T 1985 k. 1986 = 7 il fiEl 5 il (8 B2 5 | I B PR
(1988 ) 24 HT

TE RE(L 5 417 77 AT i 56 MR 4G o (9400 B TR 48 T oy
BB s b O E (L FH TGS,
Traditional ) FEN0E&ERBEA S 8 RBE
B T R AR RS LI h LA B (LT
FBES S B4 B ; Satellite ) o LI F=#WER
Frf 2 i R O B ( AFREC Y B ; Com-
bined ) » R &5 AT 2 (05T 18 20 BT B8 18 ) R
HIEA GBS S A B R R TS
B E - B 1 B L= eSO ER D
DAL E 2 o TG HME 2 ARH (M1 a
VHRR o S aIE 2R O B 22° N 160° E
* SIECHET b ) S LfE 27.4° N 2 159° E
o C¥E (I 1 ¢ ) RO R.LE S g4 FT B HT »
LSRR (IR 2 ) MR » 55 A D IERE cp L 7 PR SR
SRR CIE(L BT o

i =t AR AR LBy R B Oy B
Bifin sl » DL TR SRR AR 2 2R o HhilmE
WMASGRE(N, NE, E, SE, S, SW, W,
NW) #-FA<%{m ( N, NNE, NE, E, ESE
, SE, SSE, S, SSW, SW, WSW , W,
WNW , NW , NNW ) o FHELHRS » 36 T kv i i

- 32 - )



AP AMEE CEEBILE 1988 )

Table 1 Eight cases of upper level cold core
lows selected in this study.

oo | o | fF & B [ | R £ oM BW Ok o B
1985 1412Z-24002 9.5 18°N, 167°E 23°N, 133°E
1985 0412Z- 10127 6 22°N, 180°E 32°N, 137°E
1985 1300Z-1900Z 6 21°N, 168°E 23°N, 130° E
1985 0100Z-0612Z 5.5 22°N, 150°E 34°N, 139°E
1986 0200Z-12007 10 18°N, 176°E 22°N, 158°E
1986 2800Z-0712Z 9.5 24°N, 177°W 20°N, 141°E
1986 02002-07122 5.5 23°N, 177°W 27°N, 140°E
1986 1012Z- 18007 7.5 19°N, 171°E 23°N, 126°E

B

Fig. 1
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S P LT
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{e)

198548 H4 A 1200 UTC 2 @R ES &
FREE o (@) 300 mb T LIRS ( T
) (DB ( Sk ) (€300 mb BT
T RATRIL ( C ) <Ml R~ SEX5
B bk = B R ST 2 e Sl
{ir 7 o )R & O 2 BB G HBE
5 FASHE S & -

The upper level wind field and sreamliines
at 1200 UTC 4 Auvgust 1985, (a) Rawin-
sondes at 300 mb and aircraft reports (T
method), (b) satellite winds (S method),
and (¢) the combined (a) and {(b) data (C
method), R.S. and K are the centers of
upper cold core lows determined by (a),

{b), and (c) respectively. Open circles in-
dicate rawinsondes and aircraft reports.
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Fig. 2 Satellite imagery in infrared channel at

1200 UTC 4 August 1985,
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Fig. 3 The geographical distribution for the formations of the eightv-

one ypper level cold core lows occurring from June to Octcber,
1981-1987 (1984 missing). The percentage numbers in each
block is the percentage of cold core low event in that block
1o the total events, Y axis indicares laritude and X axis shows

longitude {postive for East, negative for West).
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Fig. 4 Samr as Fig. 3, but for the dissipating stage.
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#1981 ~ 1987 4 ( 1984 4FGh ) F AN BB IRERAE X BRESMIE S5
Table 2 The longitudinal distribution and the percentage of the monthly
apper level cold core lows in 1981-1987 {1984 missing).

3 > 6 120 130 140 150 160 170 180 -170
= g‘l-: 1] 1] 1 1 1] L] 1] 1
H i 130 140 150 160 170 180 -170 ~160
b o 1 0 3 3 8 5 2 1
6
H & k| 4.3 0.0 13.0 13.0 34.8 21,7 8.7 4.3
i Il 1 1 2 3 2 4 3 1
7
B 4 k| 5.9 5.9 11.8 17.7 11.8 23.5 17.6 5.9
b Wi 1 3 1 3 5 5 0 3
8
w4 ki 4.8 14.3 4.8 14.3 23.8 23.8 0.0 14.3
by M| o 2 1 3 5 2 1 1
9
" oo | 0.0 13.3 6.7 20.0 33.3 13.3 6.7 6.7
by | o ] 0 0 1 1 2 1
10
"W oo ol 0.0 0.0 0.0 0.0 20.0 20.0 40.0 20,0
" i3 6 7 12 21 17 8 7
& &t
T 4t 3.7 7.4 8.6 14.8 25.9 21.0 9.9 8.6

£= FAR= - MBHRES

T ble 3 Same as Table 2, but for the latitudiral distribution.

# 03 10 15 20 25 30
‘%‘3 : Ll'{ 1 1 1 1 ]
AT 15 20 25 30 35
7N g 0 10 11 2 0
6
= - v 0.0 43.5 47.8 8.7 0.0
& 1 0 7 5 4 1
7
i) b Jre ¢G.0 41.2 29.4 23.5 5.9
W e 2 4 5 5 5
8 21
5 7 i 9.5 19.0 23.8 23.8 23.8
by B 0 2 7 4 2
9
[ S = 0.0 13.3 46.7 26.7 13.3
e b1 0 2 0 2 1
10
FE T S = 0.0 40.0 0.0 40,0 20.0
7N Y 2 25 28 17 9
= &l 81
[ I S - 2.5 30.9 34.6 21,0 11.1
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Table 4 Same as Table 2, but for

the dissipating stage.

B s Fi . 100 ¢ 10 | 120 | 136 | 146 | 150 | 160 | 170 | 180 |-170 &
kg} x 10 | 120 | 130 | 140 | 150 { i60 i i70 | 18C -1:.’0 -1<lsu it
] # Ml oo M 2 3 i 7 5 0 [ [
B & K| 00| 00 87 |13.0i2.113.4(21,7| 00| v.0o| 0.0 s
, 2 B 0 2 4 2 2 4 1 2 0 0
W o4 k| vofl11.8 | z.5(11.8[11,8[235]| 5.9!11.8| 0.0} 0.0 1
[ o1 2 2 6 3 2 1 3 1 0
8
H o4 M| 4.8 951 9.5 |28.6 14,3 9.5 4.8 14.2] 4.8| 0.0 4
e | oz 2 0 2 i 2 2 3 1 0
9
B4 133|133 00133} 6.7{13.3]13.3]|20.¢] 6.7] 0.0 '
® | 0 0 0 0 1 1 0 1 1 1
10
B o4 k| oc}p 08) 60| 0.0[20.0]20.0]| 0.0]20.0{20,0]20.0 ?
. " o3 6 8 13 13 16 9 9 3 1
o B o4& M| 3.7 7.4 991160160198 11,1 11,1 | 3,71 1.2 &
A REZ - HEHNID
Table 5 Same as Table 3, but for the dissipating stage.
$H i 10 15 20 25 30 35 &
A 5 15 20 25 30 35 10 &t
& B 1 4 12 5 1 ]
[ 23
" sk 4.3 17.4 52,2 2t.7 4.3 G.0
# e 0 2 6 9 0 0
7 17
H 0L 0.9 11.8 35.3 52.9 0.0 0.0
K ble 1 3 6 [ 4 1
8 21
H o4l 4.8 14.3 28.6 28,6 19,0 1.8
x g G 1 2 7 5 0
9 15
H 4k 0.0 6.7 13.3 46 .7 33,3 0.0
o ¢ 4 1 2 0 i 1
10 5
LI 0.0 20.0 4G.0 6.0 20.0 20.0
[ i3 2 11 28 27 11 2
& it Bl
[ a4 2.5 13.6 34.6 33.3 13.6 2.5
kb AR AR B A R LR B R FEAEMAZ  Je At B (7 ) o R
D DFIEIL B IR AR 2 AR o W GH > 26 RERERE » £8 ARESHIGE(
BRI E A (6 ~108 ) R 8 ) - MuEmiE it #E » THE 20~ 30
CHBFRSH ( RE~FAEE S ~12) « F1 T NEEA (E9 ) HE6 At » HMSESMEEE K
ME » S EEA 2 F I 3 24E 16~ 30° N ( e AL 2 8 > 105 5zt > bkt B
E5 ) » A7 H##EE kg SEEA R RE EaEmE( RELL) o Mg E s T8 150°%~
2B (BRI T ) R FIEGET S B AL 160° Ed & ( [W10) » ik 2 KMEEH6 A
HERSHEH (TUTT ) 2B T - ERES fem g - 28 B ERmAEGGE (E12) » b
6 » 84y KB T B ME 160~ 170° E (516 ) 1AL R] RE BN R i MR 2 HE SR AT B o
B HE VB R R A o BRI A K BISRTrAR ERE ), 3R
J e e HET HlB » 7E9 A4LE » 10H 55 ~ WS v RS S B AT I AR R R
- 37 -



— —JUN ceenSEP
% -—-—JUL ——=0CT
5§01 — AUG —MEAN
40 -
30 -
0L .
- ; § 7 8 9 !
W0 { 5 e s WAL O] 2
I \ / M7 1981~ 1987 4E ( 1984 4 fik ) & =iy i &
N B g SRR 2 R [k SR SR 3 0k
0 25 30 . ,
A Wi TR -
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Fig. 5 Latitudinal variations on monthly frequency dicate the percentage.
of the upper leve!l sold core lows in 1981-
1987 (1984 missing).
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Fig. 6 Same as Fig. 5, but for the longitudinal Fig. ¢ Same as Fig. 5, but for the dissipating
variations. stage.
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Fig. 8 Same as Fig. 7, but for the longitudinal distribution.
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Fig. 12 Same as Fig. 8, but for the dissipating stage.
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Table 6 The case numbers, percentage, average life span and moving speed in each moving direction of
the upper level cold core lows in 1981p1987 ( 1984 missing).

B | N |NNE| NE |ENE| £ {ESE| SE [SSE S | SSW| SW |WSW| W |WNW/| NW |NNW
14 b i 1 0 1 2 0 0 0|2 0 |3 5 41 18 5 2
EEm ekl t21 1200 t.2725 0 0 0 {25 | 0 |37 |6.2|50622.2062]|25
TG (RY | 2.5 | 3.8 6.5 | 5.5 2.3 47 :6.0| 6.0f 5.4!6.41 586
EREBHHE-RY | 1.9 | 2.0 34 ] 2.0 2.1 1.3 26| 4.2] 2.9 1.6} 2.4
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Table 7 The monthly and annual variatiope

1981 ~ 1987 TF { 1984 4E{Eh ) 2 0%y B 1 4y W 2 3 CP B

A BLER E e g R
iR 6.2
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ELRERBLEESZ 1.5
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Fig. 13 The relationship between the life span

{day) and the formation longitude of the
upper level cold core lows. The dash line
is the average life span. Number on the
left hand side of the tilt line is the life
span in each longitudinal, that on the
right hand side iz the case number.

FH (6~ 10 1) s Lk T4 s o

and the average life span for the occurrence times of the

upper level cold lows in 1981- 1987 (1984 missing).

* 6 A7 Als Alse Aj1o A& t
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A Synoptie-Climatological Study of
the Upper-Level Cold Core Lows

George Tai-Jen Chen

Department of Atmospheric Sciences

National Taiwan Uaiversity

Shui-Shang Chi, Jye-Yu Kuo, Shub-Wang Wu and Jong-Huey Tzou

Mereorlogical Stellite Ground Station

Central Weather Bureau
Abstract

Eight cases of the upper-level cold core lows in 1985 and 1986 were selected to analyze

the center position by using rawinsonde and airplane report data (Traditional, T method),

GMS data (S method), and these three combined data {Combined, C method) Also, GMS

derived cloud winds were used to study the climatological characteristics of the western

Pacific cold core lows in 1981-1987.

Results showed that the 1iracks

were comparable for

the T method and § method

although both center positions were further to the west of the C method. The geneses of

cnld core lows tended to be more concentrated in the region of 15225°N, 14521808 (54.3%).

The dissipation of cold core lows was to the west-northwest

of the source region in the

area of 20230N, 12021806 (61.7%). The area of the maximum genesis and dissipation shifted

westward from June to August and then retreated eastward, and finally shifted northward

before it split into two areas further to the north and south in Ocrober. Those cold core

lows moving toward west and west-southwest

possessed a longest life span of 6 days and

the fastest speed of 4.2° latitudes per day. Also, the life span of cold core lows to the

east of i50F was abou: one and half rimes of that to the west, i.e. 6.2 days and 4.2 days

respectively.

Keywrods: Cold Core low, Cold Voriex, Tropical Upper.
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A Case Study of Abnormal Surf
near the Mid Taiwan Strait

Beng-Chun Lee

Research and Development Center

Central Weather Bureau

ABSTRACT

A series of high waves occurred at Ta-an and Ta-chia waters on March 6, 1980. According

to the metearclogical and sea conditions, there are 1wo ways interpreting these phenomena,

One is the overlapping of the consecultive surges induced by active thundersiomn cells. The

other is the intersection of differemt wind waves (or swell) generating in the fetch area

From the north and scuth near the front zone.

Keywords: Abnormal Waves, Consecutive Surges, Overlapping.
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Fig. 14 The spatial distribution of error for 500 mb height
model. It is an average of 12 cases in winter (1964-1969). (A)
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A Review on Verification Methods for
Numerical Weather Prediction Produts

Lie-shiew Fang Hway-jen Chen

Computer Center, CWB Computer Center, CWB

ABSTRACT

Due to the use with finite data, incomplete physics and numerical methods, the results of
numerical predictions must exist some errors in the Numerical Weather Prediction (NWP)
products. How to find our the sources of errors and modifly them with validation methods
are the most essential and dicussing issues after establishing the numerical wether prediction
system.

In this review, all the related verification methods are sorted out and have discussions
with traits and defects of those methods, And some suggesticns for huilding an operational

verification system are also proposed for the NWP products of Central Weather Bureau.

Keywords: verification system.
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Table 1 LIST OF STATIONS

i BRI & # Ak fi | =i MESOE | B B &
wobwEmE|
AR AR | B &
Station North East Height of Years of
) Raingauge
Altitude above Sampling
ground

Number Locality Latitude |Longitude m, m, data
695 54 Pengchiayu 25°38' 122°04 ' 99.0 0.2 1960-1987
693 #1r7-# Chutzehu 25 10 121 32 600.0 0.2 1960-1987
690 #% 7K Tanshui 25 10 121 26 19.0 0.2 1960-1987
694 # EKeelung 25 08 121 44 27.4 0.4 1960-1987
692 Z JkTaipei 25 02 121 31 8.0 0.2 1958-1987
757 % #rHsinchu 24 48 120 58 32.8 0.2 1960-1987
708 FH Hllan 24 486 121 45 7.4 0.3 1960-1987
749 Z drTaichung 24 09 120 41 83.8 0.2 1958-1987
699 it #E Hualien 23 58 121 37 17.6 0.2 1928-1987
765 A B Jihyuehtan 23 53 120 51 1014.8 0.2 1960-1987
735 ¥ % Penghu 23 32 119 33 9.4 0.2 1960-1987
753 faf B 11y Alishan 23 31 120 48 2406.1 0.2 1960-1987
748 ¥ # Chiayi 23 30 120 25 26.8 0.3 1968-1987
755 E L Yushan 23 29 120 57 3850.0 0.2 1960-1987
730 & Tungchitao 23 16 119 40 45.5 0.2 1965-1987
761 ¥ #EHsinkang 23 06 121 22 32,7 0.2 1960-1987
741 Z F§Tainan 23 00 120 13 12,7 0.2 1958-1987
766 B HTaitung 22 45 121 09 8.9 0.2 1958-1987
744 = HEt Kacohsiung 22 35 120 18 2.4 0.2 1960-1987
754 + B Tawu 22 21 120 54 .6 0.2 1960-1987
762 W #Lanyu 22 02 121 33 323.3 0.2 1960-1987
759 {5 #F Hengchun 22 0 120 45 22.3 0.2 1960- 1987
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Figure 1. Distribution map of stations over the Taiwan area.
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Figure 2. The diurnal cycle in the frequency of light precipitation during the summer season.
The variance of frequency is indicated by the configuration of barbs on the tails of
the arrows, where ech half barb represents 5%, each full barb 10%, and each
triangular flag 50%, An arrow pointing from the north indicates a midnight maximum
(local time); one pointing from the east indicates maximum at 0600LT, etc. The

numbers plotted next tothe stations represent the hourly percentage frequency of
precipitation occurrence.
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Figure 3. The diurnal cycle in frequency of moderate precipitation during the summer season.
Plotting conventions are the same as in Fig. 2. :
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Figure 5. The diurnal cycle in frequency of heavy precipitation during the summer season.
Plotting conventicns are the same as in Fig. 2.
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Figure 6 The diurnal cycle in total frequency of precipitation during the summer season.
Plotting conventions are the same as in Fig. 2.
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7. The diurnal cycle in frequency of light precipitation during the winter season.
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Plotting conventations are the same as in Fig. 2.

Figure



AN S |
Q

Foropo g bt
A\
a2
@A
8.2
N R ] N
Auont‘_

2008

1000 £

fE 8  RFEHFARN BB o Wb FFRRE 2 [ o

Figrue & The diurnal cycle in frequency of moderate precipitation during the winter season.
Plotting coaventions are the same as in Fig, 2. '
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Figure 9. Diurnal variations of moderate precipitation during the winter season at a. Taipei, b. Chutzehu,

c. Chiayi, d. Alishan, e. Hsinkang.
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Figure 10. The diurnal cycle in frequency of heavy precipitarion during the winter seaons.
*Plotting conventions are the same as in Fig. 2.

w3k 1 ARG F AL 100 .
Note: The F-value at each station has been multiplied by 100.
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